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iZ-C O HTZoTIE. SA4A7TFVNETEHLTWASXEY FEEL TOMHR - 1L L TBLNELRHD F
To /2. iZ-C OEFKTHRICIE, MHELZX BV EBE RIS 2 HERHD £5,

RSO EETTE2D0, FRZFN cs_init, cs_end FAETH Y. UTD LS5 IfFHINE T,

#include <stdio.h>

#include "iz.h"
int main (void)
{
cs_init ();
// TCT iz-Cc ZfERALLEZ X

cs_end();

return 0O;
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iZ-C Z#ZHW=EF It

3.1 RIEEH (CSint )

HRI AR IC X 2 MERTRD 7 70— F T D 2 DD FHEICHE SV TV E T,

1. [z —HOZY AR DOHFNC I D ETMEL 9. MEOBRE I, TRXTOEBIIOWTHIKZ £
boElERDOITLZ IR XS,

2. MERDUE. THIFERE) EEh s iIcEoWTiTbh s 3, HIfEFC XD, BoRKROM. ik
FEEZMREH L, BB ENRWVEZZ-D ORET S I eNTEIRTRIITAS X5 ICHHINICER S
£,

MEZET LT 2T, @Y TED X512 T) Brh20E2EX208IEHD FHA, ZOERMETIE,
ZH (MBI BOTHEEZRD 2 XNEMG) L ZRHOHK (B L D 5 2 HE2H: X udie & 0iiliR)
IOMEEZESNICRET 222 BIEL £3, iZ-C TIEIABIIFBAR L XN, CSint L WS BITREINF
T, CSint MOZEHD L b 5 2EDOEAEHEH L VT T,

LUTIC CSint BIBEDERR & Z DEBOF%E /R L %3, (2— FFITIX cs_init, cs_end ZEBEL TWET)

a—F:

{
CSint *vint = cs_createNamedCSint (0, 10, "vint"); // KR (0..10) #8593 csint 2D
cs_printf ("$T\n", wvint); // BREERL. TOEEZERTIT S,

}

HiJT:

vint: {0..10}
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int domain[9] = {-2, 0, 1, 2, 3, 5, 6, 7, 10}; // domain BEFIICLDEERINDEEZ
CSint #vint = cs_createCSintFromDomain (domain, 9); // D csint BOZH=EmL. FD
cs_printf ("$T\n", vint); // EEERTT %

}

HiJT:

3.2 BEE

Bl LT, MEEE] 2D LT TAEL LY. A~T X TOXER 0~9 ODFICEXMZI - I TORED
WRMELLBRZEIRXFEHEOMEE RO 2 Z e BAHETS, 72, 0~9 OMFIIR A4 2 EFOHRT
5D LET,

A B C (L1)

x+ DETF (L2)
G HI (L3)

J KL (L4)
M N O (L5)
PQRST (L6)

1. ZOMBEORIE CSint OZER A, B, .., T DETERHEINET,

2. ZROMEOHKNE, UTFO@ED T3,

«a).L6=L1*L2

«b).L3=F*Ll

«c).L4=E*Ll

«d).L5=D*LI

¢« e).L6=100*L5+10*L4+L3

e . A#£0,D#0,G#0,T#0,M#0,P#0

© 9.0~ 9 DFIE, {A B, ... T} ficzhzhb x5 L 2EFOMBELET,
BB, L1LL2,.., L6 BUTO X5 ICERSINET,

e dl).LI=100*A+10*B+C;

6 EIFIZ-CZHWETILL
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*d2).L2=100*D+ 10 *E +F;
*d3).L3=100*G+10*H+1;
*d4).L4=100*J+10*K+L;
¢ d5).L5=100*M+ 10 * N + O;
e d6). L6 =10000 * P+ 1000 * Q+ 100 * R+ 10 * S + T.

TiE, ZOME% iZ-C ZHVWTEIHRLTAEL £ 5,

#include "iz.h"

#define NB_DIGITS 20
CSint *«Digit; // Digit is an array of 20 CSint variables
CSint L1, L2, *L3, L4, «L5, *L6;

// Digit[a] = A, Digit[b] = B, ..., Digit[t] =T

enum {a = 0, b, ¢, d, ¢, £, 9, h, 1, 3, kX, 1, m, n, o, p, 9, ¥, s, t};
void constraints ()
{

int val;

Digit = cs_createCSintArray (NB_DIGITS, 0, 9);

L1 = cs_VScalProd (3, Digit[a], Digit[b], Digit([c], 100, 10, 1); // (dl)
L2 = cs_VScalProd (3, Digit([d], Digit[e], Digit[f], 100, 10, 1); // (d2)
L3 = c¢s_VScalProd (3, Digit[g], Digit[h], Digit([i], 100, 10, 1); // (d2)
L4 = cs_VScalProd (3, Digit[j], Digit([k], Digit[l], 100, 10, 1); // (d3)
L5 = c¢s_VScalProd(3, Digit[m], Digit[n], Digit[o], 100, 10, 1); // (d4)
L6 = cs_VScalProd (5, Digit[p], Digit[q], Digit([r], Digit[s], Digit([t], // (d5)

10000, 1000, 100, 10, 1);

cs_Eqg cs_Mul (L1, L ; // (a)

(L6 ( 2))
cs_Eg(L3, cs_Mul(Digit[f]l, L1)); // (b)
cs_Eq (L4, cs_Mul (Digit[el, L1)); // (c)
cs_Eq (L5, cs_Mul (Digit[d]l, L1)); // (d)
cs_Eq (L6, cs_VScalProd(3, L5, L4, L3, 100, 10, 1)); //(e)
// (f)

cs_NEQ (Digit[al,
cs_NEQ (Digit[d],
cs_NEQ (Digit[g
cs_NEQ (Digit[]j
cs_NEQ (Digit[m],
cs_NEQ (Digit[pl,

’

’

]
]
]
]
]
]

/7 (g)

RDR=T1TFe )

3.2. BEH 7
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(FHDR=I 05 DR E)

for (val = 0; val <= 9 ; wval++) {
cs_OccurConstraints (CSINT(2), val, Digit, NB_DIGITS);

8 EIFIZ-CZHWETILL
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RIER CHIRICHE

AR L HI 2o THEZ KRB L 26, FEEEROEZ RO RIERD $8A. (BEICE o T, AIRERE
DEEZRDOITZZFITHVLDD LAFHEA) HZ D)2 DEHINEREZ - L ARBRRIC K > TITbh 3,

AT XL TEITEINE T,
X)L n:

1. ¥7AMEL I A TORY (=ED 1 DITHRE o TWARW) FERZR var 28I $9, FAEIMELIATY
BWERD T IEEIE I -2 ik £5,

2. FaA REAVIMEHELT., ZOLANLTODFTRTOMEBERORERTELET,
3. THIBICE ENAME val Z3EIRL, Z8 var & ZOEICEMELL TAE T,
4. BME L OAERICOWTL T OHIM 2TV E T,

o AMELB R L 725E (0 F D, HIWEBIC X > THREDBB SN EGE), BELEDOF 24 AKSL Vb
WRD, IRTOMHEBERDOIREEZ ZDF a4 AR, YV FDPRESINZLZOREZELET (ZD
TRoTIEILT %) TRrEREZNY 7 N7 v 7 EIUIET),

o HMELRER L. 22D var IO W T IR TORJRERMEE T TR L2581, LXbn-l OF a4 A
KAV PNV I+ I9 27 LFET, (bLln=145Z0MEIZ@BRRN Ik FT),

o FRROWTRTHRWVEEICIE. XD n+1 LAV ERITLET,

iZ-C 7477V TiE. ZOERANBABERDO 713V X L1F1Z-C OEEZR - T C FFET ISITTHE LN TVE
T (V7L Y RAS=a7ADT1. ar7FFZ b+ 28R),

COARBERTIE, HHMEED LLO 2T v 7 3 OBIRX N EREHE BRI N EICAE(L L TA S & 25 Tid
XFET, ZOHIMBRED X =X 2iF, A var OFIBUICEEDEEZ 2 e 2 2o T I L GEFH XN E T,
Z D& TRV, D3l C; 5 12 &K o T ER var IZHETF DT 5 TWAUR, 2R var DF L Wi e il C; 5 12
JEUTER YV, DEDZENL £, FRIC L TSERZER Y, DHfEEDO Z 0 2IFITR DT, TOXH=XLIF
R ETINE T,
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Ple LT, 2 00MBAERA £ BBUTOLSC0WINsMHEE UTHE 1.8 ZHo Lt &, LUT oMl
MHRESNDIHBDELEL & I,

e A {1.8)
« B: {1.8)
*c A=B+2
COHRIPRES NS &y IT O K 5 ICHBZER DO HEE,AZL L £5,
. A:{3.8)
« B: {1..6)
EHICADEBELEELTAET,
cA£5
Toe, HRRIEICEID B#£3 ixb %5,
%7:. BOHEBZUTO XS ITZELEE D L,
* B3
HRIEREICE D A<S5 e D %9,
iZ-C Z2ffio7e7 v 275 sl B Z L TIRL £ 95

775 L6l

#include "iz.h"
int main(int argc, char xxargv)
{

CSint *A, =*Bj;

cs_init ();

cs_createNamedCSint (1, 8, "A");

cs_createNamedCSint (1, 8, "B");

w o>
I

cs_printf ("$T\n%T\n", A, B);

cs_Eg (A, cs_Add(B, CSINT(2)));
cs_printf ("\nAfter 'A = B + 2':\n%T\n%T\n", A, B);

cs_NEQ (A, 5);
cs_printf ("\nAfter 'A != 5':\n%T\n%T\n", A, B);

cs_LE (B, 3);

RDOR=12%: <)

10 5 4 B KRR CHIHEHE
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(FHDR=I 05 DR E)

cs_printf("\nAfter 'B <= 3':\n%T\n%T\n", A, B);

cs_end();

return 0;

i
A: {1..8}
B: {1..8}

After 'A =B + 2':

A: {3..8}
B: {1..6}
After 'A != 5':

A: {3, 4, 6..8}
B: {1, 2, 4..6}

After 'B <= 3':
A: {3, 4}
B: {1, 2}

iZ-C TIEHIERERE. fIERELEL X (LoflTlE cs AAdHRIRZRELLZE 2). H 3V CSint B
WA LR X 7 ¢ X ICHBIICEITEINE T,

iZ-CITIZBERDARIER D X S = X 1 H, fHAABDBEEE LTEENTWE T, cs_search() 1% 5 L7-BED 1
DT, 518 LT findFreeVar() B Z ¥ b, 24U X o T CSint BIZE¥ %8I 3 EFE ELROARERD 2
Ty 71 SR EHHTE2I N TEL LR >TVET,

cs_search() B D WG ERT /-1, TBEE] OFEIED £3,

a— R

void printSolution (CSint xxallvars, int nbVars)
{
cs_printf (" %D\n", L1);
cs_printf ("+ %D\n", L2);
cs_printf ("-———- \n");
cs_printf (" %D\n", L3);
cs_printf (" %D \n", L4);
cs_printf ("D \n", L5);
cs_printf ("-———- \n");
cs_printf ("D \n", L6);

cs_printStats();

RDR=T1TFe )
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(FHDR=I 05 DR E)

int main (int argc, char xxargv)

{
cs_init ();
constraints();
cs_search(Digit, NB_DIGITS, cs_findFreeVarNbElements);
printSolution(Digit, NB_DIGITS);

cs_end() ;

return 0;

Nb Fails = 114
Nb Choice Points = 181
Heap Size = 1024

M ENTfE, NNAEDOANYy 7 2597 (Z=2ANDEED & 181 HDF a A AKRL Y FDDBIZROMD L
720 T Z T cs_search() D51 L THE XN TW3 cs_findFreeVarNbElements() B iZ-C D AAABEEC. AP
EIEEN TV CSint EBD 55 4 o L HTHBDO/NPNEINH D, VIR NVIERBORDB P LRVDOZIEKL %
T, O, £ DBEEIEFRNT T, BT findFreeVar() ZE =# 2 AT, JlOEIEEZEET I 2L
TEET,

Tl EBONLEPME—DDBDTHENEIDPHD L 230b LAEEA, ZDHEITIE cs_search() Do b
DIZ cs_findAN() BB 2 IXE /2 e N TEE T,

a—k:

int main(int argc, char xxargv)
{

cs_init ();

constraints();
cs_findAll (Digit, NB_DIGITS, cs_findFreeVarNbElements, printSolution);

CRDOR=J1ZFeL)

12 5 4 B KRR CHIHEHE
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(FHDR=I 05 DR E)

cs_printStats();

cs_end();

return 0;

Nb Fails = 114
Nb Choice Points = 181
Heap Size = 1024

Nb Fails = 1436
Nb Choice Points = 2199
Heap Size = 2048

o EHF) PME—DREROZ b2 FTIZ 1436 HD NNy 7 M5 v I RRET LTz,
D 4 FHDGIBUIED | DROD 2 7-HINE T,

CONESRBITH D2 2@, HfNC X BRI TD 3 27y 7LD £3,
I A EES LET,
2. HIBZBE ORI 2 R L $ 3,
3. Mz TERMDEEZ RO %5,

iZ-C iZ...

o B 1 DEITOWTIE - CSint BLOZE 2R L £ 5,

%8B, cs_findAll()

¢ H2ORIIZOVWTIE - 2L DMlAALDIFI 2R ST 5 & e b2, HTLWAHEEROHIZERT 5771E

BRPELET (T TEVYZRVEHNOESR | 2ZRLTIZZWV),

e BHI3DFIWZOVTIE - HHARAADKEROBEBEREMET 2 b2, HILWAHAEREOL 22—V 2T 4 7
AREBTIHEBERMLET (VI LV ARZaT7AD TLa—VRTF 4 VRLEFRDAI=ZL] B

U TavFRAR BBRLTIEZ V),

13
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ES5E

TEVERAWVWEFINOES

iIZ-CTIEHLWHIWNEZER T 272D TEYEMREINE A VX 72— X2 L TVWE S, FINEHBOBIZIX
CSint BB DOEBRDOENE RO THEOLDARY "BFHELE T, 4 XV MIHHMERLIT O 4 EEIC T EX R
%9,

Known: fEIIZ 1 D DfEICHE/NE 7z (CSint TAEKDEMEL S /258 TS, )
Ex.: cs_EQ(vint, 0); /* Known ARY FDEETEZH «/
NewMin: fERO FTROAZE XN/ (BFLETE D KERMEICELLET, )
Ex.: cs_GT (vint, 0);
NewMax: FE D FRAZLEE SNz (B FTLAETE DS RIECEM L 3, )
Ex: cs_LT (vint, 0);
Neq: FEED S 1 DDEMHELD FRH 472
Ex: cs_NEQ (vint, 0);
INHDANY FPHETH 2 2 1E. UTOZ e 2EKLE T,
» known £ N> M FEET 255121, newMin, newMax, neq £ N> MIFEEL T A
e newMin £ XY b B XU newMax £ N> b IFAET 255121, neq A NV MEIFEL 8 A

Bl 23,

CSint *vint = cs_createCSint (0, 10);
cs_GE (vint, 10);

DIGEIZIE known A R FFEAE L (vint 1Z 10 ICHMEL XL 3), newMin 4 R MEIFEL EH AL

*7z.




iZ-C Tutorial, version 3.7

CSint *»vint = cs_createCSint (0, 10);
cs_NEQ (vint, 0);

DEFEITIE. newMin A XY bBFEAEL (vint X 1 £ DO KELH D), neq A XY MEIFEELEHA,
il LT, BEKEN-Z 4 — OFE% cs_eventKnown() 2> Tl L TAXL & 5,

8-74—2F 80D 4 —rEF 2 A I, EWVICE SN WX D ICEE, KFE, MNAROAMEZ BT CEE S
5 Z W 5 ﬁ:ﬁ@/@j—o )

A4 —VONBRRFE -T2 = (7B CSint ZH allvars[i] T known BNFEAEL -2 &), o7 4 — R CH
BIUORAREICRWZ L ERAT20EBRZHDD T,

#include <stdlib.h>

#include "iz.h"

// This function 1is called when allvars[index] 1s instantiated
// It returns FALSE if Constraints Propagation fails
IZBOOL knownQueen (int val, int index, CSint *+allvars, int NbQueens, void *extra)

{

int i;
for (i = 0; i < NbQueens; i++) {
if (i != index) {
CSint *var = allvars([il];

if (!cs_NEQ(var, val)) return FALSE; // No queens on the same row
if (!cs_NEQ(var, val + index - i)) return FALSE; //No queens on the same diagonal
if (!cs_NEQ(var, val + i - index)) return FALSE;

}
return TRUE;

int main(int argc, char xxargv)
{
int NbQueens = (argc > 1) ? atoi(argv([l]) : 8;

CSint =*+xallvars;

cs_init ();

allvars = cs_createCSintArray (NbQueens, 1, NbQueens);
cs_eventKnown (allvars, NbQueens, knownQueen, NULL);
cs_search (allvars, NbQueens, cs_findFreeVarNbElementsMin) ;

cs_printf ("$A\n", allvars, NbQueens);

cs_printStats();

RDOR=12%: <)

16 BESETEVYEZRVIHKDES
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(FHDR=I 05 DR E)

cs_end();

return 0;

EFEREIUTO LSk b 9,

Nb Fails = 11
Nb Choice Points = 20
Heap Size = 1024

fECH51,7,4,6,8,2,5,32MRT2EUTDLICTHED £T,

A°B C D E F G H

O

()

)

()

0w N o o s W N

@

8-7 4 =392 DEZFE FITH U

cs_findAll (allvars, NbQueens, cs_findFreeVarNbElementsMin,

found)

%

cs_search (allvars, NbQueens, cs_findFreeVarNbElementsMin) ;

DRODIHEZITKRD SN ET,

found) LT D XS ICEREL F3,

void found(CSint *=#allvars, int NbQueens)

{
static NbSolutions = 0;

printf ("Solution %d\n", ++NbSolutions);

cs_printf ("$A\n\n", allvars, NbQueens);

17
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92 DFIE 289 M DNy 7 T v 72Xk D RO F3, 55 FHICKF 2 ITEEKZE D DT, £171&5,3,1,7,

2,8,6,4 LWVWIOIICHEZNET,

0o N O g A~ W =

A B C D E

F

G

H

()

()

)

18
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COHITIEHMBHOFIRICI DM L DTEZHEZ VWL DIRL, ZN6 % iZ-C 2fioTidid L, BT
AE T,

6.1 ERDESIL

MUTo &5, HrEIPWTILOAREDH 2L E D227V Yy F2EZTAET,

broes

DTV FE, ZBEVZOWTED G721 DS BN DD ABRNWRICE > THET R ZICLET,
FlziX, L7 Yy FMZMTo L5158t ah g,

T X5 fFBbEnir vy FE2ITOBRICEITT sHEEZH Z it L ¥,
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S

7Yy REHEKT 2013050 1 »&fEE UTHRD CSint £ L CilidTEFE3, BT i TBRENLZ 7V v
FOELMIH L, LT XS ICHIIZREL $9,

cs_EQ(getSum (i, cell), Codel[il]);

iBHDOELIZOWT, DS -7 D CSint EMDEDAID Code[i] CFELWI L ERLTVE T,
getSum() (3L — P ERDBIE T, HAAAD cs_Sigma() fliZ o TEED OV OEHDEO AT 2R L £T,

ARERR D7D IIFHAA B D cs_findAll() BIEZ V. TR TOMDEREITVE T,

cs_findAll (cell, NB_CELLS, cs_findFreeVar, printSolution);

ZOEBULE, BERON BN, B4 TRESINZERENOH T WS SERIFIE. cs_search() ¥R U
FxErlLEd,

iZ-ClZ4DDBHY, 2OZNDULEENRZNZZIBONY 7 T v 7 TRODTET, Bolrz4 0%
MITIRLETD,

EPDD

iZ-C2flioTEPNY —Ra— FeFTHREUTITRLET,

Y —Xa— R

#include <stdlib.h>
#include <time.h>

#include "iz.h"

#define NB _CELLS 77
#define N -1

int Code[NB_CELLS] = {N,N,N,N,N,N,N,N,N,
N,N,2,2,2,2,N,N,
N,N,3,4,3,4,3,N,N,
N,3,3,3,3,3,3,N,
N,2,3,2,2,2,3,2,N,
N,2,2,2,2,2,2,N,
N,N,2,3,4,3,2,N,N,

RDOR=T1TH L)

20 %6 & fIE
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BTDR—T 95 D X)

N,N,2,3,3,2,N,N,
N,N,N,N,N,N,N,N,N};

void printCells (CSint *%cell, int n, int nbCells)

{

int i;
for (i = 0; 1 < nbCells; i++) {
if (Code[i + n] != N)
printf("%d ", cs_getValue(cell[i + n]));
else
printf (" ");

}
printf ("\n");

void printSolution (CSint xxcell, int nbCells)

{

int i;
int n = 9;
static int NbSolutions = 0;

printf ("\nSolution %d:\n", ++NbSolutions);

for (i = 1; i < 8; i++)
if (1 % 2) |
printf (" ");
printCells(cell, n, 8);
n += 8;
}
else {

printCells (cell, n, 9);
n += 9;

CSint *getSum(int i, CSint ==xc)

{

CSint #*+array = (CSint**) malloc(7 * sizeof (CSintx));

int n = 0;

array[n++] = c[i];

if (Code[i + 1] != N) array[n++] = c[i + 1];
if (Code[i + 9] != N) array[n++] = c[i + 9];
if (Code[i + 8] != N) array([n++] = c[i + 8];
if (Code[i - 1] != N) array[n++] = c[i - 1];
if (Code[i - 9] != N) array[n++] = c[i - 9];
if (Code[i - 8] != N) array[n++] = c[i - 8];

RDR=T1TFe )

6.

1. BROESE

21
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(FHDR=I 05 DR E)

return (cs_Sigma (array, n));

int main(int argc, char xxargv)
{

int i;

clock_t t0 = clock();

CSint *xcell;

cs_init ();
cell = cs_createCSintArray (NB_CELLS, 0, 1);
for (i = 0; i < NB_CELLS; i++)
if (Code[i] == N)
cs_EQ(cell[i], 0);
else

cs_EQ(getSum(i, cell), Codel[il]);

if (!cs_findAll (cell, NB_CELLS, cs_findFreeVar, printSolution))

printf ("No solution\n");

cs_printStats();
printf ("Elapsed Time = %fs\n", (double) (clock() - t0) / CLOCKS_PER_SEC);

cs_end();

return 0;

FATHER:

Solution 1:
00O00O
11111
010010
10000001
101101
000O00O0
1111

Solution 2:
1001
10101
101101
10000001
010010

RDOR=12% <)
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(FHDR=I 05 DR E)

01010
0110

Solution 3:
1011
10000
011111
10000001
100000
01111
0100

Solution 4:
1101
000O001
111110
10000001
0000O01
11110
0010

Nb Fails = 9

Nb Choice Points = 24
Heap Size = 1024

Elapsed Time = 0.000587s

FIRFENZ 212, 1 DO U TEBOMPTEELEE T, BB Lo FEEDLEZTRNUE (0D, &
LVEERZBEET 2 2MEDRITIUD). TD3TEALEDRZ Y Y RIZOWTORELD 1 O FREEFES XS
IZ2TE%9,

6.2 BEREAR

SEDOREL. HHORIT - BN OWTHEHF LBV 72 LOERbroTWVWA L X2, TTOEREEITT 3
Zr T,

1

6.2. EERARE 23
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FELOBNCBEL TIZ 4 20N DD, 89 [ED NNy 7 +Fy ZTHOHMD £7,

iZ-C Z2ffioCTHE»pNIY — 23— FEFTHRELTITRLET,

Y —Za— N

#include <stdlib.h>
#include <time.h>

#include "iz.h"

#define N 8

int row_1[] = {2, 1, 2};
int row_2[] = {2, 1, 1};
int row_3[] = {1, 5};
int row_4[] = {1, 7};
int row_5[] = {1, 2};
int row_6[]1 = {2, 4, 1};
int row_7[] = {1, 1};
int row_8[] = {1, 0};

int col_1[] = {1, 3};
int col_2[] = {2, 2, 1};
int col _3[] = {2, 2, 1};
int col_41[] = {2, 2, 1};
int col 5[] = {1, 4};

RDOR=T1ZHi L)
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int col_6[]
col_71]

col_81[]

{21
{3,
{3,

2};
11
1,

int 1};

int 1, 1};

int x*row[N] = {row_1,

row_2,
row_3,
row_4,
row_5,
row_6,
row_7,
row_8};

int *col[N] {col_1,
col_2,
col_3,
col_4,
col_5,
col_o,
col_7,
col_8};

struct Tarray {
int *_array;
int _arraySize;

bi

int getIndex(int index,

{

int i

CSint *»+*tint, int size)

= 0;
index——;
while ((index >= 0)
1))

index——;

&& cs_isInstantiated(tint[index]) &&

y==

if (index < 0)

return i;
if (cs_isFree(tint[index]))
return -1;
(index >= 0)

while

{
while ((index >= 0)

))

index——;

&& cs_isInstantiated (tint [index])

==

if (index < 0)

(cs_getValue (tint [index])

&& (cs_getValue (tint [index])

RDR=T1TFe )
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return i;

if

return -1;

index——;

i++;

while
== 1))

index——;

((index >= 0)

if (index < 0)

return i;

if

return -1;

index——;

return i;

IZBOOL known (int wval,
{

int xarray =

int arraySize =

if (val == 1) {
int i =
int j, nGoal,
if (1 < 0)
return TRUE;
if (1 >= arraySize)
return FALSE;
nGoal = arrayl[i];
1;

index -

nCons =

j = 1;

while ((j >= 0) &&

J=—i
nCons++;

int index,

((struct Tarrayx)

((struct Tarrayx)

getIndex (index,

nCons;

(cs_getValue (tint [J]) ==

(cs_isFree(tint [index]))

&& cs_isInstantiated (tint[index])

(cs_isFree (tint [index]))

CSint *xtint, int size,

Sarray)—>_array;

Sarray)->_arraySize;

tint, size);

&& (cs_getValue (tint [index])

void xSarray)

RDR=T1TFe )
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j = index + 1;

while ((j < size) && cs_isInstantiated(tint[]j]) && (cs_getValue(tint[j]) == 1)) {
Jtt;

nCons++;

if (nCons > nGoal)
return FALSE;

if (nCons == nGoal)
if (j < size)
return (cs_EQ(tint[J], 0));

if (nCons < nGoal) {
while ((j < size) && (nCons < nGoal)) {
if (!cs_EQ(tint([j]1, 1))
return FALSE;

Jtt;
nCons++;
if (nCons != nGoal)

return FALSE;

if (j < size)
return (cs_EQ(tint[j], 0));

return TRUE;

int Mcons (CSint xxtint, int size, int xarray, int arraySize)

{

struct Tarray xSarray = (struct Tarrayx) malloc (sizeof (struct Tarray));
int i, s = 0;
for (1 = 0; 1 < arraySize; i++)

s += arrayl([il];

Sarray—>_array = array;

Sarray->_arraySize = arraySize;

return (cs_EQ(cs_Sigma (tint, size), s) &&

cs_eventKnown (tint, size, known, (voidx) Sarray));

RDR=T1TFe )
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void printSolution(CSint x+xallvars, int nbVars)

{
int i, j, n = 0;
static int NbSolution = 0;

printf ("\nSolution %d (NbFails = %d):\n", ++NbSolution, cs_getNbFails());
for (1 = 0; 1 < N; 1i++) {
for (j = 0; j < N; Jj++)
cs_printf("$D ", allvars([n++]);
printf ("\n");
}
}
void fail()
{
fprintf (stderr, "Fail!\n");
exit (-1);
}
int main(int argc, char xxargv)
{
clock_t t0 = clock();
CSint *matrixRC[N] [N];
CSint #matrixCRI[N] [N];
CSint xallvars[N * NJ;
int i, j, n = 0;
cs_init ();
for (i = 0; 1 < N; i++)
for (§J = 0; 3 < N; j++)
allvars[n++] = matrixCR[J][i] = matrixRC[i][]j] = cs_createCSint (0,

for (1 = 0; 1 < N; i++) {
if (!Mcons (matrixRC[i], N, &row[i]l[1l],

if (!Mcons (matrixCR[1], N, &col[il[1],

row[i] [0]))
col[i][0]))

if (!cs_findAll (allvars, N * N, cs_findFreeVar,

printf ("No solution\n");

cs_printStats();
printf ("Elapsed Time = %fs\n", (double)

cs_end();

return 0;

(clock ()

fail();
fail();

printSolution))

- t0)

/ CLOCKS_PER_SEC) ;

1);

RDR=T1TFe )
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FATHER:

Solution 1 (NbFails = 59):

10000011
10000100
11111000
01111111
00001100
01111001
00000010
000O0O0O0OO0CDO

Solution 2 (NbFails = 59):

100000171
10000100
11111000
01111111
00001100
01111010
000O0O0OOT1
000O0OOOOOQO

Solution 3 (NbFails = 71):
00O 0

O O O O O B
o O B O K P O
o O B O B P O
o O B O B P O
o O B B P P O O
O O O B P O O
O B O O K O O -
o O B O K O K

Solution 4 (NbFails = 71):

10000110
10000O0CO01
11111000
01111111
00001100
01111010
000O0O0OO0OT1
000O0O0OO0CDO

Nb Fails = 89
Nb Choice Points = 18

RDOR=12% <)
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Nb Fails = 89

Nb Choice Points = 184
Heap Size = 1024
Elapsed Time = 0.000951s

6.3 Sgn #li

2—F—ERDHINE 7TEZHVWTEMT 28 LT, 2 CSint RIZHD sign %2318 3H# L Wil Sgn() &3
LLTAFEL x5, D5 CSint EHD sign FKE LT {-1,0, 1} ZF> X 572 CSint ZEH L TERTE
£75,

e Sgn(vint) =-1 < vint< 0
* Sgn(vint) =0 < vint =0
e Sgn(vint) =1 < vint >0
Z DOHIFNC & B HIRIEED T RRERBIUATITRT L5 DTY,
1. vint THEELA XY MEILLTD L 512 L TEE s (Sgn(vint) ¥ L TERINIZE) BB L £55
a. vint Tknown 4 N> FBRE L & (RiRD knownVint() BIE D EIE )
o vint DfE%EF = v 7 LT, ZAUIHE U T s & AMfE b,
b. vint T newMin £ XY b DFE L7z & X (278D newMinVint() BAEDENE )
¢ if cs_getMin(vint) = 0 then s > 0;
¢ if cs_getMin(vint) > 0 then s >0 (i.e. s = 1).
c. vint T newMax £ X FFEAEL 2L & (838D newMaxVint() B DO EE )
¢ if cs_getMax(vint) = 0 then s < 0;
e if cs_getMax(vint) < 0 then s <0 (i.e. s =-1).
d. vint Tneq 4 X M BFE LT L & (RiRD neqVint() BIEDEE )
o if vint # O then s # 0.
2. [ARRIC, s THRAELZARY MIMLTFD L5 L T vint IZEHL X7,
a. s Tknown 4 R P FAE L = (BRD knownS() BEIEDEE )
¢ if s =-1 then vint < 0;

¢ if s =0 then vint = 0;
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* if s =1 then vint > 0.
b. s TnewMin 4 XY FHFE L2 & (B D newMinS() BIEDOEIE )
s THAET 2 newMin A XY MIs>0 L2dHh 2RV,
e vint > 0.
c. s TnewMax 4 X b DFEEL 2L & (18R D newMaxS() BIEDEIE )
s THAET % newMax A XY MIs <0 L2HDH ZRVHS,
e vint < 0.
d. s Tneq A R FPFEL T2 & (BB D neqS() BAEKDENE )
STHAETSneq ARV MEIs#0 L2HHZRVDS,
* vint # 0.

ERD Sgn() DEFREFEREL-a—Fe, FHAlOa— FEUTIORLE T, #AFIEER Sgn(A) + Sgn(B) = A
*B,A£0DMBERDITIZLWVS DT,

Sen() DEZE:

#include "iz.h"

static IZBOOL knownVint (int val, int index, CSint xxtint, int size, wvoid =xs)
{
if (val < 0)
return (cs_EQ ((CSint«) s, —-1));
if (val > 0)
return (cs_EQ((CSint«*) s, 1));
return (cs_EQ( (CSintx) s, 0));

static IZBOOL newMinVint (CSint =xvint, int index, int oldMin, CSint =xxarray, int size,
—void +s)
{
if (cs_getMin (vint) == 0)
return (cs_GE ((CSint«*) s, 0));
if (cs_getMin(vint) > 0)
return (cs_GT ((CSint«*) s, 0));
return TRUE;

static IZBOOL newMaxVint (CSint »*vint, int index, int oldMin, CSint *=*array, int size,
—void *s)
{

if (cs_getMax (vint) == 0)

RDOR=12%: <)
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return (cs_LE ((CSintx) s, 0));
if (cs_getMax(vint) < 0)

return (cs_LT ((CSint«*) s, 0));
return TRUE;

static IZBOOL neqgVint (CSint =»vint, int index, int negValue, CSint x*array, int size,
—void *s)
{
if (negValue == 0)
return (cs_NEQ ( (CSint«*) s, 0));
return TRUE;

static IZBOOL knownS (int valS, int index, CSint x+tint, int size, wvoid *vint)
{
if (vals < 0)
return (cs_LT ((CSint«*) wvint, 0));
if (vals > 0)
return (cs_GT ((CSint«*) wvint, 0));
return (cs_EQ((CSint«*) wvint, 0));

static IZBOOL newMinS (CSint =xs, int index, int oldMin, CSint =*+array, int size, wvoid
—xvint)
{

return (cs_GE ((CSint«*) vint, 0));

static IZBOOL newMaxS (CSint =xs, int index, int oldMin, CSint =*xarray, int size, wvoid
—*vint)
{

return (cs_LE ((CSint«*) wvint, 0));

static IZBOOL negS(CSint =s, int index, int negValue, CSint *+*array, int size, void
—xvint)
{

return (cs_NEQ ( (CSint*) wvint, 0));

CSint *Sgn (CSint =*vint)
{

int n = 0;

int arrayl[3];

CSint =*sj;

if (cs_getMin(vint) < 0)

RDR=T1TFe )
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array[n++] = -1;

if (cs_getMax (vint) > 0)
array[n++] = 1;

if (cs_isIn(vint, 1))
array[n++] = 0;

s = cs_createCSintFromDomain (array, n);

/% & cs_eventx DE—F|IT 1 BERDEY) (vint DH) =/
cs_eventKnown (&vint, 1, knownVint, (voidx*) s);

cs_eventNewMin (&vint, 1, newMinVint, (voidx) s);
cs_eventNewMax (&vint, 1, newMaxVint, (voidx) s);

cs_eventNeqg(&vint, 1, negVint, (voidx) s);

cs_eventKnown (&s, 1, knownS, (voidx) vint);
cs_eventNewMin (&s, 1, newMinS, (void*) wvint);
cs_eventNewMax (&s, 1, newMaxS, (void*) wvint);

cs_eventNeqg(&s, 1, negS, (voidx) wvint);

return (s) ;

B

int main(int argc, char xxargv)
{

CSint *A, =*B;

cs_init ();

/% Sgn(A) + Sgn(B) = A x B, A ¥ B Il& {-10..10} DD A I= 0 =/

A = cs_createNamedCSint (-10, 10, "A");
B = cs_createNamedCSint (-10, 10, "B");

cs_Eqg(cs_Add(Sgn(A), Sgn(B)), cs_Mul (A, B));
cs_NEQ (A, 0);

cs_Vsearch (2, A, B, cs_findFreeVar);
cs_printf ("$T\n%T\n", A, B);

cs_printStats();

cs_end();

return 0;
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Nb Fails = 11
Nb Choice Points = 13
Heap Size = 1024
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