Crystal Maze

coded in minizinc



Put a different number in each circle (1 to 8) such
that adjacent circles cannot take consecutive numbers




Put a different number in each circle (0 o 7) such
that adjacent circles cannot take consecutive numbers




The numbers are the identification of a circle

Put a different number in each circle (0 o 7) such
that adjacent circles cannot take consecutive numbers
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2% Crystal Maze, first attempt
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v2;
v3;
vi;
v5;
vh;
v7;
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constraint abs{vB-vl)
constraint abs(vB-v5)
constraint abs{vB-v6)
17 constraint abs(vl-v2)
12 constraint abs{vl-v6)
12 constraint abs{vl-v7)
2o constraint abs(v2-v3)
21 constraint abs(v2-v6)
22 constraint abs(v2-v7)
25 constraint abs({v3-v4)
24 constraint abs(v3-v7)
25 constraint abs(v4-v5)
25 constraint abs(vd-v6)
27 constraint abs(vd-v7)
2z constraint abs{v5-v6)
20 constraint abs{v5-v7)
so constraint abs(ve-v7)
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52 include "alldifferent.mzn";

== constraint alldifferent([v@,vl,v2,v3,vd,v5,v6,v7]);
34

35 solve satisfy;

pulal

Cutput

»

m

1st stab ...
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constraint
constraint
15 constraint
constraint
constraint
1 constraint
constraint
1 constraint
2 constraint
constraint
constraint
constraint
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28 constraint
20 constraint
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va;
vl;
v2;
v3;
vi;
v5;
vh;
v7;

abs(vB-vl)
abs(vB-v5)
abs(v@-v6)
abs(vl-v2)
abs(vl-v6)
abs(vl-v7)
abs(v2-v3)
abs(v2-v6)
abs(v2-v7)
abs(v3-vid)
abs(v3i-v7)
abs(v4-v5)
abs(vd-v6)
abs(vd-v7)
abs(v5-v6)
abs(v5-v7)
abs(v6-v7)
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2 include "alldifferent.mzn";
=5 constraint alldifferent([v@,vl,v2,v3,vd,v5,v6,v7]);

s solve satisfy;
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We are in the IDE
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2% Crystal Maze, first attempt
5%

5 var
5 var
7 var
var
g var
g var v5;
1 var vb;
12var @..7: v/;

va;
vl;
v2;
v3;
vi;
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14 constraint abs(v@-vl)
1= constraint abs(v@-v5)
15 constraint abs{vB-v6)
17 constraint abs(vl-v2)
12 constraint abs{vl-v6)
12 constraint abs{vl-v7)
26 constraint abs(v2-v3)
| constraint abs(v2-v6)
: constraint abs(v2-v7)
25 constraint abs{v3-v4)
24 constraint abs{v3-v7)
25 constraint abs(v4-v5)
5 constraint abs{vd-v6)
7 constraint abs(vd-v7)
2z constraint abs{v5-v6)
2o constraint abs{v5-v7)
26 constraint abs(v6-v7)
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=2 include "alldifferent.mzn";
2= constraint alldifferent([ve,vl,v2,v3,vd,v5,v6,v7]);

35 solve satisfy;
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constraint
constraint
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va;
vl;
v2;
v3;
vi;
v5;
K
v7;

abs(vB-vl)
abs(vB-v5)
abs(v@-v6)
abs(vl-v2)
abs(vl-v6)
abs(vl-v7)
abs(v2-v3)
abs(v2-v6)
abs(v2-v7)
abs(v3-vid)
abs(v3i-v7)
abs(v4-v5)
abs(vd-v6)
abs(vd-v7)
abs(v5-v6)
abs(v5-v7)
abs(v6-v7)
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include "alldifferent.mzn";
constraint alldifferent([v@,vl,v2,v3,vd,v5,v6,v7]);

solve satisfy;

| output
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\l We call this "a model” I
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3 %

5var
svar
7var
zvar
svar
i var
11var
12 var

Output
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0..7: vO;
0..7: vl;
0..7: v2;
0..7: v3;
0..7: v4,;
0..7: v5;
0..7: Vvb;
0..7: v/,

>% Crystal Maze, first attempt

That's a comment
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Output

%

% Crystal Maze, first attempt

%

svar

var
var
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var

0..7: vO;
0..7: vl;
0..7: v2;
0..7: v3;
0..7: v4,;
0..7: v5;
0..7: Vvb;
0..7: v/,

Constrained integer variables:
vO to v7
take values in the range O to 7
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abs(ve-vl)
abs(ve-v5)
abs(ve-vé6)
abs(vil-v2)
abs(vil-vé6)
abs(vl-v7)
abs(v2-v3)
abs(v2-v6)
abs(v2-v7)
abs(v3-v4)
abs(v3-v7)
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Constraints:
adjacent vertices take
non-consecutive values
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Output

constraint
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abs(vl-v7)
abs(v2-v3)
abs(v2-v6)
abs(v2-v7)
abs(v3-v4)
abs(v3-v7)
abs(v4-v5)
abs(v4-v6)
abs(v4-v7)
abs(v5-v6)
abs(v5-v7)
abs(v6-v7)
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Couldn't get them on 1 screen
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Configuration crystalMaze.mzn [E)

constraint abs(v3-v7)
constraint abs(v4-v5)
constraint abs(v4-v6)
27 constraint abs(v4-v7)
constraint abs(v5-v6)
constraint abs(v5-v7)
constraint abs(v6-v7)
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include "alldifferent.mzn";
constraint alldifferent([vO,vl,v2,v3,v4,v5,v6,v7]);

m

solve satisfy;

Output F X
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Configuration crystalMaze.mzn [E)

constraint abs(v3-v7)
constraint abs(v4-v5)
constraint abs(v4-v6)
27 constraint abs(v4-v7)
constraint abs(v5-v6)
constraint abs(v5-v7)
constraint abs(v6-v7)

1;
1;

That's an array!
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include "alldifferent.mzi—
constraint alldifferenthve,vl,vZ,vS,v4,v5,v6,v?]P;

m

solve satisfy;

1

Output F X
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include

abs(v3-v7)
abs(v4-v5)
abs(v4-v6)
abs(v4-v7)
abs(v5-v6)
abs(v5-v7)
abs(v6-v7)
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"alldifferent.mzn";
constraint alldifferent([ve,vl,v2,v3,v4,v5,v6,v7]);

35solve satisfy;

<

Output

: Get me a solution I
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3%

swvar B..7: v,
swvar B..7: wvl;
Twar 8. .7 vi;
swvar B, 7 w3,
cwvar Bl 7 vl
18 var 8..7: v5;
11wvar B..7: vb;
12wvar 8.7 w7,

14 constraint abs(v@-vl) > 1;
1= constraint abs(v@-v5) > 1;

Output

Compiling crystalMaze.mzn
Running crystalMaze.mzn
vd = 1;

vl =5
v2 = 3
v3i =6
vl = 2;
vh =4
vb = 7
vi =8

Finished in 29msec

Hit the run button
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29msec
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Towl;
Towl;
HEATE
powvd,
Towh;
T wb;
AU

constraint abs(v@-v1) > 1;
constraint abs(v@-vh) > 1;

Output

Compiling crystalMaze.mzn
Running crystalMaze.mzn

v
vl
w2
w3
wi
w5
vb
"

Finished in 29msec
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Here's a solution (not unique).

m

29msec




r — h
7n| crystalMaze.mzn — Untitled Project E@Iﬂ
rys j

Eile Edit MiniZinc View Help

O E& [as O

> O -

Y]
A Al

Mew model Open Save  Copy Cut  Paste Undo Redo Shiftleft  Shift right Run Stop Show project explorer
Configuration crystalMaze.mzn [
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var B..7: vB;
var B..7: wl; E
var B..7: w2;
var B..7: v3; i
var B..7: wvd;
18 var B..7: v5;
var B..7: wb;
var B..7: v/,

constraint abs(w@-vl)
constraint abs(v@-v5) >

Output

Compiling crystalMaze.mzn
Running crystalMaze.mzn
ve = 1;
vl =5
w2 =3
ll v3 =68
b vd = 2;
a4
7
e

m

vh =
l "."'6=
v o=

Finished in 29msec

29msec
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Configuration crystalMaze.mzn [
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var B..7: vB;
var B..7: wl; E
var B..7: w2;
var B..7: v3; i
var B..7: wvd;
18 var B..7: v5;
var B..7: wb;
var B..7: v/,

constraint abs(w@-vl)
constraint abs(v@-v5) >

Output

Compiling crystalMaze.mzn
Running crystalMaze.mzn
ve = 1;
vl =5
w2 =3
ll v3 =68
b vd = 2;
a4
7
e

m

vh =
l "."'6=
v o=

Finished in 29msec

29msec
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Can get all solutions

Command Prompt

Y:\public_htmlscpMschoco3scpMhcrystalMazedminizinc crystalMaze.mzn -a
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Can get statistics
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Let's make a more general model
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1%
2% Crystal Maze, second attempt, more general
3 %

5 include "alldifferent.mzn";

[}

int: n; % number of vertices

zint: m; % number of edges
sarray[1l..m,1..2] of int: edge; % adjacency
10

12

12 constraint alldifferent(v);
15

15 solve satisfy;

17

1zoutput ["v = \(v)"];

19

Output

11array[@..n-1] of var @..n-1: v; % vertices v[@] to v[n-1]

12 constraint forall(e in 1..m)(abs(v[edge[e,1]] - v[edge[e,2]]) > 1);

m




crystalMazel.mzn — Untitled Proj

File Edit Minidinc View Help

[ =3 ~1 I = =
(T B& Do e @ of >0 =
Mew model Open Save Copy Cut Paste Undo FRedo Shiftleft Shiftright Run Stop Show project explorer
Configuration rystalMaze 1.mzn [£)
1% -
2% Crystal Maze, second attempt, more general

2%

s include "alldifferent.mzn";

7int: n; % number of vertices

zint: m; % number of edges These are variables
sarray[1l..m,1..2] of int: edge; % adjacency

m

11array[@..n-1] of var @..n-1: v; % vertices v[@] to v[n-1]

12 constraint forall(e in 1..m)(abs(v[edge[e,1]] - v[edge[e,2]]) > 1);
12 constraint alldifferent(v);

;;solve satisfy;

1zoutput ["v = \(v)"];

Output
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| Configuration | arystalMazel.mzn [ cma.dzn £
1n = 8; nd
om = 17;
sedge = [|0,1
4 |@,5
5 |o,6
|1,2
7 |1,6
8 I;g This is the data file, dzn extension
9 s
10 |2,6 =
11 |2,7
12 |3,4
13 |3,7
14 |4,5
15 |4,6
16 |a,7
17 |5,6
18 |5,7 b
: 16,7]]
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1n = 8;

om = 17;
sedge = [|0,1
4 |e,5
5 |@, 6]
|1,2
7 |1,6
8 |1,7
9 |2,3
10 |2,6
11 |2,7
12 |3,4
13 13,7
14 |4,5
15 |4,6
16 |4,7
17 |5,6
18 |5,7
' |6,7]]
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Configuration rystalMaze 1.mzn [£)

1% -

2% Crystal Maze, second attempt, more general

2%

sinclude "alldifferent.mzn"; II< I like to place this here

7int: n; % number of vertices
zint: m; % number of edges
sarray[1l..m,1..2] of int: edge; % adjacency

m

11array[@..n-1] of var @..n-1: v; % vertices v[@] to v[n-1]

12 constraint forall(e in 1..m)(abs(v[edge[e,1]] - v[edge[e,2]]) > 1);
12 constraint alldifferent(v);

;;solve satisfy;

1zoutput ["v = \(v)"];

Output
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| Configuration rystalMaze 1.mzn [£)
% ki
% Crystal Maze, second attempt, more general

& Array of constrained integer variables
v[O] to v[n-1] where v[i]is in {O..n-1}

L3

s include "alldifferent.mzn";

int: n; % number of vertices
int: m; % number of edges
array[1..m,1..2] of int: edge; % adjacency

m

array[@..n-1] of var @..n-1: v; % vertices v[@] to v[n-1]

constraint forall(e in 1..m)(abs(v[edge[e,1]] - v[edge[e,2]]) > 1);
constraint alldifferent(v);

solve satisfy;

output ["v = \(v)"];

Output g X

Ready.
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Configuration rystalMaze 1.mzn [£)
1 % i

2% Crystal Maze, second attempt, more general
3 %

5 include "alldifferent.mzn";

L3

forall ...

7int: n; % number of vertices
zint: m; % number of edges
carray[1l..m,1..2] of int:
10

11array[@..n-1] of
12
12 constraint forall(e in 1..m)Kabs(v[edge[e,1]] - v[edge[e,2]]) > 1);
14 constraint

dge; % adjacency

m

8..n-1: v; % vertices v[@] to v[n-1]

;;solve satisfy;

;%output ["v = \(v)"];

Output
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Configuration rystalMaze 1.mzn [£)

1 %

2% Crystal Maze, second attempt, more general

3% (edge[e,1],edge[e,2]) is a pair of vertices

s include "alldifferent.mzn";

:int: n; % number of vertices
zint: m; % number of edges
sarray[1l..m,1..2] of int: edge; % adjacency

;;array[a..n—l] of var @..n-1: v; % vertices v[@] to v[n-1]

.- constraint forall(e in 1..m)(abi(v[edge[e,1]] - v[edge[e,2]] > 1);
12 constraint alldifferent(v);

;;solve satisfy;

1zoutput ["v = \(v)"];

Output

Ready.

L3

m
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Configuration rystalMaze 1.mzn [£)
1% -
2% Crystal Maze, second attempt, more general
3%

[include "alldifferent.mzn";

All different

:int: n; % number of vertices
zint: m; % number of edges
sarray[1l..m,1..2] of int: edge; % adjacency

m

:;array[a..n—l] of var ©..n-1: v; % vep¥ices v[@] to v[n-1]

12 constraint forall(e in 1..m)(ab
12dconstraint alldifferent(v);

v[edge[e,1]] - v[edge[e,2]]) > 1);

;;solve satisfy;

1zoutput ["v = \(v)"];

Output g X

Ready.
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Configuration rystalMaze 1.mzn [£)

Y

Show project explorer

1%
2% Crystal Maze, second attempt, more general
3 %

s include "alldifferent.mzn";

L3

7int: n; % number of vertices

Get me a solution

sint: m; % number of edges
carray[1l..m,1..2] of int: edge; % adja
11array[@..n-1] of var @..n-1;
12

13 constraint forall
14 constraint al

cy

ferent(v);

:Esolve satisfy; |

;éoutput ["v = \(v)"];

Output

s % vertices v[@] to v[n-1]

n 1..m)(abs(v[edge[e,1]] - v[edge[e,2]]) > 1);

m
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Configuration rystalMaze 1.mzn [£)

Y
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1%
2% Crystal Maze, second attempt, more general
3 %

s include "alldifferent.mzn";

7int: n; % number of vertices

zint: m; % number of edges
csarray[l..m,1..2] of int: edge; % adjace
11array[@..n-1] of var @..n-1: v;
12

13 constraint forall(e in 1«
14 constraint alldiffer

16 solve satisfyy

15output ["v = \(v)"];

Output

Output solution

ertices v[@] to v[n-1]

(abs(v[edge[e,1]] - v[edge[e,2]]) > 1);

L3

m
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77 crystalMazel.mzn — Untitled ijl - ESEE

File Edit MiniZinc View Help

[:] ﬁﬁi éﬁ} do [fj *jg _ﬁ *f ﬁ> I ﬁ;;f

Mew model Open Save Copy Cut Paste Undo Redo Shiftleft Shiftright Run Stop Show project explorer

Y]

I Configuration crystalMaze 1.mzn [£) emB.dzn [
1%

2% Crystal Maze, second attempt
2%

5 include "alldifferent.mzn";

i N
@ Model Parameters @lﬂ

I Hit run and it now allows me to select dzn file |

7int: n; % number of Y
zint: m; % number of 4§

garray[1l..m,1..2] of
18 n= |

[Select data file or input values - ]

11 array[@..n-1] of var|| m=
12 edge =
13 constraint forall(e | > 1);
14 constraint alldiffer ok | cancel |
15

16 solve satisfy;

17

soutput ["v = \(v)"T;
19

r—=

Output 5 X

Ready. 165 B88msec




GESTTem

File Edit Minidinc View Help

i NEPYER X

Y

>

Mew model Open Save  Copy  Cut  Paste Undo FRedo Shiftleft  Shiftright

| Configuration | crystalMaze 1.mzn [£) | amd.dan [ |

> O

Run  Stop

Show project explorer

2% Crystal Maze, second attempt, more general

3%
s include "alldifferent.mzn";
7int: n; % number of wvertices

gint: m; % number of edges
sarray[1..m,1..2] of int: edge; % adjacency

12 constraint alldifferent(v);
16 solve satisfty;
15 output ["v = \(v)"];

Output

1array[@..n-1] of var 8..n-1: v; % vertices v[@] to v[n-1]

15 constraint forall(e in 1..m)(abs(v[edge[e,1]] - v[edge[e,2]]) > 1);

Compiling crystalMazel.mzn, with additional data cm8.dzn

Running crystalMazel.mzn
v=1_[1,5,3,6,2,47, 8]

Finished in 29msec

Ready.

A solution for cm8.dzn

»

m

29msec



Also on command line

ESEE=)

-

mi| »

E¥ Command Prompt
Y:N\public_htmlscpMichoco3NcpMacrystalMaze>minizine crystalMazel.mzn cm8.dzn

v = [1, 5, 3, 6, 2, 4, 7,

Y:N\public_htmlsxcpMM\choco3s\cpMherystalMaze?




Also on command line (all solutions)

R

[ EX Command Prompt
SNpublic_htmlsxcpMichoco3NcpMierystalMaze>minizine crystalMazel.mzn ecm8.dzn -a

4

2

, @1
g, 71
a, 71

:spublic_htmlsepMichoco3N\cpMierystalMaze?

mi »




Compare two models ... cool

X Command Prompt

YiNpublic_
vd = 1;

htmlscpMschoco3scpMierystalMazedminizine crystalMaze.mzn -s

htmlscpMichoco3N\cpMierystalMaze>minizine crystalMazel.mzn em8.dzn

3, 6, 2, 4, 7,

e e |
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Mew model Open Save Copy Cut Paste Undo Redo Shiftleft Shiftright Run  Stop Show project explorer

e
¥

I| Configuration | crystalMaze1.mzn [ | emB.dzn [ emil.dn [E)

|3

in = 11;
2m = 26;
Sedge = [

-

[

[

-

[

L
]

]

[

m

®

e
[a] ]

[

-

-

-

-

W00 ) %l OO O O LA LA WA s s Ll Ll R R RIR O E D @
-
=MD 20 LMD w00 WD R WD R U D b s 00D S L DO WD R W DO R

.,
=

Finished in 29msec —
Compiling crystalMazel.mzn, with additicnal data cmll.dzn L4
Running crystalMazel.mzn

= 2 =] = LY A e = =7 > i |

Ready. 2T msec




@ crystalMazel.mzn — Untitled Projed

File Edit Minifinc View Help

FE' . N
O m 3 " *
Mew model Open Save  Copy  Cut Paste Undoe FRedo Shiftleft  Shiftright

Configuration crystalMaze 1.mzn [E£J cma.dzn [ | cmitden [ |

2

> F

Run  Stop

Show project explorer

%
% Crystal Maze, second attempt, more general

%

[T

sinclude "alldifferent.mzn";

]

int: n; % number of vertices
gint: m; % number of edges
garray[1..m,1..2] of int: edge; % adjacency

A
L

11 array[@..n-1] of var @..n-1: wv; % vertices v[@] to v[n-1]

1L

15 constraint forall(e in 1..m)(abs(v[edge[e,1]] - v[edge[e,2]]) > 1)};

14 constraint alldifferent(v);
16 solve satisfy;
1zoutput ["v = \(v)"];

Qutput

Finished in 29msec

Compiling crystalMazel.mzn, with additional data cmll.dzn

Running crystalMazel.mzn
v=1[1, &, &6, 18, 4, 9, 5, 7, 3, @, 2]

Finished in 27msec

Ready.

A solution for cml1l.dzn

»

m

m

-

2T msec




Command Prompt

Y:N\public_htmlscpMichoco3N\cpMierystalMazedminizine crystalMazel.mzn emll.dzn
=°t1,'92, 5, 8. 3, 8..4,°9, 7.2, %]

Y:\public_htmlscpMichoco3s\cpMi\crystalMazer




Ouchl! (-a on cm11)

g8 Command Prompt | = | B |
Al

al
al

=

al
al
al
al

al
al

= arrayld(@..i0, [3, 1, 6, 18, 8, 2, 7, 9, 4, B1);
Error: syntax error, unexpected =, expecting ':’
MiniZinc: internal error: not sm.get(): solnsZout_base: could not parse solution

flatzinc: I-0 error: error writing to output file: Invalid argument
minizinc: evaluation killed by signal

{ Fl I 3
e i




So, what IS a constraint program?



Possible answers

It's a program that generates variables and constraints to represent a problem

It's a program that creates a model of a problem and then
uses search and heuristics to solve the problem

It's a program that compiles some problem into a representation as CSP




