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Co to jest MiniZinc?

* Jezyk do opisow probleméw decyzyjnych i
optymalizacyjnych z ograniczeniami

e Zmienne decyzyjne liczbowe (1nt, float), logiczne
(bool) oraz wyliczeniowe (enum)

* Mozliwos¢ wspotpracy z wieloma specjalizowanymi
solverami, takze implementacje referencyjne

* Rozwijany przez Monash University, Data61 Data
Science i University of Melbourne (Australia)
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MiniZinc i FlatZinc

prray [1..2] of int: X_INTRODUCED_® = [1,-17;
var 1..3: wa:: output_var;
var 1..3: nt:: output_var;
var 1..3: output_var;
int: nc = 3; var 1..3: output_var;
var 1..3 : output_var;
var 1..nc: waj var 1..3: wi: output_wvar;
var 1..nc: nt; var 1..3: t:: output_wvar;
var l..nc: sa; constraint int_lin_ne(X_INTRODUCED_®,[wa,nt],8);
var l..nc: g; constraint int_lin_ne(X_INTRODUCED_8,[wa,sa]l,8);
var 1..nc: nsw; o 7 . constraint int_lin_ne(X_INTRODUCED_@,[nt,sal,®);
var 1..nc: v} M I n IZ' nc. constraint int_lin_ne(X_INTRODUCED_@,[nt,q],8);
var l..nc: t; constraint int_lin_ne(X_INTRODUCED_@,[sa,ql,8);
constraint int_lin_ne(X_INTRODUCED_8,[sa,nsw],8);
constraint constraint int_lin_ne(X_INTRODUCED_®,[sa,v],8);
constraint constraint int_lin_ne(X_INTRODUCED ®,[q,nsw],8);
constraint constraint int_lin_ne(X_INTRODUCED_8,[nsw,v],8);
constraint solve =satisfy;
constraint
constraint
constraint
constraint
constraint

solve satisfy; FlatZinC:

model

Solver

MiniZinc:

dane




Problem 1: kolorowanie mapy

parametr — jednokrotne przypisanie wartosci
typy parametréw: int, float, bool, string,
takze tablice i zbiory

1int: nc = 3;
-

swvar l..nc: waj

svar 1..nc: nt; zZmienne decyzyjne — ustalane przez solver
swvar l..nc: saj (moga miec przypisang wartos¢ poczatkowsa),
cvar l..nc: g; dziedziny takie same, jak dla parametréw,
Jwvar l..nc: nsw;

Swar 1..nc: v mozliwos$¢ definiowania przedziatow

dgvar l..nc: t3

(a]

L1 constraint wa != nt;

L: constraint wa != saj

- constraint nt i= sa; ograniczenia, jakie musza spetnia¢ zmienne
L4 constraint nt != q;

< constraint sa != g; decyzyjne (rozwigzanie), dostepne typowe
- constraint sa != nsw; operatory relacyjne oraz bardziej ztozone

L7 constraint sa l= vj

L2 constraint q != nsw; predykaty

Lo constraint nsw l= v;

oy

1 solve satisfy;

é output ["wa=“(wa) nt=\({nt) sa=‘\(sa) g="(q) nsw="(nsw) v="(v) t="(t)"1;

wyswietlenie listy z wynikami (tylko jedno
polecenie w programie), mozliwos¢ prostego

formatowania (funkcje show, show_int oraz
show_float), sklejanie tancuchdow przez ++




Problem 1: kolorowanie mapy

WA

Compiling aust.mzn
Running aust.mzn

wa=3 nt=2 sa=1 g=3
wa=3 nt=2 sa=1 g=3

wa=3 nt=2 sa=1 q

wa=2 nt=3 sa=1 q

wa=2 nt=3 sa=1 q

wa=2 nt=3 sa=1 q

wa=3 nt=1 sa=2 q

wa=3 nt=1 sa=2 q

wa=3 nt=1 sa=2 q

3

2

2

2

3

3

3

1

wa=1l nt=3 sa=2 q

wa=1l nt=3 sa=2 q

wa=1l nt=3 sa=2 q

wa=2 nt=1 sa=3 q

wa=2 nt=1 sa=3 q

wa=2 nt=1 sa=3 q

wa=1l nt=2 sa=3 q

wa=1l nt=2 sa=3 q

wa=1l nt=2 sa=3 g=1

1

1

2

2

2

1

1

Finished in 155msec

nsw=2

nsw=2

nsw=2

nsw=3

nsw=3

nsw=3

nsw=1

nsw=1

nsw=1

nsw=3

nsw=3

nsw=3

nsw=1

nsw=1

nsw=1

nsw=2

nsw=2

nsw=2

wykorzystanie solvera finite domain do

znalezienia rozwigzan




Problem 2: planowanie wypiekéw

ograniczenia na zasoby:

maka, banany, cukier, masto, kakao

lhar @..1aa: b;

dvar @..1e8: c;

3

4 constraint 258*b + 288*%c <= 4808;
s constraint 2*b <= 6;

£ constraint 75%h + 158%c <= 2868;

' constraint 188%h + 158%c <= 508, definicja funkcji celu: typowe operatory
5 constralnt 75%c <= 588;

© Easily Good Eats

arytmetyczne, div i mod, typowe funkcje
1w solve maximize 488*h + 458%c; matematyczne

1 output ["# of banana cakes=“(b) # of chocolate cakes=\{cli"];

Compiling cakes.mzn
Running cakes.mzn
# of banana cakes=2 # of chocolate cakes=2

© Easily Good Eats

Finished in 78msec



Zbiory danych i asercje

* Mozliwosc¢ zewnetrznego ustawienia wartosci
parametrow oraz zmiennych decyzyjnych

e Zewnetrzny plik danych (.dzn) albo linia polecen
(opcja -D)

* Asercje stuzgce do sprawdzania poprawnosci
danych wejsciowych (takze do ustalania wartosci)



Problem 2: planowanie wypiekdéw (wydzielone dane)

1flour = 4868; 1flour = 2868;
~ banana = B6; ~ banana = 11,
sugar = 2888, polecenie output mozna opusci¢ - wyjscie w sugar = 3888,

2 butter = 588;
- cocoa = 588;

< butter = 1588,

1lint: flour: formacie zgodnym z formatem pliku danych . cocom = 208
= ]

|int: banana;
|int: sugar;
dlint: butter;
tlint: cocoa;

Jconstraint assert{flour >= 8, "Amount of flour should be non-negative™);
slconstraint assert{banana >= 8, "Amount of banana should be non-negative™);
Jlconstraint assert(sugar »= 8, "fmount of sugar should be non-negative™);
wlconstraint assert{butter »= @, “Amount of butter should be non-negative™);
1i|constraint assert{cocoa »= @, "fmount of cocoa should be non-negative™);

12 var @..188: b;
“ovar @..1e8: c;

15 constraint 258%b + 288%c <= flour;
1 constraint 2*b <= banana;

1w constraint 75¥b + 158¥c <= sugar;
1 constralnt 18@*b + 158*c <= butter;
 constraint 75%c <= cocoa;

2 solve maximize 488%h + 458%C;

24 output ["# of banana cakes=%(b).n# of chocolate cakes=%{c)"];

Compiling cakes2.mzn, with additional data pantry2.dzn
Running cakes2.mzn

¥ of banana cakes=3

¥ of chocolate cakes=8

Compiling cakes2.mzn, with additional data pantryl.dzn
Running cakesZ.mzn

¥ of banana cakes=2

¥ of chocolate cakes=2

Finished in 1@84msec

Finished in 183msec



Problem 3: sptata pozyczki

1var float: R;
:2var float: P;
3var 8.@..5.8: I; a o . . o .
- mozliwos¢ ograniczenia wartosci do przedziatu
s var float: B1;
s var float: B2;
s var float: B3;
g var float: B4;
a9

18 constraint B1
11 constraint B2
1: constraint B3
1 constraint B4
14

1t solve satisfy;
16

17 output [

1= "Borrowing (@, 2, P) at w(I*1@®.@)% interestin",

1w "and repaying (@, 2, R) per guarter leaves “(8, 2, B4) owing"
w1

parametry i zmienne decyzyjne typu float —

P*(1.8 + I/4) - R;
B1*(1.8 + 1/4) - R;
B2#(1.8 + I/4) - R;
B3*(1.8 + I/4) - R;

mozliwos¢ formatowania zmiennych decyzyjnych

osadzonych w tancuchu znakowym (takie samo,
jak przy uzyciu funkcji show_...)




Problem 3: sptata pozyczki

1I = 8.16; 11 = 8.16; 1l = @.16;

2P = 1eB6.8; P = lege.a,; SR = 258.8;

“R = 2g@.8,; B4 = @.8; B4 = @.8,;

15 solve satisfy; wykorzystanie solvera mixed integer

16 : S . .
© output [ programming do znalezienia rozwigzania

= "Borrowing w(@, 2, P) at w(I*18@8.8)% interestin",
1 "and repaying (@, 2, R) per quarter leaves “(@, 2, B4) owing"

@15
Compiling loan.mzn with data lecanl.dzn Compiling loan.mzn with data leocan3.dzn
Running lean.mzn Running loan.mzn
Borrowlng 18@6.88 at 16.8% interest Borrowing 987.47 at 16.8% interest
and repaying 26@.88 per quarter leaves 65.78 owing and repaying 258.88 per quarter leaves 8.88 owing
Finished in 168msec Finished in 153msec

Compiling loan.mzn with data loan2.dzn

Running loan.mzn

Borrowing 1866.88 at 16.8% interest

and repaying 275.49 per quarter leaves 9.88 owing

Finished in 153msec



Tablice i zbiory

 Tablice (wielowymiarowe) - ztozone struktury z
parametrami oraz zmiennymi decyzyjnymi

e Zbiory = definiowanie nowych typow danych, np.
stuzgcych do indeksowania tablic

* Podstawowe operacje na zbiorach, np.: in,

subset, superset, union, intersect, diff,
symdiff, card



Problem 4: temperatura arkusza metalu

1|:|'.r11:: W =4,

:int: h = 4;

3

1 zet int: HEIGHT = @..h;

ot
tzet of int: IHEIGHT = 1..h-1;
£ set of int: WIDTH = @..w;

/set of int: IWIDTH = 1..w-1;

I:ar‘ray[HEIGHT, WIDTH] of war float: t; tablica ZmlennyCh decyzy]nyCh

11 var fleoat: left;
12 var float: right; ) )
~var float: top; metoda elementéw skoriczonych,
i var float: bottom; réwnanie Laplace’a

15

15lconstraint forall{i in IHEIGHT, j in IWIDTH)

o (4.e*t[i, §1 = t[i-1, J1 + t[i, 3-11 + t[i+1, J] + t[i, J+11);
18

1w constraint forall{i in IHEIGHT)(t[i, @] = left);
o constraint forall{i in IHEIGHT)(t[i, w] = right);
2 constraint forall(j in IWIDTH)(t[®, j] = top);

2 constraint forall{j in IWIDTH)(t[h, j] = bottom);
¥

24 constraint t[6,8] = 8.8;

5 constraint t[@,w] = 8.8;

6 constraint t[h,®] = ©.8;

i constraint t[h,w] = ©.8;

2B



Problem 4: temperatura arkusza metalu

1 solve satisfy;
2 wykorzystanie solvera mixed integer

o6 output [show_float(e, 2, t[i, J]) ++

programming do znalezienia rozwigzania

5 if j == w then "\n"™ else " " endif |
4 1 in HEIGHT, j in WIDTH
3 15

Compiling laplace.mzn

Running laplace.mzn

-8.608 160.068 106.00 106.80 -0.80
-8.88 42,860 52.68 42.36 -8.88
-8.88 18.75 25.880 18.75 -0.88
-@.8@ 7.14 9,82 7.14 -@.88
-8.882 -8.88 -8.80 -8.88 -0.88

Finished in 419msec



Problem 5: planowanie produkgji

* Rozszerzenie problemu wypieku ciasta na dowolnga
liste produktow oraz zasobow (dane wejsciowe)

* Rozdzielenie deklaracji i definicji typu
wyliczeniowego

* Wykorzystanie typow wyliczeniowych do
indeksowania tablic



Problem 5: planowanie produkgji

1 enum Products;
:array[Products] of int: profit;

enum Resources}
array[Resources] of int: capacity;

tabele z parametrami, sprawdzenie

mowm B L

poprawnosci danych wejsciowych

carray[Products, Resources] of int: consumption;
¢ constraint assert(forall (p in Products, r in Resources)
9 {consumption[p, r] »= @), “Error: negative consumption™);

i int: mproducts = max (p in Products) oszacowanie maksymalnej liczby

12 {min (r in Resources where consumption[p, r] > @) .
13 (capacity[r] div consumption[p, rll); VvyprOdUkovvanyCh produktovv

1t array[Products] of var @..mproducts: produced;
1 array[Resources] of var @..max{capacity): used;

15 constraint forall {r in Resources) { tabele ze zmiennymi decyzyjnymi i

0 used[r] = sum (p in Products){consumption[p, rl*¥*produced[pl) ograniczenia narzucone na zmienne
0 M used[r] <= capacity[r]

1 );

|:jsulve maximize s=um (p in Products) (profit[pl®*produced[p]l); | funkckgcelu

25 putput

= [™ip) = \iproduced[p]l);in™ | p in Products] ++

Wiused[r]);wn" | r in Resources];

2 Imr)



Problem 5: planowanie produkgji

1 Products = {BananaCake, ChocolateCake};

: profit = [488, 458];

3

4 Resources = {Flour, Banana, S5ugar, Butter, Cocoa};
- capaclity = [4@88, 6, 2088, 508, S88];

; consumption = [| 258, 2, 75, 18, @,
g | 2e@, @, 158, 158, 75 |1;

" |

25 output
o IM(p) =
2 ["™(r) =

definicje typow wyliczeniowych oraz

wartosci parametrow

definicja tabeli dwuwymiarowej, takze

funkcje arraynd(indeksy, lista)

24 solve maximize sum (p in Products) (profit[pl*produced[p]l);

YWiproduced[p]);in™ | p in Products] ++
Wused[r]);Wn" | r in Resources];

Sklejanie tabel jednowymiarowych (list) za

pomoca operatora ++

Compiling simple-prod-planning.mzn, with additional data simple-prod-planning-data.dzn

Running simple-prod-planning.mzn
BEananaCake = 2;

ChocolateCake = 2;

Flour = 988,

Banana = 4;

Sugar = 458,

Butter = 5S88;

Cocoa = 158;

Finished in 31lmsec



Definiowanie list i zbioréw (= List and set comprehension)

[ <expr> | <generator-expr> ]

<generator>
<generator> where <bool-expr>

<identifier>, ..., <identifier> in <array-expr>

[i + j | 1, in 1..3 where i < j]

@

[1+2, 143, 2+3] - [3,4,5]



Wywotywanie generatorow (= Generator call expressions)

<agg-func> (<generator-expr>) (<expr>)
<agg-func> ([<expr> | <generator-expr>])
Funkcje agregujace

* tablice liczbowe: sum, product, min, max

* tablice logiczne: forall, exists, xorall, iffall
(nieparzysta i parzysta liczba spetnionych warunkow)

forall([a[i] !'= a[j] | 1,7 in 1..3 where i < j])



Problem 6: send more money...

1 include "alldifferent.mzn™;

: var
1 var

‘var
g var
a9 var
1 var

e

var
var

[

5 ME

[

[

DO DR
D0 D D DD DD

“~MDEZTO=Zmu

[

constraint 1886*S5 + 1868*¥E + 168*N + D
+ 1888+M + 188+*0 + 18*R + E
=18688+M + 1888+0 + 188*N + 18*E + ¥;

constraint alldifferent([5,E,MN,D,M,0,R,¥]);

¢ solve satisfy;

doutput [ WISIVCEINENIN(D)INA™,

WMIVCON(RIV(E) NN,
VMO (A CEIN (YA ] 5

n +

H

predefiniowany predykat sprawdzajacy

unikalnos$¢ poszczegdlnych wartosci

Compiling send-more-money.mzn

Running send-more-money.mzn
9567

+ 1885

= 18852

Finished in 358msec



Wyrazenia warunkowe

if <bool-expr> then <expr-1> else <expr-2> endif

int: r = if y != @ then x div y else 0 endif;

constraint forall(i,j in PuzzleRange) (
if start[i,j] > ©
then puzzle[i,j] = start[i,]]
else true endif );

if j mod S == @ then " " else "" endif



Problem 7: sudoku

include "alldifferent.mzn™;

int: 53

int: N = 5%5;

int: digs = ceil{log(l@.@, int2Ffloat(N)));

zet of int: PuzzleRange = 1..N;
1

]
zet of int: SubSquareRange = 1..5;

array[PuzzleRange, PuzzleRange] of @&..N: start;

array[PuzzleRange, PuzzleRange] of wvar PuzzleRange: puzzle;

constraint forall(i, j in PuzzleRange)
if start[i, j] > @ then puzzle[i,j] = start[i, j] else true endif);

Sauage eﬁidéeno by Doug Savage
J o
Qudeky Fer BEGINNERS

nnooanagal

slelz]3f7[al4]sl ||

sl71a0 [51#]3]2]e ||

3lglel 7|95 |4]2

712)s]4] |&}e]2 ]9 §

rjal4)2]6]3)s]7|8 E

ol5|elal#1207] (3 ®

214 fe]3|7)8]9]5 §

9[3]7]5)8] |2 s#J ks
8
©

\ &= S

www.savagechickens.com

constraint forall (i in PuzzleRange)

(alldifferent( [puzzle[i, 71 | j in PuzzleRange]));
constraint forall {(j in PuzzleRange)

(alldifferent{ [puzzle[i, j] | i in PuzzleRangel));

constraint forall (bi, bj in SubSquareRange)

{alldifferent{[puzzle[(bi - 1)*5 + i, (b - 13*5 + §1 | i, J in SubSquareRange]));

solve satisfy;

output [
show_inti{digs, puzzle[i, J]) ++ " " ++
if jmod S == @ then ™ " else ™" endif ++
if § ==N/v1i !=N then
if i mod 5 == @ then "\niyn" else "Wn" endif
glze "™ endif

| i, j in PuzzleRange] ++ ["%n"];



sudoku

Problem 7

solve satisfy;

RO 0030
I T e R e R T
LD I S < s
T I T T T T T T
DD DA MWD
e e e I . L T
L BT s = Y g
I I I T T T T T
D H0H 00 A5
I I I R B R
Do @O ® 0@
— m a s s A & 5 5 5
_ﬂ_ﬁﬁﬁﬁ?ﬁﬁ.@@
._W_JJJJJJJJJ
A L@@ ® gt mo®
m m

I 5 &5 5 =5 =5 =5 =5 =5 5
NMNeEePIIReI P

Compiling sudoku.mzn, with additional data sudoku.dzn

Running sudoku.mzn

g 14
579
238

7682

593
268 431

714 985

326 859 147
324 985

1

8 7

176 328

9

4 5

B1l8& 753

9 4 z
8 3

691
593 4812

247

5
1

6 7

Finished in 28lmsec




Typy wyliczeniowe

enum <enum-name> = { .. } / anon_enum

[var] <enum-name> : <var-name>
[var] <1>..<u> : <var-name>

 Specjalizowane funkcje do obstugi enum
 enum_next(X, x) —poprzednia wartos¢ przed x
 enum_next (X, Xx) —nastepna wartosc¢ po x
 to_enum(X, i) —konwersja liczby 1 do wartosciz X
* Standardowe funkcje stosowalne do enum
e card(X) —liczba elementéw w typie X

* min(X) — pierwszy element w typie X
* max(X) — ostatni element w typie X



Ztozone ograniczenia

e Ztozone wyrazenia logiczne w ograniczeniach

e Zastosowanie sktadni ,,matematycznej”
 true, false
* hot
e koniunkcja (/\) i dysjunkcja (\/)
* only-if (<-), implies (->), if-and-only-if (<->)



Problem 8: warsztat (jobshop)

1 enum JOB;

2 enum TASK:
TASK: last = max(TASK);

tarray [JOB, TASK] of int: d;

cint: total = sum{i in JOB, j in TASK){d[i, Jj1);

fint: digs = ceil({log(1®.8, int2float(totall));
array [JOB, TASK] of var @..total: s;

swar @..total: end;

1w constraint
forall(i in JOB)
12 forall(j in TASK where j < last)
1 (=[1,7] + d[i,]] <= s[1, enum_next(TASK, J1])
fyos[i,last] + d[i,last] <= end
\H

constraint . ) . . )
forall(j in TASK) ( zastosowanie typow enum jako indeksow

forall(i, k in JOB where 1 < k) ( w tablicach (konwersja jednostronna)
s[1,31 + d[1i,3] <= s[k,31 \/
n s[k,31 + dlk,31 <= s[i,]]
22 )
3 )

5% constraint end = 38;
6 s0lve minimize end;
% solve satisfy;

coutput [Yend = h(endiin™] ++
[show_int(digs, s[i,7]) ++ ++
if § == last then "wn"™ else ™" endif | i in J0B, j in TASK];

wooar



Problem 8: warsztat (jobshop)

il =
B 9 13 18 21
% constraint end = 3@; 7 13 18 25 27
solve minimize end; 1 5 91317
JOB = anon_enum(5); e 1
o TASK 3 237

d=1

2% =zolve satisfy;
anon_snumi5); 1

1, 4, 5, 3,

¥

25 27 29

e ¥ ¥

3 13 18 21
18 25 27

g
3
5 913 17
1
2

5 constraint end = 38; 2 3 4
26 % solve minimize end; 13 22 25 27 29
2 solve satisfy; ¥V TTmTmmTees

9 13 18 21
3 18 25 27
5 913 17
1
2

-
=
-
-

(R
=
[N R
=
[l I R )]

-

R = Y]
=
[FTR=  1

=
-

25 27 29

9 13 18 21
3 18 25 27
5 913 17
1 2 3 9
2 25 27 29
[ 182 more solutions
[ 288 more solutions
[ 488 more solutions
[ 888 more solutions
[
[

[ Y R -

1688 more solutions ]
3288 more solutions ]
[ 6488 more solutions ]
Stopped.
[ 12888 more solutions ]
Finished in 6z 717msec



Problem 9: planowanie stabilnych matzenstw

= oE NNk e

SESE o= °E *

1int: ng

cenum Men = anon_enumin;
2 enum Women = anor_enumin);

s array[Women, Men] of int: rankWomen;

carray[Men, Women] of int: rankMen;

g array[Men] of var Women: wife;

i array[Women] of var Men: husband;

1 constraint forall (m in Men) (husband[wife[m]]=m);
12 constraint forall (w in Women) (wife[husband[w]]=w);

1= constraint forall (m in Men, o in Women)

1= rankMen[m,o0] < rankMen[m,wife[m]] -> rankWomen[o,husband[o]] < rankWomen[o,m]

S F

1w constraint forall (w in Women, o in Men)

2o rankWomen[w, o] ¢ rankWomen[w, husband[w]] -* rankMen[o, wife[o]] < rankMen[o, w]

2 };

25 s0lve satisfy;

| wymuszenie ,stabilnosci” z punktu
o5 output [Mwives=h(wife)iwnhusbands=%{husband)\n"];

widzenia rankingu (preferencji)




Problem 9: planowanie stabilnych matzenstw

in = 5;
rankkomen =

—
=t
Ll
=
-
I
-
(¥4}
-
L
=

| 3, 5, 1, 2, 4,

| 5, 4, 2, 1, 3,

| 1, 3, 5, 4, 2, solve SEtiS‘F}."}

| 4, 2, 3, 5,1 [1;

rankMen = cutput [“wives=%(wife)\nhusbands=%\{husband)wn"];
[l 5,1, 2, 4, 3,

| 4, 1, 3, 2, 5,

| 5, 3, 2, 4, 1,

| 1, 5, 4, 3, 2,

| 4, 3, 2, 1, 5 |1;

Compiling stable-marriage.mzn, with additional data stable-marriage.dzn
Running stable-marriage.mzn

wives=[Women_2, Women_1, Women_5, Women_3, Women_4]

husbands=[Men_2, Men_1, Men_4, Men_5, Men_3]

wives=[Women_2Z, Women_3, Women_5, Women_1, Women_4]

husbands=[Men_4, Men_1, Men_2, Men_5, Men_3]

wives=[Women_4, Women_1, Women_2, Women_3, Women_5]

husbands=[Men_2, Men_3, Men_4, Men_1, Men_5]

Finished in 21Zmsec




Problem 10: problem plecakowy (knapsack)

L enum ITEM;

s int: capacity;

zbiér jako ztozona zmienna decyzyjna

array[ITEM] of int: profits;
array[ITEM] of int: weights;

var set of ITEM: knapsack;

. capacit
- ITEM =
profits
weights

constraint sum (i in knapsack) (weights[i]) <= capacity;

L zolve maximize sum (i in knapsack) (profits[i]);

output ["knapsack = ‘“(knapsack)lin"];

y = 15;
anon_esnum(5);
= [5, 15, 2, 6, 1];
= [3, 18, 5, 3, 31}




Problem 11: planowanie miejsc przy stole weselnym

 Stof prostokatny, 12-miejscowy

* Wymagania ogolne (np.
panstwo mtodzi razem)

* Antypatie i fobie gosci

* Maksymalizacja odlegtosci
pomiedzy ,,antypatiami”

12 11 10 9 8 7



Problem 11: planowanie miejsc przy stole weselnym

©enum Guests = { bride, groom, bestman, bridesmaid, bob, carol, ted, alice, ron, rona, ed, claral;

:set of int: Seats = 1..12;
T it S e Hatreds =1 G

¢ array[Hatreds] of Guests: hl = [groom, carol, ed, bride, ted];
carray[Hatreds] of Guests: h2 = [clara, bestman, ted, alice, ronl;

- set of GQuests: Males = {groom, bestman, bob, ted, ron, ed};

antypatie wsrod gosci

' zet of Guests: Females = {bride, bridesmaid, carol, alice, rona, claral;

B
Jarray[Guests] of var Seats: pos;
1w array[Hatreds] of var Seats: pl;
11 array[Hatreds] of var Seats: p2;
12 array[Hatreds] of var @..1: sameside;
1 array[Hatreds] of var Seats: distance;

4

15 include "alldifferent.mzn™;
18
v ronstraint glldifferent(pos);

if constraint forall (g in Males) (pos[g] mod 2 == 1);
ip constraint forall (g in Females) (pos[g] mod 2 == 8);

i constraint not (pos[ed] in {1, 6, 7, 12});

i} constraint abs(pos[bride] - pos[groom]} <= 1
2 S (pos[bride] <= 6 ¢-> pos[groom] <= B);

:f constraint forall(h in Hatreds) (

b o pl[h] = pos[hl[h]] /\

p2[h] = pos[h2[h]] /\

I sameside[h] = bool2int(pl[h] <= & <-* p2Z[h] <= 6) I\

f distance[h] = sameside[h] * abs(pl[h] - p2[h])

i + (1 - sameside[h])*{abs(13 - pl[h] - p2[h]) + 1)};

P
™

| var int: total_distance;

L constraint total_distance = sumih in Hatreds)(distance[h])};
=]

' zolve maximize total_distance;

WL L L L L L L L P
T -

;
soutput ["total distance = % (total_distance)yn"] ++ [show(g) ++ " "

panie siedzg na miejscach parzystych,
panowie na nieparzystych

Ed ma fobie — nie moze siedzie¢ na miejscu
z brzegu stotu

panstwo miodzi muszg siedzie¢ obok
siebie, po tej samej stronie stofu

maksymalizacja odlegtosci pomiedzy
gos$émi, ktorzy za sobg nie przepadajg

s 1in Seats, g in Guests where fix(pos[g]) ==

]+ ["\n" 1



Problem 11: planowanie miejsc przy stole weselnym

zolve maximize total_distance;

cutput ["total distance = Y {total_distance)in™] ++
[show(g) ++ " " | s in Seats, g in Guests where Fix{pos[g]) == s] ++ ["\n"];

Compiling wedding.mzn
Running wedding.mzn

total distance = 18 .
ron clara ed alice bestman reona ted bride groom carcl bob bridesmaid Ron Alice Ed Rona Bestman Clara

total distance = 28
ron alice ed rona bestman clara ted bride groom carol bob bridesmaid

total distance = 22
ron alice ed rona bestman clara ted bride groom bridesmaid bob carol

Finished in 834msec Carol Bob Bridesmaid  Groom Bride Ted



Definiowanie wtasnych predykatow

predicate <pred-name>(<arg-def>,..,<arg-def>) = <bool-expr>

predicate lookup(array[int] of var int:x, int: i, var int: y) =
assert(i in index_set(x),
"index out of range in lookup"
y = x[1]);

predicate no overlap(var int:sl, int:d1l, var int:s2, int:d2) =
sl + dl <= s2 \/ s2 + d2 <= sl;



Definiowanie wtasnych predykatow

jobshop

10
1/ constraint
Fforall(j in TASK)
1 forall(i, k in JOB where 1 < k)
.. s[1,31 + d[i,3] <= s[k,31 \/
ra | s[k,31 + d[k,3] <= s[i,]]
P )
23 :]j

1/ predicate no_overlap(var int:sl, int:dl, var int:s2, int:d2) =
1 sl + dl €= 52 \J 52 + d2 <= s51;

2 constraint

21 Fforall(j in TASK)

2 forall(i, k in JOB where i € k)

3 no_overlap(s[i,j], d[i,3], s[k, j1, d[k,31)

24 )

LI



Definiowanie wtasnych funkgji

function <ret-type> <func-name>(<arg-def>,..,<arg-def>) = <expr>

function var int: manhattan(
var int: x1, var int: yl, var int: x2, var int: y2) =
abs(x1l - x2) + abs(yl - y2);

function int: posn(int: a, int: al) = (a-1)*S + ail;



Definiowanie wtasnych funkgji

2 constraint forall (bi, bj in SubSquareRange)
22 {alldifferent([puzzle[(bi - 1)*5 + i, (bj - 13*s + §]1 | i, i in SubSquareRange]));

21 function int: posn{int: a, int: al) = (a-1)*5 + al;
o: constraint forall (bi, bj in SubSquareRange)
24 (alldifferent([puzzle[posn(bi, i), posni(bj, j)1 | i, i in SubSguareRangel));



Zmienne lokalne

let {<var-def>, .., <var-def>} in <expr>

constraint let {var int: s = x1 + x2 + x3 + x4}
in 1 <= s /\ s <= u;



Zmienne lokalne

|

4 array[Guests] of var Seats: pos:

4 array[Hatreds] of var Seats: pl;

1 array[Hatreds] of var Seats: p2;
:array[Hatreds] of var 8..1: sameside;
s array[Hatreds] of var Seats: distance;

& constraint forall(h in Hatreds)

| pl[h] = pos[hl[h]] /A

p2[h] = pos[h2[h]] /%

sameside[h] = bool2int(pl[h] <= 6 <-> p2[h] <= B) /\
distance[h] = sameside[h] ¥ abs(pl[h] - p2[h])

;; + (1 - sameside[h])*({abs(13 - pl[h] - p2[h]) + 1));

4 array[Guests] of wvar Seats: pos;

22 solve maximize sum (h in Hatreds) (

2 let {

5 var Seats: pl = pos[hl[h]];

26 var Seats: p2 = pos[h2[h]];

77 var @..1: sameside = boolZint(pl <= 6 <-> p2 <= @G);
=} in

o sameside*abs(pl - p2) + (1 - sameside)*(abs{13 - pl - p2)
833

+ 1)



Wykorzystanie ,,samodzielne”

* Proste srodowisko do edycji plikow (.mzn, .dzn) i
uruchamiania obliczen

e Zestaw narzedzi do uruchamia z linii polecen

File Edit MiniZinc View Help

Configuration  weddingdocalmzn [ wedding.mn

Project
enum Guests = { bride, groom, bestman, bridesmaid, bob, carol, ted, alice, ron, rona, ed, clara}; "~ tuterial.mzp )
set of int: Seats = 1..12; v Models
set of int: Hatreds = 1.

. austmzn
array[Hatreds] of Guests: hl = [groom, carol, ed, bride, ted];

array[Hatreds] of Guests: h2 = [clara, bestman, ted, alice, ron]; aust2.mzn
set of Guests: Males = {groom, bestman, bob, ted, ron, ed}; cakes.mzn
set of Guests: Females = {bride, bridesmaid, carol, alice, rona, clara}; cakesd.mzn

array[Guests] of var Seats: pos; jobshop.mzn

jobshop2.mzn
include "alldifferent.mzn”; knapsack.mzn
. . laplace.mzn
constraint alldifferent(pos);

constraint forall (g in Males) (pos[g] mod 2 == 1);
constraint forall (g in Females) (pos[g] mod 2 == @);

Ioan.mzn
Z7] magic-series.mzn
. . 2] send-more-money.mzn
constraint not (pos[ed] in {1, 6, 7, 12}); % simple-prod-planning.mzn
27 social-golfers.mzn
(2R stable-marriage.mzn
(28] sudoku-func.mzn
solve maximize sum (h in Hatreds) ( (2] sudoku.mzn
let { 27 wedding-local.man

constraint abs(pos[bride] - pos[groom]) 1
F) /\ (pos[bride] <= 6 <-> pos[groom] <= &);

var Seats: pl = pos[hl[h]];

(2R wedding.mzn
var Seats: p2 = pos[h2[h]]; L L
var B..1: sameside = bool2int(pl <= 6 ¢-> p2 <= B); n“h(_"g'“d'(“'”"")
1 in (2R jobshop.dzn
sameside*abs(pl - p2) + (1 - sameside)*(abs(13 - pl - p2) + 1) (2R knapsack.dzn
i v [ZA] Ioan1.dzn v
Output B X
Compiling wedding-local.mzn ~
Running wedding-local.mzn
ron clara ed alice bestman rona ted bride groom carol beb bridesmaid
ron alice ed rona bestman clara ted bride groom carol bob bridesmaid v

631msec




Integracja z wtasnym oprogramowaniem

* Uruchomienie referencyjnych narzedzi z poziomu
Python-a

* Mozliwosc przekazania danych z poziomu aplikacji
oraz przejecia wynikow (,,surowe” i sformatowane)

http://paolodragone.com/pymzn



http://paolodragone.com/pymzn

Integracja z wtasnym oprogramowaniem

In

In

In

In

In

In

[1]:

[2]

[3]

[4]:

[5]:

import pymzn
s = pymzn.minizinc('loan.mzn', 'loanl.dzn’, solver=pymzn.gl2mip)
print(s)
[{'B1': 786.8, "B2': 551.2, 'B3': 313.248, 'B4': B5.777920002808085}]
for sol in s:
print("B1 = {:.2f}, B2 = {:.2f}, B3 = {:.2f}, B4 = {:.2f}".format(sol['B1"], sol['B2"'], sol['B3'], sol['B4']))
Bl = 786.88, B2 = 551.28, B3 = 313.25, B4 = 65.78
s = pymzn.minizinc('loan.mzn", 'loanl.dzn’, solver=pymzn.gl2mip, output_mode="item')
print(s)
['Borrowing 1886.88 at 16.8% interest\nand repaying 268.88 per quarter leaves 65.78 owing']
s = pymzn.minizinc('loan.mzn", data={'I':8.16, 'P':18€8.8, 'B4': 8.8}, solver=pymzn.gl2?mip, output_mode="dict")
print(s)
[{'R": 275.4500@453648824, 'B1': 764.5899546351577, 'B2': 515.68838745580832, 'B3': 264.894274389233}]
s = pymzn.minizinc('loan.mzn', data={'I':@.16, 'P':18€8.8, 'B4': 8.8}, solver=pymzn.gl2mip, output_mode="item")
print(s)

['Borrowing 18@6.88 at 16.8% interest\nand repaying 275.49 per quarter leaves 8.88 owing']



Podsumowanie

* MiniZinc — jezyk do (czytelnego) modelowania
problemoéw decyzyjnych i optymalizacyjnych

* Dostepne solvery referencyjne, mozliwa integracja z
wieloma istniejgcymi solverami

* Mozliwosc integracji z wtasnymi aplikacjami
(Python, Java, ...)



