@

Constraint
Programming

iIZ-C Tutorial

version 3.8

NTT DATA SEKISUI SYSTEMS

20220 110 140






Contents:

010 gooo
020 goboobog

030 iZ-CoOooooooo
3.1 0000 (CSIintO) . oot e e e e e e e e e
32 OO0 ..

040 cooooooon

050 cooooooooooo

060 o
6.1 DOOOOODO .« . e e e e e
6.2 DOOOODO .. e e e e e e e e e s

6.3  Sgn O . . o e e e e e






010

HREENEN

iz000000CC0O00O0O0DOOCOOO0OOOOOCOiZOOOOOOOOOOOOOOOOOOOOOO000
oooboooooooooooooooo0ooooOoooobbooooo0oDbbOoOooooOoOoOoDoOoOooooDiZo
oo cooooooooonizcoOonooooooooo

0000iZ-CO00D00000000000000000D00000000000000000OD00000000
cooopooo0oooOoOoobooOoOoooOoOoOooOoo0OoDoO00DOoO00obObOOo0bDOoOoobooOoOOOoDboOOoD
0000000 iZ-CO APIOD0O00D0O0O00ODODO0O0ODODO0ODOOO0OOOOOoDOODd

OO00iz-COOOO URLOOOOOOOOO

http://www.constraint.org/ja/izc_download.html


http://www.constraint.org/ja/izc_download.html




020

Juoootgtd

iz-COO0000C0CO0O00O0O0OCOO0O0O0OOCOO0O0OOCOOO0OOCOOO0O0O0OOOOOO0O0ODOCO000
go00orbiz-COOO0O00oOoooooooooooooooooooooooooo

OOO0OCOOO0OO0OO0OO0OO0OO000000O es_init,cs end000000000O00O0O0O0O0O0O00O0O

#include <stdio.h>

#include "iz.h"
int main(void)
{
cs_init(Q);
// 000 iZz-cOOOoOOooooooao

cs_end(Q);

return 0;
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3.1 0000 (CSint0)

oobooooooooobooobooooooooobooooooooon

. 0J0000000o00ooooooodooodooooooooooooooooDooooOoooooog
gbobobooooooooobogo
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{
CSint *vint = cs_createNamedCSint(0, 10, "vint"); // 00 (0..10) OO0 0000 CSint 00O
cs_printf("%T\n", vint); // 00000000000000000

}

Oo0o:

vint: {0..10}

ooo:
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{
int domain[9] = {-2, ®, 1, 2, 3, 5, 6, 7, 10}; // domain OO0 0000000 0O0OOO
CSint *vint = cs_createCSintFromDomain(domain, 9); // O CSintOD OO0 O0OOOOOO
cs_printf£f("%T\n", vint); // 00000000

}

ood:

{-2, 0..3, 5..7, 10}

3.2 000
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ABC (LD
DEF (L2)
GHI (L3
JKL (L4
MNO (L5

PQRST (L6)

l.00000oo CSint0000 AB,..,TOOODOOOOOO

2. 0000000000000D0000

«a). L6=L1*L2

*b). L3=F*LI

ec). L4=E*LI1

«d).L5=D*LI1

ee) L6=100*L5+10* L4 +L3
*).A#40,D#0,G#0,JA0,M#0,P#£0
+2).00900000{A,B,...,T}O0D0C0OD0OCOO0OOD 2000000000

OOOLL L2, ..,L6e0000000000000O
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«dl).L1=100*A+10 *B + C;
«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;
« d6). L6 = 10000 * P+ 1000 * Q + 100 * R + 10 * S + T.

goooooob izCcoooooooooooooo

#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, e, f, g, h, i, j, k, 1, m, n, o, p, q, I, 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); // (dIl)
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[1l], 100, 10, 1); // (d3)
L5 = cs_VScalProd(3, Digit[m], Digit[n], Digit[o], 100, 10, 1); // (d4)

L6 = cs_VScalProd(5, Digit[p], Digit[ql, Digit[r], Digit[s], Digit[t], // (d5)

10000, 1000, 100, 10, 1);

cs_Eq(L6, cs_Mul(L1l, L2)); // (a)
cs_Eq(L3, cs_Mul(Digit[f]l, L1)); // (b)
cs_Eq(L4, cs_Mul(Digit[el, L1)); // (c)
cs_Eq(L5, cs_Mul(Digit[d], L1)); // (d)
cs_Eq(L6, cs_VScalProd(3, L5, L4, L3, 100, 10, 1)); //(e)

(ooooooo)
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(0o00ooo0ooon)

// ()

cs_NEQ(Digit[a]l, 0);
cs_NEQ(Digit[d]l, 0);
cs_NEQ(Digit[g]l, 0);
cs_NEQ(Digit[j]l, ®);
cs_NEQ(Digit[m], 0);
cs_NEQ(Digit[p]l, ®);

/7 (9)
for (val = 0; val <= 9 ; val++) {
cs_OccurConstraints(CSINT(2), val, Digit, NB_DIGITS);

8 030iZ-Cco000Onooono
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000002000000 ADBOODODUODOODOUODODDODOODOOOD 1.80000000000D00O0ODO

O000oo0ooooooooo
* A: {1..8}
* B: {1..8}
e A=B+2
oo ooooobobobobbobbobooboobooooo
e A: {3.8}
* B: {1..6}
000 AJ00O0OO000O0O0O0OO000
e A#S
00000000000 B#3000000
000BOOOOODOOOOOOOOOOOO
B3
00o00oooo A<s5000000
izZCO0O0O0O0O0OO00O0O0O0OoOoO0Oooooooooo

goooono:

#include "iz.h"

int main(int argc, char **argv)

{
CSint *A, *B;

cs_init(Q);

A = cs_createNamedCSint(1, 8, "A");
B = cs_createNamedCSint(1, 8, "B");

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

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

(ooooooo)

10

040 00000000




iZ-C Tutorial, version 3.8

(0o00ooo0ooon)

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

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

cs_end(Q);

return O;

goo:

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}

izZ-COOO00000OD0O0O0O0OO0O00000000O00O0 es, AddODODOOOO0OOMOOOOCCSint0ddon
obobobooooooboobooboboboooog

iz-COO0O0O0OO0OO0000O0OO0OO00000O0O0O000DoOoOO00oooOOOdOdOes searchQOD0OO0OO0ODOO 1
O000000000 findFreeVar() 00000000 QCOODO CSintO0 000000000 @OOUDOOOODO
000 1000)00000O000ooooooooooooon

cs_search) DO O OOOOOODOOOMMOOOOOOOOCOOOOO

ooo:

void printSolution(CSint **allvars, int nbVars)

{

(ooooooo)
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(0o00ooo0ooon)

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();

int main(int argc, char **argv)
{

cs_init(Q);

constraints();

cs_search(Digit, NB_DIGITS, cs_findFreeVarNbElements);
printSolution(Digit, NB_DIGITS);

cs_end(Q);

return 0;

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

000000001400 0000000000000000CDO 181 0000000000000 00000O00O

12 040 00000000
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00000 cs_searchO OO0 O00O0D0OOOOQOO cs_findFreeVarNbElements) 000 iZ-COO0O0OO0OO0OOO
O00Doooo CSint000000000000000000000000000O0O00000000o0O0O00
0000000000000 00000000000 findFreeVar) OO OO0 O0OO0OO0OO0ODOOCOO0OOOOOOO
oooo

0000000000000 00C0D0O0DO000O0D0OO00O00DO0O00O0O0DO0O0O0OOgn es_search)0ODO
00 cs_findAI) DO D0 O00DD0O00O0OO0ODOOOOO

goo:

{

cs_init(Q);

constraints();

cs_findA11(Digit, NB_DIGITS, cs_findFreeVarNbElements, printSolution);
cs_printStats();

cs_end(Q);

return 0;

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

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

13
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O0O0O000000000000000000000 14360000000000000000000cs_findAlL()
0400000000 100000000O0O0O0OOCOCO

0000o0000oo00DOo00oo0o0oooOoooDooOo300D000ooDO0ooDO
. 00o0o0oooboogooo
2. 000000000000000
3.0oopoooooooooooooo
iZ-CO..
010000000 -CSit00000000O0O0O0O

- 020000000 -00000000000O0O0O0O0DOOOOOOOOOOOCOCOCOCOOOOOBOOO
oooooo (@ uooooooooogog oooooooooo)o

e JobbOO0o0bOOO0O -bO00bLbOOo0bLbOo0ObLOOo0bOOobObOoO0ObbOOoO0bLbOOO0ObOOoDDOOn
oo0oo0o0o0o0ob0obOOooOo(@OobOoobDoobO0ob0obDOobODobO0oobOOobDOoDobOOoobDOoDOooDo
oobooOooooooooooooooo)o
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iz-CO0O00O00DOOO0OOO0O0COOOO0OOO0O0OOCO0OOO0O0OO0OOOODOOOOOOOOOOOOOODOOO
CSint00O0O000oOoooopooooOooOoO00o0ooooooooooooooooooo400000ooao

ooo
Known: 000 1000000000 CSint000000000O0OOOOO0O)
Ex.: cs_EQ(vint, ®); /* KnownOOOODOOODOOO */
NewMin: 00000000000 (@OO0000O000OO0O0OOO0OD0O)
Ex.: ¢s_GT(vint, 0);
NewMax: 0OO0O0O0O0OO0O000O0OO0(@O0OOOOOOOOOOOOOONO)
Ex: cs_LT(vint, 0);
Neq: 000D 10000000000
Ex: cs_NEQ(vint, 0);
ddddooooooooooooooboboboobobooooo
cknown JO0O0O00O0OOOOOODOOnewMin, newMax,neq0O0OO0OO00OOOODO
*newMinOOOOOODO newMax OO OODOOOOOOOOOOneqOOODODOODOODODDODO

gooo

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

OOO0O0C0 knownOOOOOOODO (vintO 100000000)OnewMinOOOOOOOOCOOCDODO

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

OOO0OO0O0OCnewMinOOOOOOOO (vintO 10000000)0neq00000000O00O0OO
OO0O0O0OO0OO0O0ON-OO0OO0DOOOO es_eventKnown() 0O OOO0O0O0O0O0O0O0OOO

@-00o00o8inoooiooodiooodoo0ooo0oooooooooDoooooooooDoOog
ooooooooo)

O0000000000D000 (@DOOD0 CSint00 allvars[i] 0 known OO0 O0000DO), 0000000000
gboboooobooboobobobooooogoo

#include <stdlib.h>

#include "iz.h"

// This function is called when allvars[index] is 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; 1 < NbQueens; i++) {
if (i !'= index) {

CSint *var = allvars[i];

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 **argv)
{
int NbQueens = (argc > 1) ? atoi(argv[1]) : 8;

CSint **allvars;

cs_init(Q);

(ooooooo)
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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(Q);

cs_end(Q);

return 0;

ooooooooocoobooon

1, 7, 4,6, 8, 2, 5,3

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

o000 1,7,4,6,8,2,5,300000000000000000

A°B C D E F G H

ue,

()

()

()

w N o g s W N

O

g-00000 9200000000000

cs_findAll(allvars, NbQueens, cs_findFreeVarNbElementsMin, found)

cs_search(allvars, NbQueens, cs_findFreeVarNbElementsMin);

17
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gobooboboobooobobda

found) 000 O0OOO0DOOOOODO

void found(CSint **allvars, int NbQueens)

{

static NbSolutions = 0;

printf("Solution %d\n", ++NbSolutions);
cs_printf("%A\n\n", allvars, NbQueens);

92000 0000000000000 00O00OOOOSS0000O0OODOOODOO0ODOO0O0O000 S5,3,1,7,
2,8,6, 4000000000000

A B CDE F G H

()

—_

()

O

0o N o g~ W N
O

18 050 000000000000
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goo:

ooooooooooooob0l10o00oOb0cboOo cSintO000000OO0000 00 i0o0oo0ooo0000on
ooooooooooobooooboboooboonoo

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

id00000000000000000C CSInt00000000 Codeli]DO0OO0O0ODOOOODODOOO
eetSum() 000000000000 O0O0DOO cs_ Sigma) 0000000000000 OOOOOODOOODOOO

0000000000000 es_findAll)0D0O00O00000O000O00O0O0O0O0OO

cs_findAl1l(cell, NB_CELLS, cs_findFreeVar, printSolution);

0000000000000 00004000000000000000000000000 cs_search) OO
ooooogo

iz-CO 40000000000000O0O0O0O0OOO09000COCCO0O0O0O0000O0O0O0OO0O0O040000
oooooooo

PR

izCcO0O000O0000O0O000OOO0O00oOoOOoOo0ooooOooo

oooood:

#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,

@ooooooo)
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(0o00ooo0ooon)

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,
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 **cell, int nbCells)
{
int i;
int n = 9;

static int NbSolutions = 0;

printf("\nSolution %d:\n", ++NbSolutions);
for (i = 1; 1 < 8; i++)
if (1% 2) {

printf(" ");
printCells(cell, n, 8);
n += 8;

}

else {

printCells(cell, n, 9);

n += 9;

CSint *getSum(int i, CSint **c)

(ooooooo)

6.1. 0OO0OOOO
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(0o00ooo0ooon)

CSint **array = (CSint**) malloc(7 * sizeof(CSint*));

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];

return(cs_Sigma(array, n));

int main(int argc, char **argv)
{

int i;

clock_t t® = clock();

CSint **cell;

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

cs_EQ(getSum(i, cell), Code[i]);

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_SEQ);

cs_end(Q);

(ooooooo)
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(0o00ooo0ooon)

return 0;

oooo:

Solution 1:

0000
11111

010016

1000001
101101
00000

1111

Solution 2:
1001

10101
101101

10006001
010010
01010
0110

Solution 3:
1011

10000
011111

1000001
100000
01111
0100

Solution 4:
1101
00001
111110
1000001
000001
111180

(ooooooo)
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(ooooooooon)

00180

Nb Fails = 9

Nb Choice Points = 24
Heap Size = 1024

Elapsed Time = 0.000587s

ooo0o0o000l100o0o0oo0000000000O000000000000000O0000000@OUOBODO
goooooooooooooooo)ypoo37ooOooOoOoOOOOODOOODOODO 1000000000
ooooog

6.2 00000

coobooooooooboooobooooooOooOoOoobooOoboboOoOooooOoOoOoOoDOboOobobOboOooboOoOoOooon
ooooao

od

N
N
o
—
-
-

0000o000oo 400000008 OO000D0O0O0O0DODOOODOOOO

izCOOOOOOOoOOoOOoOoOOOOoOOooooooooogo
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gobogo:

#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[] = {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_4[] = {2, 2, 1};
int col_5[] = {1, 4};

int col_6[1 = {2, 1, 2};
int col_7[] = {3, 1, 1,
int col_8[] = {3, 1, 1,

int *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,

(ooooooo)
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col_6,
col_7,
col_8}%;

struct Tarray {
int *_array;
int _arraySize;

};

int getIndex(int index, CSint **tint, int size)
{

int i = 0;

index--;
while ((index >= 0) && cs_isInstantiated(tint[index]) && (cs_getValue(tint[index]) ==.
~1))

index--;

if (index < 0)

return i;

if (cs_isFree(tint[index]))

return -1;

while (index >= 0) {
while ((index >= 0) && cs_isInstantiated(tint[index]) && (cs_getValue(tint[index]).
y== @))

index--;

if (index < 0)

return i;

if (cs_isFree(tint[index]))

return -1;

index--;

i++;

while ((index >= 0) && cs_isInstantiated(tint[index]) && (cs_getValue(tint[index]).

== 1) (ooooooo)
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index--;

if (index < 0)

return i;

if (cs_isFree(tint[index]))

return -1;

index--;
return i;

IZBOOL known(int val, int index, CSint **tint, int size, void *Sarray)
{
int *array = ((struct Tarray*) Sarray)->_array;

int arraySize = ((struct Tarray*) Sarray)->_arraySize;

if (val == 1) {
int i = getIndex(index, tint, size);

int j, nGoal, nCons;

if (4 < 0
return TRUE;

if (i >= arraySize)

return FALSE;

nGoal = array[i];
nCons = 1;

j = index - 1;
while ((j >= 0) && (cs_getValue(tint[j]) == 1)) {

-

nCons++;

j = index + 1;

(ooooooo)
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while ((j < size) && cs_isInstantiated(tint[j]) && (cs_getValue(tint[j]) == 1)) {
J++s

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 (lecs_EQ(tint[j], 1))
return FALSE;

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

return FALSE;

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

return TRUE;

int Mcons(CSint **tint, int size, int *array, int arraySize)

{
struct Tarray *Sarray = (struct Tarray*) malloc(sizeof(struct Tarray));
int i, s = 0;

for (i = 0; i < arraySize; i++)

(ooooooo)
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s += array[i];

Sarray->_array = array;

Sarray->_arraySize = arraySize;

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

cs_eventKnown(tint, size, known, (void*) Sarray));

void printSolution(CSint **allvars, int nbVars)

{
int i, j, n = 0;
static int NbSolution = 0;
printf("\nSolution %d (NbFails = %d):\n", ++NbSolution, cs_getNbFails(Q));
for (i = 0; 1 < N; i++) {
for (j = 0; j < N; j++)
cs_printf("%D ", allvars[n++]);
printf£f("\n");
}
}

void fail(Q)

{
fprintf(stderr, "Fail!\n");
exit(-1);

int main(int argc, char **argv)
{
clock_t t® = clock();
CSint *matrixRC[N][N];
CSint *matrixCR[N][N];
CSint *allvars[N * NJ;

int i, j, n = 0;

cs_init(Q);

for (A = 0; 1 < N; i++)

(ooooooo)
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for (j = 0; j < N; j++)
allvars[n++] = matrixCR[j][i] = matrixRC[i][j] = cs_createCSint(0, 1);

for (i = 0; 1 < N; i++) {

if (!'Mcons(matrixRC[i], N, &row[i][1], row[i][0])) fail();
if (!'Mcons(matrixCR[i], N, &col[i][1], col[i][0])) fail(Q);

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

printf("No solution\n");

cs_printStats();
printf("Elapsed Time = %fs\n", (double) (clock() - t®) / CLOCKS_PER_SEQ);

cs_end(Q);

return 0;

oooo:

Solution 1 (NbFails = 59):

1 00011
10000100
11111000
01111111
00001100
01111001
00000010
00000000

Solution 2 (NbFails = 59):
11

S @ @ D Rk = o=
S B @ R R
(= N e )
S R @ R R @ @
S R R R R 2@
S @ r r @ r @
S B @ r @
_r Q@ @ r @ @

(ooooooo)
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00000000

Solution 3 (NbFails = 71):

00110
10000001
11111000
01111111
00001100
01111001
00000010
00000000

Solution 4 (NbFails = 71):

1 00110
10000001
11111000
01111111
00001100
01111010
00000001
00000000

Nb Fails = 89
Nb Choice Points = 18

Nb Fails = 89

Nb Choice Points = 184
Heap Size = 1024

Elapsed Time = 0.000951s

6.3 Sgn 0 [

Oo0O00oo0Oo0Ooo000oooocO0o00oooOo00o0oDooogocSint0000 sign0000O0000 Sgn()O10O
OO0O00o0ooooooo CSint0000signO0 00000 {-1,0,1} 000000 CSint000000O0O0O0OO
ood

* Sgn(vint) = -1 < vint < 0

* Sgn(vint) =0 < vint =0
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e Sgn(vint) =1 < vint > 0
000000000000 LOUoUOoUUUOUOoUUOOoOoog
I.vit OO0 00000000000 000000 sSgn(vint)0O0O0O00D00000)O00DO0O0O0OO
a.vint known O OOODOOOO0O0O0OO0 (DOO knownVint) DODO OO )
evit0OO0O0O0OODOO, 000000 sO000OO
b. vintO newMin 00000000000 (OO0 newMinVint) DO OO0 )
¢ if cs_getMin(vint) = 0 then s > 0;
* if cs_getMin(vint) > 0 then s > 0 (i.e. s=1).
c.vintnewMax OO OOOODOOOOO (ODOO newMaxVint) 00O 0O )
¢ if cs_getMax(vint) = 0 then s < 0;
¢ if cs_getMax(vint) < O thens < 0 (i.e. s =-1).
d. vint neq0 0000000000 (OO0 neqVint) DOODODO )
e if vint # O then s # 0.
2. 0000sO00000000000000000O0vintOOOOOOOd
a. sOknownO00O0O00OD0O0O0O0O (OO knownSOOOOOO )
e if s = -1 then vint < 0;
¢ if s =0 then vint = 0;
e if s =1 then vint > 0.
b.sOnewMinOOOODOOOODOOO (OO0 newMinSOO OO OO )
sO00000 newMinOOODOO s>00000000000
e vint > 0.
c.sOnewMax OO OO OO0OO0OO0O (OO0 newMaxSOO OO OO )
sO00000 newMax OO OO0 s<000000000OOO
e vint < 0.
d. sOneq0000000D00OOO0 (@O0 negSOOOCOODO)
sU0000OneqO0 0000 s00000000000

e vint # 0.
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000 Segn)0D00O0000D0DOODOOO000O0DOOOOOO000O0DODODOCODOO0O0 Sgn(A)+Sgn(B)=A
*B,A#0000000000000000O

Sgn()0O0O:

#include "iz.h"

static IZBOOL knownVint(int val, int index, CSint **tint, int size, void *s)
{
if (val < 0)
return(cs_EQ((CSint*) s, -1));
if (val > 0)
return(cs_EQ((CSint*) s, 1));
return(cs_EQ((CSint*) s, 0));

static IZBOOL newMinVint(CSint *vint, int index, int oldMin, CSint **array, 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)
return(cs_LE((CSint*) s, 0));
if (cs_getMax(vint) < 0)
return(cs_LT((CSint*) s, 0));
return TRUE;

static IZBOOL neqVint(CSint *vint, int index, int neqValue, CSint **array, int size,.
—void *s)
{
if (neqValue == 0)
return(cs_NEQ((CSint*) s, 0));

(ooooooo)
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return TRUE;

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

static IZBOOL newMinS(CSint *s, int index, int oldMin, CSint **array, int size, void.
—*vint)
{

return(cs_GE((CSint*) vint, 0));

static IZBOOL newMaxS(CSint *s, int index, int oldMin, CSint **array, int size, void.
~*vint)
{

return(cs_LE((CSint*) vint, 0));

static IZBOOL neqS(CSint *s, int index, int neqValue, CSint **array, int size, void.

—*vint)

{
return(cs_NEQ((CSint*) vint, 0));

CSint *Sgn(CSint *vint)
{
int n = 0;

int array[3];

CSint *s;

if (cs_getMin(vint) < 0)
array[n++] = -1;

if (cs_getMax(vint) > 0)

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

s = cs_createCSintFromDomain(array, n);

/* 0 cs_event* OO00OOO0O 100000 (vint OO) */
cs_eventKnown(&vint, 1, knownVint, (void*) s);
cs_eventNewMin(&vint, 1, newMinVint, (void*) s);
cs_eventNewMax(&vint, 1, newMaxVint, (void*) s);

cs_eventNeq(&vint, 1, neqVint, (void*) s);

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

cs_eventNeq(&s, 1, negS, (void*) vint);

return(s);

ooo:

int main(int argc, char **argv)

{
CSint *A, *B;
cs_init(Q);

/* Sgn(A) + Sgn(B) = A * B, A0 BUO {-10..10} OO A I=0 */

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

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

cs_Eq(cs_Add(Sgn(A), Sgn(B)), cs_Mul(A, B));
cs_NEQCA, 0);

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

cs_printStats();

(ooooooo)
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cs_end(Q);

return 0;

gooo:

Nb Fails = 11
Nb Choice Points = 13
Heap Size = 1024
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