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Constraint Network

® Variables
® Values to choose from
e Constraints
® Rules for choosing values
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Simple Example

Variables: Constraints:
w € {1,2,3,4} w=2-x
y€{1,2,3,4} w<z
z € {1,2,3} y>z
z€{1,2,3}
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Constraint Programming

var 1..4: w;
var 1..4: vy;
var 1..3: x;
var 1..3: z;

constraint w = 2 - x;
constraint w < z;
constraint y > z;
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MiniZinc

In

@ MONASH
University
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compilation

MZN — FZN
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FlatZinc

array [1..2] of int: x_introduced 2_ = [1,-2];
array [1..2] of int: x_introduced_3_ = [1,-1];
array [1..2] of int: x_introduced 4_ = [-1,1];

var 2..4: w:: output_var;
var 1..4: y:: output_var;
var 1..3: x:: output_var;
var 1..3: z:: output_var;

constraint int_lin_eq(x_introduced_2_,[w,x],0);
constraint int_lin_le(x_introduced_3_,[w,z],-1);
constraint int_lin_le(x_introduced_4_,[y,z],-1);

solve satisfy;
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FlatZinc constraint example

predicate int_lin_eq(array [int] of int: as,
array [int] of var int: bs,
int: c)
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array [1..2] of int: x_introduced 2_ = [1,-2];

constraint int_lin_eq(x_introduced_2_,[w,x],0);
c=") asli] - bsli]

0= Zx_introduced_Z_[i] - [w,x][4]

3
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array [1..2] of int: x_introduced 2_ = [1,-2];

constraint int lin_eq(x_introduced 2_.[w,x],0);
c= Z as[i] - bs]i]
0= Zi:x_introduced_Z_[i] - w, ][]
0= Z [1,-2]i] - [wx][i]

0=1-w—2-x

w=2-x
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Backtracking Example

w @ __________________________________________ Constraints:

2 * X
z

=
1

<
y >z
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Backtracking Example

" Constraints:
w=2%* X
< Z
x
y >z

@
@
@
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Backtracking Example

o od DY @ _________ Constraints:
\l/ / w =2 % X
VZ

ST e TR () — ‘3 o
J \ Solution:
G BT

Lz 2 3

~

=
1

1
q
3

N < X
1
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Kinda like search...
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Can we do better?

G. Klimmer (unibas) Oxiflex - Constraint Programming Solver for MiniZinc 20 / 45



8-Queens Problem
@0000

8-Queens Problem

G. Klimmer (unibas) Oxiflex - Constraint Programming Solver for MiniZinc 21/ 45



Chessboard

= N W s~ 01O N

22 /45



23 / 45

c
5}
b}
=

o
)
c

o



c
9
9,
=

o
o
c

o

23 / 45




Two Queens

8
7
6
5
4
3
2
1

_
7

ny

7

Y

Y

7

%%

Y

_

Y

0
g

Y

%7

7

24 / 45



24 / 45

(%]
c
)
)
S
o
(@)
=
=



8-Queens Problem
[ee]e]e] ]

N-Queens Problem

® Scalable
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Arc Consistency
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Arc Consistency Example
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Dynamic Variable Ordering

w @ .......................................... Constraints:

w =2 %X
w< z
x .....................................................
y =z
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Demo
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Limitations

FlatZinc builtins
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No floating points

No minimize / maximize
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Constraint Programming Solver for MiniZinc
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Slow Convergence Comparison
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The end
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