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cHapTER 1.1

Introduction

1.1.1 Structure

1.1.2 How to Read This

% Just an example
var int: x;
solve satisfy;
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cHAPTER 1.2

Installation

1.2.1 Microsoft Windows

.mzn.dzn.fzn

C:\>setx PATH "%PATH%;C:\Program Files\MiniZinc 2.8.5 (bundled)\”

1.2.2 Linux

1.2.2.1 Snap

minizincminizinc.ide

$ snap install minizinc --classic
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1.2.2.2 Applmage

$ chmod +x MiniZincIDE-2.8.5-x86_64.AppImage
$ ./MiniZincIDE-2.8.5-x86_64.AppImage

~/Applications//opt/Applications/minizincMiniZincIDE/usr/local/bin$HOME/.local/share/{applicatio

$ mv ./MiniZincIDE-2.8.5-x86_64.AppImage /opt/Applications/
$ /opt/Applications/MiniZincIDE-2.8.5-x86_64.AppImage install

$BIN_LOCATIONS$DESKTOP_LOCATION

$ BIN_LOCATION=/usr/local/bin DESKTOP_LOCATION=$HOME/.local/share ./MiniZincIDE-2.8.
—5-x86_64.AppImage install

1.2.2.3 Archive
$ tar xf MiniZincIDE-2.8.5-bundle-linux-x86_64.tgz

.tgzMiniZincIDE. sh

$ export PATH=MiniZincIDE-2.8.5-bundle-linux-x86_64/bin:$PATH
$ export LD_LIBRARY_PATH=MiniZincIDE-2.8.5-bundle-linux-x86_64/1ib:$LD_LIBRARY_PATH
$ export QT_PLUGIN_PATH=MiniZincIDE-2.8.5-bundle-1inux-x86_64/plugins:$QT_PLUGIN_PATH

1.2.3 Apple macOS

)

.dmg

$ export PATH=/Applications/MiniZincIDE.app/Contents/Resources:$PATH

1.2.4 Adding Third-party Solvers

T

8 Chapter 1.2. Installation



cHAPTER 1.3

First steps with MiniZinc

e

i
minizinciminizinc

1.3.1 The MiniZinc IDE

I

Bi]

Playground — Untitled Project

0@
I B& [ a0 « s O »

i 2 v
New model Open Save : Copy Cut Paste Undo Redo Shift left Shift right Run Stop

Playground

1% Use this editor as a MiniZinc scratch book
2

Ready.
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Playground — Untitled Project

DllD‘Iﬂ « s © »

: ; v
New model Open Save : Copy Cut Paste Undo Redo Shift left Shift right  : Run Stop

Playground *

% Use this editor as a MiniZinc scratch book
gvar 1..3: x;
3var 1..3: y;
4 constraint x+y > 2;
5solve satisfy;
6

Ready.

Playground — Untitled Project

| BNON
D 4 E @ @ > »

i ; v
New model Open Save Copy Cut Paste Undo Redo Shift left Shift right  : Run Stop

Playground *

1% Use this editor as a MiniZinc scratch book
gvar 1..3: x;

3var 1..3: y;

4 constraint x+y > 2;

5so0lve satisfy;

6
ﬂ'@ Qutput
Running untitled_model.mzn
X = 2;
y=1;

Finished in 24@msec

Ready. 240msec

10 Chapter 1.3. First steps with MiniZinc
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Playground — Untitled Project

BN K

« s

»

New model Open Save Copy Cut Paste Undo Redo Shift left Shift right Run Stop

Playground * ‘

% Use this editor as a MiniZinc scratch book

@ int: n;

svar l..n: x;

avar 1l..n: y;

5 constraint x+y > n;

6 solve satisfy;

7
a @ Output

Running untitled_model.mzn

X = 2;

y=1;

Finished in 24@msec
Ready. 240msec
® @ 7] Model Parameters

Enter parameters
n=
Cancel OK

1.3.1. The MiniZinc IDE 11
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Playground — Untitled Project

o A

®0e®
D R& DX0

» : 1 »
New model Open Save Copy Cut Paste Undo Redo Shift left Shift right Run Stop
Playground *
1% Use this editor as a MiniZinc scratch book
@ int: n;
svar l..n: x;
avar 1l..n: y;
5 constraint x+y > n;
6 solve satisfy;
7
ﬂ @ Output
Running untitled_model.mzn, additional arguments n=4;
X = 4;
y = 1;
Finished in 10@msec
Ready. 100msec
’ data.dzn
| NON ) [z#] data.dzn — Untitled Project
=, E oon — —
WP 2
l:] iii = g ao « » »
New model Open Save Copy Cut Paste Undo Redo Shift left Shift right Run Stop
Playground * data.dzn
1n=5;
2
ﬂ @ Qutput
Ready. 1s 40msec

12
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[ BON ] [z7] Model Parameters

Enter parameters Select data file

data.dzn

Cancel

data.dzn

New model Open Save Copy Cut

Playground * data.dzn

Playground — Untitled Project

1 B& 2 X0

{:] - »

; v
Shift left Shift right Run Stop

% Use this editor as a MiniZinc scratch book

Lint:n;

var l..n: Xx;

var l..n: y;

s constraint x+y > n;
5 solve satisfy;

Running untitled_model.mzn, with additional data data.dzn

7

(x )]
X = 5;
y =1;

Finished in 98msec

Ready.

B

¥

1.3.2 The MiniZinc command line tool

minizincPATHTY

’ model.mzn

98msec

var 1..3: Xx;

var 1..3: y;
constraint x+y > 3;
solve satisfy;

minizinc

1.3.2. The MiniZinc command line tool

13
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$ minizinc model.mzn

X = 3;

y = 1;

$
minizinc

$ minizinc model.mzn data.dzn
X = 5;
y =1;

minizinc-a

$ minizinc -a model.mzn

X = 3;
y =1;
X = 2;
:2,
X = 3;
:2,
X =1;
:3’
X = 2;
y = 3;
X = 3;
:3’
$

minizincminizinc --help 7

14

Chapter 1.3. First steps with MiniZinc



fri i

15






cHAPTER 2.1

MiniZinc EZx{ A

TESLTT R, FRATTRH P18 B B -2 A 28— AR BY ) SR AR S5 44
211 E—4pl

PR A AN

PERFATR R — 017, Baxd ARG h AN R 6. EaE& 7B AR BN
X, iR — PR B R — A R PRAEAH B A XA A R A B
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ARG FE A M A X R (A B R aus t . mzn

% Jnc/MBE R kAR T

int: nc = 3;

var 1..nc: wa; var 1..nc: nt; var 1..nc: sa; var 1..nc: q;
var 1..nc: nsw; var 1..nc: v; var 1..nc: t;
constraint wa != nt;

constraint wa != sa;

constraint nt != sa;

constraint nt != q;

constraint sa != q;

constraint sa != nsw;

constraint sa != v;

constraint q != nsw;

constraint nsw != v;

solve satisfy;

output ["wa=\(wa)\t nt=\(nt)\t sa=\(sa)\n",
"g=\(g)\t nsw=\(nsw)\t v=\(v)\n",
"t=", show(t), "\n"I;

FNTRT AR 2 (4 I 45 B ) AU AL, IR ZRAE S e 2 i

B S AR R ORI IA TR R BEA TR T BBl @R o [R5 1 5 XU 114
/R TFIR I ZE R RERE -

(S L i\ sl I i LU O i

‘ int: nc = 3;

X7 A TS ECRAGE TN FERZHEES T, SBNERZRMKY. &
T AYE NI A E— AR A, FEdbfilt, RAUZint, @ERE, B8 TH. AHEE
PRI RO Ot fg _EIRAR—17) B sy th— MR AR . PR TR 2R BR_Emipg H—
Frm2tlsFm

nc = 3;

int: nc;

TR Z A 6 5 A B — R, XS HCOT ABIRE — (. AR — -S40 I
TZT—PHEY, e H PR,

BEARSHOAF R int, 7 iZfloat, ffi/KZBUbool DA FAFH: Mstring, [l It 32 FpA 4l
TS .

AL E I AT REAL & 0 —Fh BB E R R R R & . IR R RHFN BT B R, Al—HK
ARG H RSB R AR, EE AT RGP R ME. MRAETHARR, — P
AR ATIE R . A DB ATIOI R, SKIERGEA Kt P AL 2 75 ] AR (E
NLIR G B EA ) e a  y E UG TN [

FEFATHIBZ B T, FAT G — A Ik~ Sk & Ewantsaanswvlt, EATE T 2HUHK
SRR (RA0) B,

18 Chapter 2.1. MiniZinc EXEE
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PR — R, AR AR BB UE AR G . XA B SOk E S,
#l873 AT DAREZAZ 0 P B P P € [T P 4 1, 3o g phe S A B (R S Rl 2 AN S8k ) B ) S 2R S
e

PR AL R SE AT DA /R, R, PR R IR T DU TG EON R A R
B AT T, AT AL AR B @@, @ var 8, JATH A
— PR SRR B I E SO — BB BT R 1 e, SREIIEEA({L,2,. .. ne}o B
AR RO RET B MR b i BT i AE R B R R A

IR 4 SRORAS RIOAT IR — S A/ NG, I F RIS AR A e
EIITTHET— R4 . [ imyName 22— RLHIRR A, (1) BOERE RS
VR R4 T . BRI . AT SO A R BB T AR 4 5. ENTHE
A

FFATALICH T DA FRTRIBLIAE B SRS i RO R QIR F s K WL 5
HOT QI FRIEA ST R (U2, AEFERTAT DU DS By, A S0 Rt
AN

H5 1))

—MERU SR W] AR W AR PR 2

int : <TE 4>
<1> .. <> <TE4>

<I>Hl<u>e [ E H R AR
— R PR A R IO AR A5 2

var int : <TE 4>
var <1>..<u> : <TE 4>

<I>Fi<u>g [ E B A A

SRR o Fe AR B T 3 DX AR T AR B 55 49 4o A8 ) SE B AR R 28 B ) 235 A i Sl S S
Btk BEARREZTHIRMEA], ZICBEMMIRSE FIRZ K2 eI R BT

R T — 8B 2 29 R ENTHRANURA T ok SR AR AR AN — R A U B0 2 A
IRBUZFGRI . XA BT AT — L A B 2 [R5 EATTRLE ISR A Dt A 48
1, WENTBAAH AR BT

xR BAEAT

SRUET DA T X REERT X REAEAT
HiSE=== R4 | = V<K > NP & TRk T4 F>=

B R A7

solve satisfy;

T T ERM AP . X7, B MR A ARG TR R
MABAFLARPER L, R —AMEXIBA P

21.1. E—sEfi 19
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BRI e fm— AR b TR BRI LA T B R — MR R, B A

LAY e R
— B AIRE — B A . BAIEHE S E RSNG| 52 B8 R
I BRI FAT I RANE S IFRICTE, B Eshow(e) X IWEBNX, He@FEBX. i
THINNREIATRF, \tAREHIELT
BT B show & PP AR [ AR R show_int(n, X)FE & /AF 47 By B B BIXA(E, #
n > OMIAT X5, A WZERTFF; show_float(n,d,X)TEZ D |n|A>F4F B 77 S BIXIKI(E,
Frn > 0N RESE, HMANTFE, H BN G dANF4F
FAFER R AE A — 4T . KA AR 8 0] DAF A A R AT+ R U L T
m, FrFREE

"Invalid datafile: Amount of flour is non-negative"”

UELE e R

"Invalid datafile: " ++
"Amount of flour is non-negative”

HHEER o

RN R NIRTAF R . BB AHERATRRERET. "\ "B 747
SR show(e) o BN, "t=\()\n"FEAERI"t=" ++ show(t) ++ "\n"—FEMFIFER.
—AERUA] DAL A ] o FERXFPIRE T BT D S AR B TR AR v s B A
PR

FATAT AL i A L A

$ minizinc --solver Gecode aust.mzn

FAPAEFRATHATL . Horpaust. mzn2 A& FATHIRIRL W) SO 44 7. AT A0 SO 44
mznAfe T —MEAL, A7 --solver Gecodeit i [ fiy Sminizinc(d F A BRIK il 45 2 PEALF&
ATRRERY o SR ARAE F )& R i A A X A SR A 55 B @ Fise B AR ] PAazf minizine

aust.mzn,

HHATE T By a4 )n, BATSEI AT EER

wa=2 nt=3 sa=1
gq=2 nsw=3 v=2
t=1

M R AT A g ), HOREMH—MRC 23k

20 Chapter 2.1. MiniZinc EXEE
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2.1.2 FARMALEH

FATHEE G172k A T 2N T AR i Ak 20— SEEAR A TR o FRATT R Ao sl 4 9 ol
SRS T AN B S L X LTy VAR AR Y VR R 2 B TRy, M
WARE, SORNIC R . — I v D SRR HIVE R 200 B A BT, o] nDBy, ORI B
o — IS EREATASE, — R RREAR AT AT . AT —I0A T iy B ZBea ey, EfE, T
SCRORE, SR SIMAISE R AT R Ry . FIRDE X R R, AT 2 2 DR R 2ok
PIRKHIMNE . — AT BERIBIZAES |2 a5

FIRTE N T AL FE T AR & BN 2 DT RIS 50 S RE R . cakes.mzn

% AR R A

var 0..100: b; % FEEEKANK
var 0..100: c; % 5% A EA NN

%

constraint 250*%b + 200*c <= 4000;
% BE

constraint 2xb <= 6;

% Y

constraint 75xb + 150%c <= 2000;
% #

constraint 100%b + 150*c <= 500;
% A

constraint 75%c <= 500;

% s A AT By A

solve maximize 400%b + 450*c;

output ["no. of banana cakes = \(b)\n",
"no. of chocolate cakes = \(c)\n"];

BRI -

BB ABRNERT

%&Tﬁ@%%ﬁ%ﬁ&ﬁﬁ%mwﬁﬂ@%ﬁﬁﬂﬁﬁgﬂ%wﬁN@%ﬁ?*ﬁ&@
%ggz%%%ﬁﬁiﬁiﬂbﬁﬁHjﬁﬂﬂiﬁﬁéiaféﬁﬁﬂifﬁE@amodbﬁio BB 0E SO e = b+ (adiv
%@?;;2 E%%ﬁ@ﬁﬁﬁ S B 446 XoF (i abs 1A bR $ipow Bl Aabs (-4) Fllpow (2, 5) 43 HISRAFE(E
g%%%%%%%ﬁ%ﬁ@%o%ﬁﬁ%ﬁ%%+ﬂﬁ,+ﬁﬁ%ﬁ%Aﬁﬂo%w%
1230x1b700777.

BT e —ASHRHE R . XAT

solve maximize 400 * b + 450 * c;

5 M FA VAR — AT AGERE A ikl (FRATTIML R A7) SRR XA~ H AR AT A AR AT
KRBT ARG FANTHT LA K B Fmaximizedf yminimize R F I — A/ ME T

MIANTieAT BB, FRATAFE AT REER -

2.1.2. ERMILZH 21
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no. of banana cakes = 2
no. of chocolate cakes = 2

—HRGUEM T MR R, X Ar==========tER L & A s .

2.1.3 iR #FF0iRAE

BRI g — ANl SR AR R — R IRAT A R e — AR AR B, BRI T2 RE AR (X
ST RAN), TN AR 1 2 ORI i E A 4 R R . A R TR TAE R A
FHCRERY, FA TRl (AR N ORI BRI S8, RS E R fe B R BB AT
SEAF A TN R A A B B 38 S R X Se S . ORIG IR Z H I EBOE S —HE) AR
VFRE R SO R B A A v A B SRR s AT AN R B SO, SRR RR Y
HRZ ] PARZS 2 RS [ B Bl — 2 (5

WG SRS A e . dzn, RRBIE @ — DA SCiF . — MR R ARHEAT 2> Bl
sty (HREA RS sA SO b LRI —ME)

BT R A R D S 1A Bl i 2R 2 B 22 /D R e EERE AR

cakes2.mzn

% KRR BER (TR X — )

int: flour; %AW EH TH
int: banana; %3 A W &EE NI
int: sugar; %A oK L EK
int: butter; %3& W& M T
int: cocoa; %A B T K wEk

constraint assert(flour >= 0,"Invalid datafile: " ++

"Amount of flour should be non-negative”);
constraint assert(banana >= 0,"Invalid datafile: " ++

"Amount of banana should be non-negative");
constraint assert(sugar >= 0,"Invalid datafile: " ++

"Amount of sugar should be non-negative”);
constraint assert(butter >= 0,"Invalid datafile: " ++

"Amount of butter should be non-negative");
constraint assert(cocoa >= 0,"Invalid datafile: " ++

"Amount of cocoa should be non-negative"”);

var 0..100: b; % HEEEWN I
var 0..100: c; % 5w EE A%

% ER

constraint 250%b + 200xc <= flour;
% HE

constraint 2xb <= banana;

%

constraint 75%b + 150xc <= sugar;
%

constraint 100%b + 150xc <= butter;
% ¥

constraint 75%c <= cocoa;

22 Chapter 2.1. MiniZinc EXEE
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% A AT oy A E

solve maximize 400xb + 450%c;

output ["no. of banana cakes = \(b)\n",
"no. of chocolate cakes = \(c)\n"];

AT FAARAE S L 1 . FeATRT DA R ey & s 7
BlE S Epantry . dznfEd| A H . TSR Flcakes . mzn[RlFE L5 . 24T FIRIFK A4

$ minizinc cakes2.mzn pantry2.dzn

AT A=A L Hade, FAS 214521

no. of banana cakes = 3
no. of chocolate cakes = 8

SR DA i
— A RS S E — ISR R R ERE— M AT, BRI ED
ZAE R R IHRGIR 7 — k5. FERVLEE B 2 A0y 2 B — A I A Rl SO A%
K.

| Fécakes?2 . mznfR e S4B Fpantry . dzn

flour = 4000;
banana = 6;

sugar = 2000;
butter = 500;
cocoa = 500;

Hl| Fcakes?2 . mzniEHE LA Fpantry2. dzn

flour = 8000;
banana = 11;
sugar = 3000;

butter = 1500;
cocoa = 800;

I A ATARR-D, /IR SO ] AR R A T AS SR AL B — A dzn SO, Hip
e RS L NS

2.1.3. BRI HFNRIE 23



MiniZinc Handbook, & {ThR# 2.8.5

$ minizinc cakes2.mzn -D \
"flour=4000;banana=6;sugar=2000;butter=500;cocoa=500;"

25 A

‘ $ minizinc cakes2.mzn pantry.dzn

— RS R
BRSO HORR AL AR ) SRS R N S ORI T A

I G R TR DAY B A A R0l S rh A2 A S B e AT, R Py SR Y
Ty B 2 AR TR IF A A IR A — s AT e, X2l h1T~AW§mﬁm

BRI 2 FORIG A S HUE. #82Rassert(8,5). fi/RBFBABHALM . A E2EA, i
Wro BEIS A ERRIR S R AR St o QSRR RE 2 THA 04 3 Fi i SR (LA s A 25 0
HHFEGENARGE, FNTTAEIEMAT mi—17

constraint assert(flour >= 0,"Amount of flour is non-negative");

PIFAIRER . R E kU MR BFGAS, VB MOE — MR 2. 3K
IR PAIAZE L4 %hmﬁ@%ﬂ%f R E.

2.1.4 SEEUKRR

“r gk

I R ROR I, SR SR ORI . BB EAE T I R AR A DR
e, BRI — RRAE S e . B T — R BT R R A S B SR AR,
ECVEW

A M 7 — AR B IR 3 K R A A Loan . mzn

% XE
var float: R; % Z Rt
var float: P; % %Uﬁ[ﬁ%ﬁ$ﬁié%

var 0.0 .. 10.0: I; % F|=X

% W E A&

var float: Bl1; %4 —(NZEREFW R
var float: B2; % WAZE W R
var float: B3; % =ANZEE W XX

var float: B4; % /) X3

constraint B1
constraint B2
constraint B3
constraint B4

Px (1.0 +1I)-R;
Bl * (1.0 + I) - R;
B2 x (1.0 + I) - R;
B3 x (1.0 + I) - R;

solve satisfy;

output [
"Borrowing ", show_float(@, 2, P), " at ", show(I*100.0),
"% interest, and repaying ", show_float(@, 2, R),
"\nper quarter for 1 year leaves ", show_float(@, 2, B4),

n

owing\n”

24 Chapter 2.1. MiniZinc EXEE
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ilE

HRIRATHEI T — Mg s A B, ARV ERIER. S U X AT X T fLoat A
Fint,

FATAT A [RIRE BB R 0] 25— RGN [F] ) i) 25— AN )i - an SR PAR B o HAg 2
JERER, R BB IGHZ DT EZA A EE G S Loan1 . dzn Hr gl 4 i .

HI T FA A B SCHOR B, FROTRFEA — AW DASCRRX Al MR R A SR gl - SR8 kil %
A TRBE ) SR A SRR T A T — IR A BB MR AR 3 1T BE S NS A X AL ) . KA
LS T RXARR— SRS o« FOATRT DATE Ik A SR g S5 B BH R THI Y = A T 6P COIN-BCR Al Y =

FHEM AT EfTa S minizine —--solver cbc

$ minizinc --solver cbc loan.mzn loan1.dzn

e

Borrowing 1000.00 at 4.0% interest, and repaying 260.00
per quarter for 1 year leaves 65.78 owing

B AN IR A R A B R AL EORAE FOT BAE S B — AR IR, R AR R
K DT EA FEHERE S Loan2. dzn it . iafTan4

$ minizinc --solver cbc loan.mzn loan2.dzn

Jei i 2

Borrowing 1000.00 at 4.0% interest, and repaying 275.49
per quarter for 1 year leaves 0.00 owing

B = AN DR SR AT DAREAS Z= R IA T AT DA B FILE Rk 2 A9 BAER S I — A
RER? XA BB SO Loan3 . dzn g i . B4 74

$ minizinc --solver cbc loan.mzn loan3.dzn

JEi i e

Borrowing 907.47 at 4.0% interest, and repaying 250.00
per quarter for 1 year leaves 0.00 owing

H|ZE1oan . mznit)ZdE SC/4EF] T-1loan1 . dzn

I = 0.04;
P = 1000.0;
R = 260.0;

2.1.4. THKRR 25
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Hl|F1oan . mznft) e S5 F-1oan2 . dzn

TR RARBREAT

PO T AR AE TR S B AR B BTN+l - SR+ T 5 B/ o R B3R AL T — o R+ Al -
A2 H LR F R B IF A N R R int2f loat B RIS BN H Y. T B IR 4%
ﬁ%%ﬁ?%%%ﬁﬁwﬁﬁ%ﬁ%ﬁ%*ﬁﬁﬁ%oW%%%?*ﬁ%ﬁ%%ﬁ%ﬁ
FdiviEEERF -

[ N6 15 77 i B R Bk 1T BB 4 X abs Ty iR sart F ARG EnJICEICKH I X6 £l og 2 i Eih
% E log 10 FexplE #% singx 8% cos1FE Y] tan 2 IF % asinfz 4 5% acos i 1FE H]atan X ] 1E 5%
sinh X 4% 7% coshX¥ i 1E 4] tanh A 52 1F 5% asinh XLt 2 4y 3% acosh il Jz 1F ]atanh il i
— ) TR B Jrpow, HARMHALE — UK L.

EARE BB SRR . RABE R0 FA1.05, 1.3e-5811.3E+5,

2.1.5 REMEFGH

FATIAE T AR BEBM G REARGS A T BTN, B MEHREHA—17;. W
AT DA HEAT AT B B, AR RAT AR B 2 Bl A T 20

EEPANL = hhR
TR SRV F) b — A SR N A BB AR . BT AT

include < ¥ 4>;

Horp<at it a>R— AP . BATRIASRARL AT AR /N TS A B 4155 12 5T
PErpsE AR . TANTSAES R P BB T

AEEYERA R, XMERSeRAE, TR Ty g s . A
PRl EAEZ A — A 18] 5 A 2 A i DA B A A B R A 1) I A A S R AEL Y
PFAL . OIS HOREER, PR R AR EE R A8 G ] AR —MER
AR —i . Bl

<KA-LFM FKER>: <FE>[ =] <k#BA>;

<EA -G Rk A8 T ARG . X R R AR h T . Hparsk s
B IISE, Mvarsk LBk R Bl pesiAs i . WA B SeBilfb = e, Az &g —
NS4, RBFDUHERR, —ADEEEECE R SO, 308 — M BE S . R
A floatintstringboolann, H 1 H G floatintbool ] PAg AR i i . H A annE—~
AR FRATSFEA Z P ey . BEEE R RIA AT AR R AU KB int LI, 7 2K
T F IR T DA R AR e B Float . X B3 H 4 H R X — MR U P AR B 1) i U3,
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{EAL AT AR SR B — DS A8 PR I 73 Ab— D AL 2 SR 2R 28—k
& A LR e

IR igs — AR —ME. EfTALATE:

<EE> = <kHA

WE N ABRE L SRAS B FERXRIE DL, TRAEAT 24 T Aconstraint <% &> = <k >
LPRIR BRI L. BT IBA:

constraint <#i /R A K& K>,

HATCLFD T B A LA T B AL N bR fasser tiAERF . fE N —TRITSFE
)1 =R/SI VSR S 1N R

SRAGIEAN ] T B SRR S AL . IEMBRATE RN, BEATE AR =FIBA:

solve satisfy;
solve maximize <& A £k X>;
solve minimize <& A& ik =>;

— AL AT H A — AR .
i B IR RS 4 Y 2 B AL AT IR AR . ENTA T E

output [ <FHEXRAR>, ..., <FHERAR> 1;

WA A R, 2 BRI T B 1 AR (B A T8 2R A e SR A8 A

MR B R AT T e 2 Ao B2 5 A S 22 A i

T ) R SORIT I S FH oK SR AR, BRI /R I . FRATT AR 9 4o 3 2o ihig .
ARV SR SL—ASBnE R . RAT2AET 2 hihig.
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CHAPTER 2.2

EXERER

fE b=, BAVNHE TR REARGE . AEX T, RO GBA R SRR, s
KA, AL I IR LR

221 WHFEKE

TEAERZENGOUT , FAVES A M — LR A R O T M A BRI, Tk
FILLE B, FATE R SR

F A R T @ R AR IR L ) ] B FROCE A, i i 4C R BAE 4 R B _E 20 1A RN
JER, WATERIEATEAR EAIRAE . — MRAES R h gt . BREE T FRICR AL SEwAl

#iho

Pl

set of int: HEIGHT = 0..h;

set of int: CHEIGHT = 1..h-1;

set of int: WIDTH = 0..w;

set of int: CWIDTH = 1..w-1;

array[HEIGHT,WIDTH] of var float: t; % 7 & (i,j) A WiEE

R T DA R ) B 2R AR Rt A IROCE A R HETGHT )2 BE MR R g B (R vy S5, M
CHEIGHT /245 M 1 THUvR MU oy o i B, WIDTH R BB R AR TEBE , T CWIDTHZ AW 1 Ze Ml AN
AR LS. e, T —NF AR R AU T 5 M0E w, 5145 OB R LA
AR RSB — R . AT A R L, 1R AT B B R AT A SR 51 4
e

PRIy R E 2 JRARR B — R E ARSI, A R AL B R IE A AH AR ST
. 2ok

constraint forall(i in CHEIGHT, j in CWIDTH)(
4.0xt[i,j] = tLi-1,j1 + tli,j-1]1 + tLi+1,3] + tLi,j+11);

PRUE T BSR4, 1) 2 E RPN IR AR SR R 39 (H . 205K
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% 4K

constraint forall(i in CHEIGHT) (t[i,0] = left);
constraint forall(i in CHEIGHT)(t[i,w] = right);
constraint forall(j in CWIDTH)(t[@,j] = top);
constraint forall(j in CWIDTH)(t[h,j]l = bottom);

>

FR & T8 — R E AR S, I Bgy TiIX SR EEA 5 left, right, topAllbottom, fi
2R

% fAH R
constraint t[0,0]=
constraint t[0,w
constraint t[h,0
constraint t[h,w

BROR T FRGIREE GXLERAR T ) BB R . FATAT A S T 45 R B AROR U — o>
JASTCR B ERAIEE . A N IR, EOAIELEE R .

H1 Fed i Fa i RS 19 FR e Al 1aplace . mzn

I
N

int: w
int: h

1
N

% arraydec

set of int: HEIGHT = 0..h;
set of int: CHEIGHT = 1..h-1;

set of int: WIDTH = 0..w

set of int: CWIDTH = 1..w-1;

array[HEIGHT,WIDTH] of var float: t; % 7 (i,j) A #yiEE
var float: left; % A& E

var float: right; % &MEE

var float: top; % B E

var float: bottom; % JE[igE

% AL H TR B PAHRBRELCHTRETFHE
constraint forall(i in CHEIGHT, J in CWIDTH)(
4.0%t[i,3j] = t[i-1,3] + tLi,j-11 + tLi+1,3] + t[i,j+11);

% sides

% 4K

constraint forall(i in CHEIGHT) (t[i,0] = left);
constraint forall(i in CHEIGHT)(t[i,w] = right);
constraint forall(j in CWIDTH)(t[@,j] = top);
constraint forall(j in CWIDTH)(t[h,j] = bottom);

% f4 XK
constraint t[0,0]=0.0
constraint t[0,w]=0.0;
constraint t[h,0]=0.0
constraint t[h,w]=0.0
left = 0.0;

right =
top = 10
bottom =

0.0;
0.0;
0.0;
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solve satisfy;

output [ show_float(6, 2, t[i,jl) ++
if j == w then "\n" else " " endif |
i in HEIGHT, j in WIDTH

$ minizinc --solver cbc laplace.mzn

P2

0.00 100.00 100.00 100.00 .00
0.00 42.86 52.68 42.86 0.00
0.00 18.75 25.00 18.75 0.00
0.00 7.14 9.82 7.14 0.00
0.00 0.00 0.00 0.00 0.00

L RMAT M

set of <EA-ZLHI> : <TEL> ;

B, M2 (S5, # A BRI R BUE SRR AT DARE S tRIRAR AR A AT LR 2K
RO ERE RN RES. FAFHEAUTERX

{ <RHER-1>, ..., <k&HER-n>}

BCE A TR, Mo ey R A RiA X

<KHEA-1> .. <kHEA-2>

WENESEIERE: TEBE T indE™ S IE G & subset JE " HE KB HE K R supersetFf:
funionA EintersectE S E BB difF FESNTHRE symdi fFFRISE G ITTE R 4l card
KINEEFRNEGTEMESTE (BSIER) v AR R A BRI 28,
TEX GO N A EHA £ AT R PR EOT B X S o E S — A .

FRATH R SRS A B — AR (A SRR A A TR ) . AR, AT B RO E
TEFNIE B 7 ot B 3 22 A R IR o [ I 3 — 7 a2 T AEAS [ 5 o o B . 3
AT DA R 25w FRASE 2R A — A FR il 9 5 R1 7 it SIS 2R P S 20 26 Ak S R S 2R g i, 5K
BAES bt . —A UBEREMER) Bl SCrRpl ey b .

|2 18] Bt 2R PR B prod-planning . mzn

% Products to be produced
enum Products;
% profit per unit for each product
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array[Products] of int: profit;

% Resources to be used

enum Resources;

% amount of each resource available
array[Resources] of int: capacity;

% units of each resource required to produce 1 unit of product

array[Products, Resources] of int: consumption;

constraint assert(forall (r in Resources, p in Products)
(consumption[p,r] >= 0), "Error: negative consumption”);

% bound on number of Products
int: mproducts = max (p in Products)
(min (r in Resources where consumption[p,r] > 0)
(capacity[r] div consumption[p,rl));

% Variables: how much should we make of each product
array[Products] of var @..mproducts: produce;
array[Resources] of var 0..max(capacity): used;

% Production cannot use more than the available Resources:
constraint forall (r in Resources) (

used[r] = sum (p in Products) (consumption[p, r] * producel[p])
);
constraint forall (r in Resources) (

used[r] <= capacity[r]

DE

% Maximize profit
solve maximize sum (p in Products) (profit[pl*producelpl);

output [ "\(p) = \(producel[pl);\n" | p in Products ] ++
[ "\(r) = \(used[r1);\n" | r in Resources 1;

32
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A 2 a7 Bt 2R P R B ) & S5l F-prod-planning-data. dzn

% Data file for simple production planning model
Products = { BananaCake, ChocolateCake };
profit = [400, 450]; % in cents

Resources = { Flour, Banana, Sugar, Butter, Cocoa };
capacity = [4000, 6, 2000, 500, 500];

consumption= [| 250, 2, 75, 100, O,
| 200, @, 150, 150, 75 |1;

XA HTRFE e R MO R BUBOE 2 A . X A FRATT AT DA B 7 i ) e B S 2
SR B SE— I

‘ enum Products; J

FEProducts iy k4o ad F= MR & o

B

s 8Y, JATIFR Aenums F AR 7 =0

enum <L & 4> ;

— 2SS A AR IR A 7 3 3L

enum <TE4> = { <ZEL-1>, ..., <THEL-n> } ;

FUh<at 15 < B 6 -0 AR B oIS R . IBALRAME X, Bk
A 5 E U AP AT — BRI B PN ST AR P —
a7

AT T R AR A

array[Products] of int: profit;

prof it N HREE G /&Products., PRAEIFNL R, X Fhs A 7 R R A AProducts 7T
RA et R B T A5

Bn A TCRE A RS A P  TT R AT A SOREEELL . . nfA T RS . BT AR AR,
EATTAT AR FE B AT H BRAE MO B e SO I e HE T, AR DA Dy, BT DAVE M )
TR, bR b, BT AR BIAE — A0 DA B AT AT

TERESCUEBI T, AT — SRR A A 4l

Products = { BananaCake, ChocolateCake };
profit = [400,450];
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HERHEEERENFEE, MY EREKFNEZ. ENT, BananaCake &l F i e R —
Ff, IMiChocolateCake ¥l MR IEH—FE. BIRANFMLIHMMAYYREA, HH1. N T IRES
B — AR R IR R0 3% . A TA MR SFREANT AR .

MRPE FIRER s, 8RR AT S T — AN R GResources, — AN RHAEFI TR JH I IR
BEME4Hcapacity,

FA BRI 2 T

‘ array[Products, Resources] of int: consumption;

P T — 4 4 consumption. consumptionlp, rIAYELIE il i — BR LAY 7 i p T 5 L A B i
MR HASE— A TARRAT TR, 5 A M sEs T s,

Bl SIS T — DB WA AL BT

consumption= [| 250, 2, 75, 100, 0,
| 200, @, 150, 150, 75 |1;

TR FAT | BRI R AT -
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Bl
i, fRA—4EMZ 440 . BT AT REOEHH

array [ <TAREA-1>, ..., <FApfhb-n> 1 of <EA-LHf>

TORBA RS MR TG . ThEGEE e — M REH, — ikt
NEREHENEGER, BFHR MR, BADARIrA R EEA: A, g
B, AR, PERBEEE TR, XN DU EE R B A BEER, B TP, B
HA[PAES % B tn] DAYE TR A B2 A A AR T 204

— YRR A DA K

[ <kAR-1>, ..., <kAR-1> ] ]

T AERA A DA T AR X

[| <kBER-1-1>, ..., <KRHER-1-n> |
|
<SKER-m-1>, ..., <KHR-m-n> |]

Hrp XA
W $array1darray2d S50 A] AR R M — 01138 (BOE BEHER Rt — D —4E%k4)
KEBIATATHE LA - A

array<n>d(K TAFEA-1>, ..., <THREA-n>, <F|EK>) ]

R E— iR, BRI RESERINNSHG T, BE NS REE TEHMITTE.
FldNarray2d(1..3, 1..2, [1, 2, 3, 4, 5, 61)FILI1, 2 I3, 4 |5, 6|12,

B TR R IRE T RARBURE: ali, j148 B TE5 B i TT

R R BT+ 0] AR I S SR BRI A —4ERI 8 . g5 R AE R — a3, HI—PIcEMNRE]
HI—ZE%dH . fBillnr4e00, 6] ++ [2000, 500, 50013Kf5[4000, 6, 2000, 500, 5001, NI
Hlengthik [A]—4ERLH AT K JE

BN — g LT S Hmproducts, RN AT AL H I ATAT SR i i R0 B R . X
Fod NI N R ALHE T SRR SRR B 1 AEBA il o] B X LETUMIR) T AR 2 i
Mz —Tefl.

B, R THERZ B 485 ERMEMI RS #lw, 5 F£HE S K
[i+3j | i, jin 1..3 where j < 11882 + 1, 3 + 1, 3 + 21%[FET[3, 4, 51. [3, 4, 51° 2
—NIARESE R SHEEA.

TR TGS, EERRIPEE: FIanE + 5 1 1, 3 in 1..3 where j < i¥THEGE]

LEH(3, 4, 5%
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AN T X

) et ) — etk e

[ <RZA> | <ERTERAR> ]

<KRAATR I T WA M<E s mk#=2>orm AW T Em B A £ P Al @ o R, 4 oo
<generator-exp>H 125 A9 —F) A e £ IB A, EFEMEIRE — R /REL LR
Ko HMpERZ

<HEMTT>, ..., <ERT>
<A RTT>, ..., <A KTT> where <# L FKiLR>

5 M X B AT R Y <A R AL R SRR AR A OGRS IS R W AR AL
FakA 0k AR RTRA PR E TR . A TT<generator>F DA T A%

<7I:’]E)L/U\’/{ét>7 ctty <$—3:‘/‘j\/?‘éi> in <ﬁéﬂ%:}iﬁ>

BRI A RE, REABERENPRE, Se— MR iR
F A A T <A R B R A ST S R R . QPR EATSEH [ T Pk
B, WAr-ErFIFER—Svar opt <>, HoR<xAF>WRA. B2, HSHik
IS A AP TR AR A

A SRULP I EHE T AR ME— R )8 X B CRHE AR AT A 2 LA
O T E R ICR AR EER, AR, RO, LEHTRAERT
AT PR <7 /) B ik K> B E Y

F, RO TR IR DAME 4R R R AR N R B BT oA AT RE 2
forall, ERM—M/RBFGRABA (B, 293K), REIERA/RBRIAA, BRI
/R BRI Z A

Bian, PATFRRR

‘ forall( [al[i] != a[j]l | i,j in 1..3 where i < j1)

Hra@g — 1M THREGN . 3WEREA. BAK Tatbr K2 BEMAMER. 7%
SR EAA RN al1] '= al2], al1] !'= al31, al2] !'= al31 1, JF PAforallpl $aR [n] 1% %5 4 HL
al1] '= af2] /\ a[1] '= a[3] /\ a[2] !'= a[3].

BARBAN R A HHA sumdL TR MARK, productHEITLE RN, FminfRmaxsS H iR [F1%k
Hrh i/ MR KRITTER . BIEHT AR, ninflnaxig B — B 78R, sumk
[|], productiR[H],

AR T O A R /R BRSNS RARE. EWERMNERR, BENPHE—
seforall, BiR[E—NETZNARNEHESI RN H DKL, exists, 1&[H]
ZALIRZ AT P tforal 158 HIEH T A 29 AR W A2, Mexiststifr 20—
ANLRWE L o B REL, xoral AR ATEUZAHE /L o S5 DU PREL, iffallifi R
LI AE -

EBEAS, R ME S I — N 2 B ), AV — R I 3R A R B 1
o BREE AT A
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‘ forall( [a[il != a[j] | i,j in 1..3 where i < jI1) J

WA A — A R

‘ forall (i,j in 1..3 where i < j) (alil != aljl) }

PR IR FOR SE A AMAE R - S AT LA i AL AT — T B A SR kT 3

HERAGE A

— A ok XA AT

<KeBE> (<ARTRER> ) ( <KER>) ]

I 355 PN BRI <2 T ik > DA B M s A K<t SR AR PR BN AUFIE. B
CiER

<KeBH> ([ <RER> | <ERTRER> T ) ]

<A i 2T DU BT ] ol BN S R R 2

B R SR IR AT T REY) e i TR B B AR PR T R AL R A B0 5B . PRAE T R I Z g 2 X
mproductsHYIiXiBsr. R R :

‘ array[Products] of var 0..mproducts: produce; J

EXL T —A—4en A B84 produce . producelplI(EACFE T LM = Mpa%E. F—

‘ array[Resources] of var 0..max(capacity): used;

SE ST B R AR AR R MR B . RPN ZR

constraint forall (r in Resources)
(used[r] = sum (p in Products) (consumption[p, r] * producelpl));
constraint forall (r in Resources)(used[r] <= capacity[r] );

i used Cr IVH BB Y S ATHFE A AL E 20 T RIS SR i B e, T

‘ solve maximize sum (p in Products) (profit[pl*producelp]);

FEHAX SR — A KA ) 8 DA Bt AR R H b 2 R A
PAEFRATE] B mproduct s aE o XFEREAN 7 fip, ik

(min (r in Resources where consumption[p,r] > 0)
(capacity[r] div consumption[p,rl])
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PUE TAE [T R P BT r B0 DA i 7 o @R R r BT DU R, p R DA ok & . T
HidyEdfwhere consumptionlp,r] > ofE I LRIE T AT W™ MM R A 2% &, Hikke
THIBRECI R R. FTeA, sERRFIkK

int: mproducts = max (p in Products)
(min (r in Resources where consumption[p,r] > 0)
(capacity[r] div consumption[p,rl));

THRAEAT ) i ] AR 1 B Ko, DRLHUE W] PAHATE yproduce HH A B SR AL B 5 SR _ELFR
B, RO IR, T B T 9 R R R B — A 5 TR R

tho 1547

$ minizinc --solver gecode prod-planning.mzn prod-planning-data.dzn

i R AR AN T 4

BananaCake = 2;
ChocolateCake = 2;
Flour = 900;
Banana = 4;

Sugar = 450;
Butter = 500;
Cocoa = 150;

222 £/RYR

WET =N AR, X4 R 2R ] AR R E OB, — il 1 igalldifferent)
W, BESKETA SRS B AU HA AR .

A1) FE5 A ki send-more-money . mzn

include "alldifferent.mzn";

var
var
var
var
var
var
var
var

(SIS S S
O W W W W W W W

< VO XTOZMmMmwm

constraint 1000 = S + 100 *x E + 10 * N + D

+ 1000 * M + 100 * O + 10 *x R + E

= 10000 * M + 1000 *x O + 100 * N + 10 * E + Y;
constraint alldifferent([S,E,N,D,M,0,R,Y]);

solve satisfy;

output ["  \(S)N(E)N(N)\N(D)\n",

38 Chapter 2.2. EZ 5 &R



MiniZinc Handbook, & 1Tl 2 2.8.5

"+ AMMNO)\NRIN(E)\n",
"= NIMDNONMNDNEINY)I\n"T;

LTI N2 g i SO 5 1 N i 65+ [ 5 3 o = M N2 [ S D RO 11 B R R L |
alldifferent([S,E,N,D,M,0,R,Y]) A F A HOR RUERF AN F A AN FE I EFEE. EEH T35 H
Tt

‘ include "alldifferent.mzn"; }

Ja, WAaRZRalldifferent ] DAZERRZBY RS o FRATTAT AR DA R AR B4 T

‘ include "globals.mzn"; J

ERE TIENERZR.

—RINBFrAFE T E T & RYAREE SR T AR SO . W — LB R R AR A
WS Ak R

2.2.3 FEREX
BT R ERER . B

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

HyARE, MrdhxERy, HMNBRRNZE.

AR X

FIFFREARHEAR

if <A AR KK K> then <FKA X -1> else <Fik A -2> endif

B ERRAM AR FE R, B AE R AR TR A, R
AR BFAER>RE, WEB{E<KAR-1>, HMMR<FER-2>, FHERBXPRR
<RI A-PHISRER-2>0KE, MENHLHE R,

AR <A R A Rk A>T R, WIRAKXR BT R var <>, Hp<r>gaga R-1>
Fi<gs R-2>HRM, PR RIEM N FA A LREE T TR,

F &) B ) R ) AR F sudoku . mzn

include "alldifferent.mzn";

imes Sg
int: N =S x S;
int: digs = ceil(log(10.0,int2float(N))); % % 4 W F

set of int: PuzzleRange = 1..N;
set of int: SubSquareRange = 1..S;

array[1..N,1..N] of 0..N: start; %% WAN#H0 = =
array[1..N,1..N] of var PuzzleRange: puzzle;
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% HETATIER
constraint forall(i,j in PuzzleRange)(
if start[i,j] > 0 then puzzle[i,j] = start[i,j] else true endif );

% BATHBES AR
constraint forall (i in PuzzleRange) (
alldifferent( [ puzzle[i,j] | j in PuzzleRange 1) );

% &5 P EEE AR
constraint forall (j in PuzzleRange) (
alldifferent( [ puzzle[i,j] | i in PuzzleRange 1) );

% BT H RS BUE AT A
constraint
forall (a, o in SubSquareRange) (
alldifferent( [ puzzle[(a-1) *S + al, (0-1)*S + ol1] |
al, ol in SubSquareRange ] ) );

solve satisfy;

output [ show_int(digs,puzzle[i,j]) ++ " " ++
if jmod S == 0 then " " else "" endif ++
if j == N then
if i = N then
if i mod S == 0 then "\n\n" else "\n" endif
else endif else "" endif
| i,j in PuzzleRange ] ++ ["\n"1;

nn

BZ) SR ) ) 255 SCFA5F-sudoku . dzn

0, 9, 0, 0, 0, @0, 0, 0, 0]
0, 6, 8, 4, 0, 1, 0, 7, 0]
0, 0, 0, 0, 8, 5, 0, 3, 0]
o, 2, 6, 8, 0, 9, 0, 4, 0]
0, 90, 7, 0, 0, @, 9, 0, 0]
@, 5, 0, 1, 0, 6, 3, 2, 0]
0, 4, 0, 6, 1, 0, 0, 0, 0]
0, 3, 0, 2, 0, 7, 6, 9, 0]
0, 9, 0, 0, 0, 0, 0, @, 0|1;

TER AR AR s R ok i, A5 F AU AR A R FRATRFE TR 7135 v il 00 [ s
B, WP I EAE S M start g, KR T iR AL E. i (I PATR Akt

constraint forall(i,j in PuzzleRange)(
if start[i,j] > 0 then puzzlel[i,j] = start[i,j] else true endif );

BRI X IR A Fpuzzle (2,
TEE R sy, SZERE MR H . FEBOERLY| L, ikt

if jmod S == 0 then " " else "" endif
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815 3
216]8 9 4
7 9
5 1 613]|2
4 6|1

& sudoku . dznft ZE 1 1) i,

TER/INASHIAREZ A T — BRI 2% . th Rk SR It 1) 2 R R A S ORAE B ST T e
A2 EA 7o SRR 0 A AR A R ek

BT RARGAIE 7T, B ALEES x STITE A (A S HAR AR B9 .

1 o {5 AR 7~ -am--all-solutions, FATTAT DA FH oK A4S 2 — - 2 1) lsolve satisfyf Frf
fR. BT

$ minizinc --all-solutions sudoku.mzn sudoku.dzn

MRS TA AR )G, W T====mm====g . TR BLZRH T U A i
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224 prEgAuy

MASRA VPR AR — A~ B 2 L A —l 0, BCE AR v gl i 44 W R 4R G R A A
B, ek, BAGHEA S SRR, A2 AE LR B TR . EX—
INFBE, BATSRFR AT AT AT A ENT, F H2 H— e A PIA2E S f A 2 e 40

AEFATEHT BT T A A AR R B T (0 P A

) F AR FH A R B A PR R IV % (B aus t-enum. mzn

enum Color;

var Color: wa;

var Color: nt;

var Color: sa;

var Color: q;

var Color: nsw;

var Color: v;

var Color: t;

constraint wa !=nt /\ wa !=sa /\ nt !=sa /\ nt !=q /\ sa != q;
constraint sa != nsw /\ sa !=v /\ g != nsw /\ nsw != v;
solve satisfy;

PR RR R B T — M S8 color, B AR S OE Lo B —ANINAE BRI ]
MG R R P IR —AME. AR I7 B T MR

$ minizinc -D"Color = { red, yellow, blue };" aust-enum.mzn

A RE A3 i

wa = yellow;
nt = blue;
sa = red;
g = yellow;
nsw = blue;
v = yellow;
t = red;

B PR A i ]

— MR SHE RPN AT P

<1>..<u> : <TFE 4>

HBEL>  <KEAL> ]

Horp<tios 4> M RBP AT, <I>HI<u>i AR SRR ] e Mo R BERA

B —AH RN MENTH PR EFT R R R R, B2 A St fil 5
R Xk, XA RRAT B E SRR B R R, flin

global_cardinality_low_up([wa,nt,sa,q,nsw,v,t],
[red,yellow,bluel,[2,2,2]1,[2,2,3]);

TOREMEE 2 OGTAIMNG_ B HA =AINGER T .
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BOE ST BREAT

H—Z) KT MBI R EAT -
enum_next (X, x)3& I M2 R BIX G BTN —AME. X2 — P HR0 bR E N SRR s 2L
BUXE e — MME IV PR 25 3R ] LA ik A Fih K7 R FRb R [l false
enum_prev (X, x)enum_prev (X, x)1& B #2¢ R BIX P x i) _E—AMEH. enum_prev[E]FE 22—

TR BRER
to_enum(X, 1) BREF—ANBE BGRB8 — MEXRI S R BYE S B IR 2 /N T T
KFFAEH9ANFN A E,

HWE, —SUbRIE R B2 W DA F T M A
card (X) 1R [AI M2 LB
min (X) 3R [B] M2 R A X /N T R
max (X) 1R [ 2 R R E KL E

225 BHHR

AFCEHA L. HANELF R 7 RRRNX, HERARHSE X R —4
LF] ARARA AR IR B RIR . ARG — NS TSI 1] B BE & AL 55 TR BE AT A 2R s
Hls2 AN R AR IR I IAL, - d 1Ml AR B RFEE I ], FATR] AR Ly -

‘ constraint s1 + dl <= s2 \/ s2 + d2 <= s1; J

KPR 2 AL EE.

R
A AT RS R R 15 . AR o, /KR
AL, B, SN, B B, RN, BB, ARG >, LB <
LI ot A BibooL2int RIFEHAT /RS ISHCNIL, BRI, AR,

A1) 3 2 1) VR b B 1) A% jobshop . mzn

enum JOB;

enum TASK;

TASK: last = max(TASK);

array [JOB,TASK] of int: d; % E5-F5 4 A A

int: total = sum(i in JOB, j in TASK) (d[i,j1);% 454 |g]
int: digs = ceil(log(10.0,int2float(total))); % %4 B $(E
array [JOB,TASK] of var 0..total: s; % 45 B JE

var 0..total: end; % K% R A

constraint %% {RiE{E4-4% B )7 4 3,
forall(i in JOB) (
forall(j in TASK where j < last)
(s[i,jl1 + d[i,j] <= s[i,enum_next(TASK,j)1) /\
s[i,last] + d[i,last] <= end
);

constraint %% fRIEHESz B %A EE
forall(j in TASK) (
forall(i,k in JOB where i < k) (
s[i,j1 + d[i,j] <= sCk,jl \/
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slk,j1 + d[k,3j] <= s[i,j]
)
D

solve minimize end;

output ["end = \(end)\n"] ++
[ show_int(digs,s[i,jl) ++ " " ++
if j == last then "\n" else "" endif |
i in JOB, j in TASK 1;

B E ARl A B P A data . dzn

~N - b W =
w = ~.4> N B
N = :b ~

N O ‘-b - w
— 00 A~ N O

[1;

FI P A G AR R BEASE TR 8 1 T — AT BCEA I BE A IS B 10 e ALVl 9 J3E e A
AV —AELES, B MEE—RAMTERRL LIS AR50, S IRES ARl
BATFESR M AHLEE IOAESS o AT A IRITUT 5610, I HAg A T M — AL L A AT
MEFF AT EARANBE T B BTSN TR /N S0 4R e LA 2 AR PR AR 1

e

$ minizinc --all-solutions jobshop.mzn jdata.dzn

RKIGT A/ AR BE ), I HUA2 s TR ) @ifEall-solutions N YR M. FEIXHL,
KA A B E AR A SR e, N2 A R RE LR X TR
(7r) Hanthoe:

39
13 22 30
18 25 36

12 16 22
25 27 38

4 812 17 20
513 18 26 34
0 4 81216

2 17 20 26
9 16 25 27 36

1 510 13
0 15 23 31
6 11 19 27
510 13 19
6 22 24 33
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end = 30

5 913 18 21
6 13 18 25 27
1 5 91317
o 1 2 3 9
9 16 25 27 29

A GERIN R I e PR A TPk 2

I, FHHYGEH g iy . @ in—4%#end = 30,
HHALRAFIS Ay solve satisfy, RJFiBfT

$ minizinc --all-solutions jobshop.mzn jobshop.dzn

AT PAIS B T ) s AR o X TR A D B T
H) e e WA 15 Biki Al stable-marriage . mzn

int: n;

enum Men = _(1..n);
enum Women = _(1..n);

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

array[Men] of var Women: wife;
array[Women] of var Men: husband;

% assignment
constraint forall (m in Men) (husband[wife[m]]=m);
constraint forall (w in Women) (wife[husband[w]]=w);
% ranking
constraint forall (m in Men, o in Women) (
rankMen[m,o0] < rankMen[m,wife[m]] —>
rankWomen[o, husband[o]] < rankWomen[o,m] );

constraint forall (w in Women, o in Men) (
rankWomen[w,o] < rankWomen[w,husband[w]] ->
rankMen[o,wife[o]] < rankMen[o,w] );
solve satisfy;

output ["wives= \(wife)\nhusbands= \(husband)\n"];

B A WA 1P RS 2R P RSt S B . stable-marriage. dzn

n =5;
rankWomen =
L1, 2, 4, 3, 5,
| 3, 5, 1, 2, 4,
| 5, 4, 2, 1, 3,
| 1, 3, 5, 4, 2,
| 4, 2, 3, 5, 1 |1;
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rankMen =
[| 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;

Y 73 A — AR BRURHIE 2 DR SRS B R AR T R VTR 1 — A1, FIE (2Xi)
REAEHAPIAL . BATAD (H) LAt (BH) B 8—NBEA Do 8, Lthd
2o MG — DB A LRI TR BT DA T BB AE 2 48 -

BEUnF R T DL o IR FE T Wi, oF A LR Z adn, PALK
B WE T A —A B o Z i ) SERmib , o BE MBI ZE T L 1w,
XA ] DR B RS AN ) AE 21 M1 e a3 il e 4

B A T =T ] 38 R DU R R S TEX IR E s O X R
AIEE . MenFliWomendfiid /NS, (HZ2IATAFEILENRAE]—E, FrARMEM 1
—AEAMZEIA ARSI B B Men g Women i 5 S 2 A AR %

Hi BErankwomenllrankMen 7y 5l 4 1 55— ITAY Lo HEAT DA R e TR S A HEAT. L, T
rankWomenCw,m1Z5 tH f 20 i K T 8 LT TEHEAT PR B H 8O, B0 1 B3 2k
PR AR .

AP PFAZ B : wifeMlhusband, KPR HICEE THEA B LR ZE TR RS0k,

HIMA~ 253

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

WAk T L RAMFEF I 2 — B0 wen £ 488 T LR, RZINK. TEE
husband[wife[m11H, FipFEirRwifelmlZ2— MR &=, MAR—NS%.

ORI L AR A E Z5 P F I ELAR A -

constraint forall (m in Men, o in Women) (
rankMen[m,o] < rankMen[m,wife[m]] ->
rankWomen[o, husband[0]] < rankWomen[o,m] );

constraint forall (w in Women, o in Men) (
rankWomen[w,o] < rankWomen[w,husband[w]] ->
rankMen[o,wife[o]] < rankMen[o,w] );

A T RPeRAE AR A N ARA AR 7 R B A A @ 2R ) T B T, AR B 40 v A
B B SR EAR A ARSI T S A T RE A X I P AR BRI, SR A R AR AR R I T
B FRESTIME, Sr-EAalfil. XM OLE MR — N VT R ale 17E L E BBl fe il
I /R BLERE RS HIIMA T2 %e in index_set(a), H.Hindex_set(a)GH T af) FirtES .
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WP
—A B LA R R RRA AR anon_enun(<n>), Hrp<n>@—AEERBERFAN, BE
SCT MARBB RN

B T HARITREA AT, EAMEERBA MR R S i, EATRYE
MR I 2 T E M B2

BN, AR A B e

array[1..2] of int: a= [2,3];
var 0..2: Xx;
var 2..3:Y;

ARalx] = y&fir = 1Ay = 2fle = 2 Ay = SBMEFIIE R . ZYRnot alx] = y&fFfr =0Ay = 2,
r=0Ay=3x=1Ay=3Ffz=2Ay= 2055,

MSFOTCRT R, IE I S s DU S MOR i AR S 550t SR A7 B i A #E T =02
—E), [HRakBES, WS IR A HRE .

1| % 85 A £ 1) AR A magic-series . mzn

int: n;
array[0..n-1] of var 0..n: s;

constraint forall(i in @..n-1) (
s[i] = (sum(j in @..n-1)(bool2int(s[jl1=i))));

solve satisfy;

output [ "s = \(s);\n" ] ;

548 1| % 4 BR Blbool 2int AT ARIARAMT A /R B ik =i T o IR (S s T DAGE JH BT il 1Y & 14 29
Ko BDEERWBT, WEER S FA: LI—INEFs = [s0,. - -, sn1 [ EIF2ECFi L AL
Yj’\ﬁo —‘/I\ﬁgﬁgﬁu?%s = [17 27 17 0] °

XA ) — R e b g i o 910 A RATT AT DASES BR £is 03 0= 1905 J i) U O AR R

BT

$ minizinc --all-solutions magic-series.mzn -D "n=4;"

FrE i

HA DI/ H XA ) 7 1 o

YA TR, 2 A Zhitsm fl e /R AUy R DL SR IF 8. AT TR AE S
8 Y RIS
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constraint forall(i in @..n-1) (
s[i] = (sum(j in 2..n-1)(s[jI=1)));

T RS br E 2 B s A G bool2int, f/RBIFRIEs[3] = ik B ShHhss fl 4 b
2, FrASSR R LS R

il i 45

I B Rbool2int, FATT AT AE — N 7R B E 5 Al ol — R RUUEL. [
Mo, S R int2f Loat , FATIHL AT A — >R B AR il e ol — i RS %
it il e R A BUELAY SE BIAL AN BB —#F o BTN, par bool Bihf il #4548 Hypar int, MMivar bool
PO FZ N var int,

T AL 3E 2 HIAEARTY F il Abool2intMlint2float, & H Z5R H S Hurf /R RN B E
B, PARERIRAAONiF A RAA . Rl PR, Bt iRl /R 28 F
RA

2.2.6 FELR

73 NSRRI EURAIE & B AUV B S B SR S R PR AR i X SR SO, ORI
e BRI TR AT

ARG, 7P, XANMERT ISR RRBCE, BIFA T8GR YA Ty
WREN . F— WA —DERA—DANE, 2R T AR AT, a1
FRE e AP LEY fit A B AL A o

A, FAE TG AP RSRAT R R EML: var set of ITEM: knapsackHHIITEMZ H] JHCE.
MmN Aweight [iTMIprofitlil sy HILT tH W iR BB RIAITE , PASTE A nl DASE 2K
(Wi K H & fdcapacity, W—A~HIRAIBIRAES R b4 o

H1| 235 4 ) i Al knapsack . mzn

enum ITEM,;
int: capacity;

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

var set of ITEM: knapsack;
constraint sum (i in knapsack) (weights[i]) <= capacity;
solve maximize sum (i in knapsack) (profits[i]) ;

output ["knapsack = \(knapsack)\n"];

R, Kb Tver i BAEset R Z |1, KX NEAAR G ZHEA R . XHAN—var KA 7
BRHATCRMA A B SR AL, OGP AL, B TS, 2
I 5E T Y o

A2 1 /R R BRI ) B Al social-golfers.mzn

include "partition_set.mzn";
int: weeks; set of int: WEEK = 1..weeks;
int: groups; set of int: GROUP = 1..groups;
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int: size; set of int: SIZE = 1..size;
int: ngolfers = groupsxsize;
set of int: GOLFER = 1..ngolfers;

array[WEEK,GROUP] of var set of GOLFER: Sched;

% constraints
constraint
forall (i in WEEK, j in GROUP) (
card(Sched[i,j]) = size
/\ forall (k in j+1..groups) (
Sched[i, j] intersect Sched[i,k] = {}
)
) /\
forall (i in WEEK) (
partition_set([Sched[i,j] | j in GROUP], GOLFER)
) /\
forall (i in 1..weeks-1, j in i+1..weeks) (
forall (x,y in GROUP) (
card(Sched[i,x] intersect Sched[j,y]l) <= 1
)
);
% symmetry
constraint
% Fix the first week %
forall (i in GROUP, j in SIZE) (
((i-1)*size + j) in Sched[1,i]
) /\
% Fix first group of second week %
forall (i in SIZE) (
((i-1)*size + 1) in Sched[2,1]
) /\
% Fix first 'size' players
forall (w in 2..weeks, p in SIZE) (
p in Sched[w,p]
);

solve satisfy;
output [ show(Sched[i,jl) ++ " " ++

if j == groups then "\n" else "" endif |
i in WEEK, j in GROUP 1;

A1) 3% 12 R BT ) i B social-golfers. dzn

weeks = 4;
groups = 4;
size =3 ;

BAVKRE —NEEIM X TEGARIBIT, 51524 e R IREEE 8, XA R H )
JEfgroups X size N /R K F-FEweeks i 0] N ZHE— MR R RIKFE . o — AN 75 2% HEgroups ™
KN HysizefI RFIIAL . AR R /R R FABABE—& B F AN 7 L 26

ASL 2 SR B T B 5 2 Cen Y LI R AR R LU B 65
Fro A e R A R AT HE P R 5 Bt SR 2 B T A AR R R R . 4K
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JEERE—HNEEGIT T A, RIS E— NMEEIE Nsize, 3R 4
Ja#iApartition_set, Bt & FAEX E/RKPEEHN DR Fa— LR 7T
PR R R FRA S BN ITE (ROLAMPAN R LR B w22 ) .
Mt fy

TEATH, ARG I T RPRIIRL A 50— R R T i 8 KR R WU HES1 5 5
AR —AE e S R R LSS — N AL fdm . AT R, B
T —>size Y AR RPN AR ABATA B A A

BT

$ minizinc social-golfers.mzn social-golfers.dzn

Hh Bl S ST — A RAECh, KN, BB, AT 4R

1..34..67..910..12

{1, 4, 73{2,5 103} {3,9, 1 3}{6, 8, 12}
{1,5 83y {2,6, 11 3{3,7,1273} {4, 09, 107}
{1,6,93r{2, 4 123 {3,8, 103} {5,7, 117}

TERTERIR AR AT ATE RIS 2 i
227 L&

FAMTA—A AT DABIRE X —FE A 3 KBS AL Y S ) TR A5 A0 —17, BLId MR, SR
AW, EJRARALIIIR i -

P AL M2 B A 44 L2 iz wedd ing . mzn

enum Guests = { bride, groom, bestman, bridesmaid, bob, carol,
ted, alice, ron, rona, ed, clara};
set of int: Seats = 1..12;
set of int: Hatreds = 1..5;
array[Hatreds] of Guests: h1 = [groom, carol, ed, bride, tedl];
array[Hatreds] of Guests: h2 = [clara, bestman, ted, alice, ronl];
set of Guests: Males = {groom, bestman, bob, ted, ron,ed};
set of Guests: Females = {bride,bridesmaid,carol,alice,rona,clara};

array[Guests] of var Seats: pos; % % AWy JEfiL

array[Hatreds] of var Seats: pl; % & AH1¥ % & A1 8 AL
array[Hatreds] of var Seats: p2; % & #H1¥ % i & A2 AL
array[Hatreds] of var 0..1: sameside; % LA ZHEAZLGLAER—I
array[Hatreds] of var Seats: cost; % HAHI¥ ZWZAWIEE

include "alldifferent.mzn";
constraint alldifferent(pos);
constraint forall(g in Males)( pos[g] mod 2 == 1 );
constraint forall(g in Females)( pos[g] mod 2 == 0 );
constraint not (pos[ed] in {1,6,7,12});
constraint abs(pos[bride] - pos[groom]) <= 1 /\
(pos[bride] <= 6 <-> pos[groom] <= 6);

constraint forall(h in Hatreds)(

p1Lh] = posCh1[h]] /\

p2[h] = pos[h2[h]] /\
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sameside[h] = bool2int(p1[h] <= 6 <-> p2[h] <= 6) /\
cost[h] = sameside[h] * abs(p1[h] - p2[h]) +
(1 - sameside[h]) * (abs(13 - p1[h]l - p2[h]) + 1) );

solve maximize sum(h in Hatreds)(cost[h]);

output [ show(g)++" " | s in Seats,g in Guests where fix(pos[g]) == s]
++ [H\nll:];

S AL L HES AL SR BB AL e XS TR MBS R T HESI AL, A Bt
AT R RN, o AR, TR AR A REARAE S TR Sk, O RS LB AR AL 20 AR A E A
5. AT H B AL E AR AR SR N Z AR . AnRAE R —d, AL A
R AL R Z AT 22, 75 DU D) R A v JA 7 ) B 2

TERAE R R P AT A AL s R A e/ B4R LA L. FRATHI N R B fix, &
KA — A PSR AL B 1 [ 5 ) DA St A BT L, A A B 7 S TR v D IR e
B any, B2 H IR as TR, IO i PR AL R 2 I E TR

BAT

$ minizinc wedding.mzn

PR3

ted bride groom rona ed carol ron alice bob bridesmaid bestman clara

RAGFRIEACLHAE P g il . HERFOREANGE, B2

ted bride groom rona bob carol

clara bestman bridesmaid

U FL 4 JRE (67 P 22 HE

I, KR DA R RA RIER R [, RS R R R S il i

227. L2 51



MiniZinc Handbook, & {ThiZ 2.8.5

52 Chapter 2.2. EZ S &R



CHAPTER 2.3

B TRIFNER &1

TR AR ] SRV R A D7 iR B B S JR Y. TR BT R M B E SR 4R 2
SOEMRE, [R] IR PR DA e OB 2R 295 Hh 1Y) o 00O A A e g I R 4540
Sebr b, — M ETERUR— A var bool IR EL

231 £BL)R

e TR Z W DAER B [ e /[AR. BT aRARIIIR BRI, A E
BT DAE R AT SCR R E . R IFRATIHE — L B 4 R 2 A

2.3.1.1 Alldifferent

Zyfialldifferentf AN — A ], ‘B VX e BRI .
alldifferent)ffi A DA R A&

alldifferent(array[int] of var int: x)

B, SRR R

alldifferent 2 WK iR Z W LA S I &S/ 2Rz — . B K e U Be A, A
T 25 1 T alldifferent ) B a4 &G #5 . send-more-money . mzn%1 ZEflsudoku. mzn¥l) i i
Fflalldifferent AL+,

2.3.1.2 Cumulative
2R cunulativedl FH SR T I S AR G O

cumulative(array[int] of var int: s, array[int] of var int: d,
array[int] of var int: r, var int: b)

PR T — BRI R s, FREEmF A d A K SRR K BN LS5 4R 6, AEAT IR0 B R Y
R A B — 2 R TR b
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F1) A5 FH cumulative sk @A Z 28 B 7] @i A A moving . mzn

include "cumulative.mzn”;

enum OBJECTS;

array[OBJECTS] of int: duration; % duration to move
array[OBJECTS] of int: handlers; % number of handlers required
array[OBJECTS] of int: trolleys; % number of trolleys required
int: available_handlers;

int: available_trolleys;

int: available_time;

array[OBJECTS] of var 0..available_time: start;
var 0..available_time: end;

constraint cumulative(start, duration, handlers, available_handlers);
constraint cumulative(start, duration, trolleys, available_trolleys);

constraint forall(o in OBJECTS)(start[o] +duration[o] <= end);
solve minimize end;

output [ "start = \(start)\nend = \(end)\n"];

%) el ] cumulative e ARz 5 HL 1) ) £ dfgmoving . dzn

OBJECTS = { piano, fridge, doublebed, singlebed,
wardrobe, chairl, chair2, table };

duration = [60, 45, 30, 30, 20, 15, 15, 151;
handlers = [3, 2, 2, 1, 2, 1, 1, 2];
trolleys = [2, 1, 2, 2, 2, 0, 0, 11;

available_time = 180;
available_handlers =

4;
available_trolleys = 3;

SRR A s BRI — T RER B — Iy K ARz 1 A A 2 08 9T AN
SEERIFHEA T DAGE AT FRVFRYISTE], W] DAGE I B9z T A R FHEERA B iRz
FREEITTE], 72 ite TR RSB i . (Es s, e

$ minizinc moving.mzn moving.dzn

HRESAFEI AT i

start = [0, 60, 60, 90, 120, @, 15, 105]
end = 140

el Pl 2t 5 X A s A I TR B 5 2 i TR
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4
chair | chair
3 double bed -
5 single bed
iano
1 P fridge table ward
robe

0

0 30 60 90 120 150

FE iz iz T A & E 5

3
2 double bed | single bed
1 piano ward
0 fridge table | robe

0 30 60 90 120 150

Vel iz P - 2 o ) T

2.3.1.3 Table

Py tablei il AL B ICAM LR G HRUE. BT P ichocdl, FATHBAREE. RYE
T RAT/RBGA A, tableff) i G DA RIS X

table(array[int] of var bool: x, array[int, int] of bool: t)
table(array[int] of var int: x, array[int, int] of int: t)

SEHILR T e t, Hpafith a1 cdl, e PIondES.
A1) il ] table 24 R R AL £y FILAI 7] A ) A B meal . mzn

% HLR| 0 R

include "table.mzn";

int: min_energy;

int: min_protein;

int: max_salt;

int: max_fat;

set of FOOD: desserts;

set of FOOD: mains;

set of FOOD: sides;

enum FEATURE = { name, energy, protein, salt, fat, cost};
enum FOOD;

array[FOOD,FEATURE] of int: dd; % &4 %3k &

array[FEATURE] of var int: main;
array[FEATURE] of var int: side;
array[FEATURE] of var int: dessert;
var int: budget;

constraint main[name] in mains;
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constraint side[name] in sides;

constraint dessert[name] in desserts;

constraint table(main, dd);

constraint table(side, dd);

constraint table(dessert, dd);

constraint main[energy] + sidel[energy] + dessert[energy] >=min_energy;
constraint main[protein]+side[protein]+dessert[protein] >=min_protein;
constraint main[salt] + side[salt] + dessert[salt] <= max_salt;
constraint main[fat] + side[fat] + dessert[fat] <= max_fat;

constraint budget = main[cost] + side[cost] + dessert[cost];

solve minimize budget;

output ["main = ", show(to_enum(FOOD,main[name])),
" side = ", show(to_enum(FOOD,side[name])),
", dessert = ",show(to_enum(FOOD,dessert[namel)),
", cost = ",show(budget), "\n"J;

HI| 2 e L table & YHL K A9 & Himeal . dzn

FOOD = { icecream, banana, chocolatecake, lasagna,
steak, rice, chips, brocolli, beans} ;

dd = [| icecreanm, 1200, 50, 10, 120, 400 % YK K
| banana, 800, 120, 5, 20, 120 % BE
| chocolatecake, 2500, 400, 20, 100, 600 % W E A
| lasagna, 3000, 200, 100, 250, 450 % T2
| steak, 1800, 800, 50, 100, 1200 % 4 He
| rice, 1200, 50, 5, 20, 100 % KR
| chips, 2000, 50, 200, 200, 250 % HE4
| brocolli, 700, 100, 10, 10, 125 % A
| beans, 1900, 250, 60, 90, 150 |1; % & &

min_energy = 3300;

min_protein = 500;

max_salt = 180;

max_fat = 320;

desserts = { icecream, banana, chocolatecake };
mains = { lasagna, steak, rice };

sides = { chips, brocolli, beans };

DL PR SIS REE. B EYIEHE — 12 (HEBEEER), REEH, O
T E, hZ B, BEME vE B AR AL R A A R o 3K BEANTI 2 ] 1) 96 2R — > table 2 HOKHE
iR, BEALFIRIA /MESE, B/ R B min_energy, /0 H i Emin_protein, K Eh o
max_saltPA M I ifimax_fat[REEr .
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2.3.1.4 Regular
ZyRiregular FIRAHR— RIS R BOA IR B ShHLE XME. regularf A AT X

regular(array[int] of var int: x, int: Q, int: S,
array[int,int] of int: d, int: g@, set of int: F)

BAR TR —IUE (ENTUAUEFETEE 1. . SH) #i—MaUMIRE, WA N .S, FE kB hd
(<1..Q, 1..S>MEE0. .Q), ¥R Nae (WHAET. Q) FHERIRSHF (L4 mzn:*1..Q
W) B2 . RSB N 2 S RIIRES

{d.n}

P H IR R HEFERY -
FAPRAE TP EHBE . &P R HEO IR o —F . AR AR
PR, bl 20—REGKRE . AP EEAR A AL HE IS = R, XA~ AT DA
A TE R TR . BATATDMER DR MRS 1, SO 6, SRl

d n o

HEERERARPRSACE RIS F1FE T4 BB ynum_nurses i tnun_days K54
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—AHEHE, HAPIRATER A R req_day M AEIE, Wi A req_night NMPAEIE, PAREEP
+ &2/ Enin_night ™M T,

41| e ] regular 2 5k ZAR Y 31 HEPE ) i B nurse . mzn

% Simple nurse rostering
include "regular.mzn";
enum NURSE;

enum DAY;

int: reqg_day;

int: reg_night;

int: min_night;

enum SHIFT

{d, n, 0}

enum STATE = { S1, S2, S3, S4, S5, S6 };

array[STATE,SHIFT] of opt STATE: t =
L] @ mg @3
| S1: S2, S3, S1
| S2: S4, S4, S1
| S3: S4, S5, S1
| S4: S6, S6, S1
| S5: S6, <>, S1
| S6: <>, <>, S1|1;

array[NURSE,DAY] of var SHIFT: roster;

constraint forall(j in DAY)(
sum(i in NURSE)(roster[i,j] == d) == reg_day /\
sum(i in NURSE) (roster[i,j] == n) == reg_night
D
constraint forall(i in NURSE)(
regular([roster[i,j] | j in DAY], t, S1, STATE) /\
sum(j in DAY)(roster[i,j] == n) >= min_night
)

solve satisfy;

B4

$ minizinc nurse.mzn nurse.dzn

PEAH NP LROHIE, BORARA D NEYE, ’WA N AEIE, ARG LR AA
WHL. — A ATRERISE A2

o 0O O 3 O Q S
O O o o o 5 >
o O O O 5 S Q
O 0O O 5 3 O O
o 0O O 3 O 5 O
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FH Ry AR regular nfa, B (B4 \epsilonill) K LFRA . BLAFRA N THEX

regular_nfa(array[int] of var int: x, int: Q, int: S,
array[int,int] of set of int: d, int: g@, set of int: F)

EAR T HAP B (ATETERT. sH) B AQMRES, AN .s, Bk ihd
(Wedf<1..Q, 1. >3 Qi 74E), WRREE ae (LAIHETER]T. .o ) PAREZIREAF (b2
TEFERED . Q) HIHeRZ. TERXHL, FATBOLEREA AR MORES P e e ok BonT DA 31—

IR 2
232 EXRA

R G P — A B R R AR AL 2 AR T DAE SCAATT ] LAY S o Xl A At (T T T AR A
BTG ACRIBRAL . RV T HEAS ) AR 2 2 ) FH R R PA AR B T i ok s AR HEZY
HOMISEZU IR IR 3 I T 1 K o

B 28 P T B 2 ) A M 3] JE DRI 2 jobshop2 . mzn

int: jobs; % 1E N i B &

set of int: JOB = 1..jobs;

int: tasks; % EMELHES K E
set of int: TASK = 1..tasks;

array [JOB,TASK] of int: d; % %4t

int: total = sum(i in JOB, j in TASK)(d[i,j1);% M 4F % |g]

int: digs = ceil(log(10.0,total)); % Hr oy BUE

array [JOB,TASK] of var 0..total: s; % 45 e JE

var 0..total: end; % K %5 R A |

% nooverlap
predicate no_overlap(var int:s1, int:d1, var int:s2, int:d2) =
sl + dl <= s2 \/ s2 + d2 <= s1;

constraint %% RiE{E%-1% BT 7 & 2
forall(i in JOB) (
forall(j in 1..tasks-1)
(sfi,jl + dli,jd <= sli,j+11) /\
s[i,tasks] + d[i,tasks] <= end

E

constraint %% fRiIEHE45z [Fl %A EE
forall(j in TASK) (
forall(i,k in JOB where i < k) (
no_overlap(sl[i,jl, d[i,jl1, sCk,jl, d[k,jl)
)
);

solve minimize end;

output ["end = \(end)\n"] ++
[ show_int(digs,s[i,j]) ++ " " ++
if j == tasks then "\n" else "" endif |
i in JOB, j in TASK 1;

AV — AT BB IR, BT R 2 A ZE AL PR B A X MREAE 51 S g
FANVEBRAY T2 15 7 190 -
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predicate no_overlap(var int:s1, int:d1, var int:s2, int:d2) =
sl + dl <= s2 \/ s2 + d2 <= s1;

ERE ST AR ORI HGE AR (8] st RpEkid (B oA d 4T 55 AN BERE LGN R Ny s2, #:F
ZEINTR A2 TR . B DAERCZ AT (B SR RAR Y ) A /R B R AT DA B b
JrE

AT A, EBEE ] DUE SR KB ZHE B AR A2, BT ABIH
TEAAFFEEAAIMAL T . EATPOREE F testE 3. BN

‘ test even(int:x) = x mod 2 = 0; }

e X

LA iR, FATATLARE 3G A

predicate <ifid &> ( <BHKEL>, ..., <FHKEX> ) = <HAKER>

<iE A AR BRI AT, <SR ORI ETRRIRTLE .
SHE S — AR R ARG 1 R0 DA SR IR HIHE Hyint.
KR, SEHPATEXRER, F7E

test <IFL> ( <FHEX>, ..., <FHEX> ) = <ARKAR> ]

HorP <A AR ik KA B E Y o
AHNBAIN G —VE T P B i asser tap S HIHTE

assert ( <HARKRZR>, <FHBRAR>, <KkHAR>)

assert TR EBMR G — M SRR —H:. assertRIAXGME — N SHEE MK,
WA W SR A SRS RS A SERE, W =125

HEZBAAFWHE =ANSHRIERR), RS S8R, ElASPrh. FreAenlbA
B AAE

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[i]
);

BEACRSAE 18 H A ) FE BRI A 2 T Bix i T
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2.3.3 EMEE
T R BORIE ) — R X, (R B — ik [ 2R
I B ECE ST — U ) S oA B B al A T

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

A TRAESCZ IR, FATATVATES 2 b B RO [ U e Jm — A A

constraint forall(a, o in SubSquareRange) (
alldifferent([ puzzle [ posn(a,a@), posn(o,ol) 1 |
al,ol in SubSquareRange 1) );

PRAOH TRl p 2 B SRR AR T A L. N, ARG ER X nff 7 i A [l 37 B
R B m AT A O R A1 2 T P e T S P L e KR B Dl — a8
Ko FATH H A2 5/ MR 2 B PR AR 2 M T o S eIt o e 0T ARy

function var int: manhattan(var int: x1, var int: y1,
var int: x2, var int: y2) =
abs(x1 - x2) + abs(yl - y2);

SERRIBIRAE S LR il o
51) 25 TR QAT 683 1) B 5 B0 . ) AU R manhat tan . mzn

int: n;
set of int: NUM = 1..n;

array[NUM] of var NUM: x;
array[NUM] of var NUM: y;
array[NUM,NUM] of var 0..2xn-2: dist =
array2d(NUM,NUM, [
if i < j then manhattan(x[i],y[i],x[j1,y[j]1) else @ endif
| i,j in NUM 1);

% manf
function var int: manhattan(var int: x1, var int: y1,
var int: x2, var int: y2) =
abs(x1 - x2) + abs(yl - y2);

constraint forall(i,j in NUM where i < j)
(dist[i,j] >= max(i,j)-1);

var int: obj = sum(i,j in NUM where i < j)(dist[i,jl);
solve minimize obj;

% simply to display result

include "alldifferent_except_0.mzn";

array[NUM,NUM] of var 0..n: grid;

constraint forall(i in NUM)(grid[x[il,y[il] = i);
constraint alldifferent_except_0([grid[i,j] | i,j in NUM]);

output ["obj = \(obj);\n"] ++
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[ if fix(grid[i,j]) > @ then show(grid[i,j]) else "." endif
++ if j = n then "\n" else "" endif
| i, in NUM 1;

PREOE X

PREUH AT R 2NA A 2 3L

function <REIRA> : <BHA> ( <FHEX>, ..., <FEEX> ) = <KBEA> ]

<H A>T R—ANEIEIRIRFF. B <2 U OB EIRMRBEH, <& FXE>
e AR I RAY B ab iR <k SORYRAL. SBANE I E P RSB — R R .

8 R BT AT AT AR (] 2828 it oA B T YR 1 SR 2 . S SCRIHE SR 2 R AR
SZRFRART, RECZAREA AR .

2.34 RGIERE

KT ARG Wt W R R, AR R T R S R AR TR A, R TE
S A K e AR P AR RT ARG WA AT RS R £ index_set(<1-D array>)
index_set_10f2(<2-D array>)index_set_20f2(<2-D array>)PA S J¢ T 50 5 4L LH 1) S 5 pR 280 o

TRl [P AR — A A BB AR AT BT BX T ] — LS BRI R ZARES &8 — A B
PR o XA VRE — A2 AR FR AT U2 ) iR AT B — P non-over lap A SR AT 12
EUZ AR R 2 BR AR G T IR B SRR — AN A X RATA R e/ N A2 4 17
T, BATTAEEM AT X MREATES L g

1| i H disjunctive i nl it 42 [a] VRl 1 B 7] T4 jobshop3 . mzn

include "disjunctive.mzn";

int: jobs; % 1B BB &

set of int: JOB = 1..jobs;

int: tasks; % FMELHAESEKE
set of int: TASK = 1..tasks;

array [JOB,TASK] of int: d; % HE5-F5 4 A A

int: total = sum(i in JOB, j in TASK) (d[i,j1);% . 4F%r i |d]

int: digs = ceil(log(10.0,total)); % WA BE

array [JOB,TASK] of var 0..total: s; % AT 4E H [H]

var 0..total: end; % K45 R ut

constraint %% (R £ 4-3% BB IR 7 & 2,
forall(i in JOB) (
forall(j in 1..tasks-1)
(sli,jl + dli,jl <= sli,j+11) /\
s[i,tasks] + d[i,tasks] <= end

E

constraint %% RiE{E4z KA EE
forall(j in TASK) (
disjunctive([s[i,j] | i in JOB], [d[i,j] | i in JOBI)
);

solve minimize end;
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output ["end = \(end)\n"] ++
[ show_int(digs,s[i,j]) ++ " " ++
if j == tasks then "\n"” else "" endif |
i in JOB, j in TASK 1;

Zykdisjunctive KRB AME S5 BT iR AN DA S E TR FRSe s 80, wf PR o A — M
F5 WG o FATE ATHRAHN — A LA RHAE R 1]

predicate disjunctive(array[int] of var int:s, array[int] of int:d);

HES e, FRATA DA X AT B R € AT 45 Z AR & . AR disjunctiveld i 1) E X E
ZARARE 5] F A9 SCFdisjunctive . mzn g5 .

WHRTENRGEH I L Fidisjunctive, WSFEE M 2R H X & —disjunctive. mzn3C4:
(A _RERAE 2 U2 ) TR FRATT F 1) R GBS B4 S HR 0T B, 5 ) S0 disjunctive. . mzn
, BATTAL HIRATA CAOE Lo Fefa B A S B2 FR A L1 E X no_overlapiin], — 8
T SE BRI A R H cumulative, fRANRJZ KA SCRFE GG . 424 H T —disjunctive
FISEEE . ERFRAVE H index_set RYFEREOR () KifrdisjunctivefISHEH BN, A& () 14
Htcumulativell) A id K/ INK IR A B . 75 Ak A 1 ] T assert ) = JCdUAS .«

H1| e i cumulative sk 5 X —/~disjunctiveidiildisjunctive.mzn

include "cumulative.mzn";

predicate disjunctive(array[int] of var int:s, array[int] of int:d) =
assert(index_set(s) == index_set(d), "disjunctive: " ++
"first and second arguments must have the same index set"”,
cumulative(s, d, [ 1 | 1 in index_set(s) 1, 1)

s

235 BEHEE

FET, RGN, F10ER R U2 AR A . R let RVFIREZIAAML. Enl A
BOUAT | PR R RMBSIL, (RSB API Rt Bl

let {int: 1 = s div 2; int: u = e div 2; var 1 .. u: y;} in x = 2%y

var s..e: X;

FIHE T ZRAMA S AL By letRIRXBEIRETIA, sREIIIE i 1, Bl PARTE
oAbk . BIan, SRIEERIL R 7Rk

1l <=s/\ s <=u;

constraint let { var int: s = x1 + x2 + x3 + x4 } in

JarER A B ] ARAEATAT Ty, AE ff A S 2 2k AN AR AT ol B ) Jey B2 ok i SCH A
BRET A BAHINARZ MR, JIRAH T RE R IR — SOl
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B SR B AL B R SR AR H fn ki Zwedding2. mzn

enum Guests = { bride, groom, bestman, bridesmaid, bob, carol,
ted, alice, ron, rona, ed, clara};
set of int: Seats = 1..12;
set of int: Hatreds = 1..5;
array[Hatreds] of Guests: h1 = [groom, carol, ed, bride, tedl];
array[Hatreds] of Guests: h2 = [clara, bestman, ted, alice, ronl];
set of Guests: Males = {groom, bestman, bob, ted, ron,ed};
set of Guests: Females = {bride,bridesmaid,carol,alice,rona,clara};

array[Guests] of var Seats: pos; % % A Hj EEAL

include "alldifferent.mzn";
constraint alldifferent(pos);

constraint forall(g in Males)( pos[g] mod 2 == 1 );
constraint forall(g in Females)( pos[g] mod 2 == 0 );

constraint not (posl[ed] in {1,6,7,12});
constraint abs(pos[bride] - pos[groom]) <= 1 /\
(pos[bride] <= 6 <-> pos[groom] <= 6);

solve maximize sum(h in Hatreds)(
let { var Seats: pl pos[h1[h]];
var Seats: p2 = pos[h2[h]];
var 0..1: same = bool2int(pl <= 6 <-> p2 <= 6); } in
same * abs(pl - p2) + (I-same) * (abs(13 - p1 - p2) + 1));

output [ show(g)++" " | s in Seats,g in Guests where fix(pos[g]) == s]
++ [Il\nll];

2.3.6 B8

AR, RIS P A R FLAE 75 A IS SR R0 4R A AT TR0 R R B8O T AR R AE— 5 R 1
B RHBl R ARAR

predicate even(var int:x) =
let { var int: y } in x = 2 * y;

constraint not even(z);

JE R SR RS KRR AR LR A AR FNTTE S S BRI IA T — e, WA s
dimk EAT, RIS N ERBEROSERE . B, —(2)5%FMT-3y.2 = 2y, REHN
TVy.z # 2y,

IR A RO T, BT ABURAER 2 s . Ao T2 Gk

predicate even(var int:x) =
let { var int: y = x div 2; } in x = 2 * y;

constraint not even(z);
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HE, AEevenRERZIEHN, FOSARCZEE, W = 2« (22). \FRINBEEEXT,
()M T -3yy =22 A 2 =2y, FENERTIyy =22 -2 # 2y.

LR A A IAE A T MBS P iy — Rl IR, H5E, B, B RG. IRM/RER
IR TS M & R A A /R BRI Ui a8 . ME—Ry B ohe B Anak sl e —4>
WRESET (BT EBA & HRM/RISEAN) .

T OTEE SCESE, RATBE S RikKe1 > 2B HLE Hynot el \/ e2, el <- 2% HLE N
el \/ not e2,

— MR BRI ] e

i
MBS R AR R constraint (S EEE A — IR H B ng Rk KenyiBits, sCE/ER
— M HBERESE e /\ e2f) TFEiEe1me2fiEE

HRIESE N A R B R A AAE ) ) AT AT R 2R o 2

o
HEBEEZMTMEN - TMTHERAERBERLES SIEE P e \/ e2f) TR IE
Rergie2f) 1B, HERIEN —DNHHAEHE EEE P e /\ e2fy T £ 15 Ke15f
e2 WiEE, WA RMEA—PHAASZIEZ T mzn: not eff) T-H B eHiESE .
HE B N /RBFE N @ AT BB i e, (H2 i e e et & e
R AT REYE . X E RS T EE, WESHIRIESLH| 18 50a HEL

P
MERE

P E BB AL AR — A BEARTESR B0OE B TR T e1 \/ e2mliel /\ e2ffy FRiAK
elme2, B RIEN—MHIAER EESH Mot el TFikR e ihH.

RE TS MR R BRI RSB AL, (FZ e B A 25 L i 2 S 2
AIATRETE o X T — RS T RRIAa, A E A 21 Rk U A e o

g
by

IREGESRAEMAE N — D BBl Eel <> e2el = e2B{Fbool2int(e) 1Y T FikHe15e2)
i%ﬁo

B TR LHE LR EE e 2E & W. @ AT A
F el <> e2%F 4y T(el /\ e2) \/ (not el /\ not e2)PL Mex = bool2int(e)% #y T
(e /\ x=1) \/ (not e /\ x=0),

WEEVAT AR B

constraint x > 0 /\ (i <= 4 -> x + bool2int(x > i) = 5);

x > OfEMREESEY, 1 <= 4EREIEEET, x + bool2int(x > i) = STEHEBET, x > ifE

s
A
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2.3.7 BEBLIR

kL AT DA RS | AR, T R R A R AT . B, 50 LR R TRk
B SRS 8

function var float: mysqrt(var float:x) =
let { var float: y;
constraint y >= 0;
constraint x =y *y; } in y;

R T yIERROEL: T HC 2 s
AR AT AR A T KA 1 R 2 SR A
B

JrifsAE AT AEAT AT A P Ay b s Uh g A

let { <FEHB>; ... <FEH>; } in <FKAAx> ]

FElf<dec>T] DA tRRAL BB S 40 (M AR i ik) B8 2RIR A . ARfT RS
FRARELE— BT R A B S B B 5 [ HE B E
TR R ERAS AN Y AN T DA IAE I I . SRR AR BN W] DA A A o s TR A TESE T
TS TR R, R AR B R E

2.3.8 E R 5TEE

AT B SRS pR RO FRVFRAT TR A B ST D B R . R a1b GO R [l — A/ N85 T
E—A™ A b Al REU(E R . B 2ex R TR ARl i I — IR FRZE
A, BN, Hogvar int, WERZHEHRA. KM, Fakaldon ()R [m]—ANTE M AT 1 i
FTREELAY (AR™4%) AR, TR, BlW 2RI, ARER R IA RN & B .

FF 0 F R 51 i reflection. mzn

var -10..10: x;

constraint x in 0..4;

int: y = 1b(x);

set of int: D = dom(x);

solve satisfy;

output ["y = ", show(y), "\nD = ", show(D), "\n"1;

BIdn, 512 AP AR e

y = -10
D =-10..10
oy
y =29
D={0, 1, 2, 3, 4}
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ﬁ'fi'fﬁjﬁ/@_lo < ) < OSFH{Oa s a4} - D c {_1()’ ) 10}5/1]%%0

AR S S BRSOV R A EAEAT 22 A A R AR IE AR B 77 B (U2 R XA R B
AR BT AN AR

var -10..10: z;
constraint z <= y;

ARe—AE SCEAE B RIERRY . ORI R (IERY) 2 foh2 B S 55 i R dfalr o™
I .

S SR

BATAEE W S AR R =X v BB (Y S R g
dom(<k i R >) iR [F] <5k 4 > B A5 Al BR(E AT & 2Ll
1b (< A >R [l <k 3k 2> T BRAE A LA
ub(<Fk £ &>) iR [Al<k ik R > BRIEATZ 2 .
1bFIubf) FE R Bint, bool, floatB{F set of intZEHI, domP FAXARAILAGER
float, HIER<EKAA>HFH—NLER —NEGRSEHEE (FlU0, var intHvar float
2, W& HEP—A R
BATOA BT ERBARNRA (G IRIRFRH]) :
dom_array (<% 41 5 1 %>) IR [BI B4 B R 2k A0 BT A T BEE A I EE — N4
iy
1b_array (<% 41 5 & 2>) R [BIECH T 8 BRI Ik Rab 20 R BRI 2 4L
ub_array (<# 41 5 #>) R BB H B Ir A Rk X R BRI & 43U

R, TR A R A U S A A A RO A XA T R RS g
FRRS, FRATTT DA X cumulat ive 2y s AR IR A 4.

F1FF| il 58 L —1~18 i8] cumulative . mzn

e e s e s e e e S e e e S e S S S S e S S S S TP T e eSS %
% FEHEBE-NMESFEE, HPREREN 'S,

% FFEuEd NEKRFERE T,

% fEATEE TR EHA AL

% —N2RRFRE D,

% Bt

% - forall i, d[i] >= 0@ and r[i] >= 0

predicate cumulative(array[int] of var int: s,
array[int] of var int: d,
array[int] of var int: r, var int: b) =
assert(index_set(s) == index_set(d) /\
index_set(s) == index_set(r),
"cumulative: the array arguments must have identical index sets”,
assert(lb_array(d) >= @ /\ lb_array(r) >= 0,
"cumulative: durations and resource usages must be non-negative”,
let {
set of int: times =
lb_array(s) ..
max([ ub(s[i]) + ub(d[i]) | i in index_set(s) 1)
}

in

forall( t in times ) (
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b >= sum( i in index_set(s) ) (
bool2int( s[i] <= t /\ t < s[i] + d[i] ) * r[il
)
)

E

XA R Lo ub R e SE AT 55 1] ARAT I I R FEL AR 0 32T 0K, B0 times HR R4 4> ik i)
timesE W 5 75 LI IR] 6305 1) A AT 55 T s i B R RN T 5 R
2.3.9 {ERE

P A L T 2 A0 o UM, 7 A B P o A A e T
DAL R e A Ak W DA R LR, S0 s

i e Suva W UBER (Wi
i let Fah s
LEREIEEER A GRIUE 2
AT AR e A P A A o 78 i [F) 44 AR 1) IS AR P kA

771) 3% ) AR A A IR A 2 scope . mzn

int: x = 3;
int: y = 4;
predicate smallx(var int:y) = -x <=y /\ y <= x;
predicate p(int: u, var bool: y) =

exists(x in T..u)(y \/ smallx(x));
constraint p(x,false);
solve satisfy;

Bin, VLRI T, x <= yHEpoZ2 4 Rx, smallx OO RpGREgex in 1. u, 1T
P )y 2B I 2 A4
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VETITLRE— ARG, SO BN T A . — IR AR 2 T — AT
fsRTRETHOAS L, Fer R, R TRAVER S ka0 . S RAS AR A
A5 F A 2 BT A S AT 38 A R D B AT I
2.4.1 FEHEAFOfEFRIEmRE

TR

— ISR R -

var opt <EA> : <TE 4>: ]

Hrp<xA>Rint, floatmbool Hi—A>, HFH BN EEEHEMESN. ®IRETE
APARSEL, HEXMAEHH.

— AT A AR B n] DU P IME <> R B sk oy .

AP R BRI A T AR B absent (v) AT 7RI 2R AU AR B vEUE <>HHR [ true
occurs(v) R FEIEI KRB A v REUE <R [Fl true, PAK<>IR[BlvIF)IE#HE D E 24 BUE
<> ] 2RI

VIR A 5 i 2 B 07 R BE R A T A 55 R RIGR A RVE LR BE 8, AT A
TERA LS ESATIAE S5, b 5 i I PLas B ME S5 B AT A] RE@ A —FERY . BATHY H AR
/MU AT S5 1R SE U] o — o P BTSSR i (P AR B A E 21| e 2 b o FE X
AR, FATE I < B ATHERE AL 55 RACREE LS BT 5 A mT REPE . FRATREH
alternative Jay 2 AR BERAT 55 (A6 4 FRF TR)FIIEE FRFRF 2 INF 1R] 58 1 2L B 1) Ml e AT 55 A IR
A BOR A — A2 5bRiatT. FATME M disjunctiveds iR BTERE ML L Z A —MEHSTE
1817, XRIATEARE] W PEFEAALST . R IRNTYRAL IR A ML S5 EisfT, A —4
FESChr (2T RRR) AR5 EAERITURZR .
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B2 il P I SR A 1) R 9% R IR AL R EE A 2 F1exible-js . mzn

include "globals.mzn";
int: horizon;

enum Task;
enum Machine;

set of int: Time = 0..horizon;

array[Task,Machine] of int: d; % G /MLE _F & #r 4t
int: maxd = max([ d[t,m] | t in Task, m in Machine 1);
int: mind = min([ d[t,m] | t in Task, m in Machine 1);

array[Task] of var Time: S; % # 4G i JE]
array[Task] of var mind..maxd: D; % FF 5 i [e]
array[Task,Machine] of var opt Time: 0; % ¥[34 #{E 52 4h

constraint forall(t in Task)(alternative(S[t],D[t],

[O[t,m]|m in Machine],[d[t,m]|m in Machinel));
constraint forall(m in Machine)

(disjunctive([O[t,m]|t in Task],[d[t,m]|t in Taskl));
constraint cumulative(S,D,[1]i in Task],card(Machine));

solve minimize max(t in Task)(S[t] + D[t]);

% B 1736 8

2.4.2 BEEkINSERY

) F e T A e M B A AU BRI OR, s Fwhere WA FR A RIN A BEAT [ 2 I, 1630

RA AT R .
fn, H B

var set of 1..n: x;

constraint sum(i in x)(i) <= limit;

AT BRI

var set of 1..n: x;

constraint sum(i in 1..n)(if i in x then i else <> endif) <= limit;

PR R B sunSE b EAE—BI S fbvar opt int EEE. T AERRIUNIRR, HAT&15E

WS
R, BB

constraint forall(i in

array[1..n] of var int:

X3
1..n where x[i] >= 0)(x[i] <= limit);

LA BRI

constraint forall(i in

array[1..n] of var int:

X3
1..n)(if x[i] >= 0 then x[i] <= limit else <> endif);
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[FAEHL, BRELforallSEpR FAE—F S Blfbvar opt bool F#gAE. HiF<>fE/\ EFEI AARiH
true, AT DMSEIIHEAGLE R

RERMNELMNO T, BT S REGEAMITT N . WEE

var set of 1..9: x;

constraint card(x) <= 4;

constraint length([ i | i in x1) > 5;
solve satisfy;

BANZ R AR S, BiREx = {1,2,3, W AMEG T XA IERK R
TAYRET

‘ constraint length([ if i in x then i else <> endif | i in 1..9 1) > 5;

AR R K S 2, AR AR E RSP .

FeATnT LA AAEAS B A BIEE ARG (AN T RE [ywhere A fe bt G B B i 28 2 . 3
TS B RT A i eI SR I E

var set of 1..n: x;
constraint sum(i in 1..n)(bool2int(i in x)*i) <= limit;

il

array[1..n] of var int: x;
constraint forall(i in 1..n)(x[i] >= 0 -> x[i] <= limit);
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CHAPTER 2.5

Tuple and record types

w»

“w» )

2.5.1 Declaring and using tuples and records
|

<var-par> tuple(<ti-expr>, ...): <var-name>

<ti-expr>
varvar tuple(int, bool)tuple(var int, var bool)

(<expr>, [ <expr>, ... 1)

(1, true)tuple(int,bool)

any: x = (1, true, 2.0)1x.12.0x.3
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<var-par> record(<ti-expr-and-id>, ...): <var-name>

<ti-expr-and-id>
varvar record(int: i, bool: b)record(var int: i, var bool: b)

(<ident>: <expr>[, ... 1) ]

(i: 1, b: true)record(int: i, bool: b)

any: x = (i: 1, b: true)lix.i

2.5.2 Using type-inst synonyms

type <ident> <annotations> = <ti-expr>;

<ident><ti-expr>

CoordNumber

type Coord = var record(int: x, int: y, int: z);
type Number = int;

array[1..10] of Coord: placement;function Number:add(Number: x, Number: y) = x + y;

vartype OnOff = bool;var OnOff: choice;choicevarboolpartype Choice = varbool;par Choice: check = fix(choi
checkbool

2.5.3 Types with both var and par members

enum EmpId;

type Employee = record(
string: name,
array[Timespan] of bool: available,
set of Capability: capacities,
array[Timespan] of var Shift: shifts,
var 0..infinity: hours,

E

array[EmpId] of Employee: employee;

employees
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enum EmpId;

type EmployeeData = record(
string: name,
array[Timespan] of bool: available,
set of Capability: capacities,

)

type EmployeeVar = record(
array[Timespan] of var Shift: shifts,
var 0..infinity: hours,

E

array[EmpId] of EmployeeData: employee_data;
array[EmpId] of EmployeeVar: employee_var;

employee_data++

type Employee = EmployeeData ++ EmployeeVar;

—EmpId];

array[EmpId] of Employee: employee = [employee_datal[id] ++ employee_var[id] | id in.

<expr> ++ <expr>
<ti-expr> ++ <ti-expr>

2.5.4 Example: rectangle packing using records

’

w»

type Dimensions = record(int: width, int: height);

type Coordinates = record(var 0..infinity: x, var 0..infinity:

y);

type Rectangle = Dimensions ++ Coordinates;

% No overlap predicate
predicate no_overlap(Rectangle: rectA, Rectangle: rectB) =
rectA.x + rectA.width <= rectB.x
\/ rectB.x + rectB.width <= rectA.x
\/ rectA.y + rectA.height <= rectB.y
\/ rectB.y + rectB.height <= rectA.y;

2.5.4. Example: rectangle packing using records
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¥l|Frect_packing.mznrect_packing. json

% Instance data
array[_] of Dimensions: rectDim;
Dimensions: area;

% Decision variables
array[index_set(rectDim)] of Coordinates: rectCoord ::no_output;

array[_] of Rectangle: rectangles ::output = [ rectDim[i] ++ rectCoord[i] | i in.
—index_set(rectDim)1;

% Constraint: rectangles must be placed within the area
constraint forall(rect in rectangles) (

rect.x + rect.width <= area.width

/\ rect.y + rect.height <= area.height
);

% Constraint: no rectangles can overlap
constraint forall(i, j in index_set(rectangles) where i < j) (
no_overlap(rectangles[i], rectangles[j1)

DE
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CHAPTER 2.6

2R

OB FATE AT R A ] XL R AT 48 T2 MR 7o (H2 A L,
JEHIE N AR R, FRATE AR E R DA AT o SO A TR A e V3
— MR EE, EER R AR R B — . SChr b, RO ZOREASSK AT B
AT BER SRR SE I T e ST — N RE A T TR BRI AOR AR A A B BN 8 R

2.6.1 HRZIFRE

A BRISOR s 18 R 0 e SIS A A7 TR (4 ] BB (E DA S e b — P 2R — S8 . R
SN LTHOR BRSO RIAR A (SCFR EAFIAR AT REAFAE THREL) , ARG (i Aok
i AU (E RS 15 nT REAFAE TP 8 THifRoE &t RSRM IS, B
WA E o« R A IR RS LA ARG, I —MRC Sudks), BiEf
IR 1L o AT BRI, SRR S AR AR A AR T &
A FRECR AR SE IR R, Bl Rfe— MR R G 2l — S HT .

B 2% B 5 ] kL A nqueens . mzn

int: n;
array [1..n] of var 1..n: q; % i%| ¥ 2 5 & 4Tqli]

include "alldifferent.mzn";
constraint alldifferent(q); % A [F4T

constraint alldifferent([ q[il + i | i in 1..nl); % X A%
constraint alldifferent([ q[il - i | 1 in 1..n1); % E+T

i &

solve :: int_search(q, first_fail, indomain_min, complete)
satisfy;

output [ if fix(q[jl) == i then "Q"” else "."” endif ++

if j == n then "\n" else "" endif | i,j in 1..n]

A BRI ) — SRR g n RS L, EZORIATBCE S B I5TEn x A BT AT
HA MG - A RaliliEsk ARSI 2 JHCEAEM 47 E. alldifferent R LR /ATy
N RJGEASTER —ATEE N AL b KRS E T = o8 (7)) BER. FATEE
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BCEAl1] = 1, EARRAT DAMCHAAZ B i 5 SO LIRS B — S8R0, B flaC2 0 B (Rl AT
HT R EAL2] = 3, RIGHE— PN AN A B 5 SO LT AL B — LU 4(E. AT B3] = 5
(EmFATREME) o FEX = )n, MBS R M. Ko 25 20m B2 8E 19 2 507
B BEFONHAHCEN 2 G RBGEPI A EN 25, FrAFN IR E AL I B 2 )

q[11=1i 2‘1“1 =1
qle] = 35 iq[2] =3
q[3] = 5i iq[3] =5

alel=4/" \gi6] 1= 4

Vel B2 ) AL ) S o P R

R P E EAIE— e . TRATTH AT R RE R A AT B SR RS —
A EER AR, SAlCEE N ER RN TREE. X, T— DR % a4l = 7
o ACRPERRI 53 S VR BUAE T BB (E AR A R SO/ NI AS B o 5 IR T S ok K
AR BRI , N — D RSRNZ2ale] = 40 WERIRAIMC XD, WRIIRA &% & KB A
R BN . (R Bl AR R — ME. Frikalel = 78T, (H2X X fFal7]
HlaColth R —AME. PRGN AR —E Sgadi fe. FATR IR 7R R, K
A [ IR i 5 — AN P a6l = 4IF HAMA BRI Eale] 1= 4 (51312 T AR
), RISRdIfEare] = 8o XOEARALEMEAGE U PR B FRATHETN SR kS iR o 1T 18 2% SR
KBk TE 125 A

REA PRI R PUE SO T PSRRIt — P A0, ARG et E— 2 L 2 3
B
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a1l af2] q[3] al4] ql5] aq[6] q[7] q[8] q9]

(o] o] ~ » (63 S w \} -

EIXEM AQL1] = 1q[2] = 4q[3] = SHPIRES
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a1l af2] q[3] al4] ql5] aq[6] q[7] q[8] q9]

(o] o] ~ » (63 S w \} -

FFERE— A Q6] = 4J5HRI IR 1L %
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2.6.2 BRI HE

R R 1O 1R A MR AR AT AR . R SR AR, AE KB T solveZ
Ja. R

solve :: int_search(q, first_fail, indomain_min, complete)
satisfy;

AR SR AR I o AR AT - B BT ) — 0o X MR R AR R AT %42 I
RETUAS BB o R B NI S AL B GX A first_fai L), SRJG i E N
ERER/NATREME (indomain_minfHiEHF), HPUMEANRRMHKIEER (completel ).

AR R ISR

BAVE AR R, XY T AR AR A
int_search( <Z &>, <TE&#E>, <HR&H>, <Fm> YH P<FE>F — A var int
BIR) — 450, <Teti>R—PNE T RSB REREMR, <4 rastg—
AT RSTHE WA 2R — A E e, <> —MERIEH, RAITErHER
1% Kcomplete
bool_search( <% &>, <T E# >, <HR&EH>, <F 8> )H H<F &> — var bool
R — AR, T RBR T —FE
set_search( <T &>, <T BE#HE>, <HhREHE>, <Fwk> YHrh<r 852 — var set of int
R —HERA, BB —FE
float_search( <% &>, <#E>, <T E#HH>, <HYR&H>, <Fwk> YHP<TFE>2—A
—#Evar float¥ZH<precision>@— A& H T FmeZ LNz Z10T
EANTF B A S . BB AT A
A R AR A
input_order M %2 H 44 BRI P 5
first_failBEERHA e/ IveE SO A &, PAK
smallest e FEAHA i/ MEAS &
R— A A
indomain_miniRA /N AE S PN IR (.25 745 &
indomain_medianfli{ & SC3m PN ) BB 25 AR &
indomain_randomM i S H B — N FEHLIA(EIR A AR &, PAK
indomain_split44% f i W — 7 b IR e R s 2B .
WFEalE, <ss>HEAA Ecomplete, XTI ARMAREFERM, ESE
2 SRR 5

ARG AR, AT A IR 2 R . H R — X R A .

seq_search([ < X FM>, ..., <BZEF#E> D

T #8828 M 3 ¥ e AT RSB I 5 — I AR I i e IS AR R, 0 I P I T 1 A2
BEEEE R, ERTHR A RREM, F . BRI PR SEAL

HANPRF =TV M4 AL R . FNTR] AR R AT h

solve :: seqg_search([
int_search(s, smallest, indomain_min, complete),
int_search([end], input_order, indomain_min, complete)])
minimize end
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B T AR PRI AR AL BE B s, SR AR IR E s . 24 BirA (AR A i ) s 8
Ja, ARt lend R A [ E . PRI FRATICE HON B B Sl REUE

2.6.3 *f#
T, PR —JEXI g, AT AYERTZ T A R A, DA IR (A 45 AL

A — A Bann. JRATLAFEII—EMSE (P18 T ERRIRE)

ann : <FRIEFF>;
ann : <fRIRF> = <HEMBRAA> ;

A BRI SO S RO — A
b, AR, Flsolve s nl DA H 1 : R b B AR
8 T PERRITREART,, - T 1T AR — A B ffannotat ion

annotation <EM &> ( <HHEN>, ..., <HFEX>) ; ]

H1) 3 B 5 AR i #R A nqueens -ann . mzn

annotation bitdomain(int:nwords);
include "alldifferent.mzn";

int: n;
array [1..n] of var 1..n: q :: bitdomain(n div 32 + 1);

constraint alldifferent(q) :: domain_propagation;
constraint alldifferent([ q[i]l + i | i in 1..n]) :: domain_propagation;
constraint alldifferent([ q[i] - i | i in 1..n]) :: domain_propagation;

ann: search_ann;

solve :: search_ann satisfy;
output [ if fix(gq[j]) == i then "Q" else "." endif ++
if j == n then "\n" else "" endif | i,j in 1..n];

H T AR T B T AR R, AR RS S A o FRATT R B — A Y b tdomain, AL
e AR A A i SN A RN Rpnwords Y FURREAH R AR o VAR FEAS FEal
ZJG. B—alldifferent 2B ER WYl M N P TE filfldomain, T 'E48 SR ffes 2ol flalldifferent
W5 S AERRIAS (WERAHITE) o — A TEMRAS Frsearch_annti /= BRI FH >R U R R, . I
ATTAT DATE— A~ BRph ) 50t SO v R 4 HH 48 2R SRS T (L

FEREMRR BT 2V A AR LR (FATBSE— AR E— A Bl g s SO )

search_ann
search_ann
search_ann
search_ann

int_search(q, input_order, indomain_min, complete);
int_search(q, input_order, indomain_median, complete);
int_search(q, first_fail, indomain_min, complete);
int_search(q, first_fail, indomain_median, complete);
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%*4%%%@?%&%%F%Fuﬁﬂﬁﬁ¢ﬁ AR R, HRRE T
HAE. M—Aﬁ%EX%ﬁ¢I$m 25, RERER/MESRE. &R EE
KN/ NG, BCE RS

K[ﬂE@%ﬁ%%%xﬁ?ﬁ%%ﬁ%ﬁéiﬂﬁ’iﬁi%ﬂ’ﬂ%%o TR AR AR T AR L G T B b
AN ) 45 2R SRS e 1) 52 i (P R 25— I T AU b SR A B CHrp— o i) . AR,
WER|, GEARRR S R E AR

n input-min input-median ff-min ff-median

2.6.3. X## 83



MiniZinc Handbook, & {ThiZ 2.8.5

84 Chapter 2.6. %



CHAPTER 2.7

MiniZinc FRIENEES K

XFE] AN, U RRAFEZ R 2Ok o — 287 A R ] DR A ok g, 53 4b
—HNAZ. EERTTOUN, FRATRMEDE A R R X s — AR 1 ) AR A R .
ek, XEAF TR TRATE N RZ K g . TR —F T, BATLE TR, ARl
PR B R A AR TR AL

2.7.1 TERMR
A AL RS, R T XTSRS AR O 2R AL T2 O S B A8 R R B i,

R ATBA R B MBS A 2 BRI REE R 7 FRb U R ISR 2, BEVENTTAE
2 B R ) 2R A RN

FN A TR R A grocery .mzn

var int: iteml;
var int: item2;
var int: item3;
var int: item4;

constraint iteml + item2 + item3 + item4 == 711;
constraint iteml * item2 * item3 * item4 == 711 * 100 * 100 * 100;

constraint 0 < iteml /\ iteml <= item2
/\ item2 <= item3 /\ item3 <= item4;

solve satisfy;

output ["{", show(iteml), ",", show(item2), ","”, show(item3), ",",
show(item4),"3\n"];

TED1) 22 R R 2R B 1) AR S (A E AT RS IS S A oo LR R B A U0, 2R
BRI NTEHIR . 24T

$ minizinc --solver gl2fd grocery.mzn
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% /tmp/mznfile85EWzj.fzn:11: warning: model inconsistency detected before search.

X A A A 3 v 1 v ) R N R AL & Jvar int, B BORMER S — D RUAR R
—1,000,000...1,000,000. {H XA~ [ A/ T PAZ T A BE 2R 380 Hh ) 228 5 ] 8 B
{H.

ORI (AT A A A RS W DA A B X B SR

var 1..711: iteml;
var 1..711: item2;
var 1..711: item3;
var 1..711: item4;

FAVGR) ALY, R BAE AT ASEIRT H A ) ks Ui B, o L B BRI AS 2 2R
IR . FEMULE RS, SRR A 1152

{120,125,150,316}

R, U R EEE R B ] R T R LR R R S AR . 1217

$ minizinc --solver gl2lazy grocery.mzn

ARERFEMLATEER, DUOARARARES P AR i As A T BRI FR .

FERLA A B R A AR AR . S et RIIR T [ BERT SR, IhAREREN]
T CEFR MR R FR . XS FARRRI B AR, ol IR S i ml et —
APIINE BART I DE— B AL BRGS0 SCESF T — ARk, @ H# T A BRI
ZUHEWT H AR A R SR

2.7.2 HHWEMTT

MR NRMNEEIBE DR P RN =ATER N (K TR) . Bk E b —A 480 E
S SRS AR EE, Wadili, i1 N E. FATEF T AE AL

int: count = sum ([ 1 | i,j,k in NODES where i < j /\ j <k
/\ adjli,jl /\ adjli,kI /\ adjl[j,k11);

XMAREX, BRERE T IrA TR = e . IR E Mg, RS —H3
IS i, Sl DARERT— 282 )5, FRAT AT DA S 47

int: count = sum ([ 1 | i,j in NODES where i < j /\ adjli,j],
k in NODES where j < k /\ adj[i,k] /\ adjl[j,k11);

RAT AGE I N trace REORAF B E A L T KA T AF 4
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P Ftrace (s, e) FEXT Fh e sRE 1R [0l B HMELZ Bthan th 775 His. BT AEALT ST T
.

B, AT AR B AP TIRT 20T B ARG ER S EA T 1 2 b Uil i

int:count=sum([ 1 | i,j,k in NODES where
trace("+", i<j /\j<k /\ adjli,j] /\ adjl[i,k] /\ adjlj,k1) 1);

adj = [| false, true, true, false

| true, false, true, false

| true, true, false, true

| false, false, true, false |];
constraint trace(”\n",true);
solve satisfy;

e

B i o L ‘

PR NIRRT T,

int: count = sum ([ 1 | i,j in NODES where i < j /\ adj[i,j],
k in NODES where trace(”+", j < k /\ adj[i,k] /\ adj[j,
kD 1);

FHE o

B ‘

PR NIRRT TR
TERLAR AT AFE trace Fr 0 T BRI 740 R RS BO AR BEAR A A Qg AR v 2 2R T A4

int: count = sum( i,j in NODES where i < j /\ adj[i,jl1)(
sum([trace(" ("++show(i)++","++show(j)++","++show(k)++")",1) |
k in NODES where j < k /\ adjli,k] /\ adjl[j,k11));

SR AR R B S A . SR

(1,2,3)

FATEARIN X EIRATA — mAE AR R L1 DL 4 i 4% 55 P _L 2 flwhere A H I 2400 H B
BHEF B MAT ] SRR BT I8 o AEX R DL T A trace s AR SE R b T X AR LA — ok i
187y where VRIS E (B B RS A OTIX OS2 — ARG 2 ROR R B 4 iz A I

Rl

]%o
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2.7.3 TRYR

PRI S WML FOR ISR ERCE . RSO IMATURZR, RIPEEA a2
B ERGEIAR, A RESLERARASAE g A B 2 T R R T P i P S AR SR AR

[l 26 5 7% 29 R AT A JBE AR ER 1) A
zfTn = 16 AR T :

$ minizinc --all-solutions --statistics magic-series.mzn -D "n=16;"

n =16

s=1[12,2,1,0,0, 0,0, 0 0,0 00,1, 0, 0, 0];

SR G S RN

FATAI ATERE B Ao ATUAR LR . T 7 51 B 4 A B T R B — N0 B 8K
FATAGEENIR RS EZn. L, hTXNFIRIEARR, FATAESI] « iARE E thdn
o BERANTR 7 AT L L3O AFRAT IR 51 5

F At FH TU AR 29K AR R R 52 7] TR i magic-series2. mzn

int: n;
array[0..n-1] of var 0..n: s;

constraint forall(i in @..n-1) (
s[i]l = (sum(j in @..n-1)(bool2int(s[jl1=i))));

constraint redundant_constraint(sum(i in @..n-1)(s[i]) = n);
constraint redundant_constraint(sum(i in 0..n-1)(s[i] * i) = n);

solve satisfy;

output [ "s =", show(s), ";\n" ] ;

1R Z AL SR A ] — A1)

$ minizinc --all-solutions --statistics magic-series2.mzn -D "n=16;"

P T FRER R . RGN AR TR . X TTR AR AR S R AL

2.7.4 RERERF

TP ARZE I N EG R A EGEAL, RUE P SRR ol 2> LU S — SRR A B AR A
[F] AR 2R g 2 AN [ R AR . EORERR G , TN TR R AR IS o o, AN [R] AASE 2R Bl 22
BB ZE, (H2, FABLR N PAZE 28 5Tl i 00 R 7 A S 4 i AR 45 5
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B 2 [

NIRRT ) A DA T AR
HARWAE, B 2R BRSO A I EE e AR
/NP A B T 3
I B 215 E SR fRIG B L
AT REHLE ) 42 JR 2R
SKhRfE oL, PrA ik LA S A A X MR Y R R B IR A R R W E B IR .
R T HSEsRZ Ah, BATRMEFIBHE R E R m2

WLEEANN A, FRATEAR T B niXn NMCTFRIHES, B BECT 1 ZE BB I — D EIn iy HES .
SIS I T — N B 75 2R AL A A2 . B B ol B e M E Lo BT PAS
ZNOU T R 2 E] 2 n "

H|ZRXT T probee7 i [a] fF £ 51 A @l i flallinterval . mzn

include "alldifferent.mzn";
int: n;

array[1..n] of var 1..n: x; % BT
array[1..n-1] of var 1..n-1: u; % ZH 77|

constraint alldifferent(x);
constraint alldifferent(u);
constraint forall(i in 1..n-1)(uli] = abs(x[i+1] - x[il));

solve :: int_search(x, first_fail, indomain_min, complete)
satisfy;
output ["x = ",show(x),"\n"];

TEXAR T FEH RN R IOHE . 290 H ARHUAT fHfalldifferent KKK .
SRAGRERY

$ minizinc --solver gl12fd --all-solutions --statistics allinterval.mzn -D "n=10;"

HEA PR RRIAR I ] A RS 1 B MR

TN AR Ry, Hohy MBS IR P P B AL B . FRATT ] Bt ol ) A% v ok At
FOREMNE . vIIIFER TYNHMEZE e B E . Wy LTIy L3122 50—, Hg > i,
MR T eI E R AR« BIrPAVE -1 18 0o A 7 B e AR . FRATT AT RAZ XA
BERUMABAN IR T RATAE 22015 274, FRATH0RT AHEWT B Ry {57 05 25
SR abs( y11 - yInl ) = 1. [AEEAPFFRATZE(En -1 A7 Bt 2 AEy U1 IRy Dn] A A B L 1)
AL E, Blvin-11 = min(y[11, yInD). A 7TXEZ )G, FRATATDABI ST . A M
BRIy R EI T EARFY .

H|Z2 4= X 8] 741 ) iprobeo 7 — S wia#iAl . allinterval2.mzn

include "alldifferent.mzn";
int: n;

array[1..n] of var 1..n: y; % S/ FZEHNLE
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array[1..n-1] of var 1..n-1: v; % ZHiWLE

constraint alldifferent(y);
constraint alldifferent(v);
constraint forall(i,j in 1..n where i < j)(
(y[il - y[31 = 1 -> v[j-il = y[iD /\
(y[jl - y[il = 1 => v[j-il = y[iD)
P

constraint abs(y[1] - y[nl) =1 /\ v[n-1] = min(y[1], y[nl);

solve :: int_search(y, first_fail, indomain_min, complete)
satisfy;

output [ "x = [",] ++
[ show(i) ++ if j == n then "J\n;" else ", " endif
| 3 in 1..n, i in 1..n where j == fix(y[il) 1;

A0 [ AR R AT AR R AT [ ) A R M SR /N o (BN T 45 A8 RoRIup) ¢ 2R T AE 30 [ L
BT — A AR B 7 HOR G A By IV R RS B DAFRA T B W i R R B 2

$ minizinc --solver gl2fd --all-solutions --statistics allinterval2.mzn -D "n=10;"

AEHE SR PR T PRI . A AROJE, RO MR R, A8 Rty b IR
At RN . IS 2 ERA AR R B U, (R R AR LSS T

£,
2.7.5 S EEENER

BIA TR [E] AR PR, TR R T DA SRS A R R, e PR
A e AR AN T [ RS P 7 A2 R R AT T i A AT B Y

Bl 22 Fr 4= X 8] )54 ) iiprobee 7 — AN EE AR A, allinterval3.mzn

include "inverse.mzn";
int: n;

array[1..n] of var 1..n: x; % H{HH F7)
array[1..n-1] of var 1..n-1: u; % Z{HH /77|

constraint forall(i in 1..n-1)(uli] = abs(x[i+1] - x[il));

array[1..n] of var 1..n: y; % S/ HEWHMLE
array[1..n-1] of var 1..n-1: v; % ZHEHLE

constraint inverse(x,y);
constraint inverse(u,v);

constraint abs(y[1] - y[n1) = 1 /\ v[n-1] = min(y[1]1, y[n1);

solve :: int_search(y, first_fail, indomain_min, complete)
satisfy;

90 Chapter 2.7. MiniZinc by B E ok



MiniZinc Handbook, & 1Tl 2 2.8.5

output ["x = ",show(x),"\n"];

Gl ey T — 45 Fallinterval .mznfllallinterval2 . mznfR AE (19 A BB AY . A5 AL ) FF 46 %
H Tallinterval.mzn, FA1EENE T3k 3 Tallinterval2.mznt |14 25 Ty v, Fe 148
&R Y Winverse R JEAS B 4P 5] — AL inverse(x, ) AWy x5 v AL (R Z JR4K) , BI,
x[il = j <> y[j1 = i. FIEPHEE TEN—E L. XMBAIE A S A By flv e B
KL, BATRIURT (b EREREITIR) . IiVENASS B TR KERZ R0 E
o alldifferentt NIL T o JRFEZ TR AR TUR T (BRIUR) . ME—I2H0E X
TAS B XFNUAN 5 R LR DA Sy RV TUAR LI

b R4 F Yy d inversel—A4 & Xinverse . mzn

predicate inverse(array[int] of var int: f,
array[int] of var int: invf) =
forall(j in index_set(invf))(invf[j] in index_set(f)) /\
forall(i in index_set(f))(
f[il in index_set(invf) /\
forall(j in index_set(invf))(j == f[i] <-> i == invf[j])
)

KA — AL RGEFRATAT DA B2 1 AR R AR LA o AT AR,

$ minizinc --solver gl12fd --all-solutions --statistics allinterval3.mzn -D "n=10;"

RS B AR RN, PRCA Ry, TERR G NS TR A B, TERR LA R
xAABATIRIFEIREAL, T3 2RI RIS

2.7.6 MR

XHFRAE LA R AL AL A2 5 IR o FRATTn] AR UGE IS 2R E — P, 7R AL
WA B R T — A S G MR ARARIC A 7 o BN AR T AR G B BCA e B A
JEIA T EL L

original 90° 180° 270°
© [ [ | @ 11 ® 0
o [Te T FEF
@ e | | o [ | | Q| |
[ o || ©® Q| | @ [ ]|
@] | HN ) &) o ||
|._. ) I._ :Ij_. .I |
o [ [ 9|| ' o o [ [ ]] flip
vertically
o [ 1] [@ [ | [ Q| @
@ Q) :IQ_ ol /
HEEC) [ ]| @ @ I
| @ @ (&) o [ @

o ._Fl;l :Pi_, - |°|_.|, Prtiel

eV Sibporing i
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AT A TR TS5 245 5L 5 VR A A7 AR ] SR AT 75 B 2 55 2 p s 2 1) R 3 Akt i A SR A e
TS TAREIR G A X BRI FRARAS o X SR A VAR BEAE Y AR R B R — A B . 55 41
— AN E R B e AT R AR L T BE S PR AR AR R B A

BT A I R 2T HOR 25 0] RE & Sl 25 8 S5 e 54T sk 2 n] AR AR JE 24 58
W JETE AT o XA —IRE A UL 2R AT . SR Phsg BN RER 5 BB —A>
SR ffas A — SR 2 5 R IE — mi e e BT AR R T X i L. IR S AT AR 1Y
S ISR R Sl IR B R — AT A 2210508 b . B H Y &5 3 AR AE SR AT I 2657
2 JEAERAT. TRERER RS TR ERERZ MR EC LR HIHEA T 2
ARSI FRIRES

Ifii |6|_§|

1@
[O]

;- il

@

Vel 52 i ) AN W 2 A SR PR R 2 AR TR R R A

2.7.6.1 FREHIXFRIETRER

BB SXS R T AT ) A6 T W IR R bk A 5 1 e T R o L AR 2R o A 2 SR i — A
SR HIIRAELY BT AT X AR A 25 R i PR B — >0 X SEL RPN 35 A g 2 AR AR 29 R
XEFRPER BT J5 AR A AR o 284S Bl AT AT DA A f] B A 247 S i 55— 51 g 52
JE AL AE AL 20053 AT 25 et B A AR o BRI 0

‘ constraint q[1] <= n div 2;

TS DA 2R & 25 B aiae P i g R PR AR e i —2 0 S T R BR AR IR A TR 2 T AR

FRATTHE A XSRS R A S B S — 2 5 30 5 29 RT AR TR I R k. 2846
ARG ALAE T4 SRy i e B AL ik A TP L) — PR AR 4 LA 23] ARSI AIR AR

‘ constraint lex_lesseq(x, reverse(x));

IR 2 I UG 2R W 7 S [ A 1] R 75 B R e i — g 28 B 1 T T A 2
IR 1 Hrp — X A R AR R AR P T 250 A A e R A 4L A

array[1..n,1..n] of var int: x;
constraint lex_lesseq([ x[i,jl | i,j in 1..n 1, [ x[j,i]1 | i,j in 1..n 1);

FULHE P AR AR AE T BA TR LAIAZS A R IR BIR TLAS X AR A AN 5 2B AT AR P H 23k
(BEZS i shdhe =+ GRIITVE ca= T
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X 5 AR AN S @ X A5 F AN BE B i ] A O S — SERERRAS RER A A A oy HES . e
G AN A ) 45 Ty e A8 5 I TR s AT R A e 0 TR M A A% T R B 2
A—ARIETE R BUERTA WX FRIEAR AT AR X A B HES o PR J2 20 5 5 A
E B A R AR o BT SN ) B TATT A B AR R SR AR S AR E T2 A AGE
WA 140 % & s A Aok il P ARRER —HE

TIAATS 7R A T4 30 24 ORI AR M e 24 R 1 S8 A TR R /R AE 71 2 LT AT T DAL — 28/ NSy
A AL e B IR B A R FR I o 2 AN TS I ¥ nis 4 7R 2 L A A B 8 — T AR~ b
W KRR -shRab s B h” 7 A 7 o ARIAZ T ASRAS AR 8B AR ARk
X A5 o

A1) 3¢ 52 )i 1) RO FR PR B )5 A A B nqueens _sym. mzn

% BEHE—MLE 1B NIRRT EERRTELILREA—ANER
array[1..n,1..n] of var bool: gb;

% T 4K
constraint forall (i,j in 1..n) ( gb[i,j] <-> (qlil=3j) );

% FHLHE X BRI
constraint
lex_lesseq(arrayld(gb),
/\ lex_lesseq(arrayld(gb), [ gbl[i,j]
/\ lex_lesseq(arrayld(gb), gblj,i]

_ [ i,j in 1..n 1)
_ L
_ L
/\ lex_lesseq(arrayld(gb), [ qgbli,j]
_ L
_ L
_ L

gbl[j,i] | 1
j i in reverse(1..n), j in 1..n 1)
i in 1..n, j in reverse(1..n) 1)
i in 1..n, j in reverse(l..n) 1)
/\ lex_lesseq(arrayld(gb), [ gb[j,i] | i
/\ lex_lesseq(arrayld(gb), gbli,j] i
i

/\ lex_lesseq(arrayld(gb), gbl[j,i]

i in reverse(l..n), j in 1..n ])
i,j in reverse(l..n) 1)
i,j in reverse(l..n) 1)

2.7.6.2 HAthx+ERE9HBIF

VFZ HoAh (7 RS A AAE X R ME IR I RS PR 0 & SRR A — e AR 228 i WLy
Bil¥-

B A PR Y 2 LB R AR T I T A ) 2 R A AT AR Y

T 8 T AR — A PR €0 (A A R 08 P10 A AN [ 1 B €2 P A o o R TR A
PO, (ERX BT EHRER . — P EERIR TR

i 24 PR AN SRAT 55 2 25 B 7 T — S AT o 0 A D ) 2 1) 7 T B 2 R AR 113K
R ) AL AR (LA

FIEBIEFRF 179 28 1 AT A A (] B 7 B R 67 ] B8 e T AR LS4 B sl P 79 1 A [ 7 i
BRI 5 B) — A
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£ MiniZinc Fp x4 /R AT i g 14 i8] R A

AT DA FH R 251 7R AT P R A A, 3K [V T P 72 e PR ) A A& 7 R Bllbool . AT DA FH A K
BT R T MR AR A S R g R AR AL

2.8.1 ERIBE

R, SR FATREEAEH — R AW R MR R, FRAT W] RE o 75 22 45 ) ) B AR 4
@ﬁmﬁiﬁﬁﬁ%ﬁﬁﬁ%ﬁ%ﬂﬁﬁﬁi%ﬁﬁﬁ@ﬂ~mW%%ﬂ§§Hﬁ%§§¢
m=2"—1,

TG TRERRNEATI0AE Brlo, . gy, ORI = 287 hi 4 28720 o 4 200 4 g
e, XAFRIRH

array[0..k-1] of var bool: i;
var 0..pow(2,k)-1: I = sum(j in 0..k-1)(bool2int(i[j1)*pow(2,]));

— LI AmA T I B, i Hi = 3000 bool2int (i) HITHE—JLRAR A K
BRITRZFR, BATAREORG — ;1,1 <j <m. 1EF, XAFRHN

array[1..m] of var bool: i;
constraint forall(j in 2..m)(i[j] -> i[j-11);
var @..m: I = sum(j in 1..m)(bool2int(i[j1);

(HHA TR m + 10 &b, - .« im, HHi =k < i 3f Hio, ... in T REZA—
NE. FEH, XAFERN

array[0..m] of var bool: i;

constraint sum(j in @..m)(bool2int(i[j]) == 1;
var 0..m: I;

constraint foall(j in @..m)(I == j <-> i[j]);

TR EAT FLA R AR A o IR TR rh s SR R A AR R B, T LA —
s BRI
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28.2 FEXEER

BNk, ARFATHE A — AR T 5 AL — AT 5 MR AEn X nAN RIS ECE L. n
Z AR EE B N e T A AU B — R B St T T 7 M A — A B
A,

PIZERLT 7 MR B M 1atin . mzn

int: n; % #L T F B AN
array[1..n,1..n] of var 1..n: a;

include "alldifferent.mzn";
constraint forall(i in 1..n)(
alldifferent(j in 1..n)(ali,jl) /\
alldifferent(j in 1..n)(alj,il)
P
solve satisfy;
output [ show(ali,jl) ++ if j == n then "\n” else " " endif |
iin1..n, j in 1..n 1;

A B A ME— R R SR B R ARSESR, M EAELRalldifferent PRIRID . BUEFREHR
KA R R A RA TR Ty R B R AR R A,
AERUB TC R al i, JIRE I — AR BE A . AT FH i Tilexact lyone R A o A KB AE B
TTRFVEAGH B —Ik R BAE — AN /R BUAR S0 Y TR AU A e K ali, j TN H.

FIFHLT RS A /R B A 1at inbool . mzn

int: n; % T 4 WA/
array[1..n,1..n,1..n] of var bool: a;

predicate atmostone(array[int] of var bool:x) =
forall(i,j in index_set(x) where i < j)(
(not x[i] \/ not x[j1));
predicate exactlyone(array[int] of var bool:x) =
atmostone(x) /\ exists(x);

constraint forall(i,j in 1..n)(
exactlyone(k in 1..n)(ali,j, k1) /\
exactlyone(k in 1..n)(ali,k,jl) /\
exactlyone(k in 1..n)(alk,i,jl)
B
solve satisfy;
output [ if fix(ali,j,k]) then
show(k) ++ if j == n then "\n" else " " endif
else "" endif | i,j,k in 1..n 1;
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2.8.3 BYRER

PEFRATATE T AN AT TS . XN — R RS LA, BRI 25 s R
Fee AP I T REA S B Z WIECY, SEE AT AT E AR AT A S
A% i1

#A*EMH%E“ﬁ%IW’mﬁ%mﬁﬂ%%ﬁ~ﬁ&ﬁﬁﬂﬁméﬁﬁﬁﬁﬂ%

=N

TG o

ATATPIASKT AR A ER 25 .
— A BE R I TE R WA AR QT KT I Al A 45 T34 A HH AR L
EIZ5 T KT R — BT DA S I 45 T E R A

P RLAT T R — Bl T e

XA AR [ SR MU T DAGE AT /R ZRUAS B AR, 117 R ZR A B ] R ol S WA — A PO RS B0 35— iUAT
PABOHR—A8A o [RINFRATHA — %{’Eﬂﬂ THIEW H*%Lﬂﬁ*kﬁ%ﬂn_%%ﬁ%ﬁ?

B AT IR 1ightup. mzn

int: h; set of int: H=1..h; % 5 &

int: w; set of int: W= 1..w; % W% /&

array[H,W] of -1..5: b; % M

int: E = -1; % =A%

set of int: N = 0..4; % E I H BFEH W
int: F = 5; % AR A H B F B WA

% LE (i1,31) WLE (i2,j2) AN
test visible(int: i1, int: j1, int: i2, int: j2) =
((i1 == i2) /\ forall(j in min(j1,j2)..max(j1,j2))(bl[i1,j] == E))
\/ ((G1 == j2) /\ forall(i in min(i1,i2)..max(i1,i2))(b[i,j1] == E));

array[H,W] of var bool: 1; % is there a light

% LI Ay M AE KT

2.8.3. B REE 97



MiniZinc Handbook, & {ThR# 2.8.5

O 0

O

OO

I KT i R 7 B 1 i

constraint forall(i in H, j in W where b[i,j] !'= E)(1[i,j] == false);
% lights next to filled numbered square agree

constraint forall(i in H, j in W where b[i,j] in N)(
bool_sum_eq([ 1[i1,3j1] | i1 in i-1..i+1, j1 in j-1..3j+1 where
abs(il - i) + abs(j1 - j) == 1 /\
i1 in H /\ j1 in W 1, b[i,j1));
% BT A AR R
constraint forall(i in H, j in W where b[i,j] == E)(
exists(j1 in W where visible(i,j,i,j1))(1[i,j11) \/
exists(il in H where visible(i,j,i1,3))(1[i1,3j01)
P
% WA HRE L BB
constraint forall(il,i2 in H, j1,j2 in W where
(i1 '=1i2 \/ j1 '= j2) /\ b[i1,j1] ==
/\ b[i2,j2] == E /\ visible(il,j1,1i2,32))(
not 1[i1,3j1]1 \/ not 1[i2,j2]
B

solve satisfy;

output [ if b[i,j] != E then show(b[i,jl)
else if fix(1l[i,j]) then "L" else "." endif
endif ++ if j == w then "\n"” else " " endif |
i in H, j in W];

B e 2 T XA DA — A . ] P 5 8 D St SO E B I e e i
SR RTINS &g SO
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[1;

BEA T A R BRI 1]

predicate bool_sum_eq(array[int] of var bool:x, int:s);

FERF— MR B AN S T — A B B 2200y SO BE Bl A1 R AR B2 2RO
A W4 FRATT AT DAGE A0 35 A & 00— W 28 45 117 R B SR 57— > oA /R LR

BLS=Y
HEFF M2 FATT AT LA A B — A~ 9 45 25 70 JEA1 R BB A DR B — A R BLE AN
—ILHRIBN

TIuHIRE s AT AR A TR () SRERISIHLIR.
BN FE F — e hnywe M 4% s 32 ibbool sum . mzn

% AR EExH B = s
predicate bool_sum_eq(array[int] of var bool:x, int:s) =
let { int: ¢ = length(x) } in
if s < 0 then false
elseif s == 0 then
forall(i in 1..c)(x[i] == false)
elseif s < ¢ then
let { % cp = number of bits required for representing @..c
int: cp = floor(log2(int2float(c))),
% z is sum of x in binary
array[0..cp] of var bool:z } in
binary_sum(x, z) /\

%z =='s
forall(i in 0..cp)(z[i] == ((s div pow(2,i)) mod 2 == 1))
elseif s == ¢ then

forall(i in 1..c)(x[i] == true)
else false endif;

include "binarysum.mzn";

H AN ITeR AN 25 A binarysum. mzn

%L ox WERA = ZORTW S
% sf0l, s[1], ..., s[kl HF 2%k >= length(x) > 2*(k-1)
predicate binary_sum(array[int] of var bool:x,
array[int] of var bool:s)=
let { int: 1 = length(x) } in
if 1 == 1 then s[0] = x[1]
elseif 1 == 2 then

s[0] = (x[1] xor x[2]1) /\ s[1]

else let { int: 11 = (1 div 2),
array[1..11] of var bool: f
array[1..11] of var bool: t

(x[1T 7\ x[21)

[ x[il | i in 1..11 1,
[x[il] i in 11+1..2%11],
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var bool: b = if 11x2 == 1 then false else x[1] endif,
int: cp = floor(log2(int2float(ll))),
array[0..cp] of var bool: fs,
array[0..cp] of var bool: ts } in
binary_sum(f, fs) /\ binary_sum(t, ts) /\
binary_add(fs, ts, b, s)

endif’;

% LA THME x fr oy R, L ci AREFH#M, RBH T s
predicate binary_add(array[int] of var bool: x,
array[int] of var bool: vy,
var bool: ci,
array[int] of var bool: s) =
let { int:1 = length(x),
int:n = length(s), } in
assert(l == length(y),
"length of binary_add input args must be same”,
assert(n == 1 \/ n == 1+1, "length of binary_add output " ++
"must be equal or one more than inputs”,
let { array[0..1] of var bool: ¢ } in
full_adder(x[0], y[@], ci, s[@], c[@l) /\
forall(i in 1..1)(full_adder(x[i], y[il, c[i-11, sCil, c[il)) /\
if n > 1 then s[n] = c[1] else c[1l] == false endif ));

predicate full_adder(var bool: x, var bool: y, var bool: ci,
var bool: s, var bool: co) =
let { var bool: xy = x xor y } in
s = (xy xor ci) /\ co = ((x /\ y) \/ (ci /\ xy));

Fe AT T DAGE IS 8y A T vk 2% R 2% 40 S 52 Blbool _sum_eq.  [EI41) Frh B L 1A
binary_sum@l| & T — A B AIH T 4E R R . BB FE S NI, 84— 4 BN ok
BENENN—D IR, SRG fbinary_addftixX A4~ — SCEUENE K . AnExF) KNS,
W5 Je— AR AT AL A A — eI B A B R (5

P 0 F e N N 4% 22 s 382 B ubool sum . mzn

% MR ELE xBEF = s
predicate bool_sum_eq(array[int] of var bool:x, int:s) =
let { int: ¢ = length(x) } in
if s < 0 then false
elseif s == 0 then forall(i in 1..c)(x[i] == false)
elseif s < ¢ then
let { % cp = nearest power of 2 >= ¢
int: cp = pow(2,ceil(log2(int2float(c)))),
array[1..cp] of var bool:y, % y is padded version of x
array[1..cp] of var bool:z } in
forall(i in 1..c)(y[i]l == x[il) /\
forall(i in c+1..cp)(y[i] == false) /\
oesort(y, z) /\ z[s] == true /\ z[s+1] == false
elseif s == ¢ then forall(i in 1..c)(x[i] == true)
else false endif;

include "oesort.mzn";
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H AT H-HET M 4 oesort . mzn

%% odd-even sort
%% y is the sorted version of x, all trues before falses
predicate oesort(array[int] of var bool:x, array[int] of var bool:y)=
let { int: c¢ = card(index_set(x)) } in
if ¢ == 1 then x[1] == y[1]
elseif ¢ == 2 then comparator(x[1],x[2],y[1],y[2])
else
let {
array[1..c div 2] of var bool:xf = [x[i] | i in 1..c div 2],
array[1..c div 2] of var bool:xl1 = [x[i] | i in ¢ div 2 +1..c],
array[1..c div 2] of var bool:tf,
array[1..c div 2] of var bool:tl } in
oesort(xf,tf) /\ oesort(xl,tl) /\ oemerge(tf ++ tl, y)
endif’;

%% odd-even merge
%% y is the sorted version of x, all trues before falses
%% assumes first half of x is sorted, and second half of x
predicate oemerge(array[int] of var bool:x, array[int] of var bool:y)=
let { int: ¢ = card(index_set(x)) } in
if ¢ == 1 then x[1] == y[1]
elseif ¢ == 2 then comparator(x[1],x[2],y[1],y[2])
else
let { array[1..c div 2] of var bool:xo

[ x[iJ | i in 1..c where i mod 2 == 1],
array[1..c div 2] of var bool:xe =
[ x[i] | i in 1..c where i mod 2 == 0],

array[1..c div 2] of var bool:to,
array[1..c div 2] of var bool:te } in
oemerge(xo,to) /\ oemerge(xe,te) /\
y[11 = to[1] /\
forall(i in 1..c div 2 -1)(
comparator(tel[i], to[i+1],y[2*i],y[2*i+1])) /\
y[c] = telc div 2]
endif;

% comparator ol = max(il,i2), 02 = min(il,i2)
predicate comparator(var bool:il,var bool:i2,var bool:o1,var bool:02)=
(ol = (i1 \/ i2)) /\ (02 = (i1 /\ i2));

FATAT DA B 5112 2 th B8 — e I 28 AU o S Bilbool _sum_eqo F5 20 i 4" iy At
HUCR, IS S AR HET M 4 A3 B B 2 HER R S 8. IR HER TAR D A E 71
TR, BRIEMITEASIRIN P, BT HY RS EHEA R R
*o

) Fd ] o nyEas W 45 R s 2 bddsum . mzn

% the sum of booleans x = s
predicate bool_sum_eq(array[int] of var bool:x, int:s) =
let { int: ¢ = length(x),
array[1..c] of var bool: y = [x[i] | i in index_set(x)]
} in
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rec_bool_sum_eq(y, 1, s);

predicate rec_bool_sum_eq(array[int] of var bool:x, int: f, int:s) =
let { int: ¢ = length(x) } in
if s < 0 then false
elseif s == 0 then
forall(i in f..c)(x[i] == false)
elseif s < c - f + 1 then
(x[f] == true /\ rec_bool_sum_eq(x,f+1,s-1)) \/
(x[f] == false /\ rec_bool_sum_eq(x,f+1,s))
elseif s == c - f + 1 then
forall(i in f..c)(x[i] == true)
else false endif;

FEAT T UG 191 25 i 4B — TCe 50 P A S 35 Blbool _sum_eq. S SRORE A MR L : B
BT 2D 1A true LR (OB, %011 Falsedf FLI T (ol Al s . 1
SR PR BT 25 Wb ) T35 2 el 0 K RO M I 25K
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CHAPTER 2.9

FlatZinc 313

LJFORIFAR A 2 B SRRAUY 17— MR AL E RS — A fay Bt e S TR 2 402
HORIFESE A SRR A existser A+ -+ A e IR FEEE Hzer A A e BIALITREH e Jd B
ARH LA 28—~ BA7 B R E T U R A el i i ik

minizinc T HAALE T %% & B0 DA — AU S R Q1 — A P e R AL B 50 T 45
SE B ORI 0 0 2w B 1) 32 R ol ) 12 2l 5 oA U P 8 — 2 SR g i X R 2R S F Y R
A ARt a] DA PA T iy A7 4 i data. dzn ok P M Aimodel . mznfr) £ R

minizinc -c model.mzn data.dzn

XA N model . fzn
FEX —FE R FRATIR R AT B 8 o
291 RFEFIER

JEGJZ K gt 1A R At T R A2 3 (S R - D AN FLA S A e S A O 14 BE AR 24 R
&y

JZE VAT BREPIATE K7 AR TR A B A & E B i

PN FEPN AL EH SR R cnonoverlap. mzn

float: width; % A8 B KTV T
float: height; % AEEWKFTHHE
float: ri;

var ri1..width-r1: x1; % (x1,y1) E€—NEHF QO
var r1..height-r1: yi;
float: r2;
var r2..width-r2: x2; % (x2,y2) 2% _EHFQ
var r2..height-r2: y2;
% HOZEEDLHA ¢ r2ESR
constraint (x1-x2)*(x1-x2) + (y1-y2)*x(y1-y2) >= (r1+r2)*(ri+r2);
solve satisfy;
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2.9.1.1 E{LFK{E
S E RS

Bt 3 el S B T SO E AT ER SR B R AR 55K ey BUE B 4 8 1y 2k 0 (E
TEIEX A RS SR EAF A BT D B Ne KRB M SR AR ENTR0E 1 2 T — Uk 4
N T EEREE KRB NS B PR

TSR G 91 2 B AL 1) A8 RN SRR R R 7078 R
var 2.0 .. 8.0: x1;
var 2.0 .. 6.0: y1;
var 3.0 .. 7.0: x2;
var 3.0 .. 5.0: y2;

29.1.2 FUFFTIER

AW A 29 K A 25 AT DA B B2 AL FRAR ARSI SR A 2 O 3Rk E O B IR
A RBEAFNE PN TFEEILSRMNEAR W E LR ETREEXW
BMELEMNERBEEAREZEEIAN FRERLx -2 — 4 F RSB AW RERATHK
T iy 44 NFLOATO1FR ] 7] DA 58 X B Mconstraint FLOATO1 = x1 - x; i E | X PN FEEAAXH

m

TEBLR A BRI AT R TR A XA — A E AT L EE A X 2
£ R T ok XU T R B Aea - x2)x0a - x2)A] PA fir 44 FLoaTe2ifil F AT W] LA E X
‘B “Hconstraint FLOAT@2 = FLOATQ1 * FLOATOT; ¥ i1 A DA fiy % constraint FLOAT@3 = y1 - y2; Al
constraint FLOAT@4 = FLOAT@3 * FLOAT@3;fx J5constraint FLOATO5 = FLOATQ2 * FLOATQ4; A~ 28 %
AR B AR fliconstraint FLOATO5 >= 25.0; [ A (r1+r2)*(r1 + r2)it B L5580 K25 0 F B XA
WA T H

constraint FLOATO1

constraint
constraint
constraint
constraint
constraint

FLOATQ2
FLOAT@3
FLOATO4
FLOAT@5
FLOATQS5

X1 = %23

yl - y2;

>= 25.0

FLOAT@1 * FLOATO1;

FLOAT@3 * FLOATQ3;
FLOAT02 * FLOATQ4;

2.9.1.3 FlatZinc 3R

JF i e 2 B AR A R AT A AR R U
FAFEMAKar, ... ane B EEE

SAEPAP(a1, . ., an) TR B 02
L T R 20 2T DAFLOATON = x1 - x2 B S A T

B HFLOATO1 + x2 = x19AJ51# FH float_pluski i EAH 2SI AR TE A~

constraint
constraint
constraint
constraint
constraint

float_plus(FLOAT®1,

x2, x1);

float_plus(FLOAT@3, y2, y1);
float_plus(FLOAT@2, FLOAT@4, FLOAT®@5);

float_times(FLOATO1,
float_times(FLOATO3,

FLOATO1,
FLOATO3,

FLOATQ2) ;
FLOATQ4) ;
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2.9.1.4 RN

AT R Bl /b — T 75 B 5 A B9 A8 FEFLOATO1 -+~ FLOATOSIX 6 1] DA % 75 B Syvar float A3k H T
A 3K il 2 AT 45 o8 fRT B R A TR BB A BT R E BT 5 N AR B B B R LG N A
FLOATOT = x1 - x2fl12.0 <x1< 8.0 FG3.0 <x2< T.0F7PAR] PATE H —5.0 <FLOATO1< 5.08Kk )53k
ITAT DA 31 —25.0 <FLOAT@2< 250/ VE R B AN R IAT A AR 5L i b2~ 5 FATTAT DAGS H
KSR 5L0.0 <FLOAT@2< 25.0

DR 2 R B 2 ST ik X2 7t X AR R 2 — O [ S T A AR5 2
SRR R — JCHY AN 25 20T PAZE A — A8 B 20 H RN 45 58 28 T DA4-FLOATOS I TR 22 ol
25 ORI IX AR U RIS VIR N P a2

% %8
var 2.0 .. 8.0: x1;
var 2.0 .. 6.0: y1;
var 3.0 .. 7.0: x2;
var 3.0 .. 5.0: y2;

%

var -5.0..5.0: FLOATO1;

var -25.0..25.0: FLOATQ2;

var -3.0..3.0: FLOATQ3;

var -9.0..9.0: FLOATO4;

var 25.0..34.0: FLOAT®5;

% R

constraint float_plus(FLOATO1, x2, x1);

constraint float_plus(FLOAT@3, y2, y1);

constraint float_plus(FLOAT@2, FLOATQ4, FLOATQ5);
constraint float_times(FLOAT@Q1, FLOAT@1, FLOATQ2);
constraint float_times(FLOAT@3, FLOATQ3, FLOATQ4);
%

solve satisfy;

29.1.5 BRHEHE

LB Y- 2 R — R~ die/ M AT B R AR s o IR A 26k 20— H A b sUi - i 17—
AN BAE R ORI 2 A B R — P Bl 1 ik X

2.9.2 ZHREX
LI BB T2 TR T R e £y

a1x1 + -+ anTy < ag
<

Horba e BAEE 77 RO R M 2 i B 2 R A BT AR A 2R BE ) [l i i 2 R A2k
PRI 2T AOR g ME— SCRF B TR 0 I B T e o A B R T A A RV AR 2
THRBA

S LML R PR 1 inear . mzn

int: = -1;
var 0..10: x;
var -3..6: vy,

var 3..8: z;
constraint 3*x -y + x * z <= 19 +d * (x +y + z) - 4%d;
solve satisfy;
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HEFEY A IR A AT TRIEA3 « a3z —yrx 23z —y+axxzz+y+ 2
d*(x+y+2)19+dx(x+y+2)F19+dx* (z+y+ z) — 4« dB)E—NLE X H AR 2
— YR S 2R B R RRIE SRR R 2 R N A 2 PE 2 3R

Ji P 2 QIR L R I A — A BT A B A Rk Je A 7 v )28 B I R B Y
FeR Ay B TSR Rl B 2Rk

var 0..80: INTOT;
constraint 4*x + z + INTQ1 <= 23;
constraint INT@Q1 = x * z;

TR R AR &tk R ik X x 202 AT A AR — B 1R IR T4 5 1 -5 L [R] ISR
R SRR R M T il A i R B IR A 22 Ry Y TIUBEAR o 1

BRSBTS 2]

var 0..80: INTO1;
constraint int_lin_le([1,4,1],[INTO1,x,z],23);
constraint int_times(x,z,INT0Q1);

2.9.3 BARIEN

2 R R B 0 Y 3T AR 2RO DI AL 5 RO A T A 6 2
KA

5 EPA T B PR BE 151 2 v i B 2R £ R i ik o

int: mproducts = max (p in Products)
(min (r in Resources where consumption[p,r] > 0)
(capacity[r] div consumption[p,rl));

F X ) 20 AR A TEA TR AT AT DA & EE 5 AT AR G e AL BR A A A5 ) T X

int: mproducts = max([ min [ capacity[r] div consumption[p,r]
| r in Resources where consumption[p,r] > 0])
| p in Products]);

o e il

nproducts = 2;
nresources = 5;
capacity = [4000, 6, 2000, 500, 500];
consumption= [| 250, 2, 75, 100, 0,
| 200, @, 150, 150, 75 |1J;

R Setlde = T

[ capacity[r] div consumption[p,r]
| rin 1..5 where consumption[p,r] > 0]

Wt 16, 3, 26, SIREITHEB/MENEZ G e = 2@ MFER L0, 13, 3, 619 iTHE R
INPVEEL A R S QB B3, 3193 T BB B R B A 7E LT 5 mproduct s ) 2 7 sk Ffl i i B4
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(W5 E SN KA mproducts
TELTHRBRI 5 LG 2R R IA U2 Foral IBGA NS WURIT A 21~ 213K
VAN AEGI 1512 rp (AT 7 ifkal ldi f ferent H BUY 7 B

array[1..8] of var 0..9: v = [S,E,N,D,M,0,R,Y];
constraint forall(i,j in 1..8 where i < j)(v[il !'= v[j1)

Foral IR AN BE— X 2H /L i < iy, JRIE— U A

constraint v[1] !'= v[2]; % S != E
constraint v[1] !'= v[3]; % S != N
constraint v[1] != v[8]; % S !=Y
constraint v[2] != v[3]; % E != N

constraint v[7] !'= v[8]; % R !=Y

PP A

constraint int_neq(S,E);
constraint int_neq(S,N);

constraint int_neq(S,Y);
constraint int_neq(E,N);

constraint int_neq(R,Y);

TE R I B A2 A v L1 D QT B4 i PP R OR A AL R Y

294 ¥4H

— A A P ] VAL R T AR R B A R AN SRR T B4R . Iy o L2 Ry
INESEYSU S B R R NS € U A N O e

B LA Hm MEER R — K2+ L2 BRI P BT — N E A ew/ N

int: cw; % NZE=

int: 12; % —FBBARKE
int: m; % 1kgm:d By $ &
array[-12..12] of var 0..max(m,cw): w; % HEENEAHEE
var -12..12: p; % RTHAE

constraint sum(i in -12..12)(i * w[il) = 0; % F4

constraint sum(i in -12..12)(wL[il) = m + cw; % JrA & F e
constraint wlp] = cw; % ZTHEMLEp

solve satisfy;

ZhiEcw = 212 = 2flim = IR LA A AR

array[-2..2] of var 0..3: w;

var -2..2: p

constraint -2*w[-2] + -T*w[-1] + 0*w[0] + 1*xw[1] + 2xw[2] = 0;
constraint w[-2] + w[-1] + w[@] + w[1] + w[2] = 5;
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constraint wlp] =

AN BRI A T AR 460 5 R F A ) 75 B 5 A SO AR IBOR B T B T AR (B T T
(RS A P AR 8] B0 T8 B (AR B e IR A T AT RETR BB — T AL A B AR R R

array[1..5] of var 0..3: w;

var -2..2: p

var 1..5: INTO1;

constraint -2xw[1] + -1*w[2] + 0*w[3] + 1*w[4] + 2*w[5] = 0;
constraint w[1] + w[2] + w[3] + w[4] + w[5] = 5;

constraint w[INTQ1] =

constraint INTQ1 = p + 3;

Ja FATE F 2R M Gt B B R B AT AR A R e

array_var_lnt_elementjiﬁﬁ

pea (1 (%

array[1..5] of var 0..3: w;

var -2..2: p

var 1..5: INTO1;

constraint int_lin_eq([2, 1, -1, -27, [wl1], w[2], w[4], w[5]1], 0);
constraint int_lin_eq([1, 1, 1, 1, 11, [wl11,wl2],w[3],w[4],w[51], 5);
constraint array_var_int_element(INTQ1, w, 2);

constraint int_lin_eq([-1, 1], [INTQ1, pl, -3);

SCHR 2 YERS AR AR UE R SR BA AR PSSO T R 20 4 R 2 b 23T S 3] B A4 PR R A i

H.Z 4t B R U7 100w 5O ) B A4 38 R 2 5 1)
% EAEA IR T2 51 2 (1 45 52 R

set of int: HEIGHT = 0..h;

set of int: CHEIGHT = 1..h-1;

set of int: WIDTH = 0..w;

set of int: CWIDTH = 1..w-1;

array[HEIGHT ,WIDTH] of var float: t; % 7 & (i,j) 4B E
var float: left; % Z M E

var float: right; % &M B E

var float: top; % T EE

var float: bottom; % J& 3 &

% by B WHAREZCHE R FHE
constraint forall(l in CHEIGHT, j in CWIDTH) (
4.0xt[i,j] = tLi-1,3] + tLi,j-1]1 + tli+1,j] + tli,j+11);

fRrikw = 4Ffh = 43X BIELR

array[0..4,0..4] of var float: t; % temperature at point (i,j)

constraint 4.0*t[1,1] = t[0,1] + t[1,0] + t[2,1] + t[1,2];
constraint 4.0xt[1,2] = t[0,2] + t[1,1] + t[2,2] + t[1,3];
constraint 4.0%t[1,3] = t[0,3] + t[1,2] + t[2,3] + t[1,4];
constraint 4.0%t[2,1] = t[1,1] + t[2,0] + t[3,1] + t[2,2];
constraint 4.0%xt[2,2] = t[1,2] + t[2,1] + t[3,2] + t[2,3];
constraint 4.0%t[2,3] = t[1,3] + t[2,2] + t[3,3] + t[2,4];
constraint 4.0%t[3,1] = t[2,1] + t[3,0] + t[4,1] + t[3,2];
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constraint 4.0%t[3,2]
constraint 4.0%t[3,3]

tl2,2] + t[3,1]1 + t[4,2] + t[3,3];
t[2,3] + t[3,2] + t[4,3] + t[3,4];

AICER M AER AR — HER A T LR ARt A W M3 B PACL, ST R AR AR AL # 5 + § + 1]

array [1..25] of var float: t;

constraint 4.0%t[7] = t[2] + t[6] + t[12] + t[8];
constraint 4.0%t[8] = t[3] + t[7] + t[13] + t[9];
constraint 4.0xt[9] = t[4] + t[8] + t[14] + t[10];
constraint 4.0%t[12] = t[7] + t[11] + t[17] + t[13];
constraint 4.0%t[13] = t[8] + t[12] + t[18] + t[14];
constraint 4.0%t[14] = t[9] + t[13] + t[19] + t[15];
constraint 4.0%xt[17] = t[12] + t[16] + t[22] + t[18];
constraint 4.0%t[18] = t[13] + t[17] + t[23] + t[19];
constraint 4.0%t[19] = t[14] + t[18] + t[24] + t[20];

29.5 Bt

B T HA AR BRI S E0R BRI — R4 45 i 20 R I A4 FRATTHE R AR /R AR AN @ A B
R BT FR T T LE AR FRAG FRAT T B A A HOR AT E G SR iy @ i = 2 A AL O R 2
BARME AR — AR QN HT R LR EEAT0 > RIS 2 533 2 75 2R 28 S0 {E 22 true 7 U
“ffalse

BIRATH B 1 B AR AR R I A i 7 R R B ZO0F TR R AT TRk E 17—
BRI I RO 2o Tk U £l

& BN RS R G751 e v I AE 2 R ik 5K

constraint %% fRifF 4z HEAHEZ
forall(j in 1..tasks) (
forall(i,k in 1..jobs where i < k) (
sli,j] + d[i,3j] <= slk,3j1 \/
slk,j1 + dLk,j] <= s[i,]]
) );

Xt R S

jobs = 2;
tasks = 3;
d = [l 5’ 3! 4 | 27 67 3 |]

IR T AR A A

constraint s[1,1] + 5 <= s[2,1] \/ s[2,1] + 2 <= s[1,11];
constraint s[1,2] + 3 <= s[2,2] \/ s[2,2] + 6 <= s[1,2];
constraint s[1,3] + 4 <= s[2,3] \/ s[2,3] + 3 <= s[1,3];

FAACAENT B A B 2R B8 1 /R A Bk S 2R N RUE

array[1..2,1..3] of var 0..23: s;
constraint BOOL@1 <-> s[1,1] + 5 <= s[2,1];
constraint BOOL@2 <-> s[2,1] + 2 <= s[1,11];
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constraint BOOL@3 <-> s[1,2] + 3 <= s[2,2];
constraint BOOL@4 <-> s[2,2] + 6 <= s[1,2];
constraint BOOL@5 <-> s[1,3] + 4 <= s[2,3];
constraint BOOL@6 <-> s[2,3] + 3 <= s[1,3];

constraint BOOL@1 \/ BOOL®@2;
constraint BOOL@3 \/ BOOL04;
constraint BOOL@5 \/ BOOLO@6;

BEASBER) 29 R DA E S WU BB AR S 2] 4ER s anfar e 21— e X2 B n Y

array[1..6] of var 0..23: s;

constraint int_lin_le_reif([1, -11, [s[1], sC[41]1, -5, BOOL@1);
constraint int_lin_le_reif([-1, 11, [s[1], s[4]], -2, BOOL0@2);
constraint int_lin_le_reif([1, -11, [s[2], s[51]1, -3, BOOL@3);
constraint int_lin_le_reif([-1, 11, [s[21, s[5]1, -6, BOOL04);
constraint int_lin_le_reif([1, -11, [s[3]1, s[61]1, -4, BOOL®5);
constraint int_lin_le_reif([-1, 11, [s[3], sC6]]1, -3, BOOL®@6);

constraint array_bool_or([BOOL@1, BOOL@2], true);
constraint array_bool_or([BOOL@3, BOOL@4], true);
constraint array_bool_or([BOOL@5, BOOL@6], true);

int_lin_le_reif 242y int_lin_left) BARLTER

REPHEALHp(2)H— MR (2, 0) B M H G BN S EOATE L— 2D > p(2)E
SCBint _plusHlint _plusfi el Bk o 28 i AR LY BOA T3 SRR B AL S A 45 R 1 eR 20 457 50
N

FLAALH) 73 Ah—AS T B ] DA 24 FAT {6t 11 58 ) 45 o Hftboo 1 21t ] g A 2 w37 st
HEA /R BB AN EE*&%I%%LJC@H% PR AR QR AR R — M R R IE S I
PAS— A~ RAR B R 2o . RARAF XA

% B2 B BEAR 41 1) 7

int: n;
array[0..n-1] of var 0..n: s;

constraint forall(i in @..n-1) (
s[i] = (sum(j in 0..n-1)(bool2int(s[j]=1i))));

HEn = 2RI T

bool2int(s[@]
bool2int(s[0]

0) + bool2int(s[1]
1) + bool2int(s[1]

0);
1);

constraint s[0]
constraint s[1]

FE-FOE T
constraint BOOLO1 <-> s[0@] = 0;
constraint BOOL@3 <-> s[1] = 0;
constraint BOOL@5 <-> s[0] = 1;
constraint BOOLQ7 <-> s[1] = 1;
constraint INT@2 = bool2int(BOOLQ1);
constraint INT@4 = bool2int(BOOL®@3);
constraint INT@6 = bool2int(BOOL®5);
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constraint INT@8 = bool2int(BOOLQ7);
constraint s[0] = INT@2 + INTQ4;
constraint s[1] = INT@6 + INT@S;

e 2

var bool:
var bool:
var bool:
var bool:
var 0..1:
var 0..1:
var 0..1:
var 0..1:
array [1.
constraint
constraint
constraint
constraint
constraint
constraint

.2] of var 0..2:

BOOLO1;
BOOLO3;
BOOL®@5;
BOOLO7;
INTO2;
INTO4;
INTO6;
INTOS;
S;
int_eq_reif(s[11],
int_eq_reif(s[2],
int_eq_reif(s[1],
int_eq_reif(s[2],
bool2int(BOOLO1,
bool2int (BOOLO3,

0, BOOLO1);
0, BOOL@3);
1, BOOL@5);
1, BOOLQ7);
INT02);
INTO4) ;

constraint bool2int(BOOL@5, INT®6);

constraint bool2int(BOOLQ7, INT@8);
constraint int_lin_eq([-1, -1, 11, [INT@2, INTQ4, s[1]11, 0);
constraint int_lin_eq([-1, -1, 1], [INTQ6, INTQ8, s[2]1], 0);

solve satisfy;

2.9.6 igid

SCRFVFZ AN RR AR 1 — N EE S R 302 4 R A AGE A FLE Y H0n] DARTEA R K i ds &
&t

AR fr— ME A B 2B IR SRR & A — A K fsm —
B4 fRalldifferentifin] et & & X

‘ predicate alldifferent(array[int] of var int:x);

T 42 Ry 2R R r R Bp— A SRR e TR A 70 R A 7 L

predicate alldifferent(array[int] of var int:x) =
forall(i,j in index_set(x) where i < j)(x[i] !'= x[j1);

TV FH p (O A LI 1 S AR S8 ) B W AR o MRS TR B € LFRATT R 75 2l A
1Y 2 Hp (0) A R B IR A0SR — MR — N E Xp(z) = M)%F&MH%mﬂ%EX%%ﬁ
AN p(8) 24 T XS B ol ot 1 1) B 8038 BBl o (0) Y 7 2 A SR — AN ATE Hlp () 1
PAE B B BB A o SR AT RS A 3 A1 T 2K 1) R L AR A AR (7, b)

% AP 1512 hralldifferent Y5

constraint alldifferent([S,E,N,D,M,0,R,Y]);

WA R — AN Aalldifferent K AT L 7
FEEE

BN SR H AL B R S
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array[1..8] of var ©0..9: v = [S,E,N,D,M,0,R,Y];
constraint alldifferent(v);

TR B F AT 2B RS B E B — A SR A AR X R 2 R B e s A R R
A7 F (P [R] B8 B2 P SR A AN 22 B B T YRR L PR A B A 2 (0 P 8 O s T 1 ik
ZALVE S E I E X

ANSRSR AR A FH TR Y 58 L alldifferentEAR 5 AR v as IE # MU E SCUE TR1R H S 9l 40—~ 24
HRAS 24 A v B e T IR S S R Y 2

array[1..8] of var @..9: v = [S,E,N,D,M,0,R,Y];
constraint forall(i,j in 1..8 where i < j)(v[i] !'= v[jl)

FANTRI AFE ST s X B 2]
BRI AN At halldifferentfE— A HAAL A H B

‘ constraint alldifferent([A,B,C]) \/ alldifferent([B,C,D]);

WK AR A alldifferent (Y BARLTE AR 2t fe-F-hy

constraint alldifferent_reif([A,B,C],B00LO1);
constraint alldifferent_reif([B,C,D],B0O0L0@2);
constraint array_bool_or([BOOL®1,B00L@2], true);

& XA BB 7 AR R e 2 1 S B

array[1..3] of var int: vi [A,B,C];

array[1..3] of var int: v2 = [B,C,D];

constraint forall(i,j in 1..3 where i<j)(v1[i] != v1[j]) \/
forall(i,j in 1..3 where i<j)(v2[i] != v2[j1);

SN S DN

constraint int_neq_reif(A,B,BOOLQ1);

constraint int_neq_reif(A,C,B0O0LQ2);

constraint int_neq_reif(B,C,BO0OL03);

constraint array_bool_and([BOOL@1,B00L@2,BO0L@3],B0O0L04) ;
constraint int_neq_reif(B,D,BO0L®@5);

constraint int_neq_reif(C,D,BO0L®@6);

constraint array_bool_and([BOOL®3,B0O0L@5,B00L0@6],BO0LA7);
constraint array_bool_or([BOOL04,B0O0L@7], true);

R RN IR 72 0N B2 R R R A B 1= chy R — A AR L [F] 23R
S TH B R A A
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2.9.7 Let FTikx

FR R A T A7 S AR TR AT JR T I Rk R e i A = AN 20 R AR X
AN R AT SR IR X L AR AR 2 — B S A R Rk 0t B

TR — D HERHIE 2 B — BT I I E AT TR iy A &
FE— MR A

constraint even(u) \/ even(v);
predicate even(var int: x) =
let { var int: y } in x = 2 * y;

T I TR B A AT S S

(let { var int: y} in v

constraint (let { var int: y} in u
2 *y);

2 xy) \/

RGBT M E a4

(let { var int: y2} in v

constraint (let { var int: y1} in u
2 * y2);

2 % y1) \/

El

wa

\

Ap R I IR )2

var int: y1;
var int: y2;
constraint u = 2 x yl \/ v = 2 % y2;

— BRRAGEH I TR MR Z AR -

IAEFRIR AT PARE SCHT5 | A AE S0 R 28 SN i 75 2 R 22 B o ST A0 i Y 24
H

5 AR LJBE A ) ) R i A2 2 ) L AR eR

solve maximize sum(h in Hatreds)(
let { var Seats: pl1 = pos[h1[h]],
var Seats: p2 = pos[h2[h]],
var 0..1: same = bool2int(pl <= 6 <-> p2 <= 6) } in
same * abs(pl - p2) + (I-same) * (abs(13 - pl - p2) + 1));

N T R FATRASE A B A A AH RO 8 AT A

set of int: Hatreds = 1..2;
array[Hatreds] of Guests: hi
array[Hatreds] of Guests: h2

[groom, caroll;
[clara, bestman];

JEFHY 25— 2 e TT sunik s s 0 T TR FRATTOR B 5 A28 TS Bl seat sTE LB AT 29
AT E LU
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solve maximize
(let { var Seats: pl1 = pos[groom],
var Seats: p2 = pos[claral,
var 0..1: same = bool2int(pl <= 6 <-> p2 <= 6) } in
same * abs(pl - p2) + (I-same) * (abs(13 - p1 - p2) + 1))
+
(let { var Seats: p1 pos[carol],
var Seats: p2 = pos[bestman],
var 0..1: same = bool2int(pl <= 6 <-> p2 <= 6) } in
same * abs(pl - p2) + (I-same) * (abs(13 - p1 - p2) + 1));

R MERBX A R 20 a4

solve maximize

(let { var Seats: p11 = pos[groom],

var Seats: p21 = pos[claral,

var 0..1: samel = bool2int(p11 <= 6 <-> p21 <= 6) } in
samel * abs(p11 - p21) + (1-samel) * (abs(13 - p11 - p21) + 1))
+
(let { var Seats: pl12 = pos[carol],

var Seats: p22 = pos[bestman],

var 0..1: same2 = bool2int(p12 <= 6 <-> p22 <= 6) } in
same2 * abs(p12 - p22) + (l-same2) * (abs(13 - p12 - p22) + 1));

TEZFIR AN AL B 2R B — 2 B LR S 6 02X R R =

var Seats: pl1;

var Seats: p21;

var 0..1: samel;

constraint p12 = pos[claral;

constraint p11 = pos[groom];

constraint samel = bool2int(p1l1 <= 6 <-> p21 <= 6);

var Seats pl12;

var Seats p22;

var 0..1: same2;

constraint p12 = pos[carol];

constraint p22 = pos[bestman];

constraint same2 = bool2int(p12 <= 6 <-> p22 <= 6) } in

solve maximize
samel * abs(p11 - p21) + (1-samel) * (abs(13 - p11 - p21) + 1))
+
same2 * abs(p12 - p22) + (1-same2) * (abs(13 - p12 - p22) + 1));

UAEFRATE 2 A T G T R AR S A ) AU AP ] DAIE 5 BT
N T AT B e WUR R IR I LR R DA TR

var 0..9: x;
constraint x >= 1 -> let { var 2..9: y =x - 1 } in
y + (let { var int: z = x xy } in z * z) < 14;

FA T A B SR B WUR 2R 2 26— BT A KT R & A T
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var 0..9: x;
var 2..9: y;
var int: z;
constraint x >= 1 > (y=x -1 /\Nz=x*y /\y+z*z<14);

TER B ANRIATAGE E L2 R SE XA ELEA 2O RFRAT AT DATHECE 21 55 0025238 7 7] A
T SRR B
Xt BT )5 ROy IO Tx - RS R ALY = x - TR RERIA T Az = x = y

ATTUASE R B F b 25 T2 R RIS RAL B« y A 9 T RE(EL— > B 1O B F-T DASS
i

var 0..9: x;

var 2..9: vy;

var int: z;

constraint z = x * y;

constraint x >= 1 -> (y =x -1 /\y + z x z < 14);

BUAE G a2 5 AR A I R 06 K B T DA &5 iy B i SR R U {E AR
JEAETERA TR P R SN AL T LA BT 31 X 4R 2

var 0..9: x;

var -1..8: vy;

var -9..72: z;

constraint y = x - 1;

constraint z = x * y;

constraint x >=1 -> (y >= 2 /\y + z * z < 14);

X AN A T DA AR S o 258 R A A B 4 i A T RERY S T S B B Al

RXAHTTIER) 73 b — A I PR AES | A &t A U IESR Y e &t n] A B L Z e T —4
E X5 8N 5 Z BRI A1

var 0..9: x;
constraint (let { var 2..9: y =x - 1 } in
y + (let { var int: z = x *y } in z * z) > 14) -> x >= 5;

XA PR E TS AR5 AZERAOE ST R R AU 2

var 0..9: x;

var -1..8: y;

var -9..72: z;

constraint y = x - 1;

constraint z = x * y;

constraint (y >= 2 /\y + z *xz > 14) > x >= 5;

TERENE X LT R 5 IA A RESS HH— N IR R ) Sk

var 0..9: x;

var 2..9: y;

var int: z;

constraint (y =x -1 /\z=x*xy /\y+2z*z>14) -> x > 5;
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PA_E SO0 T B A x A AT REEL4E H 25 2R M JEOR I 2SR R gt 17 = 4Rl gk

X AR A A AL BRER X 7S4S B AL BUZ A BRI AR AT AR — SRR T 5 AT
R IR A BT (R A1 7R A 8 7 ST DA B T Rl U SR 1 1 ZR PRAFAE IE A T S5

constraint z > 1 -> let { var int: vy,
constraint (x >=0) >y
constraint (x < 0) ->y
Yiny x (y - 2) >= z;

I
x

=X

A DA PR A
constraint z > 1 -> let { var int: vy,
var bool: bl = ((x >= 0) ->y = x),
var bool: b2 = ((x < 0) ->y = -x),

constraint b1l /\ b2
Yiny * (y - 2) >= z;

IR

constraint bl = ((x >=0) >y = x);
constraint b2 = ((x < 0) ->y = -x);
constraint z > 1 -> (b1 /\ b2 /\y * (y - 2) >= z);
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cHAPTER 3.1

The MiniZinc Command Line Tool

minizinc
3.1.1 Basic Usage

minizincmodel.mzndata.dzn

int: n;

array[1..n] of var 1..2*n: x;

include "alldifferent.mzn";

constraint alldifferent(x);

solve maximize sum(x);

output ["The resulting values are \(x).\n"];

n = 5;

model .mzndata.dzn

$ minizinc --solver gecode model.mzn data.dzn

The resulting values are [10, 9, 8, 7, 6].

$ minizinc -c --solver gecode model.mzn data.dzn

model.fznmodel.oznmodel.mznmodel.fznminizinc
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$ minizinc --solver gecode model.fzn

x = arrayld(1..5 ,[10, 9, 8, 7, 61);

model.oznminizinc.oznminizinc

$ minizinc --solver gecode model.fzn | minizinc --ozn-file model.ozn

e
T

3.1.2 Adding Solvers

pm

y
3.1.2.1 Configuration files
I .msc

minizinc/solvers//usr/share/minizinc/solversProgram Files\\MiniZinc IDE (bundled)

$HOME/ .minizinc/solvers
MZN_SOLVER_PATH: ;

mzn_solver_path T

e

T

minizinc --solvers

3.1.2.2 Configuration for MIP solvers

--cplex-dllcplexXXXX.dllcplexlibcplexXXX.solibcplexXXXX. jnilibXXXXXXX
--gurobi-dllgurobiXX.dllgurobilibgurobiXX.solib

4

™
3.1.3 Options

minizinc--help
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3.1.3.1 General options
minizinc

--help, -h

--version

--solvers

--solver <id>, --solver <solver configuration file>.msc

--solversmip--solver mip--solver Gecode@6.3.0’ --solver org.gecode.gecode

4

BE]
--help <id>

--solver

-v, -1, --verbose
--verbose-compilation
-s, --statistics
--compiler-statistics
-c, --compile
--config-dirs
--solvers-json

--param-file <file>
5
--json-stream
3.1.3.2 Solving options

--help <id><id>

-a, --all-solutions

-n <i>, --num-solutions <i>
i

-i, --intermediate

-n-i, --no-intermediate

--all-satisfaction
--disable-all-satisfaction

-f, --free-search

13X

--solver-statistics
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--verbose-solving

-p <i>, --parallel <i>
i

-r <i>, --random-seed <i>
i

3.1.3.3 Flattener input options

--ignore-stdlib

--instance-check-only

-e, --model-check-only

--model-interface-only

--model-types-only

--no-optimize

-m <file>, --model <file>

-d <file>, --data <file>

--checker <file>, --solution-checker <file>

-D <data>, --cmdline-data <data>

--cmdline-json-data <data>

--stdlib-dir <dir>

-G --globals-dir --mzn-globals-dir <dir>

- ——input-from-stdin
--input-is-flatzinc

-I --search-dir

-D "fMIPdomains=false"

--MIPDMaxIntvEE <n>

--MIPDMaxDenskEE <n>

--only-range-domains

--allow-multiple-assignments

--compile-solution-checker <file>.mzc.mzn
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Flattener two-pass options

--two-pass

--use-gecode

--shave

—-—Sac

--pre-passes <n>
-0<n>

Flattener output options
minizinc
--no-output-ozn, -0-

--output-base <name>

--fzn <file>, --output-fzn-to-file <file>

-0, --ozn, --output-ozn-to-file <file>

--keep-paths

9

--output-paths

--output-paths-to-file <file>

--output-to-stdout, --output-fzn-to-stdout

--output-ozn-to-stdout

--output-paths-to-stdout

--output-mode <item|dzn|json>

--output-objective

--only-sections <sectionl[,section2,...

--not-sections <sectionl[,section2,...

-Werror

3.1.3. Options
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3.1.3.4 Solution output options
minizinc
--ozn-file <file>

-0 <file>, --output-to-file <file>

-i <n>, --ignore-lines <n>, --ignore-leading-lines <n>

--soln-sep <s>, --soln-separator <s>, --solution-separator <s>
13 13

--soln-comma <s>, --solution-comma <s>

--unsat-msg (--unsatisfiable-msg)

--error-msg
" ERROR "

--search-complete-msg <msg>

--non-unique
-c, --canonicalize
--output-non-canonical <file>

--output-raw <file>

b
--no-output-comments
--output-time

--no-flush-output

)

3.1.4 User Configuration Files

minizincPreferences. json--config-dirs

$ minizinc --config-dirs

{

"globalConfigFile" : "/Applications/MiniZincIDE.app/Contents/Resources/share/
—minizinc/Preferences. json”,

"userConfigFile" : "/Users/Joe/.minizinc/Preferences. json",
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"userSolverConfigDir" : "/Users/Joe/.minizinc/solvers”,
"mznStdlibDir"” : "/Applications/MiniZincIDE.app/Contents/Resources/share/minizinc"

mzn_solver_path

mzn_lib_dir

tagDefaults[["cp”, "org.chuffed.chuffed"],["mip","org.minizinc.gurobi”]]"cp""mip"

""minizinc--solver

solverDefaults[["org.minizinc.gurobi"”,"--gurobi-dl1", "/Library/gurobi752/mac64/1ib/libguro
" [["org.minizinc.gurobi”,"--uniform-search”,”"]]

"mzn_solver_path"”: ["/usr/share/choco”],
"tagDefaults"”: [["cp"”,"org.choco-solver.choco”],["mip"”,"org.minizinc.mip.cplex"], [

<"" "org.gecode.gecode"]],
"solverDefaults”: [["org.minizinc.mip.cplex”,"”--cplex-d11”,"/opt/CPLEX_Studio128/

—cplex/bin/x86-64_sles10_4.1/1libcplex128.s0"]1]
3

’ share/minizinc/etc/Library/Preferences

3.1.5 Command-line Parameter Files
minizinc--param-file--param-file.mpc--param-file
minizinc

truefalse

config.mpc

"solver"”: "gecode",

"cmdline-data”: ["x = 1", "y = 2", "z = 3"],
n_pn: 2,

"output-paths”: true

minizinc --verbose config.mpc -p 4 model.mznminizinc --verbose --param-file config.mpc
-p 4 model.mzn

$ minizinc --verbose \
--solver gecode \
--cmdline-data "x = 1" \
--cmdline-data "y = 2" \

3"\

n

--cmdline-data "z
-p 2\
--output-paths \
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-p 4\
model.mzn

-p 4-p 2-p 4--cmdline-data--cmdline-data

instance.mpc

{
"model”: "model.mzn",
"data": "data.dzn"
3
gecode.mpc
{
"solver"”: "gecode”,
"intermediate-solutions”: true
3

minizinc gecode.mpc instance.mpcmodel.dzndata.dzn

126
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The MiniZinc IDE

e
BE]

dt ot

3.2.1 Editing files

.mzn.dzn

.mzn.dzn

3.2.1.1 Editing functions

3.2.1.2 Fonts and dark mode

(132

3.2.2 Configuring and Running a Solver

@ \V/ = = Solver configuration:
O @& B &0 « » D

A
Newmodel Open  Save Copy Cut Paste Undo Redo  Shiftleft  Shift right Run Gecode 6.0.1 [built-in]

V4
7

Show configuration editor  Show project explorer

PacnaN
|
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3.2.2.1 Running a model

Ctrl1+RCmd+R
Ctrl+ECmd+E
| BON | [z7] Model Parameters

Enter parameters Select data file

n= |

Cancel OK

| NON | 7] Model Parameters

Enter parameters Select data file

data.dzn

Cancel OK

3.2.2.2 Solver configurations
» Ctrl+Shift+CCmd+Shift+C

1. mpc

W 23

5.dzn

6

minizincy7
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06

Configuration

Gecode 6.3.0
!olver: Gecode 6.3.0

Options

Solving

Time limit:

Behavior: ° Default o

Output o

Verbose compilation
Output compilation statistics

Output timing information

Advanced options

Compiling o

Optimization level: = -O1 (default)
Additional data:

Solving
Number of threads:

Random seed:

Free search

Extra configuration parameters

Parameter | Type

Maintain these options across solver configurations

Optimization problems:

Satisfaction problems:

Configuration

Value

E Clone

Reset to defaults

User defined e

Output solving statistics

o Add parameter

3.2.2. Configuring and Running a Solver
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3.2.2.3 Automatic Solution Checking

abc.mznabc.mzcabc.mzc.mzn

3.2.2.4 Compiling a model

3.2.2.5 Profiling a model

ﬁ”%%rg] [132] w” “w” n:1®b0012int

[ NON ) [zA) magic-series2.mzn — Untitled Project
= A /) = = | 5 o
F P\ \\/ Iﬂ = = Solver configuration:
= IEI°\ * » D : - »
New model Open Save Copy Cut Paste Shift left Shift right Run Gurobi 7.5.2 [built-in] B

magic-series2.mzn

Cons Vars Time

1int: n;
array[0..n-1] of var 0..n: s; 0 10 oms
constraint forall(i in @0..n-1) ( 0 )
s[i] = (sum(j in @..n-1) (bool2int(s[jl=1i)))); oms
% redundant
constraint sum(i in @..n-1)(s[i]) = n; 1 ) oms
constraint sum(i in @..n-1)(s[i] * i) = n; 1 ) oms

solve satisfy;

output [ "s =", show(s), ";\n" 1 ;

Line: 23, Col: 1 90msec

Kln=10

3.2.3 Working With Projects

Ctrl+Shift+NCmd+Shift+N
4 .dzn
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S =}
Show configuration editor Hide project explorer

Project

[zf] sevenpaces.mzp
v Models
zf] beanscrying.mzn

caotest.mzn
zA] cuhkmelb.mzn

@ sevenpaces.mzn
v Data (right-click to run)
v @ data
[z empty.dzn
v Other
_coursera

3.2.4 Submitting Solutions to Online Courses

_moocC

K]

3.2.5 Configuration Options
]

]
]
fig-ide-preferences-editing

fig-ide-preferences-output

3.2.4. Submitting Solutions to Online Courses 131
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® 0

Problems to run and submit

Submit to Coursera

CUHK MELB LORE
Beans Crying

Cao Test

Seven Paces

Models to submit
none

Login information
Coursera login email: me@gmail.com
Assignment token: eesecsccccese

Note that this is your assignment submission token, not your Coursera
password.

Remember login details

Selected solver for running models (change in Configuration tab)

Gecode 6.1.0

Run and submit

Submission output

Close
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(@] @) Preferences

Solvers Editing Output

Compiler

MiniZinc path Select Check

Found MiniZinc installation:

MiniZinc to FlatZinc converter, version 2.6.0
Copyright (C) 2014-2021 Monash University, NICTA, Data61

Check for updates to MiniZinc on startup once a day

Configuration

Extra solver search paths:

Add new
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3.2.5.1 Locating the MiniZinc installation
minizincl&minizincPATH

minizincminizincminizincl&l/home/me/minizinc-2.6.0/bin

3.2.5.2 Adding Third-Party Solvers
K
[ NON | Preferences

Solvers Editing Output

Compiler

MiniZinc path /home/me/minizinc-2.6.0/bin Select Check

Found MiniZinc installation:

MiniZinc to FlatZinc converter, version 2.6.0
Copyright (C) 2014-2021 Monash University, NICTA, Data61

Check for updates to MiniZinc on startup once a day

Configuration

Extra solver search paths:

[home/me/chuffed/share/minizinc/solvers |

Add new Edit Delete

’

Configuring existing solvers

KlgurobiXX.dllgurobilibgurobiXX.solibXX
--cplex-dllcplexXXXX.dllcplexlibcplexXXX.solibcplexXXXX. jnilibXXXXXXX
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(@] @) Preferences

MiniZinc Editing Output

Solver

Gurobi <unknown version>

Required solver flags

--gurobi-dll /Library/gurobi950/mac64/lib/libgurobi95.dylib
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Adding new solvers

¥ /Users/me/or-tools

@ [} Preferences

MiniZinc Editing Output

Solver

or-tools 9.2 Delete

Name or-tools

Solver ID com.google.or-tools

Version 9.2

Executable [Users/mefor-tools/binffzn-or-tools Select
Detach from IDE Run with mzn2fzn Run with solns2out

Solver library path ' /Users/mej/or-tools/share/minizinc Select

Supported standard command line flags:

-a i 5 -v -p 7 i =t

K

minizinc

136 Chapter 3.2. The MiniZinc IDE



MiniZinc Handbook, & 1Tl 2 2.8.5

3.2.5.3 Editing options

O O Preferences
MiniZinc Solvers Output
Font
Font family: = Menlq| 8 Fontsize: 13
Zoom: 100% z
Editing
Indent using: O Spaces Tabs
Indent size: 2

Line wrapping
Appearance

Theme: Default

Preview

<>

o VA WN P

g/
8 * Model structure *
9 /

10

3.2.5.4 Output options

Cancel

var 1..1000: x;
solve satisfy;

[ 99 more solutions ]
X = 200;

[ 199 more solutions ]
X = 400;

[ 399 more solutions ]
x = 800;

[ 199 more solutions ]
X = 1000;

3.2.5. Configuration Options
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(@] @) Preferences

MiniZinc Solvers Editing Output

Behaviour

Check solutions (if solution checker model is present in project)
Clear output window before each run
Reuse existing visualisation window when starting a new run

Compress solution output after this many solutions: 100 2

Debugging

Print the MiniZinc command used when starting each run
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. more solutions
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Visualising solutions in the MiniZinc IDE

3.3.1 Visualisation library

ide/vis.mzn

include "ide/vis.mzn";

3.3.2 Pre-defined visualisations

output

(IES

Hl|Fvis_mst.mzn

include "globals.mzn";
include "ide/vis.mzn";

% Graph definition

enum NODE = {A, B, C, D, E, F, G, H, I, J};

array [int] of NODE: from = [A, A, A, B, B, B, B, C, C, D, D, E, E, F, F, F, G, G,
— H, H, IT;

array [int] of NODE: to=[B, C, E, C, D, E, G, D, F, F, G, G, J, G, H, I, I, 17J,
-~ I, 7J, J];

array [int] of int: w
- 1, 4, 31;

(3, 6, 9, 4, 2, 9,9, 2,9,9, 8,38, 18, 7, 4, 5, 9, 10,

% Find the minimum spanning tree of the graph
var 0..sum(w): total_weight;
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array [index_set(from)] of var bool: es;

constraint weighted_spanning_tree(
card(NODE), % Number of nodes
length(from), % Number of edges

from, % Edge from node

to, % Edge to node

w, % Weight of edge

es, % Whether edge is in spanningtree
total_weight % Total weight of spanning tree

Dk

solve minimize total_weight;

% Graph visualisation
array [int] of string: edge_labels = [i: show(w[i]) | i in index_set(w)];
output vis_graph_highlight(

from, % Edge from node

to, % Edge to node

edge_labels, % Edges are labelled with their weights
[i: true | i in NODE], % All nodes are present in a spanning tree
es % Whether edge is in spanningtree

D

% Objective visualisation
output vis_line(total_weight, "Spanning tree weight");

3.3.3 Custom visualisations

outputvis_server

vis_serverinit_datasolution_data

/minizinc-ide. js

3.3.3.1 Example visualisation
AR

I

Hl|Fvis_aust.mzn

include "ide/vis.mzn";
int: n_colors;

enum PALETTE = { red, lime, blue, cyan, magenta, yellow, orange };
set of PALETTE: COLOR = to_enum(PALETTE, 1..n_colors);

% Color for each region
var COLOR: wa;
var COLOR: nt;
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4
6
H
4
3
B
10 A
3

18
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var COLOR: sa;

var COLOR: q;
var COLOR: nsw;
var COLOR: v;
var COLOR: t;

% Neighboring regions have different colours

constraint wa != nt;
constraint wa != sa;
constraint nt != sa;
constraint nt != q;
constraint sa != q;
constraint sa != nsw;
constraint sa != v;
constraint q != nsw;
constraint nsw != v;

% Data to send during initialisation of the visualisation

any: initial_data = (n: n_colors);

% Data to send on each solution

% Note the use of :: output_only

any: solution_data :: output_only = (
wa: show(wa), % Get colors as strings

nt: show(nt),
sa: show(sa),

q: show(q),
nsw: show(nsw),
v: show(v),
t: show(t)
);
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% Launch the visualisation
output :: vis_server("vis_aust.html”, initial_data) solution_data;

Y
A ——
showJSON()

:: output_only

Hl|Fvis_aust.html

<!DOCTYPE html>
<html>
<head>
<meta charset="utf-8">
<title>Australia Visualisation</title>
<script src="/minizinc-ide.js"></script>

<style>
html, body {
margin: 0;
padding: 0;

overflow: hidden;
font-family: Helvetica, sans-serif;

3

* {
box-sizing: border-box;

}

main {
width: 100vw;
height: 100vh;
padding: 50px;

}

svg {
width: 100%;
height: 100%;

3

.shapes {
fill: none;
stroke: #000;
stroke-linejoin: round;
stroke-linecap: round;
stroke-width: 1;

}

.labels {
font-family: sans-serif;
font-size: 16px;
text-anchor: middle;
fill: #000;

}

</style>
</head>
<body>
<main>
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<h3>Map coloring with <span id="count">n</span> colors</h3>
<svg viewBox="0 0 412 357.33">
<g class="shapes">
<path id="wa" d="m152 67.333v-61-18-18-24 6-24 30-78 36-6 12v18112 24 12_
—60-12 18 24 12h24130-18h30129.68-8.72z" />
<path id="nt" d="m152 67.333 6-12 18-24h661-6 24 12 30 6 2.72v81.28h-102v-
102" />
<path id="q" d="m254 88.053 24 9.28h1216-48 12-48 36 78 42 42 18 24 6 42-
—3.6 10.8h-1.21-3.6-1.2-3.6-2.4-3.6 1.2-8.4-2.4h-108v-24h-24v-81.28" />
<path id="nsw" d="m406.4 198.13-8.4 31.2-12 6-18 48-20.4-4.8-9.6-8.4-6 2.
—4-14.4-3.6-8.4-6-14.4-3.6-16.8-8.4v-57.6h10818.4 2.4 3.6-1.2 3.6 2.4 3.6 1.2z" />
<path id="v" d="m368 283.33-20.4-4.8-9.6-8.4-6 2.4-14.4-3.6-8.4-6-14.4-3.
—6-16.8-8.4v40.8124 9.6 12-6 18 6 18-12z" />
<path id="sa" d="m278 169.33h-1261-0.32 63.28 12.32-3.28h36124 30 18-
—24v13.21-6 22.8h24112 18 6 2.4v-122.4" />
<path id="t" d="m320 319.33 12 6h619.6-6.32 8.4 6-2.08 18.64-15.92 11.68-
—18-12-6-12 6-12" />
</g>
<g class="labels">
<text x="83.533119" y="170.0192">WA</text>
<text x="201.66409" y="123.36276">NT</text>
<text x="328.74969" y="147.87715">Q</text>
<text x="334.34839" y="237.23608">NSW</text>
<text x="314.19815" y="289.03265">V</text>
<text x="336.71103" y="344.3877">T</text>
<text x="213.65285" y="209.55853">SA</text>
</g>
</svg>
</main>
<script src="vis_aust.js"></script>
</body>
</html>

/minizinc-ide.jsMiniZincIDEvis_aust. js

Y| Fvis_aust. js

const HTML_COLORS = ['red’, 'yellow', 'blue’, 'lime', 'magenta’, 'cyan', 'orange'l];

(async function() {
// getUserData can be used to retrieve the JSON data passed to vis_server()
const userData = await MiniZincIDE.getUserData();
document.getElementById('count').textContent = userData.n;

// Handler to set the colors for the solution
function setSolution(data) {
for (const r in data) {
document.getElementById(r).setAttribute('fill’, datalrl);
3
3

// Visualise last solution on startup

const numSols = await MiniZincIDE.getNumSolutions();

if (numSols > 0) {
const solution = await MiniZincIDE.getSolution(numSols - 1);
setSolution(solution.data);
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}

// Show new solutions if we're following the latest solution
let followLatest = true;
MiniZincIDE.on('solution’, (solution) => {
if (followLatest) {
setSolution(solution.data);
3
g

MiniZincIDE.on('goToSolution', async (index) => {
// Requesting index -1 turns on following latest solution
// Otherwise, we stop showing the latest solution and show the requested one
followLatest = index === -1;
const solution = await MiniZincIDE.getSolution(index);
setSolution(solution.data);

1))

PO;

MiniZincIDE.getUserData()vis_serversetSolution(data)MiniZincIDE.getSolution(idx)solution
goToSolution

3.3.3.2 MiniZincIDE JavaScript API

MiniZincIDE.on(event, callback)

eventcallback

solutiontimedatavis_json

MiniZincIDE.on('solution', function(solution) {
console.log(solution.time);
console.log(solution.data);

1

goToSolution-1

MiniZincIDE.on('goToSolution’, async function(index) {
const solution = await MiniZincIDE.getSolution(index);
visualiseSolution(solution);

s

status==========statustimestatus
ALL_SOLUTIONS
OPTIMAL_SOLUTION
UNSATISFIABLE
UNSAT_OR_UNBOUNDED
UNBOUNDED
UNKNOWN
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ERROR

finish

‘ MiniZincIDE.off (event, callback)

eventcallback

‘ MiniZincIDE.getUserData()

Promiseide_launch_server ()

‘ MiniZincIDE.goToSolution(idx)

idxgoToSolution

-1

‘ MiniZincIDE.solve(modelFile, dataFiles, options)

modelFiledataFilesoptionsmodelFiledataFilesnullmodelFile.mzndataFiles.dzn. jsonoptions

‘ MiniZincIDE.getNumSolutions()

Promise

‘ MiniZincIDE.getSolution(index)

Promisetimedata-1

‘ MiniZincIDE.getAllSolutions()

Promisetimedata

MiniZincIDE.getStatus()

Promisetimestatusnull

MiniZincIDE.getFinishTime()

Promisenull
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CP-Profiler

3.4.1 Using the profiler
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: CP-Profiler

golombéa.fzn

show Tree

Merge Trees

Save Execution

Load Execution

3.4.2 Traditional Tree Visualisation

DownShift+Down—Up—Left—Right-R

CP-Profiler

Node Navigation View Data Analyses

4(--/Q ‘ﬁ-’.-’. l.

S

e

ok

Q

c""' e

T
}\.w. }}»"'":\..,...'%.“

|

Ready

Depth: 11 4@ 3 M 73 M o @ s0 O o
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CP-Profiler

Node Mavigation View Data Analyses

mark_a4=7

mark_5=12

mark_6=20

Ready Depth: 11 4 3 78 B o @ 80 () o

—LShift+L

Shift+B
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Node Mavigation View Data Analyses

MName:

llnteresting node|

Cancel

Depth: 11 4 3 78 M o @ 80 () o

CP-Profiler

MNode Mavigation View Data Analyses

Depth: 11 4 3 M 78 B o @ s0 () o
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CP-Profiler

NodelD Bookmark Text

16 Interesting node

)

3.4.3 Alternative Search Tree Visualisations

CP-Profiler

MNode MNavigation View Data Analyses

Depth: 38 4 10 [ 20825 B 96 @ 20995 () 74
“w» W

w»
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CP-Profiler

Node Navigation View Data Analyses

e - | limit: 6405
Ready Depth: 38 4 10 W 20825 M 96 @ 20995 () 74
W

Ctrl+L

Shift+P

[132]

1132
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-~

CP-Profiler

Node MNavigation View Data Analyses

Pixel Tree E5]

B W i

Zoom: | - + Compression: | - +

Depth: 38 4 10 M 20825 [ 95 @ 20995 () 74

Shift+I
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CP-Profiler

MNode Mavigation View Data Analyses

Icicle Tree 3]

Zoom: = + Compression: = +

Depth: 38 4p 10 [ 20825 [ 9 @ 20995 () 74

3.4.4 Similar Subtree Analysis

Shift+S

w»

CP-Profiler

Similarity Criteria: | contour *| [[] Keep subsumed Labels: |Ignore | & Hide not selected
hight count  size
6 2 11
4 3] 9
3 3 9
3 2 7
4 6 7
3 15 5
2 26 3

mark_3=3 mark_4=7
mark_3!=3 mark_3=4 mark_4!=6 mark_4!=9

min height (2 _ | mincount |2 | sort by: |size + | histogram: |count *
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CP-Profiler

Node Mavigation View Data Analyses

Depth: 11 4 3 M 78 I o @ 80 () o

3.4.5 Execution Comparison by Merging
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CP-Profiler

golombéa.fzn
golombéb.Fzn

show Tree

Merge Trees

Save Execution

Load Execution

3.4.6 Replaying Search
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N AW =
S 0NN
w =
< X
Le
F NG N}
< X
[SIES]

3.4.7 Nogood Analysis

chuffed pizza.fzn --cpprofiler

gecode --cpprofiler_replay pizza.search pizza.fzn

3.4.7. Nogood Analysis
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NodelD Total Reduction =

365 5687 479
1872 4281 476
1351 5092 451
1282 1549 440
1990 4987 405
83 6297 397
710 3085 380
1385 4684 359
1148 2695 355
1208 256 351
1183 2903 332
347 5219 323
1110 1192 312
445 1699 311
2000 1818 311
931 4693 308
9 6915 306

Save Nogoods

\t

Count

16
6

12
22
36
2

45
12
19
61
45
3

65
11
60
11
3

Clause
how_7<=1X_INTRODUCED_80_i>=1 how_1>=2 X_INTRODUCED_79_i>=1 H
how_1<=3 X_INTRODUCED_204=true how_4==2
how_6!=3 X_INTRODUCED_409=false X_INTRODUCED_101_i>=1 X_INTRODUCED _1...
¥_INTRODUCED_84=Ffalse how_1!=2 how_1<=1
how_5<=3 X_INTRODUCED 129 i>=1 X_INTRODUCED_124_i>=1 X_INTRODUCED 1...
X_INTRODUCED_80_i<=0 X_INTRODUCED_56_i>=1 X_INTRODUCED_124_i>=1 X_INT...
X_INTRODUCED_58=Ffalse how_1!=1 how_1<=0
X_INTRODUCED_84=Ffalse how_6!=2 how_6<=1
¥_INTRODUCED_103=False how_6!=3 how_6<=2
¥_INTRODUCED_81=Ffalse how_3!=2 how_3<=1
X_INTRODUCED_63=Ffalse how_1!=1 how_1<=0
X_INTRODUCED_62=Ffalse X_INTRODUCED_101_i>=1 X_INTRODUCED_124_i>=1 ho...
how_10>=-3 X_INTRODUCED_225_i>=1 X_INTRODUCED_246<=0 X_INTRODUCED _2...
how_11=3 how_4<=-4 X_INTRODUCED_99_i>=1 X_INTRODUCED_101_i>=1
X_INTRODUCED_78=Ffalse how_3!=2 how_3<=1
X_INTRODUCED_208=true X_INTRODUCED_409=false X_INTRODUCED_126_i>=1 X_...

how_4>=-2 X_INTRODUCED_385=false X_INTRODUCED_56_i==1 X_INTRODUCED_1...

3.4.8 The protocol (high level)

’

Name’

Execution ID

Node ID

Parent IDNode ID
Alternative’ 01
Number of Children®

Status
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Label Node ID Parent ID Alternative Number of Children Status

3.4.9 The protocol (low level)

Node@Donel1Start2Restart3

Nodeidpidaltchildrenstatus

idpid altchildrenstatus’
label
nogood
info
field name fieldid size (bytes)
id
pid
alt
children
status
label
nogood
info
Row Bytes Interpretation
00 00 00 21
02
02
00 00 00 1B

7b 22 6e 61 6d 65 22 3a 20 22 6d 69 6e 69 6d 61 6c 20 65 78 61 6¢ “ “7 “7 7
70 6¢ 65 22 7d
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Row Bytes

Row

00
00
00
FF
FF
FF
FF
FF
FF
00
02
00
00
52

00

00
FF
FF
FF
FF
FF
FF
00

00
6f

Bytes

00
01

00

00

00
FF
FF
FF
FF
FF
FF
00

00
6f

00

2B

00
FF
FF
FF
FF
FF
FF
02

04
74

01

Interpretation

Interpretation
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Solving Technologies and Solver Backends

minizincminizincminizinc “” minizinc

minizinc

$ minizinc --help <solver-id or tag>

3.5.1 Constraint Programming Solvers

(3]

3.5.1.1 Gecode

’

include "gecode.mzn"; 7

3.5.1.2 Chuffed

C HR-f

™
3.5.1.3 OR-Tools

'’ -pit&-f

163



MiniZinc Handbook, & {ThR# 2.8.5

3.5.2 Mixed-Integer Programming Solvers

‘ minizinc --solver mip -v -s -a model.mzn data.dzn }

‘ minizinc --solver gurobi -v -s -a model.mzn data.dzn 1

3.5.2.1 MIP-Aware Modeling (But Mostly Useful for All Backends)

(3]

constraint forall(s in TASKS) (exists([whentask[s]=0] ++
[whentask[s]>= start[s]+(t*numslots) /\ whentask[s]l<=stop[s]+(txnumslots) | t in.
—0..nummachines-1]));

constraint forall(s in TASKS) (whentask[s] in
{0} union array_union([ start[s]+(t*numslots) .. stop[s]+(t*numslots) | t in 0..
—nummachines-11));

b=1 -> x<=0b=1 -> 0.001*x<=0.0—

)

<expr> <= 1000000*yvar 0..1: y ‘7 7 <expr>y=0 -> <expr> <= 0y=0 -> 0.00071*<expr> <= 0.0

var 0..1: c; %% Whether we construct.
—the road

var int: cost_road = 286%c + 1000000*(1-c);

var int: cost_final = min( [ cost_road, costl, cost2 ] );

cost_road’ c=0.999999¢c=1cost_road=287

costlcost?2

int: cost_others_ub = 1+2%ub_array( [costl, cost2] ); %% Multiply by 2 for a.
—stronger LP relaxation
var int: cost_road = 286%c + cost_others_ub*(1-c);
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3.5.2.2 Useful Flattening Parameters

share/minizinc/linear/options.mzn

-D nSECcuts=0/1/2 %% Subtour Elimination Constraints, .
—see below

-D fMIPdomains=true/false %% The unified domains feature, see.
—below

-D float_EPS=1e-6 %% Epsilon for floats' strict.
—comparison,

%% used e.g. for the following cases:
%% x!'=y, x<y, b -> x<y, b <-> x<=y

-DfIndConstr=true -DfMIPdomains=false %% Use solver's indicator constraints,.
—see below

-DMinMaxGeneral=true %% Send min/max constraints to the.
—solver (Gurobi only)

-DQuadrFloat=false -DQuadrInt=false %% Not forward float/integer.
—multiplications for MIQCP backends, see below

-DUseCumulative=false %% Not forward cumulative with fixed.
—durations/resources (SCIP only)

-DUseOrbisack=false %% Not forward lex_lesseq for binary/
—bool vectors (SCIP only)

-DOrbisackAlwaysModelConstraint=true %% lex_lesseq ignores being in_

—symmetry_breaking_constraint() (SCIP only)
%% Required for SCIP 7.0.2, or use.
—patch: http://listserv.zib.de/pipermail/scip/2021-February/004213 . html

-DUseOrbitope=false %% Not forward lex_chain_lesseq for.
—binary/bool matrices (SCIP only)
--no-half-reifications %% Turn off halfreification (full.

—reification was until v2.2.3)

3.5.2.3 Some Solver Options and Changed Default Values

)

-h <solver-tag> full description of the backend options

--relGap <n> relative gap |primal-dual|/<solver-dep> to stop. Default 1e-8, ..
—set <0 to use backend's default

--feasTol <n> primal feasibility tolerance (Gurobi). Default 1e-8

--intTol <n> integrality tolerance for a variable. Default Te-8
--solver-time-limit-feas <n>, --solver-tlf <n>

stop after <n> milliseconds after the first feasible solution.
— (some backends)
--writeModel <file>

write model to <file> (.lp, .mps, .sav, ...). All solvers,
—support the MPS format

which is industry standard. Most support the LP format. Some.
—solvers have own formats,

for example, the CIP format of SCIP ("constraint integer.
—programming").
--readParam <file>

read backend-specific parameters from (some backends)
--writeParam <file>

write backend-specific parameters to file (some backends)
--readConcurrentParam <file>

each of these commands specifies a parameter file of one.
—concurrent solve (Gurobi only)
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--keep-paths this standard flattening option annotates every item in FlatZinc.
—by its "flattening history".

For MIP solvers, it additionally assigns each constraint'’'s name.
—as the first 255 symbols of that.
--cbcArgs '-guess -cuts off -preprocess off -passc 1’

parameters for the COIN-OR CBC backend

-p--enable-cbc-parallel

3.5.2.4 Subtour Elimination Constraints
-DCOMPILE_BOOST_MINCUT=ON#definelib/algorithms/min_cut.cpp-DnSECcuts=<n><n>
3.5.2.5 Unified Domains (MIPdomains)

-D fMIPdomains=false--help

3.5.2.6 Indicator Constraints

" -D fIndConstr=true -D fMIPdomains=false

3.5.2.7 Quadratic Constraints and Objectives (MIQCP)
-DQuadrFloat=false -DQuadrInt=false

3.5.2.8 Pools of User Cuts and Lazy Constraints
::MIP_cut: :MIP_lazyshare/minizinc/linear/options.mzn

3.5.2.9 Warm Starts

3.5.3 Non-Linear Solvers via NL File Format

couenne.mscshare/minizinc/solvers

{
"id" : "org.coin-or.couenne”,
"name” : "Couenne”,
"executable" : "/Users/tack/Downloads/couenne-osx/couenne”,
"version”: "0.5.6",
"supportsFzn":false,
"supportsNL": true

3

version’

minizinc --solvers
minizinc --solver couenne model.mzn

-Glinear [-DQuadrFloat=true -DQuadrInt=true]

166 Chapter 3.5. Solving Technologies and Solver Backends




CHAPTER 3.6

Automatic Solution Checking, Model Validation, and Benchmarking

3.6.1 Autonomous Automatic Solution Checking and Benchmarking

--output-mode dzn_objective--output-objective.dzn--allow-multiple-assignments--output-objective

var int: a;
var float: b = a;
solve
maximize a-b;
output
[ "atb is \(atb)\n" J;

minizinc --solver gecode test_output_mode.mzn --output-mode dzn --output-objective

a = -2147483646;
_objective = 0.0;

.dzntests/benchmarking/mzn-test.py

mzn-test.py --solver gecode model.mzn data.dzn

mzn-test.py
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3.6.2 Model Validation: Automatic Solution Checking with a Checker
Model

minizinc model.mzn model.mzc.mzn data.dzn

minizinc --compile-solution-checker model.mzc.mzn

model .mzc

minizinc model.mzn model.mzc data.dzn

.mzc.mzc.mzn “7 7

3.6.2.1 Basic checker models

)

% Colouring Australia using nc colours
int:nc =35

var 1..nc: wa; var 1..nc: nt; var 1..nc: sa; var 1..nc: q;
var 1..nc: nsw; var 1..nc: v; var 1..nc: t;
constraint wa != nt;

constraint wa != sa;

constraint nt != sa;

constraint nt != q;

constraint sa != q;

constraint sa != nsw;

constraint sa != v;

constraint q != nsw;

constraint nsw != v;

solve satisfy;

output ["wa=\(wa)\t nt=\(nt)\t sa=\(sa)\n",
"g=\(@)\t nsw=\(nsw)\t v=\(v)\n",
”t:”, ShOW(t), ”\nH];

wantCORRECTINCORRECT’
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¥l Faust.mzc.mzn

int: wa;
int: nt;
int: sa;
int: q;
int: nsw;
int: v;
int: t;
output [

then "CORRECT\n"
else "INCORRECT\n"
endif

if wa!=nt /\ wa!=sa /\ nt!=sa /\ nt!=q /\ sal!=q /\
sal=nsw /\ sal=v /\ qg!=nsw /\ nsw!=v

wa=3 nt=2 sa=1
g=3 nsw=2 v=3
t=3

% CORRECT

% Solution checker report:

3.6.2.2 Detailed feedback

Y

check’ INCORRECTCORRECT

Hl|FEaust-2.mzc.mzn

int: wa;
int: nt;
int: sa;
int: q;
int: nsw;
int: v;
int: t;

output [

test check(bool: b,string: s) =
if b then true else trace_stdout("ERROR: "++s++"\n", 6 false) endif;

if check(wa!=nt, "wa and nt have the same colour")
/\ check(wa!=sa, "wa and sa have the same colour™)
/\ check(nt!=sa, "nt and sa have the same colour")
/\ check(nt!=q, "nt and q have the same colour")

/\ check(sal=q, "sa and q have the same colour")

/\ check(sa!=nsw, "sa and nsw have the same colour")
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/\ check(sal!=v, "sa and v have the same colour")
/\ check(q!=nsw, "q and nsw have the same colour")
/\ check(nsw!=v, "nsw and v have the same colour")
then "CORRECT: all constraints hold.\n"

else "INCORRECT\n"

endif
1;
wa=3 nt=3 sa=3
g=3 nsw=3  v=3
t=3

% Solution checker report:
% ERROR: wa and nt have the same colour
% INCORRECT

¥l Z2aust-3.mzc.mzn

int: wa;
int: nt;
int: sa;
int: q;
int: nsw;
int: v;
int: t;

test check(bool: b,string: s) =
if b then true else trace_stdout("ERROR: "++s++"\n",6 false) endif;

array[int] of bool: checks = [

n

check(wa!=nt, "wa and nt have the same colour"),
check(wa!=sa, "wa and sa have the same colour"),
check(nt!=sa, "nt and sa have the same colour"),
check(nt!=q, "nt and q have the same colour"),
check(sal=q, "sa and q have the same colour"),
check(sa!=nsw, "sa and nsw have the same colour”),
check(sal!=v, "sa and v have the same colour"),
check(q!=nsw, "q and nsw have the same colour"),
check(nsw!=v, "nsw and v have the same colour")

1;

output [

if forall(checks)

then "CORRECT: all constraints hold.\n"
else "INCORRECT\n"

endif

ilE
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wa=3 nt=3 sa=3
q=3 nsw=3 v=3
t=3

% Solution checker report:

% ERROR: nsw and v have the same colour
% ERROR: g and nsw have the same colour
% ERROR: sa and v have the same colour
% ERROR: sa and nsw have the same colour
% ERROR: sa and g have the same colour
% ERROR: nt and g have the same colour
% ERROR: nt and sa have the same colour
% ERROR: wa and sa have the same colour
% ERROR: wa and nt have the same colour
% INCORRECT

3.6.2.3 Instance data in checker models

¥l ZEnqueens . mzc . mzn

int: n; % number of queens

set of int: ROW = 1..n;

set of int: COL = 1..n;

array[int] of int: qg; % col of queen in each row

test check(bool: b,string: s) =
if b then true else trace_stdout("ERROR: "++s++"\n", false) endif;

output [
if check(index_set(qg)=1..n, "ERROR: array g should have index set 1..\(n)")
/\ forall(i in 1..n)(check(q[i] in 1..n, "ERROR: q[\(i)] should have a value in 1.
)]
/\ forall(r1, r2 in 1..n where r1 < r2)
(check(qlr1] != glr21,
"queens in rows \(r1) and \(r2) are on same column\n")
/\
check(qLr1]+r1 != g[r2]+r2,
"queens in rows \(r1) and \(r2) are on same up diagonal\n")
/\
check(qlr1l-r1 != qlr2]-r2,
"queens in rows \(r1) and \(r2) are on same down diagonal\n")
)
then "CORRECT: All constraints hold”
else "INCORRECT" endif J;
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3.6.2.4 Checking optimisation problems

_objectiveintfloat

3.6.2.5 Hidden variables

pos¥l| 7
51| Fphoto.mzn
int: n; % number of people
set of int: PERSON = 1..n; % set of people
enum GENDER = { M, F, 0 }; % set of genders
array[PERSON] of GENDER: g; % the gender of each person
set of int: POSN = 1..n; % set of positions

array[PERSON] of var POSN: pos; % decisions: a position for each person

array[POSN] of var PERSON: who; % view: a person for each position
include "inverse.mzn";
constraint inverse(pos,who); % channel from decisions to view
constraint forall(i in 1..n-2)

(glwho[i1] != glwho[i+11] \/ glwho[i+11] != glwho[i+211);

solve minimize sum(i in 1..n-1)(abs(pos[i] - pos[i+11));

poswhowhowho

who
¥ Zphoto.mznphoto.dzn

n=29;
2 = [0l F 5 [F o 7 Y T
n=29;
g = [M,M,M,M,F,F,F,M,MI;

pos = [1,2,3,4,5,6,7,2,9]; _objective=25;inverse(pos,who)who

%l|Fphoto.mzc.mzn

int: n;

set of int: PERSON = 1..n;
enum GENDER = { M, F, 0 };
array[PERSON] of GENDER: g;
set of int: POSN = 1..n;
array[int] of int: pos;

array[POSN] of var PERSON: who;
int: _objective;
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test alldifferent(array[int] of int: x) =
forall(i,j in index_set(x) where i < j)(x[i] !'= x[j1);

include "inverse.mzn";
constraint if alldifferent(pos) then inverse(pos,who)
else forall(i in 1..n)(who[i] = 1) endif;

output [if
check_array(pos, n, POSN, "pos"”) /\
check_alldifferent(pos, "pos”) /\
check_array(fix(pos), n, PERSON, "who") /\
forall(i in 1..n-2)
(check(glfix(who[i1)] != gl[fix(who[i+1]1)]1 \/
g[fix(who[i+1]1)] != glfix(who[i+2]1)],
"three people of the same gender \(g[fix(who[il)]) in positions \(i).
<. \(1+2)\n")) /\
let { int: obj = sum(i in 1..n-1)(abs(pos[i] - pos[i+11)); } in
check(obj = _objective, "calculated objective \(obj) does not agree with_
—objective from the model (\(_objective))\n")
then
"CORRECT: All constraints hold”
else
"INCORRECT"
endif];

test check(bool: b,string: s) =
if b then true else trace_stdout("ERROR: "++s++"\n",6 false) endif;

test check_alldifferent(array[int] of int: x, string: name) =
forall(i, j in index_set(x) where i < j)
(check(x[i] !'= x[j], name ++ "[\(i)] = \(x[i]) = " ++
name ++ "[\(j)] " ++
"when they should be different\n"));

test check_int(int: x, set of int: vals, string: name)
check(x in vals, "integer \(name) is not in values \(vals)\n");

function bool: check_array(array[int] of int: x, int: length, set of int: vals,.
—string: name) =
check(length(x) = length, "array \(name) is not of length \(length)\n") /\
forall(i in index_set(x))
(check(x[i] in vals, "element \(i) of array \(name), \(x[il]) is not in.
—values \(vals)\n"));

posalldifferenttestalldifferentinversewho

alldifferent
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Globalizer

3.7.1 Basic Usage

minizinc --solver globalizer model.mzn data-1.dzn data-2.dzn

cars.mzn

% cars.mzn
include "globals.mzn";

int: n_cars; int: n_options; int: n_classes;
set of int: steps = 1..n_cars;

set of int: options = 1..n_options;
set of int: classes = 1..n_classes;

array [options] of int: max_per_block;
array [options] of int: block_size;

array [classes] of int: cars_in_class;
array [classes, options] of 0..1: need;

% The class of car being started at each step.
array [steps] of var classes: class;

% Which options are required by the car started at each step.
array [steps, options] of var 0..1: used;

1132
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% Block p must be used at step s if the class of the car to be
% produced at step s needs it.
constraint forall (s in steps, p in options) (used[s, pl=need[class[s], pl);

% For each option p with block size b and maximum limit m, no consecutive
% sequence of b cars contains more than m that require option p.
constraint
forall (p in options, i in 1..(n_cars - (block_size[p] - 1))) (
sum (j in 0..(block_size[p] - 1)) (used[i + j, pl)
<= max_per_block[pl);

% Require that the right number of cars in each class are produced.
constraint forall (c in classes) (count(class, c, cars_in_class[c]));

solve satisfy; % Find any solution.

cars_data.dzn

4| Fcars_data.dzn

% cars_data.dzn
n_cars = 10;

n_options = 5;
n_classes = 6;
max_per_block = [1, 2, 1, 2
block_size = [2, 3, 3, 5, 5
cars_in_class = [1, 1, 2, 2

need = array2d(1..6, 1..5, [

o,

0, 1, o,
0, 0, 1,
, 0, 1, 0,
1, 0, 0,
9, 0, 0

13

% minizinc --solver globalizer cars.mzn cars_data.dzn

cars.mzn|33|12[33|69 [ 1 gcc(class,cars_in_class)

cars.mzn|33|35[33|68 [ 1 count(class,c,cars_in_class[c])
cars.mzn|28|27|28|65;cars.mzn|29|9|30|32 [ 1 sliding_sum(@,max_per_block[p],block_
—size[p],used[_, pl)

gcesliding_sumsliding_sumcars.mzn|28[27]28|65i in 1..(n_cars - (block_size[p] - 1))
cars.mzn|29|27|28|65<=sum
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constraint forall (p in options) (

sliding_sum(@, max_per_block[p], block_sizel[p]l, used[..

P15

3.7.2 Caveats

setenum_. .used[_,pJused[..

global_cardinalitygcc

,P]

predicate gcc(array[int] of var int: x, array[int] of var int: counts) =

global_cardinality(x,

[ i | 1 in index_set(counts) 1,
arrayld(counts));

3.7.3 Supported Constraints

alldifferent
bin_packing
binaries_represent_int
binaries_represent_int_3C
count_geq

gcc
lex_lesseq_int_checking
minimum_int_checking
strict_lex2_checking
atleast
circuit_checking
distribute
lex_less_int_checking
unary

alldifferent_except_0
bin_packing_capa
binaries_represent_int_3A
channel
cumulative_assert
global_cardinality
lex2_checking

member
subcircuit_checking
atmost

count

element

sliding_sum
value_precede_checking

all_equal_int
bin_packing_load
binaries_represent_int_3B
channelACB
decreasing

inverse
maximum_int_checking
nvalue

true
bin_packing_load_ub
diffn

increasing
sort_checking

3.7.4 Using Globalizer in the MiniZinc IDE

GlobalizerCtrlCmd

3.7.2. Caveats
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m Model Parameters

Enter parameters Select data file

carsl.dzn

cars2.dzn

I Ok I | Cancel

2] cars.mzn — Untitled Praject - O X
File Edit MiniZinc View Help

NI B EA06@ & & >.O & =

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

cars.mzn ﬂ cars_data.dzn D

15% The class of car being started at each step. ~
icarray [steps] of var classes: class;
17

18% Which options are required by the car started at each step.

1oarray [steps, options] of var 0..1: used;

I‘% Block p must be used at step s if the class of the car to be

22% produced at step s needs it.

2z constraint forall (s in steps, p in options) (used[s, pl=need[class[s], pl);

For each option p with block size b and maximum limit m, no consecutive
seguence of b cars contains more than m that require option p.
onstraint

forall (p in options, i in 1..(n cars - (block size[p] - 1))) (

22% Require that the right number of cars in each class are produced.
=constraint forall (c in classes) (count{class, c, cars_in class[c]));

LM L_,U

35 solve satisfy; % Find any solution.

Output g X

Found Globals: ’

gcclclass, [1, 1, 2, 2, 2, 21)
gcc(class,cars_in_class)

Guntlclass.c.cars in classlcl!

95 NUMCALLS 610 v

Ready. 1m2ss || 100

178 Chapter 3.7. Globalizer



MiniZinc Handbook, & 1Tl 2 2.8.5

3.7.5 How it works

C1 /\ C2;C1; C2

forallforallforall(...) (C1 /\ C2);forall(...) (C1); forall(...) (C2)
--numConstraints
forall(i in 1..n) (c(i));c(1)c(n)
--randomSolutions

alldifferent

--sampleSolutions

3.7.6 Performance tips

--no-initial-pass

--constraintFilter-f

-t--free-search’

3.7.7 Limitations / Future work

alldifferent
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CHAPTER 3.8

FindMUS

3.8.1 Basic Usage

findMUS model.mzn data-1.dzn

--paramset fzn-a-n <count>gecode_presolver--subsolver--solver cbc

3.8.1.1 Commandline arguments

)

-n &lt;count&gt;
-a-n @
-t--timeout &It;s&gt

--paramset hint,mzn,fzn
mznfzn

hint—
mzn——
fzn—

--no-leftover
--no-leftover

[132]
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--frequent-stats
--No-progresskkimzn-progress
--no-stats
--output-{html, json, brief, human}
html
json
brief

human

-g--domainsminizinc -c -g
--verbose-compile--verbose
’ shrink
--shrink-alg lin,map_lin,qgx,map_gx,qgx2
lin
map_lin
gxQuickXplain
map_gxQuickXplain
gx2map_gx
--depth mzn,fzn,&1lt;n&gt
mzn
fzn
&1lt;n&gt
--restarts

--seed <n>map_gx

minizinc--solver--fzn-flags

--subsolver &lt;s&gt

[132]

--solver-flags &lt;f&gt
--solver-timelimit &1t;ms&gt

--adapt-timelimit

182 Chapter 3.8. FindMUS



MiniZinc Handbook, & 1Tl 2 2.8.5

--soft-defines
--hard-domains
g
--named-only
--filter-mode fg,ex
fg
ex
--filter-named &lt;names&gt;--filter-named-exclude &lt;names&gt;
--filter-path &1t;paths&gt;--filter-path-exclude &1t;paths&gt;

--filter-sep &lt;sep&gt;

)

--structure flat,gen,normal,mix
gen
flat
gen
normal
mixgennormal
idx
idxmixidxnormal

--no-binarize

--verbose-{map, enum, subsolve} &lt;n&gtn

--verbose

--dump-dot &lt;dot&gt
3.8.1.2 Example

¥l|Flatin_squares.mzn

% latin_squares.mzn
include "globals.mzn";

int: n = 3;
set of int: N = 1..n;
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array[N, N] of var N: X;

constraint :: "ADRows"
forall (i in N)
(alldifferent(X[i,..1)
);
constraint :: "ADCols"
forall (j in N)
(alldifferent(X[..,jl)
)5

constraint :: "LLRows"
forall (i in 1..n-1)
(lex_less(X[i,..1, X[i+1,..]1)
);
constraint :: "LGCols"
forall (j in 1..n-1)
(lex_greater(X[..,j1, X[..,3j+11)
);

solve satisfy;

output [ show2d(X) 1;

"AD(row \(i))"

"AD(col \(3))"

"LL(rows \(i) \(i+1))"

"LG(cols \(G) \(G+1))"

ADRowsADColsalldifferentLLRowsLGColslex

findMUS -n 2 latin_squares.mzn-n 2

FznSubProblem: hard cons: 0
—Built tree in 0.02854 seconds.
MUS: 7 36 48

Brief: gecode_all_different_int;@{ADCols@AD(col 1)3}:(j=1)
gecode_all_different_int;@{ADCols@AD(col 2)3}:(j=2)
gecode_array_int_1t;@{LGCols@LG(cols 1 2)}:(j=1)
gecode_array_int_1t;@{LLRows@LL(rows 1 2)3}:(i=1)
gecode_array_int_l1t;@{LLRows@LL(rows 2 3)}:(i=2)

Traces:

MUS: 7 356 89

Brief: gecode_all_different_int;@{ADCols@AD(col 1)3}:(j=1)
gecode_all_different_int;@{ADCols@AD(col 3)3}:(j=3)
gecode_array_int_1t;@{LGCols@LG(cols 1 2)}:(j=1)
gecode_array_int_1t;@{LGCols@LG(cols 2 3)}:(j=2)
gecode_array_int_1t;@{LLRows@LL(rows 1 2)3}:(i=1)
gecode_array_int_1t;@{LLRows@LL (rows 2 3)3}:(i=2)

soft cons: 10 leaves: 10

latin_squares.mzn|18|5[20|9|ca|forall;latin_squares.mzn|18|5|20|9|ac;latin_squares.
—mzn|18|13|18|13]i=2;1latin_squares.mzn|19|10|19|37|ca|lex_less
latin_squares.mzn|13|5|15|9|ca|forall;latin_squares.mzn|13|5|15|9|ac;latin_squares.
—mzn|13|13|13[13]|j=1;1latin_squares.mzn|14|10|14|30|ca|alldifferent
latin_squares.mzn|18|5]20|9|ca|forall;latin_squares.mzn|18|5|20|9|ac;latin_squares.
—mzn|18]13]18|13|i=1;1latin_squares.mzn|19|10|19|37|ca|lex_less
latin_squares.mzn|13|5|15|9|ca|forall;latin_squares.mzn|13|5|15|9|ac;latin_squares.
—mzn|13|13|13[13]|j=2;1atin_squares.mzn|14|10|14|30|ca|alldifferent
latin_squares.mzn|22|5|24|9|ca|forall;latin_squares.mzn|22|5|24|9|ac;latin_squares.
—mzn|22|13]22|13]|j=1;1latin_squares.mzn|23|10]|23|40|ca|lex_greater

branches: 11 .
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Traces:
—mzn|18]13|18|13|i=2;1latin_squares.mzn|19]|10|19|37|ca|lex_less
—mzn|13|13|13[13]|j=1;1latin_squares.mzn|14|10|14|30|ca|alldifferent
—mzn|13]13|13[13]|j=3;1latin_squares.mzn|14|10|14|30|ca|alldifferent
—mzn|18|13|18|13]i=1;latin_squares.mzn|19|10|19|37|ca|lex_less
—mzn|22|13]22|13]|j=1;1latin_squares.mzn|23|10]|23|40|ca|lex_greater
—mzn|22|13|22|13]|j=2;1atin_squares.mzn|23|10]|23|40|ca|lex_greater

Total Time: 0.39174 nmuses: 2 map: 40 sat: 21 total:
—61

latin_squares.mzn|18|5]20|9|ca|forall;latin_squares.mzn|18|5|20|9|ac;latin_squares.
latin_squares.mzn|13|5|15|9|ca|forall;latin_squares.mzn|13|5|15|9|ac;latin_squares.
latin_squares.mzn|13|5|15|9|ca|forall;latin_squares.mzn|13|5|15|9|ac;latin_squares.
latin_squares.mzn|18|5|20|9|ca|forall;latin_squares.mzn|18|5|20|9|ac;latin_squares.
latin_squares.mzn|22|5|24|9|ca|forall;latin_squares.mzn|22|5|24|9|ac;latin_squares.

latin_squares.mzn|22|5[24|9|ca|forall;latin_squares.mzn|22|5|24|9|ac;latin_squares.

FznSubProblem: findMUS
MUS:
Brief':
Traces: ;cal|forall
Total Timemapsat

lexalldifferent

3.8.2 Using FindMUS in the MiniZinc IDE

FindMUS--paramset mzn

3.8.2. Using FindMUS in the MiniZinc IDE
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B 1atin_squares.mzn — Untitled Project

File Edit MiniZinc View Help
4 | = = ~ Solver configuration: d £
O @& 50 « » D ; P =
New model Open Save Copy Cut Paste Undo Redo Shiftleft  Shift right  Run findMUS 0.6.0 > Show configuration editor  Show project explorer

latin_squares.mzn [EJ

1% latin_squares.mzn
>include "globals.mzn";

3

sint: n = 3;

sset of int: N = 1..n;
sarray[N, N] of var N: X;

/
sconstraint :: "ADRows"

9 forall (I in N)
10 ( 20 "AD(row \(i))"

11 );
12constraint :: "ADCols"
13 forall (j in N)

~

14 (alldifferent(X[..,3]1) 2 "AD(col \(3))"
15 );
16

17constraint :: "LLRows"

18 forall (2 in 1..n-1)
19 (— 2t "LL(rows \(i) \(i+1))"

20 );
21constraint :: “LGCols"
22 forall (3 in 1..n-1)

23 (Lex_greater(X[..,j]1, X[..,J#1]1) :: "LG(cols \(j) \(j+1))"
24 );

Running latin_squares.mzn
The following constraints are incompatible:
Locols:

* |G(cols 1 2
e |G(cols 2 3

= LL(rows 1 2

s~ | vl

Line; 20, Col: 1 490msec

--paramset mzn--paramset hint
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B 1atin_squares.mzn — Untitled Project

File Edit MiniZinc View Help
I_I E {:i‘;] | ﬂ .ﬁl 2 ; [\_\ . Solver configuration: AE[\
New model Open Save Copy Cut Paste Undo Redo Shiftleft  Shift right  Run findMUS 0.6.0 = > Show configuration editor  Show project explorer
latin_squares.mzn [}
1% latin_squares.mzn &
>include "globals.mzn";
3
sint: n = 3;
sset of int: N = 1..n;
sarray[N, N] of var N: X;
7
gconstralint "ADRows"
9 forall (i in N)
10 (alldifferent(X[i,..]) "AD(row \(i))"
11 );
12constraint :: "ADCols"
13 forall (I in N)
14 ( "AD(col \(3))"
15 );
16
17constraint :: "LLRows"
18 forall (1 in 1..n-1)
19 (lex_less(X[i,..], X[i+1,..1) "I L(rows \(i) \(i+1))"
20 );
21constraint :: “LGCols"
22 forall_(l in 1..n-1)
23 ( "I6(cols \(j) \(G+1))"
24 ); 5
Output F X
ADCols: :
» AD(col 1
+ AD(col 2
e
» |G(cols 1 2
g
e IL(rows 1 2
* | L(rows 2 3 v
Line; 24, Col: 1 379msec
ADRowsLLRowsLGCols
--paramset fzn
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m fzn_all_different_int mzn — Untitled Project

File Edit MiniZinc View Help

™ E tzn\ﬂ = dh D = a [ Soher confguraton: ’, =
New model Open Save Copy Cut Faste Undo Redo Shiftleft Shiftright  Run findMUS 0.6.0 ~ > Show configuration editor  Show praject explorer
lstin_squaresmzn (1 lex greater.mzn [ lex less.mzn [ lex less intman (] fzn lex less intmzn [ all differentmzn (1 fzn_all_different_int.mzn £

27% THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, "

28% EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

29% MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

20% NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
31% LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
32% OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
33% WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

s7predicate gecode_all_different_int(array[int] of var int: x);

zg%predicate all_different_int(array[int] of var int: x) =
gecode_all_different_int(x);

sopredicate fzn_all_different_int(array[int] of var int: xs) =

o let {

41 set of int: cs = {fix(x) | x in xs where is_fixed(x)};

42 array[int] of var int: ys = [x | x in xs where not is_fixed(x)]1;
43 constraint forall(y in ys, ¢ in cs) (y == c);

44} in

45 if length(ys) < 1 then true
46 elseif length(ys) = 2 then ys[1] == ys[2]

47 else
48 endif;
49
"
Output a x

Running latin_squares.mzn
The following constraints are incompatible:

» fzn all different int.mzn|47110[47137|calgecode all different int i=1

» fzn_all_different_int.mzn|47]10|47|37|calgecode_all_different_int i=2

+« fzn_lex_less_int.mzn|42|5]|42|28|calgecode_array_int_ 1t j=1
» fzn_lex_less_int.mzn|42|5]|42|28|calgecode_array_int 1t j=2

w

Line: 39, Col: 1 479msec

’ fzn_all_different_int

3.8.3 How it works

[132]
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3.8.4 Performance tips

--depth--filter-name--filter-path

findMUS -a --paramset fzn --output-brief ... > muses.log

findMUS -a --paramset fzn --output-brief --oracle-only muses.log ...--oracle-only

3.8.5 Limitations / Future work
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Mzn-Analyse

(132

mzn-analyse

get-diversity-annsdiverse_solutions()

3.9.1 Basic Usage

mzn-analyse input.mzn [passes]
[passes]cmd:argl,arg2, ...
out:-out_fzn:-outout
json_outjson_clear

3.9.1.1 Passes: read/write models & json

in:in.mzn
out:out.mzn
out_fzn:out.fzn
no_out
json_out:out. json
json_clear

no_json
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3.9.1.2 Passes: Manipulate Models

inline-includes
inline-all-includes
remove-anns:namel, [name2, ...]
remove-includes:namel, [name2,...]
output-all ¢’

remove-stdlib
get-items:idx1,[idx2,...]
filter-items:iid1,[iid2,...]
remove-items:iid1,[iid2,...]
filter-typeinst:{var|par}
replace-with-newvar:locationl,location2 ¢’
repeat-model : kk

get-solve-anns

3.9.1.3 Passes: Special Passes

get-diversity-anns
annotate-data-deps
get-term-types:out.terms
get-data-deps:out.cons
get-exprs:locationl,location?

get-ast:locationl,location2

3.9.2 Examples

mzn-analyse

(1%

mzn-analyse in.mzn remove-items:solve,output out:solveless.mzn inline-includes
out_fzn

mzn-analyse in.fzn filter-items:constraint get-items:50 remove-anns

mzn-analyse rcpsp-wet-r@.annotated.fzn filter-items:constraint get-items:60,61,62
get-data-deps no_out
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{"constraint_info": [
L
[Ilinll’ Ilill, IITaskSII]’
[Ilinll, IIJ’H’ llsuc[i]ll]’

n 5 n nan n n
["assign”, "j", "24"],
[Hassignﬂ, Hi”, HZM]’
[”eqﬂ’ ”SUC[i]"’ ”23..24111,

[nequ, "Tasks”, 111..321111’

[ninu uin “Tasks“]
) ’ ’
[”in”, ”j“, "SuC[i]"],
["aSSign", ”j”, r:5n:|’
[”assign”, Ilin, 113111’
[“eq“, ”Tasks”, 111.'32::]],
[”in”, ”i”, ”Tasks"],
[”in”, ”j”, "SUC[i]”],
[”assign“, IIJ'H, II6II]’

[llassignu’ ”i”, u3n:|’

[nequ, "TaSkS", 111’.32::]]]}

[nequ’ “SUC[i]“, ”{5,6,17}"],

[nequ, ”SUC[i]“, ”{5,6,17}"],

3.9.3 Limitations / Future work

mzn-analyse

3.9.3. Limitations / Future work
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cHapTER 3.10

Using MiniZinc in Jupyter Notebooks

iminizinc

(132

3.10.1 Installation

pip

pip install -U iminizinc

--user

minizincPATH “” PATH

3.10.2 Basic usage

%load_ext iminizinc%%minizinc

In[1]:

In[2]:

In[3]:

Out[3]:

%load_ext iminizinc
n=8
%%minizinc

include "globals.mzn";

int: n;

array[1..n] of var 1..n: queens;

constraint all_different(queens);

constraint all_different([queens[i]+i | i in 1..n]);
constraint all_different([queens[i]-i | i in 1..n]);
solve satisfy;

{u'queens': [4, 2, 7, 3, 6, 8, 5, 11}

195



MiniZinc Handbook, & {ThR# 2.8.5

In[1]: %load_ext iminizinc
In[2]: n=8
In[3]: %%minizinc -m bind

include "globals.mzn";

int: n;

array[1..n] of var 1..n: queens;

constraint all_different(queens);

constraint all_different([queens[i]+i | i in 1..n]);
constraint all_different([queens[i]-i | i in 1..n]);
solve satisfy;

In[4]: queens

out[4]: [4, 2, 7, 3, 6, 8, 5, 1]

In[1]: %load_ext iminizinc
In[2]: n=6
In[3]: %%minizinc -a

include "globals.mzn";

int: n;

array[1..n] of var 1..n: queens;

constraint all_different(queens);

constraint all_different([queens[i]+i | i in 1..n]);
constraint all_different([queens[i]-i | i in 1..n]);
solve satisfy;

Out[3]: [{u'queens’': [5, 3, 1, 6, 4, 213},
{u'queens’: [4, 1, 5, 2, 6, 313},
{u'queens': [3, 6, 2, 5, 1, 413},
{u'queens': [2, 4, 6, 1, 3, 5]1}]

In[1]: %%minizinc?
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Python Interface
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JavaScript Interface
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cHAPTER 3.13

Installation from Source Code

masterdevelop’ README.md

)
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Specification of MiniZinc

4.1.1 Introduction
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4.1.1.1 Original authors.

4.1.2 Notation

<item>
"constraint”"""
[ "var" 1]

("," <ident> )*

( <msg> )+

n on
’

<expr>

<expr_> ( n,u <expr_> )* I: n,u ]

[-+]1?[0-9]1+

\n

4.1.3 Overview of a Model

(132

206 Chapter 4.1. Specification of MiniZinc



MiniZinc Handbook, & 1Tl 2 2.8.5

4.1.3.1 Evaluation Phases

4.1.3.2 Run-time Outcomes

<output> ::= <no-solutions> [ <warnings> ] <free-text>
| ( <solution> )* [ <complete> ] [ <warnings> ] <free-text>

4.1.3.3 Output
application/x-zinc-output

application/x-zinc-output

<solution> ::= <solution-text> [ \n ] "---------- " \n
<no-solutions> ::= "=====UNSATISFIABLE=====" \n
<complete> ::= "==========" \n

<warnings> ::= ( <message> )+

<message> ::= ( <line> )+

%

4.1.3. Overview of a Model 207
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% trentin.fzn:4: warning: model inconsistency detected before search.

4.1.4 Syntax Overview
4.1.4.1 Character Set

4.1.4.2 Comments
%/ *%/
4.1.4.3 ldentifiers

<ident> ::= _?[A-Za-z][A-Za-z0-9_1%* % excluding keywords
| nrn [AI\Xa\Xd\X@]+ naIn

my_name_2
MyName?2
'An arbitrary identifier’

annannotationanyarrayboolcaseconstraintdiffdivelseelseifendifenumfalsefloatfunctionifininclude
intintersectletlistmaximizeminimizemodnotofopoptoutputparpredicaterecordsatisfysetsolvestring
subsetsupersetsymdifftestthentruetupletypeunionvarwherexor

4.1.5 High-level Model Structure

<model> ::= [ <item> ";" ... ]

<item> = <include-item>

| <var-decl-item>

| <enum-item>

| <type-inst-syn-item>
| <assign-item>

| <constraint-item>
| <solve-item>

| <output-item>

| <predicate-item>
| <test-item>

| <function-item>
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| <annotation-item>

<ti-expr-and-id> ::= <ti-expr> ":."

<ident>

W

ann

4.1.5.1 Model Instance Files

4.1.5.2 Namespaces

4.1.5.3 Scopes

4.1.5. High-level Model Structure
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4.1.6 Types and Type-insts

ann

4.1.6.1 Properties of Types

annspec-Setsspec-Arrays
annh><=== | =<=>=

4.1.6.2 Instantiations

Y

“w»

ann

4.1.6.3 Type-insts

’ var int
. . . . C .
par intvar intvar intpar int—var int

par intvar intpar intSvar int

4.1.6.4 Type-inst expression overview

<ti-expr> ::= <base-ti-expr>
| <array-ti-expr>

<base-ti-expr> ::= <var-par> <opt-ti> <set-ti> <base-ti-expr-tail>
—expr>]
| "any" <ti-variable-expr-tail>

n n n n

<var-par> ::= "var"” | "par" |
<opt-ti> ::= "opt" |
<set-ti> ::= "set" "of" |
<base-type> ::= "bool”

"++" <base-ti-
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| ”int“

<base-ti-expr-tail> ::

| "float”
| "string”

<ident>

<base-type>
<ti-variable-expr-tail>
<tuple-ti-expr-tail>
<record-ti-expr-tail>
"ann”

"{" <expr> "," ... "}"
<num-expr> ".." <num-expr>

<num-expr><expr>..<expr>

parvarpar

par int
int

var

varann

varvar

4.1.6.5 Built-in Scalar Types and Type-insts

Booleans

bool2int’

boolpar boolvar bool

false, true

par bool—svar boolvar bool—svar bool

falsetrue

par bool-var bool

Integers

intpar intvar int

. . .. .
par int—var intvar int—var int

4.1.6. Types and Type-insts
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. C . C . C . C .
par int—var intpar bool—par intpar bool—var intvar bool—var int

Floats

NaN

floatpar floatvar float

par float—svar floatvar float—svar float

par intispar floatpar int—svar floatvar int—svar floatpar float—>var float

Strings

stringpar string

show
4.1.6.6 Built-in Compound Types and Type-insts
Sets

n

<base-ti-expr> ::= <var-par> <opt-ti> "set" "of" <base-ti-expr-tail>
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set of int
var set of bool

set of 1..2powerset(1..2){}, {13, {1,23}, {2}

par set of TI-Svar set of TIvar set of TI-»var set of TI

232,13y < {1,3y < {23

par set of Tllipar set of Ulpar set of TI-5var set of Ulvar set of TI-svar set of UITI-3UI

Arrays

array[1..3] of int: al;
array[0..3] of int: a2;

array[1..5, 1..10] of var float: a5;

L

al = [4,6,4,3,2]; % too many elements
a2 = [3,2,6,5]; % index set mismatch
a5 = []|]; % too few elements

a2[3,2,6,5]11..40..3arrayld

-

a2 = arrayld(e..3,[3,2,6,5]1);

% correct

array[int,int] of int: a6;

enum X = {A,B,C};
enum Y = {D,E,F};
array[X] of int: x
array[Y] of int: y
array[int] of int:

—literals

z

arrayld(X, [5,6,71);
X5

array[X] of int: x2 = [10,11,12];

%
%
%
%

correct

index set mismatch: Y != X

correct: assign X index set to int
correct: automatic coercion for array.

4.1.6. Types and Type-insts
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<array-ti-expr> ::= "array" [ <ti-expr> "," ... 1 "of"” <base-ti-expr>

| "list” "of" <base-ti-expr>

array[1..10] of int
list of var int

list of <T>array[int] of <T>

var

L1, 13107, 2101, 2, 3Jarrayld(2..4,[e, o, o1)[1, 2, 3]

array[TI0] of TI-sarray[UI@] of UITIO—UIOTI—SUI
Option Types

optMaybe<>

boolintfloat

opt <T><T>

<><
optopt<>

TIS0pt UITISSUL

Tuple Types
<tuple-ti-expr-tail> ::= "tuple"” ( <ti-expr> "," )
214 Chapter 4.1. Specification of MiniZinc
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tuple(int, var float)

tuple(1..2, {3,50{(,3), (1,5, (2,3), (2,53

tuple(TI1, ..., TIn)-3tuple(UI1, ..., UIn)TI1-3UI1---TIn->UIn

Record Types

Y

record(var int: x, var int: y)
record(var int: y, var int: x)

<record-ti-expr-tail> ::= "record"” ( <ti-expr-and-id> ","” ... ) }

record(int: x, int: y) J

record(1..2: x, {3,5}: y){(x: 1,y: 3), (x: 1,y: 5), (x: 2,y: 3), (x: 2,y: 5)}

record(TI1: x1, ..., TIn: xn)—record(UI1: x1, ..., UIn: xn)TI1-UI1--TIn—UIn
The Annotation Type

ann

annvar

ann

ann
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4.1.6.7 User-defined Types and Type-insts

Enumerated Types

XXpar Xvar X

par Xlgvar Xvar Xlgvar X

C . C .
par X—par intvar X—var int
Type-inst Synonyms
MyFixedIntpar intMyFixedIntpar int

varparpar

(132

4.1.6.8 Constrained Type-insts

Set Expression Type-insts

1..3

var {1,3,5}

’ var intvar 1..3
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Float Range Type-insts

1.0 .. 3.01.0 .. 3.01 .. 3

4.1.7 Expressions

4.1.7.1 Expressions Overview

<expr> ::= <expr-atom> <expr-binop-tail>

<expr-atom> ::= <expr-atom-head> <expr-atom-tail> <annotations>
<expr-binop-tail> ::= [ <bin-op> <expr> ]

<expr-atom-head> ::= <builtin-un-op> <expr-atom>
| (" <expr> ")"

| <ident-or-quoted-op>
| vn

| <bool-literal>

| <int-literal>

| <float-literal>

| <string-literal>

| <set-literal>

| <set-comp>

| <array-literal>

| <array-literal-2d>
| <indexed-array-literal>

| <indexed-array-literal-2d>
| <tuple-literal>

| <record-literal>

| <array-comp>

| <indexed-array-comp>

| <ann-literal>

| <if-then-else-expr>

| <let-expr>

| <call-expr>

| <gen-call-expr>

<expr-atom-tail> ::=
| <array-access-tail> <expr-atom-tail>

axnot

not x::a;
not (x)::a;
not(x)::a;
'not’ (x)::a;
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<ident><gen-call-expr>

<num-expr> ::= <num-e

<num-expr-atom> ::= <

<num-expr-binop-tail>

<num-expr-atom-head> ::

xpr-atom> <num-expr-binop-tail>
num-expr-atom-head> <expr-atom-tail> <annotations>
::= [ <num-bin-op> <num-expr> ]

<builtin-num-un-op> <num-expr-atom>
"(" <num-expr> ")"
<ident-or-quoted-op>

<int-literal>

<float-literal>

<if-then-else-expr>

<let-expr>

<call-expr>

<gen-call-expr>

4.1.7.2 Operators

+
3 + 4not x
<builtin-op> ::= <builtin-bin-op> | <builtin-un-op>
<bin-op> ::= <builtin-bin-op> | ‘<ident> ¢
<bUiltin_bin_Op> c.= Ng_s! | u_>u | u<_n | n\/u | "XOr" | u/\n
| Il<ll | II>H | H<: n | H>= n | II:=II | II=II | " ! :Il
| na_n | N | =n
| "in" | "subset"” | "superset” | "union"” | "diff" | "symdiff"
| ".." | "intersect” | "++" | "default” | <builtin-num-bin-op>
<builtin-un-op> ::= "not" | <builtin-num-un-op>
p p
<num-bin-op> ::= <builtin-num-bin-op> | ‘<ident> °
<builtin—num—bin—0p> : :: ll+” I ”_H | H*M I H/” | ”diV” | ”modH | nan
| n~+u | no_n I n~*n | u~/n | n~divn
<builtin-num-un-op> ::= "+" | "-"

218
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Operator Unicode symbol UTF-8 code

<=>

in

subset
superset
union
intersect
P

0
LociwuiNnmivink><171 | ¢

%é] +2%x31+(2%3)*+1+2+3(1+2)+3+at++b++cat+(b++c) ++1<x<2<

A1

*

Symbol(s) Assoc. Prec.
<->

=2

.

\/

in
subset
superset
union
diff
symdiff

e
xd
!
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Fl12-#% LW
Symbol(s) Assoc. Prec.
mod
/
intersect

A
++

default
‘<ident>'

A ‘min2' B

+-not

"+'(3, 4)3 + 4

4.1.7.3 Expression Atoms

Identifier Expressions and Quoted Operator Expressions

<ident-or-quoted-op> ::= <ident>
| 7 <builtin-op>’

Tyt

"union’

Anonymous Decision Variables

array[1..4] of var int: xs = [1, _, 3, _I;
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Boolean Literals

<bool-literal> ::= "false" | "true”

Integer and Float Literals

<int-literal> ::= [0-9]+
0x[0-9A-Fa-f]1+

Qo[0-7]+

00051230x1b700777-1

<float-literal> ::= [0-9]+"."[0-9]+
| [0-91+"."[0-9]+[Ee]l[-+]1?[0-9]+
| [0-9]+[Eel[-+]?[0-9]+
| @[xXI([0-9a-fA-FIx"."[0-9a-fA-F]+|[0-9a-fA-F1+".")([pPI[+-1?[0-
f—>9:|+)
| (Q[xXJ1[0-9a-fA-F1+[pP1[+-17[0-9]1+)

1.051.3e-51.3+e51..51.e5.1e5-1.0-1EQ5--

String Literals and String Interpolation

<string-contents> ::= ([*"\n\] | \[0-7]1[0-7?][0-71?7 | \x[0-9a-fA-F1[0-9a-fA-F1? | \
N N A B BN L

nnn nnn

<string-literal> ::= <string-contents>
| """ <string-contents> "\(" <string-interpolate-tail>

<string-interpolate-tail> ::= <expr> ")"<string-contents>"""
| <expr> ")"<string-contents>"\(" <string-interpolate-

—tail>

\"
\\

\n

\t
\x[0-9a-fA-F]1[0-9a-fA-F]1?
\x[0-71[0-7]1?[0-7]1?

"Hello, world!\n"
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"\xe4\xbd\xa0\xe5\xa5\xbd means hello”

string: s = "This is a string literal "
++ "split across two lines.";

show

var set of 1..10: q;
solve satisfy;
output [show("The value of q is \(q), and it has \(card(qg)) elements.")];

Set Literals

<set-literal> ::= "{" [ <expr> "," ... 1 "}"

1float

Set Comprehensions

<set-comp> ::= "{" <expr> "|" <comp-tail> "}"
<comp-tail> ::= <generator> [ "where" <expr> 1 "," ...
<generator> ::= ( <ident> | "_" ) "," ... "in" <expr>

{2%xi | i in 1..5 3} % {2, 4, 6, 8 10 }
{ 1 | iin1..5} % {13} (no duplicates in sets)
|in
‘ {i] 1iin 1..10 where (i mod 2 = 0) } % {2, 4, 6, 8 10 }

‘ {3%i+j | i in0..2, jin {0, 13} % {0, 1, 3, 4, 6, 7}
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‘ {i+tj | i in1..3, jin 1..1 3} % { 1+1, 2+1, 2+2, 3+1, 3+2, 3+3 } J

‘ [f(i, j) | i in A1 where p(i), j in A2 where q(i,j)] J

Simple Array Literals

<array-literal> ::= "[" [ <expr> ","” ... 1 "]"

[1, 2, 3, 41
(]
f1, -]

Tvar int
1..nn

Indexed Array Literals

<indexed-array-literal> ::= "[" [ ( <index-tuple> ":" <expr> ) ","” ... 1 "1"
| II[II [ <indeX—tUple> II:II <expr> Il,ll <expr.> H’II . ] II]H
<index-tuple> ::= <expr>
| H(H [ <eXpr> n , n . ] ”)”

[1 2, 3: 3, 4: 4, 5: 5]

[ A: 0, 3, C: 5]
[ (1,2): 1, (1,3): 2, (2,2): 3, (2,3): 4]
[1:

[ o

[ov S

2, 5: 3, 3: 4, 2: 5]
5 C
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1..5{A,B,C}1..22..3

“w»

% not contiguous, index 2 missing:
L 1:1, 3:2, 4:, 3]

% not contiguous, index 2 missing in dimension 2:
L (a,D: 0, (1,3): 1, (2,1): 0, (2,3): 2]

% not rectangular, second row has fewer entries than first row:
L (,1D): 0, (1,2): 0, (1,3): 0, (2,1): 1, (2,2): 2]

2d Array Literals
<array-literal-2d> ::= "[|" [ [ <expr> "," ... 1 "|" ... 1"|]"
Cr 1, 2, 3
[W4PRSTN6
| 7, 8, 9 |] % array[1..3, 1..3]
[l x,y, z |1 % array[1..1, 1..3]
T R | % array[1..3, 1..1]
Tvar int
(1,1)..(m,n)mn
Indexed 2d Array Literals
<indexed-array-literal-2d> ::= "[|" [ <expr> ":" ... 1 [ [ <expr> ":" ] <expr> "," .

. :I “l]“

% only column index:

LI A
| o
| 1
| 2

N — © @
N = 0O

% only row index:
[] A: o, 0, @
| B: 1, 1, 1
| C: 2, 2, 211;

’
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% row and column index:

N 2O >
N = O
N 2 00O

O W >

1..nn

Simple Array Comprehensions

<array-comp> ::= "[" <expr> "|" <comp-tail> "]"
in
[2%i | 1 in 1..5] % [2, 4, 6, 8, 10]
[2xi | i in [3,5,7] 1] % [6, 10, 14]
(i | iin []7,2]3,4111 % [1, 2, 3, 4]
_n*n
L1T]_, _in1..n]

var set of 1..5: x;
array[int] of var opt int: y=[ i x1i | i in x 1;

var bool

var int x;
array[int] of var opt int: y

[i] iin 1..10 where i != x J;
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Indexed Array Comprehensions

<indexed-array-comp> ::= "[" <index-tuple> ":" <expr> "|" <comp-tail> "]"

% This equals [ 3:9, 4:12, 5:15 1:
[ i: 3*%i | i in 3..5 ]

% This generates a 2d array

% L[| 1: 2: 3:

% | 2: 7, 8, 9

% | 3: 10, 11, 12

% | 4: 13, 14, 15

% |1:

L (i,3): i*3+j | i in 2..4, j in 1..3]

Array Access Expressions

<array-access-tail> ::= "[" <expr> "," ... "]"

int: x = al[1];

array[1..2] of int: a2 = [1, 2];
var int: i;

a2[iJvar int

array[1..3,1..3] of int: a3;
int: y = a3[1, 21;

enum X = {A,B,C};

array[X] of int: a4 = [1,2,3];

int: y = a4[1]; % wrong index type
int: z = a4[B]; % correct
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Array Slice Expressions

array[1..n,4..8] of int: x;
array[int] of int: row_2_of_x = x[2,4..8];

row_2_of_x4..8

array[1..n,4..8] of int: x;
array[int] of int: row_2_of_x

x[2,..];

array[1..n,4..8] of int: x;
array[int] of int: row_2_of_x = x[2,5..6];

row_2_of_x5..6

array[1..n,4..8] of int: x;
array[int] of int: row_2_of_x = x[2,..61;

4..66..6..8

S <<

enum X = {A, B, C, D};
array[X, 1..3] of var int: x;
% x1 = x[A..C, 2..3]

array[_, _1 of var int: x1 = x[A..<, <..1];
% x2 = x[B..C, 3..3]
array[_, _] of var int: x2 = x[<..<, 2<..];

Annotation Literals

ann

<ann-literal> ::= <ident> [ "(" <expr> ","” ... ")" ]

foo
cons(1, cons(2, cons(3, nil)))
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If-then-else Expressions

<if-then-else-expr> ::= "if" <expr> "then" <expr> [ "elseif"” <expr> "then" <expr>_
—]* "else"” <expr> "endif"

if x <=y then x else y endif
if x < 0 then -1 elseif x > 0 then 1 else 0 endif

endif

ifpar boolvar boolthenelse
ifvar boolthenelse

ifpar boolthenelsevar bool

Let Expressions

<let-expr> ::= "let" "{" <let-item> ";" ... "}" "in" <expr>

<let-item> ::= <var-decl-item>
| <constraint-item>

let { int: x = 3; int: y = 4; } in x + y;
let { var int: x;
constraint x >=y /\ x >= -y /\ (x =y \/ x =-y); }

in x

7

in
let { int: x = 3; int: y = x; } in x +y; % ok
let { int: y = x; int: x = 3; } in x + y; % x not visible in y's defn.
let { int: x = x; } in x; % x not visible in x's defn.
let { int: x = 3; int: x = 4; } in x; % x declared twice
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let { var int: x; } in ...; % ok
let { int: x; } in ...; % illegal
any
let { any: x = [5,6,7]; } in ...; % x has type array[1..3] of int

in

not XX <-> YJ}XX -> YY <- Xbool2int(X)

constraint b -> x + let { var 0..2: y; constraint y != -1;} in y >= 4;
var 0..2: y;
constraint b > (x +y >= 4 /\y I=1);

let

Call Expressions

<call-expr> ::= <ident-or-quoted-op> [ " (" <expr> ","” ... ")" 1]

X = min(3, 5);

/\\/-><-assert

A -> BAB
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Generator Call Expressions

<gen-call-expr> ::= <ident-or-quoted-op> "(" <comp-tail> ")" " (" <expr> ")"

P(Gs)(E)P(LE | Gs1)

forall(i,j in Domain where i<j)
(noattack(i, j, queens[i], queens[j1));

forall( [ noattack(i, j, queens[i], queens[j1)
| i,j in Domain where i<j 1 );

4.1.8 Items

4.1.8.1 Include Items

<include-item> ::= "include” <string-literal>

include "foo.mzn";

foo.mzn

4.1.8.2 Variable Declaration Items

<var-decl-item> ::= <ti-expr-and-id> <annotations> [ "=" <expr> ]
| "any"” ":" <ident> <annotations> [ "=" <expr> 1]

int: A = 10;
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int: A;
A = 10;
any
any: x = [1, 2, 31;
any: y = x[2];
xyany

4.1.8.3 Enum Items

<enum-item> ::= "enum” <ident> <annotations> [ "=" <enum-cases-list> ]
<enum-cases-1list> ::= <enum-cases>

| <enum-cases-list> "++" <enum-cases>
<enum-cases> ::= "{" <ident> "," ... "}"

n n n (ll <eXpr> Il) n

<ident> "(" <ident> ")"
”anon_enum” H(Il <expr> H)Il

‘ enum country = {Australia, Canada, China, England, USA}; }
Australia
‘ enum Slot = _(1..n); J

Slotnenum Slot = anon_enum(n);

++

‘ enum country_or_none = C(country) ++ {None}; J

country_or_nonecountryNonecountrycountry_or_nonecountrycountry_or_noneC(Canada)country_or_none
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country_or_none: c_o_n = C(England);
country: ¢ = C "(c_o_n);

C*-1(c_o_n)

enum Node = Left(1..n) ++ Right(1..n);

nn

enum Person = { Amy, Bert, Celeste, Doug, Emely };
enum Staff = S({Amy, Doug});
enum Customers = S(Person setminus S '(Staff));

enum Workers;
enum Shifts;

Workers = { welder, driller, stamper };
Shifts = { idle, day, night };

enum Shifts;
Shifts: idle; % Variable representing the idle constant.

enum Shifts = { idle_const, day, night };
idle = idle_const; % Assignment to the variable.

idle_constidle

int: oz = Australia; % oz =1

% Return next greater enum value of x in enum type X
function T: enum_next(T: x);
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function var T: enum_next(var T: x);

% Return next smaller enum value of x in enum type X
function T: enum_prev(T: Xx);
function var T: enum_prev(var T: x);

% Return enum base set for value x in enum type x
function set of T: enum_of (T: x);

function set of T: enum_of(var T: x);

function set of T: enum_of(set of T: x);

function set of T: enum_of(var set of T: x);

% Convert x to enum type X
function T: to_enum(set of T: X, int: x);
function var T: to_enum(set of T: X, var int: x);

4.1.8.4 Type-inst Synonym Items

<type-inst-syn-item> ::= "type" <ident> <annotations> "=" <ti-expr>
type MylInt = int;
type Person = record(string: name, int: height);
type Domain =1..n;
4.1.8.5 Assignment Iltems
‘ <assign-item> ::= <ident> "=" <expr> J

4.1.8.6 Constraint Items

‘ <constraint-item> ::= "constraint” [ <string-annotation> ] <expr> J

‘ constraint a*x < b; }

par boolvar bool
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4.1.8.7 Solve Iltems

<solve-item> ::= "solve" <annotations> "satisfy"
"solve" <annotations> "minimize"” <expr>

"solve"” <annotations> "maximize" <expr>

solve satisfy;
solve maximize a*x + y - 3*z;

minimizemaximize

4.1.8.8 Output Items

‘ <output-item> ::= "output” [ <string-annotation> ] <expr> }

‘ output ["The value of x is ", show(x), "!\n"]; }

array[int] of par string++showshow_intshow_float

--only-sections--not-sections
4.1.8.9 Annotation Items

ann

‘ <annotation-item> ::= "annotation"” <ident> <params> }

‘ annotation solver(int: kind); }
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4.1.8.10 User-defined Operations

<predicate-item> ::= "predicate” <operation-item-tail>
<test-item> ::= "test"” <operation-item-tail>
<function-item> ::= "function” <ti-expr> ":" <operation-item-tail>
<operation-item-tail> ::= <ident> <params> <annotations> [ "=" <expr> ]
<params> ::= [ ( <ti-expr-and-id> "," ... ) ]

even

predicate even(var int: x) =
x mod 2 = 0;

predicate alldifferent(array [int] of var int: xs);

Basic Properties

“w» “w» “w»

par boolvar bool

Ad-hoc polymorphism

predicate p(1..5: x);
predicate p(1..5: x)
predicate p(1..5: x)

false; % ok: first definition
true; % error: repeated definition

pp(3)

predicate p(par int: x);
predicate p(var int: x);
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predicate q(int: X);
predicate q(set of int: x);

.F
function int: f(int: x, float: y) = 0;
function int: f(float: x, int: y) = 1;
(3,3
p
g
function float: g(int: t1, float: t2) = t2;
function int : g(float: t1, int: t2) = t1;
g(3,4)
float: s = g(3,4);
int: t = g(3,4);
st

(St ooy Su)(T1, s To)(Ry, ..., R RiSiT;
(S1s s Sp) (T4, oo, Tp)STS; < TyiS < T

g(int,float)(float,int)(int,int)g(int,int)

function int: g(int: t1, int: t2) = t1;

gint
(A%} g(3 , 4)
Local Variables

have_common_divisor

predicate have_common_divisor(int: A, int: B) =
let {
var 2..min(A,B): C;
} in
A mod C =0 /\
B mod C = 0;
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predicate have_common_divisor(int: A, int: B) =
exists(C in 2..min(A,B))
(Amod C =90 /\ Bmod C = 0);

4.1.9 Annotations

<annotations> ::= [ "::" <annotation> J*
<annotation> ::= <expr-atom-head> <expr-atom-tail>
<string-annotation> ::= "::" <string-literal>

int: x::foo;
x = (3 + 4)::bar("a", 9)::baz("b");
solve :: blah(4)

minimize x;

ann: '::'(var $T: e, ann: a); % associative
ann: '::'(ann: a, ann: b); % associative + commutative
e a::b
e ::b::a
(e :: @) :: b
(e :: b) :: a
e (a :: b)
e (b :: a)
ann
constraint ::"first constraint” alldifferent(x);
constraint ::"second constraint” alldifferent(y);

constraint forall (i in 1..n) (my_constraint(x[il],y[i])::"constraint \(i)");
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4.1.10 Partiality

4.1.10.1 Partial Assignments

1..5: x = 3;
int: x = 3;
constraint assert(x in 1..5,
"assignment to global parameter 'x' failed”)

var int: x = 3;
constraint x in 1..5;

let { 1..5: x = 3; } in x+1

let { int: x = 3; } in
assert(x in 1..5,
"assignment to let parameter 'x' failed”, x+1)

“7 false

u=17[1let { var 1..5: x = 6} in x, let { par 1..5: y = 6; } iny) 1;
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4.1.10.2 Partial Predicate/Function and Annotation Arguments

4.1.10.3 Partial Array Accesses

“7 false

array[1..3] of int: a = [1,2,3];
var int: i;
constraint (ali] + 3) > 10 \/ i = 99;

s
1

4.1.11 Built-in Operations

bool: '"\/'(bool, bool)
TI: f(TI1,...,TIn)fTI,...,TInTI
4.1.11.1 Comparison Operations

><:>::::!:

bool: '<'( $T, $T)
var bool: '<'(var $T, var $T)

4.1.11.2 Arithmetic Operations

—-%
int: "+ ( int, int)
var int: "+'(var int, var int)
float: '+'( float, float)

var float: '+'(var float, var float)

int: = int)
var int: '="(var int)
float: '-' float)
var float: '-'(var float)
int: "div'( int, int)
var int: 'div'(var int, var int)
int: "mod’ ( int, int)
var int: 'mod’ (var int, var int)
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var

float: '/' ( float

)

float)

float: '/' (var float, var float)

(x div y) * y + (x mod

y)

7 d
-7 d
7 d
-7 d

iv 4= 1 7 mod 4
iv 4 = -1 -7 mod 4

iv -4 = -1 7 mod -4 =

|
—_

|
~

iv -4 =

mod -4 =

product

var

var

int: sum(array[$T]
int: sum(array[$T]
float: sum(array[$T]
float: sum(array[$T]

of
of var
of
of var

int )
int )
float)
float)

max

$T:
var

min( $T, $T)
$T: min(var $T, var $T)

max

$U:
var

min(array[$T] of

$U)
$U: min(array[$T] of var $U)

max

$T:

min(set of $T)

var

var

int: abs( int)
int: abs(var int)
float: abs( float)
float: abs(var float)

var

float: sqrt( float)
float: sqrt(var float)

pow(2,

5)32
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int: pow(int, int)
float: pow(float, float)

float: exp(float)
var float: exp(var float)

log10log?2

float: 1n(float)
var float: 1In(var float)

float: log(float, float)

costanasinacosatansinhcoshtanhasinhacoshatanh

float: sin(float)
var float: sin(var float)

4.1.11.3 Logical Operations

\/<--><->xornot

=><=<=><= “”

bool: "/\'( bool, bool)
var bool: '/\'(var bool, var bool)

existsforalltrueexistsfalse

bool: forall(array[$T] of bool)
var bool: forall(array[$T] of var bool)

iffalltruefalse

bool: xorall(array[$T] of bool: bs)
var bool: xorall(array[$T] of var bool: bs)

foldl('xor', false, bs)
foldl('xor', false, bs)
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4.1.11.4 Set Operations

bool: '"in'( $T, set of $T )
var bool: 'in'(var $$E, var set of $$E)

superset

bool: 'subset'( set of $T , set of $T )
var bool: 'subset'(var set of $$E, var set of $$E)

intersectdiffsymdiff

set of $T: 'union’( set of $T, set of $T )
var set of $$E: 'union’'(var set of $$E, var set of $$E )

1..01+7u-Tenum_next(1l)enum_prev(l)

% Return set {1, ..., u}

set of $$E: '..'($$E: 1, $$E: u)

% Return set {1+1, ..., u}

set of $$E: '<..'($$E: 1, $$E: u)
% Return set {1, ..., u-1}

set of $$E: '..<'($$E: 1, $$E: u)
% Return set {1+1, ..., u-1}

set of $$E: '<..<'($$E: 1, $$E: u)

% x = {1, ..., max(enum_of (1))}
set of X: x =1..;
% x = {min(enum_of(u)), ..., u}
set of X: x = ..u;

int: card( set of $T)
var int: card(var set of $$E)

array_intersect

set of $U: array_union(array[$T] of set of $U)
var set of $$E: array_union(array[$T] of var set of $$E)
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4.1.11.5 Array Operations

int: length(array[$T] of $U)

1..nn'"++'

array[int] of $T: '++'(arraylint] of $T, arrayl[int] of $T)

set of $T: index_set (array[$T] of $V)
set of $T: index_set_lof2(array[$T, $U] of $V)
set of $U: index_set_2of2(array[$T, $U] of $V)

array[$T1] of $V: arrayld(set of $T1, array[$U] of $V)
array[$T1,$T2] of $V:

array2d(set of $T1, set of $T2, array[$U] of $V)
array[$T1,$T2,$T3] of $V:

array3d(set of $T1, set of $T2, set of $T3, array[$U] of $V)

4.1.11.6 Coercion Operations

“+oo0—00

int: ceil (float)
int: floor(float)
int: round(float)

int: bool2int( bool)
var int: bool2int(var bool)

float: int2float( int)
var float: int2float(var int)
array[int] of $T: set2array(set of $T)

Xy
$T: 'default’(opt $T:x, $T: y);
opt $T: 'default’(opt $T:x, opt $T: y);
var $T: 'default’(var opt $T:x, var $T: y);
var opt $T: 'default'(var opt $T:x, var opt $T: y);

array[$U] of $T: 'default’(array[$U] of $T:x, array[$U] of $T: y);
array[$U] of opt $T: 'default’(array[$U] of opt $T:x, array[$U] of opt $T: y);
array[$U] of var $T: 'default’'(array[$U] of var $T:x, array[$U] of var $T: y);
array[$U] of var opt $T: 'default’(array[$U] of var opt $T:x, array[$U] of var opt
<$T: y);
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4.1.11.7 String Operations

string: show($T)
string: show_int(int, var int);
string: show_float(int, int, var float)
! ++ U
string: '++'(string, string)
’ ++ !
string: concat(array[$T] of string)
string: join(string, array[$T] of string)
4.1.11.8 Bound and Domain Operations
lbub
{3
int: lb(var int)
float: 1lb(var float)
int: ub(var int)
float: ub(var float)
set of int: lb(var set of int)
set of int: ub(var set of int)
int: 1b_array(array[$T] of var int)
float: lb_array(array[$T] of var float)
set of int: lb_array(array[$T] of var set of int)
int: ub_array(array[$T] of var int)
float: ub_array(array[$T] of var float)
set of int: ub_array(array[$T] of var set of int)
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set of int: dom(var int)

dom

set of int: dom_array(array[$T] of var int)

int: dom_size(var int)

dom_sizecard(dom(x))

4.1.11.9 Option Type Operations
T

opt $T: '<>';

occursabsent

par bool: occurs(par opt $T);
var bool: occurs(var opt $T);
par bool: absent(par opt $T);
var bool: absent(var opt $T);

deopt

par $T: deopt{par opt $T);
var $T: deopt(var opt $T);
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4.1.11.10 Other Operations

true

$T: assert(bool, string, s$T)
par bool: assert(bool, string)

$T: abort(string)

bool: trace(string)

$T: trace(string, $T)

)

‘ $T: fix(var $T)

false’

‘ par bool: is_fixed(var $T)

4.1.12 Content-types

application/x-zinc-output

% Output
<output> ::= <no-solutions> [ <warnings> ] <free-text>
| ¢ <solution> )*x [ <complete> ] [ <warnings> ] <free-text>

% Solutions
<solution> ::= <solution-text> [ \n ] "--———-—-—--- " \n

% Unsatisfiable
<no-solutions> ::= "=====UNSATISFIABLE=====" \n

% Complete
<C0mp]_ete> 0 0= YTeamm====—=0 |

% Messages

<warnings> ::= ( <message> )+
<message> = ( <line> )+
<line> = "%" [*\n]* \n
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4.1.13 JSON support

truefalse

set”

n_n

e

nonnn
C

e

int: n;

enum Customers;

array[1..n,Customers] of int: distances;
array[1..n] of set of int: patterns;

{

"n" : 2,

"Customers” : [ {"e" : "Customer A"}, {"e" : "Customer B"}, {"e" : "Customer C"}._
-],

"distances” : [ [1,2,31,

[4,5,611,

"patterns” : [ {"set” : [1,3,51}, {"set” : [2,4,61} 1]

}

nCustomersdistancespatterns
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4.1.14 Full grammar
4.1.14.1 Items

% A MiniZinc model

<model> ::= [ <item> ";" ... ]
% Items
<item> <include-item>

| <var-decl-item>

| <enum-item>

| <type-inst-syn-item>
| <assign-item>

| <constraint-item>
| <solve-item>

| <output-item>

| <predicate-item>
| <test-item>

| <function-item>

| <annotation-item>

<ti-expr-and-id> ::= <ti-expr> ":" <ident>

% Include items
<include-item> ::= "include"” <string-literal>

% Variable declaration items
<var-decl-item> ::= <ti-expr-and-id> <annotations> [ "=" <expr> ]

n o on_ n

| "any :" <ident> <annotations> [ "=" <expr> 1]

% Enum items
<enum-item> ::= "enum" <ident> <annotations> [ "=" <enum-cases-list> ]

<enum-cases-list> ::= <enum-cases>

| <enum-cases-list> "++" <enum-cases>
<enum-cases> ::= "{" <ident> "," ... "}"
| " <expr> ")
| <ident> "(” <ident> ")"
| "anon_enum” " (" <expr> ")"

% Type-inst synonym items
<type-inst-syn-item> ::= "type" <ident> <annotations> "=" <ti-expr>

% Assign items
<assign-item> ::= <ident> "=" <expr>

% Constraint items
<constraint-item> ::= "constraint” [ <string-annotation> ] <expr>

% Solve item
<solve-item> ::= "solve" <annotations> "satisfy"

| "solve" <annotations> "minimize" <expr>
I

"solve" <annotations> "maximize" <expr>

% Output items
<output-item> ::= "output” [ <string-annotation> ] <expr>
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% Annotation items
<annotation-item> ::= "annotation"” <ident> <params>

% Predicate, test and function items

<predicate-item> ::= "predicate” <operation-item-tail>

<test-item> ::= "test"” <operation-item-tail>

<function-item> ::= "function” <ti-expr> ":" <operation-item-tail>
<operation-item-tail> ::= <ident> <params> <annotations> [ "=" <expr> ]
<params> ::= [ ( <ti-expr-and-id> "," ... ) ]

4.1.14.2 Type-Inst Expressions
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<base

<ti-expr> ::=
| <arra

<base-ti-expr> ::=

—expr>]

I
<var-par> ::= "var"
<opt-ti> ::= "opt”
<set-ti> ::= "set”
<base-type> ::= "bo

| uin
| "fl
| nst

% Type-inst variabl
<ti-variable-expr-t

% Array type-inst e
<array-ti-expr> ::=

% Tuple type-inst e
<tuple-ti-expr-tail

% Record type-inst
<record-ti-expr-tai

<base-ti-expr-tail> ::

-ti-expr>
y-ti-expr>

<var-par> <opt-ti> <set-ti> <base-ti-expr-tail> ["++" <base-ti-

"any" <ti-variable-expr-tail>

| Ilparll |
I
”O.F" I
01”
tll
oat”
ring”
<ident>

| <base-type>

| <ti-variable-expr-tail>
| <tuple-ti-expr-tail>

| <record-ti-expr-tail>
I

I

I

Hannll
H{:II <expr> II’H . II}”
<num-expr> ".." <num-expr>
es
ail> ::= $[A-Za-z$]1[A-Za-z0-9_]*
xpressions
"array” [ <ti-expr> ","” ... ] "of" <base-ti-expr>

"list" "of" <base-ti-expr>

xpressions
> ::= "tuple” ( <ti-expr> "," ... )

expressions
1> ::= "record” ( <ti-expr-and-id> "," ... )

4.1.14.3 Expressions

<expr> ::= <expr-at
<expr-atom> ::= <ex
<expr-binop-tail> :

<expr-atom-head> ::

om> <expr-binop-tail>
pr-atom-head> <expr-atom-tail> <annotations>
:= [ <bin-op> <expr> ]

= <builtin-un-op> <expr-atom>
| "(" <expr> ")"

| <ident-or-quoted-op>

|

| <bool-literal>

| <int-literal>

| <float-literal>
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<expr-atom-tail> ::

% Numeric expressions
<num-expr> ::= <num-e

<num-expr-atom> ::= <

% Built-in operators
<builtin-op> ::= <bui

<builtin

<bin-op> ::
<builtin-bin-op> ::=
I
I
I
I
<builtin-un-op> ::= "

% Built-in numeric op
<num-bin-op> ::= <bui

<num-expr-binop-tail> :

<num-expr-atom-head> ::

<builtin-num-bin-op> ::

<builtin-num-un-op> ::

<string-literal>
<set-literal>
<set-comp>
<array-literal>
<array-literal-2d>
<indexed-array-literal>
<indexed-array-literal-2d>
<tuple-literal>
<record-literal>
<array-comp>
<indexed-array-comp>
<ann-literal>
<if-then-else-expr>
<let-expr>

<call-expr>
<gen-call-expr>

<array-access-tail> <expr-atom-tail>

xpr-atom> <num-expr-binop-tail>
num-expr-atom-head> <expr-atom-tail> <annotations>
:= [ <num-bin-op> <num-expr> ]

<builtin-num-un-op> <num-expr-atom>
"(" <num-expr> ")"
<ident-or-quoted-op>

<int-literal>

<float-literal>

<if-then-else-expr>

<let-expr>

<call-expr>

<gen-call-expr>

1tin-bin-op> | <builtin-un-op>
-bin-op> | ‘<ident> ‘
II<_>II | II_>H | Il<_II | II\/II | IIXOrII | II/\H
II<II I II>H | H<=H | H>: n | II==II | II=II | n ' =II
na_n | N | =n
"in" | "subset” | "superset” | "union” | "diff"” | "symdiff"
".." | "intersect” | "++" | "default” | <builtin-num-bin-op>
not” | <builtin-num-un-op>
erators
ltin-num-bin-op> | ‘<ident> °
— II+II I n_n | II*II | II/” | Hdivll | Hmodlﬁ | nan
| Mg | no_n | Mg | II~/II | ”~diV"
= ”+H | H_H
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% Boolean literals
<bool-literal> ::= "false" | "true"

% Integer literals

<int-literal> ::= [0-9]+
| ox[0-9A-Fa-f]+
| @0[0-7]1+

% Float literals
<float-literal> ::= [0-9]+"."[0-9]+
| [0-91+"."[0-9]+[Ee][-+]1?[0-9]+
| [0-91+[Eel[-+]?[0-9]+
| @[xX1([0-9a-fA-F1*"."[0-9a-fA-F]+|[0-9a-fA-F1+".")([pPl[+-1?[0-
—9]1+)

| (0[xX1[0-9a-fA-F1+[pP1[+-1?[0-91+)

% String literals
<string-contents> ::= ([*"\n\] | \[0-71[0-7?]1[0-71? | \x[0-9a-fA-FI[0-9a-fA-F1? | \
—n | \t | \" | \\)*

<string-literal> ::= """ <string-contents> """
| """ <string-contents> "\(" <string-interpolate-tail>

<string-interpolate-tail> ::= <expr> ")"<string-contents>"""
| <expr> ")"<string-contents>"\(" <string-interpolate-

—tail>

% Set literals
<set-literal> ::= "{" [ <expr> ","” ... ] "}"

% Set comprehensions

<set-comp> ::= "{" <expr> "|" <comp-tail> "}"
<comp-tail> ::= <generator> [ "where" <expr> 1 "," ...
<generator> ::= ( <ident> | "_" ) "," ... "in" <expr>

% Array literals
<array-literal> ::= "[" [ <expr> ","” ... 1 "]1"

% 2D Array literals
<array-literal-2d> ::= "[|" [ [ <expr> "," ... 1 "|" ... 1"|]"

% Indexed 2D Array literals

<indexed-array-literal-2d> ::= "[|" [ <expr> ":" ... 1 [ [ <expr> ":" ] <expr> "," .
s o :I n I]"
% Indexed array literals
<indexed-array-literal> ::= "[" [ ( <index-tuple> ":" <expr> ) ","” ... 1 "1"
| H[H [ <index_tup1e> H:Il <expr> H’” <expr> ll’” . ] ":]H
<index-tuple> ::= <expr>
| II(H [ <expr> II’ n . ] ”)II

% Tuple literals
<tuple-literal> ::= "(" <expr> "," [ <expr> "," ... 1"™)"
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% Record literals
<record-literal> ::= "(" <ident> ":" <expr> "," [ <ident> ":" <expr> ",” ... 1 ")"

% Array comprehensions
<array-comp> ::= "[" <expr> "|" <comp-tail> "]"

% Indexed array comprehensions
<indexed-array-comp> ::= "[" <index-tuple> ":" <expr> "|" <comp-tail> "]1"

% Array access
<array-access-tail> ::= "[" <expr> "," ... "]"

% Annotation literals
<ann-literal> ::= <ident> [ "(" <expr> "," ... ")" ]

% If-then-else expressions
<if-then-else-expr> ::= "if" <expr> "then" <expr> [ "elseif" <expr> "then" <expr>.
—]* "else"” <expr> "endif”

% Call expressions
<call-expr> ::= <ident-or-quoted-op> [ "(" <expr> "," ... ")" 1]

% Let expressions
<let-expr> ::= "let" "{" <let-item> ";" ... "3}" "in" <expr>

<let-item> ::= <var-decl-item>
| <constraint-item>

% Generator call expressions
<gen-call-expr> ::= <ident-or-quoted-op> "(" <comp-tail> ")" "(" <expr> ")"

4.1.14.4 Miscellaneous Elements

% Identifiers
<ident> ::= _?[A-Za-z][A-Za-z0-9_Jx | ' [*’ \xa\xd\xo@]+’

% Identifiers and quoted operators
<ident-or-quoted-op> ::= <ident>

| 7 <builtin-op>’

% Annotations

<annotations> ::= [ "::" <annotation> ]x
<annotation> ::= <expr-atom-head> <expr-atom-tail>
<string-annotation> ::= "::" <string-literal>

4.1.14. Full grammar
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The MiniZinc library

4.2.1 Standard Library

4.2.1.1 Built-in functions and operators

Comparison Builtins

1. test "!="($T: x, $T: y)
2. test 'l="(opt $T: x, opt $T: y)
3. predicate '!="(any $T: x, any $T: y)
4. test '!='(array [$U] of $T: x, array [$U] of $T: y)
5. test 'l='(array [$U] of opt $T: x, array [$U] of opt $T: y)
6. predicate '!='(array [$U] of var $T: x, array [$U] of var $T: y)
7. predicate '!='(array [$U] of var opt $T: x,
array [$U] of var opt $T: y)

Xy
X =y
Xy
X =y
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1. test '<'($T: x, $T: y)
2. predicate '<'(var $T: x, var $T: y)
3. predicate '<'(var opt int: x, var opt int: y)
4. test '<'(opt int: x, opt int: y)
5. predicate '<'(var opt float: x, var opt float: y)
6. test '<'(opt float: x, opt float: y)
7. test '<'(array [$U] of $T: x, array [$U] of $T: y)
8. predicate '<’'(array [$U] of var int: x, array [$U] of var int: y)
9. predicate '<'(array [$U] of var bool: x, array [$U] of var bool: y)
10. predicate '<'(array [$U] of var float: x, array [$U] of var float: y)
11. predicate '<’'(array [$U] of var set of int: x,
array [$U] of var set of int: y)
Xy
X <y
XyXy
x <y
Xy
x <y
1. test '<="($T: x, $T: y)
2. predicate '<='(var $T: x, var $T: y)
3. predicate '<='(var opt int: x, var opt int: y)
4. test '<='(opt int: x, opt int: y)
5. predicate '<='(var opt float: x, var opt float: y)
6. test '<="(opt float: x, opt float: y)
7. test '<='(array [$U] of $T: x, array [$U] of $T: y)
8. predicate '<='(array [$U] of var int: x, array [$U] of var int: y)
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9. predicate '<='(array [$U] of var bool: x, array [$U] of var bool: y)
10. predicate '<='(array [$U] of var float: x, array [$U] of var float: y)

11. predicate '<='(array [$U] of var set of int: x,
array [$U] of var set of int: y)

Xy

X <=y

Xyxy

X <=y

Xy

X <=y

1. test '='($T: x, $T: y)

2. test '='(opt $T: x, opt $T: y)

3. predicate '='(any $T: x, any $T: y)

4. test '='(array [$U] of $T: x, array [$U] of $T: y)

5. test '='(array [$U] of opt $T: x, array [$U] of opt $T: y)

6. predicate '='(array [$U] of var $T: x, array [$U] of var $T: y)

7. predicate '='(array [$U] of var opt $T: x, array [$U] of var opt $T: y)

1. test '>'($T: x, $T: y)
2. predicate '>'(var $T: x, var $T: y)
3. predicate '>'(var opt int: x, var opt int: y)

4. test '>'(opt int: x, opt int: y)
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5. predicate '>'(var opt float: x, var opt float: y)

6. test '>'(opt float: x, opt float: y)

7. test '>'"(array [$U] of $T: x, array [$U] of $T: y)

8. predicate '>'(array [$U] of var int: x, array [$U] of var int: y)

9. predicate '>'(array [$U] of var bool: x, array [$U] of var bool: y)
10. predicate '>'(array [$U] of var float: x, array [$U] of var float: y)

11. predicate '>'(array [$U] of var set of int: x,
array [$U] of var set of int: y)

Xy

X >y

XyXy

X >y

Xy

X >y

1. test '>="($T: x, $T: y)

2. predicate '>='(var $T: x, var $T: y)

3. predicate '>='(var opt int: x, var opt int: y)

4. test '>='"(opt int: x, opt int: y)

5. predicate '>='(var opt float: x, var opt float: y)

6. test '>="(opt float: x, opt float: y)

7. test '>='"(array [$U] of $T: x, array [$U] of $T: y)

8. predicate '>='(array [$U] of var int: x, array [$U] of var int: y)

9. predicate '>="(array [$U] of var bool: x, array [$U] of var bool: y)
10. predicate '>='(array [$U] of var float: x, array [$U] of var float: y)

11. predicate '>='(array [$U] of var set of int: x,
array [$U] of var set of int: y)

Xy
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X >=y
XyXy
X >=y
Xy
X >=y
predicate '~!='(var opt bool: x, var opt bool: y)
predicate '~!='(var opt int: x, var opt int: y)
predicate '~!='(var opt float: x, var opt float: y)
Xy
predicate '~='(var opt bool: x, var opt bool: y)
predicate '~='(var opt int: x, var opt int: y)
predicate '~='(var opt float: x, var opt float: y)
Xy
Arithmetic Builtins

1. function int: 'x'(int: x, int: y)

2. function var int: 's'(var int: x, var int: y)

3. function var int: 'x'(var opt int: x, var opt int: y)

4. function int: '*'(opt int: x, opt int: y)

5. function var float: '*'(var opt float: x, var opt float: y)
6. function float: 'x'(opt float: x, opt float: y)

7. function float: 'x'(float: x, float: y)

8. function var float: 'x'(var float: x, var float: y)

Xy

X %y

Xy

X %y

4.2.1. Standard Library
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Xy

X %y

1. function int: '+'(int: x, int: y)

2. function var int: '+'(var int: x, var int: y)

3. function float: '+'(float: x, float: y)

4. function var float: '+'(var float: x, var float: y)

5. function var int: '+'(var opt int: x, var opt int: y)

6. function int: '+'(opt int: x, opt int: y)

7. function var float: '+'(var opt float: x, var opt float: y)

8. function float: '+'(opt float: x, opt float: y)

Xy

Xty

Xy

Xty

1. function int: '-'(int: x, int: y)

1

2. function var int: '-'(var int: x, var int: y)

3. function float: '-'(float: x, float: y)

4. function var float: '-'(var float: x, var float: y)

1

5. function var opt int: '-'(var opt int: x, var opt int: y)

1

6. function var opt float: '-'(var opt float: x, var opt float: y)

[

7. function opt int: '-'(opt int: x, opt int: y)
8. function opt float: '-'(opt float: x, opt float: y)
9. function int: '-'(int: x)

1

10. function var int: '-'(var int: x)
11. function float: '-'(float: x)

12. function var float: '-'(var float: x)
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13. function opt int: '-'(opt int: x)
14. function var opt int: '-'(var opt int: x)
15. function opt float: '-'(opt float: x)
16. function var opt float: '-'(var opt float: x)
Xy
X -y
XXYXY
X -y
X
- X
X
- X
1. function float: '/'(float: x, float: y)
2. function var float: '/'(var float: x, var float: y)
3. function var opt float: '/'(var opt float: x, var opt float: y)
4. function opt float: '/'(opt float: x, opt float: y)
Xy
x/y
XXYXY
X /'y

function int: '*'(int: x, int: y)

function var int: '*’'(var int: x, var int: y)
function float: '*'(float: x, float: y)

function var float: '*'(var float: x, var float: y)
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Xy
1. function int: 'div’'(int: x, int: y)
2. function var int: 'div'(var int: x, var int: y)
3. function var opt int: 'div'(var opt int: x, var opt int: y)
4. function opt int: 'div’'(opt int: x, opt int: y)
Xy
x div y
XXYXY
x div y
1. function int: 'mod’(int: x, int: y)
2. function var int: 'mod’'(var int: x, var int: y)
3. function var opt int: 'mod’'(var opt int: x, var opt int: y)
4. function opt int: 'mod’'(opt int: x, opt int: y)
Xy
x mod y
XYyXy
x mod y
1. function int: abs(int: x)
2. function var int: abs(var int: x)
3. function opt int: abs(opt int: x)
4. function var opt int: abs(var opt int: x)
5. function float: abs(float: x)
6. function var float: abs(var float: x)
7. function opt float: abs(opt float: x)
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8. function var opt float: abs(var opt float: x)

X
X
X
X
function $$E: arg_max(array [$$E] of bool: x)
function $$E: arg_max(array [$$E] of int: x)
function $$E: arg_max(array [$$E] of float: x)
X
function $$E: arg_min(array [$$E] of bool: x)
function $$E: arg_min(array [$$E]1 of int: x)
function $$E: arg_min(array [$$E] of float: x)
X
function int: count(array [$T] of bool: x)
function var int: count(array [$T] of var bool: x)
function var int: count(array [$T] of var opt bool: x)
X

1. function

2. function

3. function

4. function

5. function

6. function

7. function

8. function

$T: max($T: x, $T: y)

var int: max(var int: x, var int: y)

var float: max(var float: x, var float: y)

$T: max(array [$U] of $T: x)

var int: max(array [$U] of var int: x)

var float: max(array [$U] of var float: x)

var int: max(array [$X] of var opt int: x)

var float: max(array [$X] of var opt float: x)

4.2.1. Standard Library
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9. function $$E: max(set of $$E: x)

Xy

function var opt int: max_weak(array [$X] of var opt int: x)
function var opt float: max_weak(array [$X] of var opt float: x)

1. function $T: min($T: x, $T: y)

2. function var int: min(var int: x, var int: y)

3. function var float: min(var float: x, var float: y)

4. function $T: min(array [$U] of $T: x)

5. function var int: min(array [$U] of var int: x)

6. function var float: min(array [$U] of var float: x)

7. function var int: min(array [$X] of var opt int: x)

8. function var float: min(array [$X] of var opt float: x)

9. function $$E: min(set of $$E: x)

Xy

function var opt int: min_weak(array [$X] of var opt int: x)
function var opt float: min_weak(array [$X] of var opt float: x)
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1. function

2. function

3. function

4. function

5. function

int: pow(int: x, int: y)

var int: pow(var int: x, int: y)

var int: pow(var int: x, var int: y)
float: pow(float: x, float: y)

var float: pow(var float: x, var float: y)

< 01 div

pow(x, abs(y))

1. function

2. function

3. function

4. function

5. function

6. function

7. function

8. function

int: product(array [$T] of int: x)

var int: product(array [$T] of var int: x)
float: product(array [$T] of float: x)

var float: product(array [$T] of var float: x)
int: product(array [$T] of opt int: x)

var int: product(array [$T] of var opt int: x)
float: product(array [$T] of opt float: x)

var float: product(array [$T] of var opt float: x)

1. function

2. function

3. function

4. function

float: sqrt(float: x)
var float: sqrt(var float: x)
opt float: sqrt(opt float: x)

var opt float: sqrt(var opt float: x)

v
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\/X

1. function int: sum(array [$T]1 of int: x)

2. function var int: sum(array [$T] of var int: x)

3. function float: sum(array [$T] of float: x)

4. function var float: sum(array [$T] of var float: x)

5. function var int: sum(array [int] of var opt int: x)

6. function int: sum(array [int] of opt int: x)

7. function var float: sum(array [int] of var opt float: x)

8. function float: sum(array [int] of opt float: x)

function var opt int: '~*'(var opt int: x, var opt int: y)
function opt int: '~*'(opt int: x, opt int: y)
function var opt float: '~x'(var opt float: x, var opt float: y)

Xy

function var opt int: '~+'(var opt int: x, var opt int: y)
function opt int: '~+'(opt int: x, opt int: y)
function var opt float: '~+'(var opt float: x, var opt float: y)

Xy

’

function var opt int: '~-'(var opt int: x, var opt int: y)
function opt int: '~-'(opt int: x, opt int: y)
function var opt float: '~-'(var opt float: x, var opt float: y)

Xy

function var opt float: '~/'(var opt float: x, var opt float: y)
function opt float: '~/'(opt float: x, opt float: y)
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Xyxy

function var opt int: '~div'(var opt int: x, var opt int: y)
function opt int: '~div'(opt int: x, opt int: y)

Xyxy

Exponential and logarithmic builtins

1. function float: exp(float: x)
2. function var float: exp(var float: x)
3. function opt float: exp(opt float: x)

4. function var opt float: exp(var opt float: x)

ex

1. function float: 1n(float: x)
2. function var float: ln(var float: x)
3. function opt float: ln(opt float: x)

4. function var opt float: ln(var opt float: x)

function float: log(float: x, float: y)

1. function float: logl@(float: x)

2. function var float: loglo(var float: x)
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3. function opt float: logl@(opt float: x)

4. function var opt float: logl@(var opt float: x)

10

10 X

1. function

2. function

3. function

4. function

float: log2(float: x)
var float: log2(var float: x)
opt float: log2(opt float: x)

var opt float: log2(var opt float: x)

2 X

Trigonometric functions

1. function

2. function

3. function

4. function

float: acos(float: x)
var float: acos(var float: x)
opt float: acos(opt float: x)

var opt float: acos(var opt float: x)

1. function

2. function

3. function

4. function

float: acosh(float: x)
var float: acosh(var float: x)
opt float: acosh(opt float: x)

var opt float: acosh(var opt float: x)

268

Chapter 4.2. The MiniZinc library




MiniZinc Handbook, & 1Tl 2 2.8.5

1. function

2. function

3. function

4. function

float: asin(float: x)
var float: asin(var float: x)
opt float: asin(opt float: x)

var opt float: asin(var opt float: x)

1. function

2. function

3. function

4. function

float: asinh(float: x)
var float: asinh(var float: x)
opt float: asinh(opt float: x)

var opt float: asinh(var opt float: x)

1. function

2. function

3. function

4. function

float: atan(float: x)
var float: atan(var float: x)
opt float: atan(opt float: x)

var opt float: atan(var opt float: x)

1. function

2. function

float: atanh(float: x)

var float: atanh(var float: x)
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3. function opt float: atanh(opt float: x)

4. function var opt float: atanh(var opt float: x)

1. function float: cos(float: x)

2. function var float: cos(var float: x)

3. function opt float: cos(opt float: x)

4. function var opt float: cos(var opt float: x)

X

1. function float: cosh(float: x)

2. function var float: cosh(var float: x)

3. function opt float: cosh(opt float: x)

4. function var opt float: cosh(var opt float: x)

1. function float: sin(float: x)

2. function var float: sin(var float: x)

3. function opt float: sin(opt float: x)

4. function var opt float: sin(var opt float: x)
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1. function

2. function

3. function

4. function

float: sinh(float: x)
var float: sinh(var float: x)
opt float: sinh(opt float: x)

var opt float: sinh(var opt float: x)

1. function

2. function

3. function

4. function

float: tan(float: x)
var float: tan(var float: x)
opt float: tan(opt float: x)

var opt float: tan(var opt float: x)

1. function

2. function

3. function

4. function

float: tanh(float: x)
var float: tanh(var float: x)
opt float: tanh(opt float: x)

var opt float: tanh(var opt float: x)
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Coercions
1. function float: bool2float(bool: b)
2. function opt float: bool2float(opt bool: b)
3. function array [$T] of float: bool2float(array [$T] of bool: x)
4. function array [$T] of var float: bool2float(array [$T] of var bool: x)
5. function var float: bool2float(var bool: b)
6. function var opt float: bool2float(var opt bool: x)
7. function array [$T] of opt float: bool2float(array [$T] of opt bool: x)
8. function array [$T] of var opt float: bool2float(array [$T] of var opt bool: x)
b
X
b
XX
X
1. function int: bool2int(bool: b)
2. function opt int: bool2int(opt bool: b)
3. function var opt int: bool2int(var opt bool: x)
4. function var int: bool2int(var bool: b)
5. function array [$T] of var int: bool2int(array [$T] of var bool: b)
6. function array [$T] of int: bool2int(array [$T] of bool: x)
7. function array [$T] of set of int: bool2int(array [$T] of set of bool: x)
8. function array [$T] of var int: bool2int(array [$T] of var bool: x)
9. function array [$T] of opt int: bool2int(array [$T] of opt bool: x)
10. function array [$T] of var opt int: bool2int(array [$T] of var opt bool: x)
b
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XX

function int: ceil(float: x)
function var int: ceil(var float: x)

function int: floor(float: x)
function var int: floor(var float: x)

1. function float: int2float(int: x)

2. function opt float: int2float(opt int: x)

3. function var float: int2float(var int: x)

4. function var opt float: int2float(var opt int: x)

5. function array [$T] of float: int2float(array [$T] of int: x)

6. function array [$T] of opt float: int2float(array [$T] of opt int: x)
7. function array [$T] of var float: int2float(array [$T] of var int: x)

8. function array [$T] of var opt float: int2float(array [$T] of var opt int: x)

XX
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function int: round(float: x)
function var int: round(var float: x)

function array [int] of $$E: set2array(set of $$E: x)

Array operations

Functions and Predicates

function array [int] of any $T: '++'(array [int] of any $T: x,
array [int] of any $T: y)

Xy

X ++y

test 'in'($X: x, array [$T] of $X: y)

test 'in'(opt $X: x, array [$T] of opt $X: y)

predicate 'in'(var $X: x, array [$T] of var $X: y)

predicate 'in'(var opt $X: x, array [$T] of var opt $X: y)

test 'in'(set of $X: x, array [$T] of set of $X: y)

predicate 'in'(var set of $X: x, array [$T] of var set of $X: y)

yX

X in 'y

1. function array [int] of any $V: arrayld(array [$U] of any $V: x)

2. function array [$$E] of any $V: arrayld(set of $$E: S,
array [$U] of any $V: x)

XXX

XSx

function array [$$E,$$F] of any $V: array2d(set of $$E: S1,
set of $$F: S2,
array [$U] of any $V: x)
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xS1S2x

function var set of $$T: array2set(array [int] of var $$T: x)
function set of $$T: array2set(array [int] of $$T: x)
function set of $$T: array2set(array [int] of opt $$T: x)
function set of bool: array2set(array [int] of bool: x)
function set of float: array2set(array [int] of float: x)

function array [$$E,$$F,$$G] of any $V: array3d(set of $$E: S1,
set of $$F: S2,
set of $$G: S3,

array [$U] of any $V: x)

xS152S3x

function array [$$E,$$F,$$G,$$H] of any $V: array4d(set of $$E:
set of $3$F:
set of $3%G:
set of $$H:
array [$U]

s1,
s2,
s3,
sS4,

of any $V: x)

xS$1525354x

function array [$$E,$$F,$$G, $$H,$$I]1 of any $V: array5d(set of
set of
set of
set of
set of
array [

$S$E:
$$F:
$3$G:
$$H:
$$1:
$U]

s1,
s2,
s3,
sS4,
S5,

of any $V:

x)

xS$1525354S55x%

function array [$$E, $$F,$3$G, $$H, $$I,$$J] of any $V: arrayéd(set
set
set
set
set
set

of
of
of
of
of
of

$3$E:
$$F:
$3G:
$$H:
$$1:
$$7:

s1,
s2,
s3,
sS4,
S5,
S6,

array [$U] of any $V: x)

x51525354S5556x
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function array [$T] of any $V: arrayXd(array [$T] of any $X: x,
array [$U] of any $V: y)

yxy

function array [$$E] of any $T: col(array [$$E,int] of any $T: x,
int: ¢)

CX

test has_element($T: e, array [int] of $T: x)
test has_element($T: e, array [int] of opt $T: x)
predicate has_element($T: e, array [$$E] of any $T: x)

ex

‘ test has_index(int: i, array [int] of any $T: x)

ix

‘ function set of $$E: index_set(array [$$E] of any $U: x)

X

function set of $$E: index_set_lof2(array [$$E,int] of any $U: x)

‘ function set of $$E: index_set_lof3(array [$$E,int,int] of any $U: x)

‘ function set of $$E: index_set_lof4(array [$$E,int,int,int] of any $U:

x)
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‘ function set of $$E: index_set_lof5(array [$$E,int,int,int,int] of any $U: x) J
X
‘ function set of $$E: index_set_lof6(array [$$E,int,int,int,int,int] of any $U: x) }
X
‘ function set of $$E: index_set_2of2(array [int,$$E] of any $U: x) J
X
‘ function set of $$E: index_set_2of3(array [int,$$E,int] of any $U: x) J
X
‘ function set of $$E: index_set_2of4(array [int,$$E,int,int] of any $U: x) J
X
‘ function set of $$E: index_set_2of5(array [int,$$E,int,int,int] of any $U: x) }
X
‘ function set of $$E: index_set_2of6(array [int,$$E,int,int,int,int] of any $U: x) }
X
‘ function set of $$E: index_set_3of3(array [int,int,$$E] of any $U: x) J
X
‘ function set of $$E: index_set_3of4(array [int,int,$$E,int] of any $U: x) J
X
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‘ function set of $$E: index_set_3of5(array [int,int,$$E,int,int] of any $U: x)

X

‘ function set of $$E: index_set_3of6(array [int,int,$$E,int,int,int] of any $U: x)
X

‘ function set of $$E: index_set_4of4(array [int,int,int,$$E] of any $U: x)

X

‘ function set of $$E: index_set_4of5(array [int,int,int,$$E,int] of any $U: x)

X

‘ function set of $$E: index_set_4of6(array [int,int,int,$$E,int,int] of any $U: x)
X

‘ function set of $$E: index_set_5of5(array [int,int,int,int,$$E] of any $U: x)

X

‘ function set of $$E: index_set_b5of6(array [int,int,int,int,$$E,int] of any $U: x)
X

‘ function set of $$E: index_set_6of6(array [int,int,int,int,int,$$E] of any $U: x)
X

‘ test index_sets_agree(array [$T] of any $U: x, array [$T] of any $W: y)

Xy
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function

int: length(array [$T] of any $U: x)

X
function array [$$E] of $T: reverse(array [$$E] of $T: x)
function array [$$E] of opt $T: reverse(array [$$E] of opt $T: x)
function array [$$E] of any $T: reverse(array [$$E] of any $T: x)
X
X
function array [$$E] of any $T: row(array [int,$$E] of any $T: x,
int: r)
rx
function array [$$F]1 of any $T: slice_ld(array [$E] of any $T: x,
array [int] of set of int: s,
set of $$F: dims1)
xsdims1
function array [$$F,$$G] of any $T: slice_2d(array [$E] of any $T: x,
array [int] of set of int: s,
set of $$F: dims1,
set of $$G: dims2)
xsdims1dims2
function array [$$F,$3$G,$$H] of any $T: slice_3d(array [$E] of any $T: x,
array [int] of set of int: s,
set of $$F: dimst,
set of $$G: dims2,
set of $$H: dims3)
xsdims1dims2dims3
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function array [$$F,$$G,$$H,$$I]1 of any $T: slice_4d(array [$E] of any $T: x,
array [int] of set of int: s,
set of $$F: dimsi,
set of $$G: dims2,
set of $$H: dims3,
set of $$I: dims4)

xsdimsldims2dims3dims4

function array [$$F,$$G,$$H, $$I,$$T]1 of any $T: slice_5d(array [$E] of any $T: x,

array [int] of set of int:.
=S,

set of $$F: dimst,

set of $$G: dims2,

set of $$H: dims3,

set of $$I: dims4,

set of $$J: dims5)

xsdimsldims2dims3dims4dims5

function array [$$F,$3$G,$$H, $$1,$$T,$$K] of any $T: slice_6d(array [$E] of any $T:._
—X,

array [int] of set of.
—int: S,

set of $$F: dims1,

set of $$G: dims2,

set of $$H: dims3,

set of $$I: dims4,

set of $$J: dims5,

set of $3K: dims6)

xsdimsldims2dims3dims4dims5dims6

Annotations

annotation array_check_form
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Logical operations

test '->'(bool: x, bool: y)

test '->'(opt bool: x, opt bool: y)

predicate '->'(var bool: x, var bool: y)
predicate '->'(var opt bool: x, var opt bool: y)

=

test '/\'(bool: x, bool: y)

N

test '/\'(opt bool: x, opt bool: y)
3. predicate '/\'(var bool: x, var bool: y)

4. predicate '/\'(var opt bool: x, var opt bool: y)

Xy
X /\y
Xy
X /\y
Xy
x /\y
Xy
X /\y

test '<-'(bool: x, bool: y)

test '<-'(opt bool: x, opt bool: y)

predicate '<-'(var bool: x, var bool: y)
predicate '<-'(var opt bool: x, var opt bool: y)

test '<->'(bool: x, bool: y)

test '<->'(opt bool: x, opt bool: y)

predicate '<->'(var bool: x, var bool: y)
predicate '<->'(var opt bool: x, var opt bool: y)

Xy
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X <>y

—_

test '\/'(bool: x, bool: y)
2. test '\/'(opt bool: x, opt bool: y)
3. predicate '\/'(var bool: x, var bool: y)

4. predicate '\/'(var opt bool: x, var opt bool: y)

Xy
x \/y
Xy
x \/y
Xy
x \/y
Xy
x \/y

1. test 'not’'(bool: x)
2. function opt bool: 'not'(opt bool: x)
3. predicate 'not’'(var bool: x)

4. function var opt bool: 'not’'(var opt bool: x)

not x

not x

not x

not x

test 'xor'(bool: x, bool: y)

test 'xor’'(opt bool: x, opt bool: y)

predicate 'xor'(var bool: x, var bool: y)
predicate 'xor'(var opt bool: x, var opt bool: y)
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Xy

X XOor y

predicate bool_not(var bool: b)

test clause(array [$T] of bool: x, array [$T] of bool: y)
test clause(array [$T] of opt bool: x, array [$T] of opt bool: y)
predicate clause(array [$T] of var bool: x, array [$T] of var bool: y)
predicate clause(array [$T] of var opt bool: x,

array [$T] of var opt bool: y)

Vilid) v (V; =D

1. test exists(array [$T] of bool: x)
2. predicate exists(array [$T] of var bool: x)

3. predicate exists(array [int] of var opt bool: x)

Vild

1X

1. test forall(array [$T] of bool: x)
2. predicate forall(array [$T] of var bool: x)

3. predicate forall(array [int] of var opt bool: x)

Nild]

1X

test iffall(array [$T] of bool: x)

test iffall(array [$T] of opt bool: x)
predicate iffall(array [$T] of var bool: x)
predicate iffall(array [$T] of var opt bool: x)

@ (@ild])
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test xorall(array [$T] of bool: x)

test xorall(array [$T] of opt bool: x)
predicate xorall(array [$T] of var bool: x)
predicate xorall(array [$T] of var opt bool: x)

@®;li]
Set operations
function set of $$E: '..'($$E: a, $$E: b)
function set of float: '..'(float: a, float: b)
function set of bool: '..'(bool: a, bool: b)
{0}
a..b
‘ function set of $$E: '..<'($$E: a, $$E: b) }
(..., -1}
a..<b
‘ function set of $$E: '<..'($$E: a, $$E: b) J
{+1,...,}
a<..b
‘ function set of $$E: '<..<'($$E: a, $$E: b) }
{+1,..., =1}
a<..<b

function set of $T: 'diff’'(set of $T: x, set of $T: y)
function var set of $$T: 'diff’'(var set of $$T: x, var set of $$T: y)

x diff y
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1. test 'in'(int: x, set of int: y)

2. predicate 'in'(var int: x, var set of int: y)

3. predicate 'in'(var opt int: x, set of int: y)

4. test 'in'(opt int: x, set of int: y)

5. predicate 'in'(var opt int: x, var set of int: y)
6. test 'in'(float: x, set of float: y)

7. predicate 'in'(var float: x, set of float: y)

8. test 'in'(opt float: x, set of float: y)

9. predicate 'in'(var opt float: x, set of float: y)

Xy

X iny
Xy

X iny
XYX

Xy X

XyX

Xy

XYX

XyX

function set of $T: 'intersect'(set of $T: x, set of $T: y)
function var set of $$T: 'intersect'(var set of $$T: x,
var set of $$T: y)

Xy

X intersect y
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1. test 'subset'(set of $T: x, set of $T: y)

2. predicate 'subset'(var set of int: x, var set of int: y)

Xy
X subs
Xy

X subs

ety

ety

1. test 'superset'(set of $T: x, set of $T: y)

2. predicate 'superset'(var set of int: x, var set of int: y)

Xy
X supe
Xy

X supe

rset y

rset y

function

function var set of $$T:

set of $T:

"symdiff' (set of $T: x, set of $T: y)
'symdiff' (var set of $$T: x,
var set of $$T: y)

Xy
x symdiff y
function set of $T: 'union'(set of $T: x, set of $T: y)
function var set of $$T: 'union’'(var set of $$T: x, var set of $$T: y)
Xy
X union y
‘ function set of $$E: '..<o'($$E: a) J
(..., =1}
‘ function set of $$E: '..o'($$E: a) }
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(.., -1

‘ function set of $$E: '<..<o'($$E: a) }
{+1,..., =1}
‘ function set of $$E: '<..o'($$E: a) }

{+1,...,}

1. function set of $U: array_intersect(array [$T] of set of $U: x)

2. function var set of $$E: array_intersect(array [$T] of var set of $$E: x)

XX

function set of $U: array_union(array [$T] of set of $U: x)
function var set of $$E: array_union(array [$T] of var set of $$E: x)

X
function int: card(set of $T: x)
function var int: card(var set of int: x)
X
‘ function var $$E: max(var set of $$E: s) }
S
‘ function var $$E: min(var set of $$E: s) J
S
‘ function set of $$E: 'o..'($$E: a) }
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(.., -1

‘ function set of $$E: 'o..<'($$E: a)

(..., —1)

‘ function set of $$E: 'o<..'($$E: a)

{+1,...,}

‘ function set of $$E: 'o<..<'($$E: a)

{+1,..., =1}

function array [int] of int: set_to_ranges(set of int: S)
function array [int] of float: set_to_ranges(set of float: S)
function array [int] of bool: set_to_ranges(set of bool: S)

N

String operations

‘ function string: '++'(string: s1, string: s2)
sl1s2

s1 ++ s2

‘ function string: concat(array [$T] of string: s)
S

‘ function string: file_path()
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1. function string: format(any $T: x)

2. function string: format(array [$U] of any $T: x)

3. function string: format(int: w, int: p, any $T: x)

4. function string: format(int: w, int: p, array [$U] of any $T: x)
5. function string: format(int: w, any $T: x)

6. function string: format(int: w, array [$U] of any $T: x)

XWW

Xpp

XWW

Xpp

XWW

1. function string: format_justify_string(int: w, string: x)

2. function string: format_justify_string(int: w, int: p, string: x)

XWW

XWW

Xpp
‘ function string: join(string: d, array [$T] of string: s) l
sd
‘ function string: json_array(array [int] of string: arr) J
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arr

function string: json_object(array [int,1..2] of string: obj)

obj
objiliobji2

1. function array [int] of string: outputJSON()

2. function array [int] of string: outputJSON(bool: b)

function array [int] of string: outputJSONParameters()

test output_to_json_section(string: s, any $T: o)
test output_to_json_section(string: s, array [$U] of any $T: o)

(0N

test output_to_section(string: s, string: o)

(0N

function string: show(any $T: x)
function string: show(array [$U] of any $T: x)

function string: show2d(array [$$E,$$F] of any $T: x)
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function string: show2d_indexed(array [int] of string: row_hdr,

array [int] of string: col_hdr,
array [int,int] of string: vs)

vsrow_hdrcol_hdr

function string: show3d(array [int,int,int] of any $T: x)

X

function string: showJSON(any $T: x)

function string: showJSON(array [$U] of any $T: x)
X
‘ function string: show_float(int: w, int: p, var float: x) }
XWWpp
‘ function string: show_int(int: w, var int: x) J
XWW
‘ function int: string_length(string: s) J
S

Functions for enums

1. function

2. function

3. function

4. function

5. function

$$E: enum_next($$E: x)

opt $$E: enum_next(opt $$E: x)

var $$E: enum_next(var $$E: x)

var opt $$E: enum_next(var opt $$E: x)

$$E: enum_next(set of $$E: e, $$E: x)
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6. function opt $$E: enum_next(set of $$E: e, opt $$E: x)
7. function var $$E: enum_next(set of $$E: e, var $$E: x)

8. function var opt $$E: enum_next(set of $$E: e, var opt $$E: x)

X
xe
function set of $$E: enum_of (var opt $$E: x)
function set of $$E: enum_of(var set of $$E: x)
function set of $$E: enum_of(array [$T] of var opt $$E: x)
function set of $$E: enum_of(array [$T] of var set of $$E: x)

X
1. function $$E: enum_prev($$E: x)
2. function opt $$E: enum_prev(opt $$E: x)
3. function var $$E: enum_prev(var $$E: x)
4. function var opt $$E: enum_prev(var opt $$E: x)
5. function $$E: enum_prev(set of $$E: e, $$E: x)
6. function opt $$E: enum_prev(set of $$E: e, opt $$E: x)
7. function var $$E: enum_prev(set of $$E: e, var $$E: x)
8. function var opt $$E: enum_prev(set of $$E: e, var opt $$E: x)
X
xe
function $$E: to_enum(set of $$E: X, int: x)
function opt $$E: to_enum(set of $$E: X, opt int: x)
function var $$E: to_enum(set of $$E: X, var int: x)
function var opt $$E: to_enum(set of $$E: X, var opt int: x)
function array [$U] of $$E: to_enum(set of $$E: X,
array [$U] of int: x)
function array [$U] of opt $$E: to_enum(set of $$E: X,
292 Chapter 4.2. The MiniZinc library



MiniZinc Handbook, & 1Tl 2 2.8.5

array [$U] of opt int: x)
function array [$U] of var $$E: to_enum(set of $$E: X,
array [$U] of var int: x)
function array [$U] of var opt $$E: to_enum(set of $$E: X,
array [$U] of var opt int: x)
function set of $$E: to_enum(set of $$E: X, set of int: x)
function array [$U] of set of $$E: to_enum(set of $$E: X,
array [$U] of set of int: x)
function array [$U] of var set of $$E: to_enum(set of $$E: X,
array [$U] of var set of int: x)

xX

4.2.1.2 Annotations

General annotations

Functions and Predicates

‘ annotation mzn_output_section(string: s) J
soutput :: "my_section” ["hello, world\n"Joutput ["hello, world\n”] to "my_section
Annotations

‘ annotation add_to_output J
‘ annotation annotated_expression }
‘ annotation cache_result J
‘ annotation computed_domain J
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annotation constraint_name(string: s)

S
1. annotation defines_var(var opt $T: c)
2. annotation defines_var(array [$U] of var opt $T: arr)
C
arr
‘ annotation doc_comment(string: s) }
s
‘ annotation domain_change_constraint }
‘ annotation empty_annotation }
‘ annotation expression_name(string: s) J
S
‘ annotation is_defined_var }
‘ annotation is_reverse_map }
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‘ annotation maybe_partial J
‘ annotation mzn_add_annotated_expression(int: idx) }
‘ annotation mzn_check_enum_var(array [int] of set of int: x) }
X

‘ annotation mzn_check_var J
‘ annotation mzn_constraint_name(string: n) J
n

‘ annotation mzn_deprecated(string: version, string: explanation) }
versionexplanation

‘ annotation mzn_expression_name(string: n) }
n

‘ annotation mzn_path(string: s) J
S_

‘ annotation mzn_rhs_from_assignment J
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‘ annotation no_cse J

‘ annotation no_output }

annotation 'output'(any $T: x)
annotation 'output’'(array [$U] of any $T: x)

X

‘ annotation output_array(array [$U] of set of int: a) }
a

‘ annotation output_only }
‘ annotation output_var J
‘ annotation promise_commutative J
‘ annotation promise_total }
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‘ annotation var_is_introduced J

Propagation strength annotations

‘ annotation bounds J
‘ annotation bounds_propagation J
‘ annotation domain }
‘ annotation domain_propagation J
‘ annotation value_propagation l

Search annotations

Variable selection annotations

‘ annotation anti_first_fail J

‘ annotation dom_w_deg l
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‘ annotation first_fail }
‘ annotation impact }
‘ annotation input_order J

‘ annotation largest J
‘ annotation max_regret }
most_constrained

‘ annotation

‘ annotation

occurrence
‘ annotation smallest J
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Value choice annotations

‘ annotation indomain J
‘ annotation indomain_interval l
‘ annotation indomain_max }
‘ annotation indomain_median }
‘ annotation indomain_middle J
‘ annotation indomain_min l
‘ annotation indomain_random }
‘ annotation indomain_reverse_split }
‘ annotation indomain_split J
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‘ annotation indomain_split_random }
‘ annotation outdomain_max }
‘ annotation outdomain_median J
‘ annotation outdomain_min J
‘ annotation outdomain_random }

Exploration strategy annotations

‘ annotation complete J
Restart annotations

‘ annotation restart_constant(int: scale) }
scale

‘ annotation restart_geometric(float: base, int: scale) }
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basescale

‘ annotation restart_linear(int: scale)

scale

‘ annotation restart_luby(int: scale)

scale

‘ annotation restart_none

Other declarations

Functions and Predicates

annotation bool_search(array [$X] of var bool: x,
ann: select,
ann: choice,
ann: explore)

annotation bool_search(array [$X] of var bool: x,
ann: select,
ann: choice)

annotation bool_search(array [$X] of var opt bool:

ann: select,
ann: choice,
ann: explore)

annotation bool_search(array [$X] of var opt bool:

ann: select,
ann: choice)

xselectchoiceexplorex
xselectchoicex
xselectchoiceexplorex

xselectchoicex

1.

annotation float_search(array [$X] of var float:
float: prec,

X,
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ann: select,
ann: choice,
ann: explore)

2. annotation float_search(array [$X] of var float: x,
float: prec,
ann: select,
ann: choice)

3. annotation float_search(array [$X] of var opt float: x,
float: prec,
ann: select,
ann: choice,
ann: explore)

4. annotation float_search(array [$X] of var opt float: x,
float: prec,
ann: select,
ann: choice)

xprecselectchoiceexplorex
xprecselectchoicex
xprecselectchoiceexplorex

xprecselectchoicex

1. annotation int_search(array [$X] of var int: x,
ann: select,
ann: choice,
ann: explore)

2. annotation int_search(array [$X] of var int: x,
ann: select,
ann: choice)

3. annotation int_search(array [$X] of var opt int: x,
ann: select,
ann: choice,
ann: explore)

4. annotation int_search(array [$X] of var opt int: x,
ann: select,
ann: choice)

xselectchoiceexplorex
xselectchoicex
xselectchoiceexplorex

xselectchoicex
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1. annotation set_search(array [$X] of var set of int: x,
ann: select,
ann: choice,
ann: explore)

2. annotation set_search(array [$X] of var set of int: x,
ann: select,
ann: choice)

xselectchoiceexplorex

xselectchoicex

Annotations

annotation seq_search(array [int] of ann: s)

Warm start annotations

Warm start annotations with optional values

1. annotation warm_start(array [int] of var bool: x,
array [int] of opt bool: v)

2. annotation warm_start(array [int] of var int: x,
array [int] of opt int: v)

3. annotation warm_start(array [int] of var float: x,
array [int] of opt float: v)

4. annotation warm_start(array [int] of var set of int: x,
array [int] of opt set of int: v)

VX

VX

VX

VX
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Other declarations

1. annotation warm_start(array [int] of var bool: x,
array [int] of bool: v)

2. annotation warm_start(array [int] of var int: x, array [int] of int: v)

3. annotation warm_start(array [int] of var float: x,
array [int] of float: v)

4. annotation warm_start(array [int] of var set of int: x,
array [int] of set of int: v)

VX

VX

VX

VX

annotation warm_start_array(array [int] of ann: w)

Large Neighbourhood Search annotations

annotation relax_and_reconstruct(array [int] of var int: x, int: p)

Xp

Xp

Context annotations

‘ annotation ctx_mix J
‘ annotation ctx_neg J
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‘ annotation ctx_pos }

‘ annotation ctx_root }

Redundant and symmetry breaking constraints

‘ predicate implied_constraint(var bool: b) J
b
‘ predicate redundant_constraint(var bool: b) J
b
‘ predicate symmetry_breaking_constraint(var bool: b) }
b

4.2.1.3 Option type support

Option type support for Booleans

‘ predicate absent(var opt bool: x) }

X

‘ predicate deopt(var opt bool: x) J
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XX

‘ predicate occurs(var opt bool: x)

X

Option type support for integers

‘ predicate absent(var opt int: x)

X

‘ function var $$E: deopt(var opt $$E: x)

XX

test had_zero(var opt int: x)
test had_zero(opt int: x)
test had_zero(array [int] of var opt int: x)

()N (z)=0

‘ predicate occurs(var opt int: x)

X

Option type support for floats

‘ predicate absent(var opt float: x)

X

‘ function var float: deopt(var opt float: x) J
XX
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predicate occurs(var opt float: x)

Other declarations

test absent($T: x)

test

test

test

test

absent(var $T: x)
absent(set of $$T: x)
absent(var set of $$T: x)

absent(opt $T: x)

10.

function

function

function

function

function

function

function

function

function

function

$$T: deopt(opt $$T: x)

$T: deopt(opt $T: x)

array [$$U] of $$T: deopt(array [$3U] of opt $$T: x)

array [$$U] of $T: deopt(array [$$U] of opt $T: x)

var $T: deopt(var $T: x)

$T: deopt($T: x)

array [$U] of var $T: deopt(array [$U] of var $T: x)

array [$$U] of var bool: deopt(array [$$U] of var opt bool: x)
array [$$U] of var $$E: deopt(array [$$U] of var opt $$E: x)

array [$$U] of var float: deopt(array [$$U] of var opt float: x)

XX

XX

XX

XX
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XX

1. test occurs($T: x)

2. test occurs(var $T: x)

3. test occurs(set of $$T: x)

4. test occurs(var set of $$T: x)

5. test occurs(opt $T: x)

4.2.1.4 Array sorting operations

function array [int] of $$E: arg_sort(array [$$E] of int: x)
function array [int] of $$E: arg_sort(array [$$E] of float: x)

pxxpixpi

Xpixpi—pipi

function array [$$E] of int: sort(array [$$E] of int: x)
function array [$$E] of float: sort(array [$$E] of float: x)
function array [$$E] of bool: sort(array [$$E] of bool: x)

function array [$$E]1 of any $T: sort_by(array [$$E] of any $T: x,
array [$$E] of int: y)

function array [$$E] of any $T: sort_by(array [$$E] of any $T: x,
array [$$E] of float: y)

Xy
yiyjijxixj
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4.2.1.5 Language information

Constants

‘ opt int: mzn_min_version_required J

Functions and Predicates

‘ function int: mzn_compiler_version() J

‘ function string: mzn_version_to_string(int: v) l

\

4.2.1.6 Compiler options

Constants

‘ opt bool: mzn_absent_zero J
‘ opt bool: mzn_half_reify_clause }
‘ opt bool: mzn_ignore_redundant_constraints }
‘ opt bool: mzn_ignore_symmetry_breaking_constraints l
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‘ opt bool: mzn_opt_annotate_computed_domains }
‘ opt bool: mzn_opt_annotate_defines_var J
‘ opt bool: mzn_opt_only_range_domains }

Functions and Predicates

‘ test mzn_check_absent_zero() }
‘ test mzn_check_annotate_computed_domains() J
‘ test mzn_check_annotate_defines_var() }
‘ test mzn_check_half_reify_clause() }
‘ test mzn_check_ignore_redundant_constraints() }
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‘ test mzn_check_ignore_symmetry_breaking_constraints()

‘ test mzn_check_only_range_domains()

4.2.1.7 Conditionals

predicate

predicate

predicate

predicate

predicate

predicate

predicate

predicate

predicate

predicate

predicate

predicate

predicate

if_then_else(array [int] of
array [int] of
var int: y)
if_then_else(array [int] of
array [int] of
var int: y)
if_then_else(array [int] of
array [int] of
var opt int: y)
if_then_else(array [int] of
array [int] of
var opt int: y)
if_then_else(array [int] of
array [int] of
var bool: y)
if_then_else(array [int] of
array [int] of
var bool: y)
if_then_else(array [int] of
array [int] of

var bool: c,
int: x,

var bool: c,
var int: x,

var bool: c,
opt int: x,

var bool: c,
var opt int: x,

var bool: c,
bool: x,

var bool: c,
var bool: x,

var bool: c,
opt bool: x,

var opt bool: y)

if_then_else(array [int] of
array [int] of

var bool: c,
var opt bool: x,

var opt bool: y)

if_then_else(array [int] of
array [int] of
var float: y)
if_then_else(array [int] of
array [int] of
var float: y)
if_then_else(array [int] of
array [int] of
var opt float:
if_then_else(array [int] of
array [int] of
var opt float:
if_then_else(array [int] of

var bool: c,
float: x,

var bool: c,
var float: x,

var bool: c,

opt float: x,

y)

var bool: c,

var opt float: x,

y)
var bool: c,
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predicate if_then_else(array [int] of var bool: c,

array [int] of set of int: x,

var set of int: y)

array [int] of var set of int: x,
var set of int: y)

{[{IN All.i — 1] — = [i]}

C
predicate if_then_else_partiality(array [int] of var bool: c,
array [int] of var bool: d,
var bool: b)
cdib
4.2.1.8 Reflection operations
test annotate(any $T: x, ann: a)
Xa
function set of $$E: dom(var $$E: x)
function set of $$E: dom(var opt $$E: x)
X
function set of $$E: dom_array(array [$T] of var $$E: x)
function set of $$E: dom_array(array [$T] of var opt $$E: x)
X
function set of int: dom_array_occurring(array [$T] of var opt int: x)
X
function set of int: dom_bounds_array(array [$T] of var int: x)
function set of int: dom_bounds_array(array [$T] of var opt int: x)
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X
function int: dom_size(var int: x)
X
1. function $T: fix(var $T: x)
2. function opt $T: fix(var opt $T: x)
3. function array [$U] of $T: fix(array [$U] of var $T: x)
4. function array [$U] of opt $T: fix(array [$U] of var opt $T: x)
X
X
test has_ann(any $T: x, ann: a)
xa
test has_bounds(var int: x)
test has_bounds(var float: x)
X
test has_ub_set(var set of int: x)
X

1. test is_fixed(any $T: x)

2. test is_fixed(array [$U] of any $T: x)
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test is_same(any $T: x, any $U: y)

Xy

1. function $$E: 1lb(var $$E: x)

2. function $$E: lb(var opt $$E: x)

3. function float: lb(var float: x)

4. function float: lb(var opt float: x)

5. function set of $$E: 1lb(var set of $$E: x)

6. function array [$U] of $$E: lb(array [$U] of var $$E: x)

7. function array [$U] of float: lb(array [$U] of var float: x)

8. function array [$U] of set of $$E: lb(array [$U] of var set of $$E: x)

1. function $$E: 1lb_array(array [$U] of var opt $$E: x)
2. function float: lb_array(array [$U] of var opt float: x)

3. function set of $$E: lb_array(array [$U] of var set of $$E: x)

1. function $$E: ub(var $$E: x)

2. function $$E: ub(var opt $$E: x)

3. function float: ub(var float: x)

4. function float: ub(var opt float: x)

5. function set of $$E: ub(var set of $$E: x)

6. function array [$U] of $$E: ub(array [$U] of var $$E: x)
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7. function array [$U] of float: ub(array [$U] of var float: x)

8. function array [$U] of set of $$E: ub(array [$U] of var set of $$E: x)

1. function $$E: ub_array(array [$U] of var opt $$E: x)
2. function float: ub_array(array [$U] of var opt float: x)

3. function set of $$E: ub_array(array [$U] of var set of $$E: x)

4.2.1.9 Assertions and debugging functions

Constants

‘ bool: debug_mode }

--debug

Functions and Predicates

‘ test abort(string: msg) J

msg

1. function any $T: assert(bool: b, string: msg, any $T: x)
2. function array [$U] of any $T: assert(bool: b,
string: msg,

array [$U] of any $T: x)

3. test assert(bool: b, string: msg)

bxmsg
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bmsg

test assert_dbg(bool: b, string: msg)

--debugbmsg

1. function $T: default(opt $T: x, $T: y)

2. function opt $T: default(opt $T: x, opt $T: y)

3. function var $T: default(var opt $T: x, var $T: y)

4. function var opt $T: default(var opt $T: x, var opt $T: y)

5. function array [$U] of $T: default(array [$U] of $T: x,
array [$U] of $T: y)

6. function array [$U] of opt $T: default(array [$U] of opt $T: x,
array [$U] of opt $T: y)

7. function array [$U] of var $T: default(array [$U] of var $T: x,
array [$U] of var $T: y)

8. function array [$U] of var opt $T: default(array [$U] of var opt $T: x,
array [$U] of var opt $T: y)

9. function set of $$E: default(set of $$E: x, set of $$E: y)
10. function var set of $$E: default(var set of $$E: x, var set of $$E: y)
11. function set of $T: default(opt set of $T: x, set of $T: y)

12. function opt set of $T: default(opt set of $T: x, opt set of $T: y)

XXY

XXy

XXy

‘ annotation expression_name_dbg(string: s) J

expression_names—

‘ function string: logstream_to_string() l
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test mzn_internal_check_debug_mode()

--debug

1. function any $T: trace(string: msg, any $T: x)

2. function array [$U] of any $T: trace(string: msg,
array [$U] of any $T: x)

3. test trace(string: msg)

Xmsg

msg

test trace_dbg(string: msg)

--debugmsg

function any $T: trace_exp(any $T: x)
function array [$U] of any $T: trace_exp(array [$U] of any $T: x)

1. function any $T: trace_logstream(string: msg, any $T: x)

2. function array [$U] of any $T: trace_logstream(string: msg,
array [$U] of any $T: x)

3. test trace_logstream(string: msg)

Xmsg

msg

1. function any $T: trace_stdout(string: msg, any $T: x)

2. function array [$U] of any $T: trace_stdout(string: msg,
array [$U] of any $T: x)
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3. test trace_stdout(string: msg)

Xmsg

msg

test trace_to_json_section(string: section, opt $T: x)
test trace_to_json_section(string: section, array [$U] of opt $T: x)

xsection

1. function any $T: trace_to_section(string: section,
string: msg,
any $T: x)

2. function array [$U] of any $T: trace_to_section(string: section,
string: msg,

array [$U] of any $T: x)

3. test trace_to_section(string: section, string: msg)

xmsgsection

msgsection

Annotations

annotation mzn_break_here

4.2.1.10 Random Number Generator builtins

‘ test bernoulli(float: p)

‘ function int: binomial(int: t, float: p) }
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tp

function float: cauchy(float: mean, float: scale)
function float: cauchy(int: mean, float: scale)

function float: chisquared(int: n)
function float: chisquared(float: n)

function int: discrete_distribution(array [int] of int: weights)

function float: exponential(int: lambda)
function float: exponential(float: lambda)

function float: fdistribution(float: d1, float: d2)
function float: fdistribution(int: d1, int: d2)

function float: gamma(float: alpha, float: beta)
function float: gamma(int: alpha, float: beta)

function float: lognormal(float: mean, float: std)
function float: lognormal(int: mean, float: std)

function float: normal(float: mean, float: std)
function float: normal(int: mean, float: std)
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1. function int: poisson(float: mean)

2. function int: poisson(int: mean)

mean

mean

function float: tdistribution(float: n)
function float: tdistribution(int: n)

1. function float: uniform(float: lowerbound, float: upperbound)
2. function int: uniform(int: lowerbound, int: upperbound)

3. function int: uniform(set of int: S)

function float: weibull(float: shape, float: scale)
function float: weibull(int: shape, float: scale)

4.2.1.11 Stuctured Output

function string: show_array2d_bool(array [int,int] of var bool: x)

1. function string: show_gantt(array [$$T] of var int: start,
array [$$T] of var int: dur,
array [$$T] of string: name)

2. function string: show_gantt(array [$$T] of var int: start,
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array [$$T] of var int: dur)

startdurname

startdur

4.2.2 Global constraints

4.2.2.1 All-Different and related constraints

1. predicate all_different(array [$X] of var int: x)
2. predicate all_different(array [$X] of var set of int: x)

3. predicate all_different(array [$X] of var opt int: x)

predicate all_different_except(array [$X] of var int: vs,
set of int: S)

vsS

‘ predicate all_different_except_0(array [$X] of var int: vs) J
Vs

‘ predicate all_disjoint(array [$X] of var set of int: S) J
S

predicate all_equal(array [$X] of var int: x)
predicate all_equal(array [$X] of var set of int: x)
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1. predicate nvalue(var int: n, array [$X] of var int: x)
2. predicate nvalue(var int: n, array [$X] of var opt int: x)
3. function var int: nvalue(array [$X] of var int: x)

4. function var int: nvalue(array [$X] of var opt int: x)

Xn

‘ predicate symmetric_all_different(array [int] of var int: x) J

Xixij—xji

4.2.2.2 Lexicographic constraints

‘ predicate lex2(array [int,int] of var int: x) l
X
‘ predicate lex2_strict(array [int,int] of var int: x) }
X
predicate lex_chain(array [int,int] of var bool: a)
predicate lex_chain(array [int,int] of var int: a)
a
predicate lex_chain_greater(array [int,int] of var bool: a)
predicate lex_chain_greater(array [int,int] of var int: a)
a
predicate lex_chain_greatereq(array [int,int] of var bool: a)
predicate lex_chain_greatereq(array [int,int] of var int: a)
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predicate lex_chain_greatereq_orbitope(array [int,int] of var int: a,
int: kind)

akind

predicate lex_chain_less(array [int,int] of var bool: a)
predicate lex_chain_less(array [int,int] of var int: a)

predicate lex_chain_lesseq(array [int,int] of var bool: a)
predicate lex_chain_lesseq(array [int,int] of var int: a)

predicate lex_chain_lesseq_orbitope(array [int,int] of var int: a,
int: kind)

akind

predicate lex_greater(array [int] of var bool: x,
array [int] of var bool: y)
predicate lex_greater(array [int] of var int: x,
array [int] of var int: y)
predicate lex_greater(array [int] of var float: x,
array [int] of var float: y)
predicate lex_greater(array [int] of var set of int: x,
array [int] of var set of int: y)

Xy

predicate lex_greatereq(array [int] of var bool: x,
array [int] of var bool: y)
predicate lex_greatereq(array [int] of var int: x,
array [int] of var int: y)
predicate lex_greatereq(array [int] of var float: x,
array [int] of var float: y)
predicate lex_greatereq(array [int] of var set of int: x,
array [int] of var set of int: y)
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Xy

predicate lex_
predicate lex_
predicate lex_

predicate lex_

less(array
array
less(array
array
less(array
array
less(array
array

[int]
[int]
[int]
[int]
[int]
[int]
[int]
[int]

of
of
of
of
of
of
of
of

var
var
var
var
var
var
var
var

bool: x,

bool: y)

int: x,

int: y)

float: x,
float: y)

set of int: x,

set of int: y)

Xy

predicate lex_lesseq(array
array
predicate lex_lesseq(array
array
predicate lex_lesseq(array
array
predicate lex_lesseq(array
array

[int]
[int]
[int]
[int]
[int]
[int]
[int]
[int]

of var bool: x,

of var bool: y)

of var float: x,

of var float: y)

of var int: x,

of var int: y)

of var set of int: x,
of var set of int: y)

Xy

1. predicate seq_precede_chain(array [int] of var int: x)

2. predicate seq_precede_chain(array [int] of var set of int: x)

iixi

ixii

predicate strict_lex2(array [int,int] of var int: x)

X
1. predicate value_precede($$E: s, $$E: t, array [int] of var $$E: x)
2. predicate value_precede($$E: s, $$E: t, array [int] of var opt $$E: x)
3. predicate value_precede($$E: s,
$$E: t,
array [int] of var set of $$E: x)
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stx
xtxs
stx

xtsxst

1. predicate value_precede_chain(array
array

2. predicate value_precede_chain(array
array

3. predicate value_precede_chain(array
array

[int]
[int]

[int]
[int]

[int]
[int]

of
of

$S$E:

var

int:

var

$S$E:

var

c,

$$E: x)

c,
opt int: x)

c,
set of $$E: x)

cicix
xcixci
cicix

xcicixcici

predicate var_perm_sym(array [$$X] of var $3$Y: x,
array [$$Z,$$X] of $$X: p)

Xp

predicate var_sqr_sym(array [$$X,$$X] of var $$Y: x)

4.2.2.3 Sorting constraints

1. predicate arg_sort(array [$$E] of var int: x,
array [int] of var $$E: p)

2. predicate arg_sort(array [$$E] of var float: x,
array [int] of var $$E: p)

3. function array [int] of var $$E: arg_sort(array [$$E] of var int: x)

4. function array [int] of var $$E: arg_sort(array [$$E] of var float: x)
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pxxpixpi

Xpixpi—pipi

pxxpixpi

Xpixpi—pipi

predicate
predicate
predicate
predicate

decreasing(array
decreasing(array
decreasing(array
decreasing(array

[$x1
[$x1
[$x]
[$x]

of
of
of
of

var
var
var
var

bool: x)
opt float: x)
opt int: x)

set of int: x)

predicate
predicate
predicate
predicate
predicate
predicate

increasing(array
increasing(array
increasing(array
increasing(array
increasing(array
increasing(array

[$x1
[$x1
[$x1
[$x]
[$x]
[$Xx1

of
of
of
of
of
of

var
var
var
var
var
var

bool: x)
float: x)

opt float: x)
int: x)

opt int: x)

set of int: x)

1. predicate sort(array [int] of var int: x, array [int] of var int: y)

2. function array [int] of var int: sort(array [int] of var int: x)

Xyy

X

predicate strictly_decreasing(array [$X] of var opt
predicate strictly_decreasing(array [$X] of var opt
predicate strictly_decreasing(array [$X] of var set

int: x)
float: x)
of int: x)

1. predicate strictly_increasing(array [$X] of var
2. predicate strictly_increasing(array [$X] of var

3. predicate strictly_increasing(array [$X] of var

int: x)
opt int: x)

float: x)
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4. predicate strictly_increasing(array [$X] of var opt float: x)

5. predicate strictly_increasing(array [$X] of var set of int: x)

4.2.2.4 Channeling constraints

predicate int_set_channel(array [int] of var int: x,
array [int] of var set of int: y)

XyXij<riyj

1. predicate inverse(array [$$X] of var $$Y: f,
array [$$Y] of var $$X: invf)

2. function array [$$E] of var $$F: inverse(array [$$F] of var $$E: f)
3. function array [$$E] of var opt $$F: inverse(array [$$F] of var opt $$E: f)

4. function array [$$E] of $$F: inverse(array [$$F] of $$E: f)

finvf

predicate inverse_in_range(array [$$A] of var $$B: X,
array [$$B] of var $$A: Y)

iXjjyjvi
JYiiXiXj

predicate inverse_set(array [$$X] of var set of $$Y: f,
array [$$Y] of var set of $$X: invf)

finvfjiij’

predicate link_set_to_booleans(var set of $$E: s,
array [$$E]1 of var bool: b)
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bsis«bi

bs

4.2.2.5 Counting constraints

count(i in x)(i=c) <= ddistributeglobal_cardinality

1. predicate among(var int: n, array [$X] of var $$E:

x, set of $$E: v)

2. function var int: among(array [$X] of var $$E: x, set of $3E: v)

nxv

XV

predicate at_least(int: n,
array [$X] of var set of $$E: x,
set of $$E: v)

nxv

predicate at_most(int: n,
array [$X] of var set of $$E: x,
set of $$E: v)

nxv

predicate at_mostl(array [$X] of var set of int: s)

s
1. function var int: count(array [$X] of var opt $$E: x, var $$E: y)
2. predicate count(array [$X] of var opt $$E: x, var $$E: y, var int: c)
yX
CyX
1. predicate count_eq(array [$X] of var $$E: x, var $$E: y, var int: c)
2. predicate count_eq(array [$X] of var opt $$E: x,
var $$E: vy,
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var int: c¢)
3. predicate count_eq(array [$X] of var $$E: x, $$E: y, int: c)

4. function var int: count_eq(array [$X] of var opt $$E: x, var $$E: y)

cyx

yX

1. predicate count_geq(array [$X] of var $$E: x, var $$E: y, var int: c)
2. predicate count_geq(array [$X] of var opt $$E: x,
var $$E: vy,

var int: c¢)

3. predicate count_geq(array [$X] of var $$E: x, $$E: y, int: c)

cyx
cyx

cyx

predicate count_gt(array [$X] of var $$E: x, var $$E: y, var int: c)
predicate count_gt(array [$X] of var opt $$E: x,

var $$E: vy,

var int: c¢)
predicate count_gt(array [$X] of var $$E: x, $$E: y, int: c)

cyx

predicate count_leq(array [$X] of var $$E: x, var $$E: y, var int: c)
predicate count_leq(array [$X] of var opt $$E: x,

var $$E: vy,

var int: c¢)
predicate count_leq(array [$X] of var $$E: x, $$E: y, int: c)

cyx

predicate count_lt(array [$X] of var $$E: x, var $$E: y, var int: c)
predicate count_lt(array [$X] of var opt $$E: x,

var $$E: vy,

var int: c¢)
predicate count_lt(array [$X] of var $$E: x, $$E: y, int: c)

4.2.2. Global constraints 329



MiniZinc Handbook, & {ThR# 2.8.5

cyx

predicate count_neq(array [$X] of var $$E: x, var $$E: y, var int: c)
predicate count_neq(array [$X] of var opt $$E: x,

var $$E: vy,

var int: c¢)
predicate count_neq(array [$X] of var $$E: x, $$E: y, int: c)

cyx

1. predicate distribute(array [$X] of var int: card,
array [$X] of var int: value,
array [$Y] of var int: base)

2. function array [$X] of var int: distribute(array [$X] of var int: value,
array [$Y] of var int: base)

cardivalueibasevalue

valueibasevalue

predicate exactly(int: n,
array [$X] of var set of $$E: x,
set of $$E: v)

nxv

1. predicate global_cardinality(array [$X] of var $$E: x,
array [$Y] of $3$E: cover,
array [$Y] of var int: counts)

2. predicate global_cardinality(array [$X] of var opt $$E: x,
array [$Y] of $$E: cover,
array [$Y] of var int: counts)

3. predicate global_cardinality(array [$X] of var $$E: x,
array [$Y] of $$E: cover,
array [$Y] of int: lbound,
array [$Y] of int: ubound)

4. predicate global_cardinality(array [$X] of var opt $$E: x,
array [$Y] of $$E: cover,
array [$Y] of int: lbound,
array [$Y] of int: ubound)

5. predicate global_cardinality(array [$X] of var set of $$E: x,
array [$Y] of $$E: cover,
array [$Y] of var int: counts)
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6. predicate global _cardinality(array [$X]

of var
array [$Y]
array [$Y]
array [$Y]

7. function array [$Y] of var int: global_cardinality(array [$X]

8. function array [$Y] of var int: global_cardinality(array [$X]

of $S$E:
of int:
of int:

set of $$E: x,
cover,
lbound,
ubound)

of var $$E: x,
array [$Y] of $$E: cover)
of var opt $$E:

array [$Y] of $$E: cover)

X,

coverixcountsi

icoverilboundiuboundix
coverixcountsi

icoverilboundiuboundix

coverix

1. predicate

2. predicate

3. predicate

4. predicate

5. predicate

6. predicate

—3$E: X,

global_cardinality_closed(array

global_cardinality_closed(array

global_cardinality_closed(array

global_cardinality_closed(array

global_cardinality_closed(array

global_cardinality_closed(array

[$X]
[$Y]
[$Y]

array
array

[$X]
[$Y]
[$Y]

array
array

[$X]
[$Y]
[$Y]
[$Y]

array
array
array

[$X]
[$Y]
[$Y]
[$Y]

array
array
array

[$X]
[$Y]
[$Y]

array
array

[$X]
[$Y]
[$Y]
[$Y]

array
array
array

7. function array [$Y] of var int: global_cardinality_closed(array [$X]

of var $$E: x,
of $$E: cover,
of var int: counts)
of var opt $$E: x,
of $$E: cover,
of var int: counts)
of var $$E: x,
of $$E: cover,
of int: lbound,
of int: ubound)
of var opt $$E: x,
of $$E: cover,
of int: lbound,
of int: ubound)
of var set of $$E: x,
of $$E: cover,
of var int: counts)
of var set of $$E: x,
of $$E: cover,
of int: lbound,
of int: ubound)
of var $
array [$Y] of $$E:._
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—cover)

8. function array [$Y] of var int: global_cardinality_closed(array [$X] of var opt
—$$E: X,

array [$Y] of $$E:._
—cover)

coverixcountsi

xcover

coverixcountsi

xcover
icoverilboundiuboundix
xcover
icoverilboundiuboundix
xcover

coverixcountsi

xcover
icoverilboundiuboundix
xcover

coverix

xcover

coverix

xcover

4.2.2.6 Array-related constraints

predicate element(var $$E: i, array [$$E] of var bool: x, var bool: y)
predicate element(var $$E: i,

array [$$E] of var float: x,

var float: y)
predicate element(var $$E: i, array [$$E] of var $$T: x, var $3$T: y)
predicate element(var $$E: i,

array [$$E] of var set of $$T: x,

var set of $$T: y)

iyx

1. predicate member(array [int] of var bool: x, var bool: y)

2. predicate member(array [int] of var float: x, var float: y)
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3. predicate member(array [int] of

4. predicate member(array [int] of

5. predicate member(var set of $$E:

var $$E: x, var $$E: y)
var set of $3E: x, var set of $$E: y)

x, var $$E: y)

yX
yX

predicate write(array [$$E] of var int: I,

var int: i,
var int: v,

array [$$E] of var int: Q)

OIiv

IOIilv

1. predicate writes(array [$$X] of
array [$$Y] of
array [$$Y] of
array [$$X] of

2. function array [$$X] of var int:

var int: I,
var int: P,
var int: V,
var int: 0)

writes(array [$$X] of var int: I,
array [$$Y] of var int: P,
array [$$Y] of var int: V)

OIPV
IOIPIV
IPV
IPIV

predicate writes_seq(array [$$X] of
array [$$Y] of
array [$$Y] of
array [$$X] of

var int: I,
var int: P,
var int: V,
var int: 0)

OIPV
IOIPIV
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4.2.2.7 Set-related constraints

predicate disjoint(var set of $$E: s1, var set of $$E: s2)

s1s2

predicate partition_set(array [int] of var set of $$E: S,
set of $$E: universe)

Suniverse

1. predicate roots(array [$$X] of var $$Y: x,
var set of $$X: s,
var set of $$Y: t)

2. function var set of $$X: roots(array [$$X] of var $3$Y: x,
var set of $$Y: t)

xitis

sxitis

4.2.2.8 Mathematical constraints

1. function var $$E: arg_max(array [$$E] of var int: x)

2. function var $$E: arg_max(array [$$E] of var bool: x)

3. function var $$E: arg_max(array [$$E] of var float: x)

4. function var $3$E: arg_max(array [$$E] of var opt int: x)
5. function var $$E: arg_max(array [$$E] of var opt bool: x)

6. function var $$E: arg_max(array [$$E] of var opt float: x)

function var opt $$E: arg_max_weak(array [$$E] of var opt int: x)
function var opt $$E: arg_max_weak(array [$$E] of var opt bool: x)
function var opt $$E: arg_max_weak(array [$$E] of var opt float: x)
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X
1. function var $$E: arg_min(array [$$E] of var int: x)
2. function var $$E: arg_min(array [$$E] of var bool: x)
3. function var $$E: arg_min(array [$$E] of var float: x)
4. function var $$E: arg_min(array [$$E] of var opt int: x)
5. function var $$E: arg_min(array [$$E] of var opt bool: x)
6. function var $$E: arg_min(array [$$E] of var opt float: x)
X
X
function var opt $$E: arg_min_weak(array [$$E] of var opt int: x)
function var opt $$E: arg_min_weak(array [$$E] of var opt bool: x)
function var opt $$E: arg_min_weak(array [$$E] of var opt float: x)
X
function var $$E: arg_val(array [$$E] of var bool: x, var bool: v)
function var $$E: arg_val(array [$$E] of var opt bool: x,
var opt bool: v)
function var $$E: arg_val(array [$$E] of var float: x, var float: v)
function var $$E: arg_val(array [$$E] of var opt float: x,
var float: v)
function var $$E: arg_val(array [$$E] of var $$V: x, var $$V: v)
function var $$E: arg_val(array [$$E] of var opt $$V: x,
var opt $$V: v)
VXVX
function var opt $$E: arg_val_weak(array [$$E] of var bool: x,
var bool: v)
function var opt $$E: arg_val_weak(array [$$E] of var opt bool: x,
var opt bool: v)
function var opt $$E: arg_val_weak(array [$$E] of var float: x,
var float: v)
function var opt $$E: arg_val_weak(array [$$E] of var opt float: x,
var opt float: v)
function var opt $$E: arg_val_weak(array [$$E] of var $$V: x,
var $$V: v)

4.2.2. Global constraints




MiniZinc Handbook, & {ThR# 2.8.5

function var opt $$E: arg_val_weak(array [$$E] of var opt $$V: x,
var opt $$V: v)

VXVVX

predicate maximum(var $$E: m, array [int] of var $$E: x)
predicate maximum(var float: m, array [int] of var float: x)

mx

1. predicate maximum_arg(array [int] of var int: x, var int: i)
2. predicate maximum_arg(array [$$E] of var bool: x, var $$E: i)

3. predicate maximum_arg(array [$$E] of var float: x, var $$E: i)

ix

ix

predicate minimum(var float: m, array [int] of var float: x)
predicate minimum(var $$E: m, array [int] of var $$E: x)

mx

predicate minimum_arg(array [int] of var int: x, var int: i)
predicate minimum_arg(array [int] of var bool: x, var int: i)
predicate minimum_arg(array [int] of var float: x, var int: i)

ix

1. function var float: piecewise_linear(var float: x,
array [int] of float: xi,
array [int] of float: vi)
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2. predicate piecewise_linear(var float: x,
var float: vy,
array [int] of float: xi,
array [int] of float: vi)

3. function var float: piecewise_linear(var float: x,
array [int] of float: x_start,
array [int] of float: x_end,
array [int] of float: v_start,
array [int] of float: v_end)

4. predicate piecewise_linear(var float: x,
var float: vy,
array [int] of float: x_start,
array [int] of float: x_end,
array [int] of float: v_start,
array [int] of float: v_end)

xxivi
yxxivi
xix_startiv_startix_endiv_endi

yxix_startiv_startix_endiv_endi

1. predicate range(array [$$X] of var $$Y: x,
var set of $$X: s,
var set of $$Y: t)

2. function var set of int: range(array [int] of var int: x,
var set of int: s)

xstsx

XSSX

predicate sliding_sum(int: low,
int: up,
int: seq,
array [int] of var int: vs)

vsi---vsiseqlowup

predicate sum_pred(var $$X: i,
array [$$X] of set of $$Y: sets,
array [$$Y] of int: cs,
var int: s)

csilcsiNsiliNisets
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predicate sum_set(array [$$X] of $$Y: vs,
array [$$X] of int: ws,
var set of $$Y: x,
var int: s)

wsilwsiNsvsilvsiNx

4.2.2.9 Packing constraints

predicate bin_packing(int: c,
array [int] of var int: bin,
array [int] of int: w)

iwibinic

iwi

predicate bin_packing_capa(array [int] of int: c,
array [int] of var int: bin,
array [int] of int: w)

iwibinibcb

iwi

bcb

1. predicate bin_packing_load(array [int] of var int: load,
array [int] of var int: bin,
array [int] of int: w)

array [int] of int: w)

2. function array [int] of var int: bin_packing_load(array [int] of var int:

bin,

iwibinibloadb

iwi

iwibini
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iwi

predicate diffn(array [int] of var int: x,
array [int] of var int: vy,
array [int] of var int: dx,
array [int] of var int: dy)

ixiyidxidyi

predicate diffn_k(array [int,int] of var int: box_posn,
array [int,int] of var int: box_size)

kijbox_posnijjbox_sizeij

predicate diffn_nonstrict(array [int] of var int: x,
array [int] of var int: vy,
array [int] of var int: dx,
array [int] of var int: dy)

ixiyidxidyi

predicate diffn_nonstrict_k(array [int,int] of var int: box_posn,
array [int,int] of var int: box_size)

kijbox_posnijjbox_sizeij

predicate geost(int: Kk,
array [int,int] of int: rect_size,
array [int,int] of int: rect_offset,
array [int] of set of int: shape,
array [int,int] of var int: x,
array [int] of var int: kind)

k

rect_sizek
rect_offsetk
shapei

Xxijij
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kind

array
array
array

predicate geost_bb(int: k,

[int,int] of
[int,int] of
[int] of set

int: rect_size,
int: rect_offset,
of int: shape,

array
array
array
array

[int,int] of var int:

X’

[int] of var int: kind,

[int] of var int: 1,
[int] of var int: u)

kk

k

rect_sizek
rect_offsetk
shapei
XX1Jj1j

kind

11ii

uuii

predicate geost_nonoverlap_k(array [int] of var int: x1,
array [int] of int: wi,
array [int] of var int: x2,
array [int] of int: w2)

k
x1
wi
X2
w2
predicate geost_smallest_bb(int: k,
array [int,int] of int: rect_size,
array [int,int] of int: rect_offset,
array [int] of set of int: shape,
array [int,int] of var int: x,
array [int] of var int: kind,
array [int] of var int: 1,
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array [int] of var int: u)

kk2k

k

rect_sizek
rect_offsetk
shapei
XX1Jj1j

kind

11ii

uuii

predicate knapsack(array [$$I] of int: w,
array [$$I] of int: p,
array [$$I]1 of var int: x,
var int: W,
var int: P)

wp

wpX
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4.2.2.10 Scheduling constraints

predicate alternative(var opt int: s@,
var int: do,
array [int] of var opt int: s,
array [int] of var int: d)

sQdosidi

1. predicate cumulative(array [int] of var int: s,
array [int] of var int: d,
array [int] of var int: r,
var int: b)

2. predicate cumulative(array [int] of var opt int: s,
array [int] of var int: d,
array [int] of var int: r,
var int: b)

sdrb

idiri

sdrb

idiri

predicate cumulatives(array [$$E] of var int:
array [$$E] of var int:
array [$$E] of var int:
array [$$E] of var $$M:
array [$$M] of var int:
bool: upper)

T3 3 Qan

sdrmbupperimibjtj\tupperupperbj

idi

1. predicate disjunctive(array [$$T] of var int: s,
array [$$T] of var int: d)

2. predicate disjunctive(array [$$T] of var opt int: s,
array [$$T] of var int: d)

sd
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idi
sd

idi

1. predicate disjunctive_strict(array [$$T] of var int: s,
array [$$T] of var int: d)

2. predicate disjunctive_strict(array [$$T] of var opt int: s,
array [$$T] of var int: d)

sd

idi
sd

idi

predicate span(var opt int: so,
var int: do,
array [$$E] of var opt int: s,
array [$$E] of var int: d)

sQdosidi

4.2.2.11 Graph constraints

fromto(from[i],to[i])from[iJto[i]

1. predicate bounded_dpath(int: N,
int: E,
array [int] of int: from,
array [int] of int: to,
array [int] of int: w,
var int: s,
var int: t,
array [int] of var bool: ns,
array [int] of var bool: es,
var int: K)

2. predicate bounded_dpath(array [int] of $$N: from,
array [int] of $$N: to,
array [int] of int: w,
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var $$N: s,
var $3$N: t,
array [$$N] of var bool: ns,
array [int] of var bool: es,
var int: K)

nsesstK

fromN

toN

ns
es
K

nsesstK

from

to

ns

es

1.

predicate bounded_path(int: N,

int: E,

array [int] of int: from,
array [int] of int: to,
array [int] of int: w,

var int: s,

var int: t,

array [int] of var bool: ns,
array [int] of var bool: es,
var int: K)

344

Chapter 4.2. The MiniZinc library




MiniZinc Handbook, & 1Tl 2 2.8.5

2.

predicate bounded_path(array [int]
array [int]
array [int]
var $$N: s,
var $$N: t,
array [$$N]
array [int]
var int: K)

of $$N:
of $$N:
of int:

of var
of var

from,
to,

bool :
bool :

ns,
es,

nsesstkK

fromN

toN

ns
es
K

nsesstK

from

to

ns

€s

1.

2.

predicate circuit(array [$$E] of var $$E:

predicate circuit(array [$$E] of var opt $$E: x)

x)

Xxijji

Xx1jji
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predicate connected(array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

nses

from
to
ns

es

predicate d_weighted_spanning_tree(int: N,
int: E,
array [int] of int: from,
array [int] of int: to,
array [int] of int: w,
var int: r,
array [int] of var bool: es,
var int: K)

esrW

fromN

toN

es

predicate dag(array [$$E] of $$N: from,
array [$$E] of $3N: to,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

nses
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from
to
ns

es

predicate dconnected(array [$$E]

array [$$E]
array [$$N]
array [$$E]

of $$N: from,

of $$N: to,

of var bool: ns,
of var bool: es)

nses

from
to
ns

es

1. predicate dpath(int: N,
int: E,
array [int]
array [int]
var int: s,
var int: t,
array [int]
array [int]

2. predicate dpath(array [int]
array [int]
var $3N: s,
var $$N: t,
array [$$N]
array [int]

of
of

of
of
of

of

of
of

int:
int:

var
var

$SN:
$N:

var
var

from,
to,

bool: ns,
bool: es)
from,
to,

bool: ns,
bool: es)

nsesst

fromN

toN

ns
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€s

nsesst

from

to

ns

es

1.

predicate dreachable(int: N,

int: E,

array [int] of int: from,
array [int] of int: to,
var int: r,
array [int] of var bool: ns,
array [int] of var bool: es)
2. predicate dreachable(array [int] of $$N: from,
array [int] of $$N: to,
var $3$N: r,
array [$$N] of var bool: ns,
array [int] of var bool: es)
nsesr

N

E

fromN

toN

r

ns

es

nsesr

from

to

r

ns
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es

predicate dsteiner(int: N,

int: E,

array [int]
array [int]
array [int]
var int: r,
array [int]
array [int]
var int: K)

of
of
of

of
of

int: from,
int: to,

int: w,

var bool: ns,

var bool: es,

nsesrW

fromN

toN

ns

es

1. predicate dtree(int: N,

int: E,

array [int]
array [int]
var int: r,
array [int]
array [int]

2. predicate dtree(array [$$E]

array [$$E]
var $$N: r,
array [$$N]
array [$$E]

of
of

of
of

of
of

of
of

int: from,
int: to,

var bool: ns,
var bool: es)
$$N: from,
$$N: to,

var bool: ns,

var bool: es)

nsesr

N
E

fromN
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toN

ns
es

nsesr

from

to

ns

es

predicate network_flow(array [$$E,1..2] of $$N: arc,
array [$$N] of int: balance,
array [$$E] of var int: flow)

arciarciarci
balancebalance = output - input

flow

predicate network_flow_cost(array [$$E,1..2] of $$N: arc,
array [$$N] of int: balance,
array [$$E] of int: weight,
array [$$E] of var int: flow,
var int: cost)

arciarciarci

balancebalance = output - input
weight

flow

cost
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1. predicate path(int: N,
int: E,
array [int] of int: from,
array [int] of int: to,
var int: s,
var int: t,
array [int] of var bool: ns,
array [int] of var bool: es)

2. predicate path(array [int] of $$N: from,
array [int] of $$N: to,
var $$N: s,
var $$N: t,
array [$$N] of var bool: ns,
array [int] of var bool: es)

nsesst

fromN
toN

S

t

ns

es

nsesst

from

to

ns

€s

1. predicate reachable(int: N,
int: E,
array [int] of int: from,
array [int] of int: to,
var int: r,
array [int] of var bool: ns,
array [int] of var bool: es)
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2. predicate reachable(array [int]
array [int]
var $$N:
array [$$N]
array [int]

r’

of $$N: from,
of $$N: to,

of var bool: ns,
of var bool: es)

nsesr

fromN

toN

ns
es

nsesr

from

to

ns

es

predicate steiner(int: N,
int: E,
array [int]
array [int]
array [int]
array [int]
array [int]
var int: K)

of
of
of
of

int:
int:
int:

var
var

from,
to,

w,

bool: ns,
bool: es,

esW
N
E
fromN
toN
352
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ns

€s

predicate subcircuit(array [$$E] of var $$E: x)

Xxijjixiii

1.

predicate subgraph(int: N,

int: E,
array [int] of int: from,
array [int] of int: to,
array [int] of var bool: ns,
array [int] of var bool: es)
2. predicate subgraph(array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)
nses

N

E

fromN

toN

ns

es

nses

from

to

ns

es

predicate tree(int: N,
int: E,

array [int] of int:

from,

4.2.2.
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array [int]
var int: r,
array [int]
array [int]

2. predicate tree(array [$$E]
array [$$E]
var $$N: r,
array [$$N]
array [$$E]

of

of
of

of
of

of
of

int: to,

var bool:
var bool:

$$N: from,
$$N: to,

var bool:
var bool:

ns,
es)

ns,
es)

nsesr

fromN

toN

ns
€es

nsesr

from

to

ns

es

predicate weighted_spanning_tree(int: N,

int: E,

array [int]
array [int]
array [int]
array [int]
var int: K)

int: from,
int: to,

int: w,

var bool: es,

esW
N
E
fromN
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toN

€s

4.2.2.12 Extensional constraints (table, regular etc.)

predicate cost_mdd(array [int] of var int: x,
int: N,
array [int] of int: level,
int: E,
array [int] of int: from,
array [int] of set of int: label,
array [int] of int: cost,
array [int] of int: to,
var int: totalcost)

xtotalcost

N
levellength
E

fromN

label

cost

to

totalcostx

predicate cost_regular(array [int] of var int: x,
int: Q,
int: S,
array [int,int] of int: d,
int: qo,
set of int: F,
array [int,int] of int: c,
var int: C)

xSQSdQSQq@QFQcCx

predicate mdd(array [int] of var int: x,
int: N,
array [int] of int: level,
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int: E,

array [int] of int: from,

array [int] of set of int: label,
array [int] of int: to)

X
N
levellength
E
fromN
labelx
to
predicate mdd_nondet(array [int] of var int: x,
int: N,
array [int] of int: level,
int: E,
array [int] of int: from,
array [int] of set of int: label,
array [int] of int: to)
X

N
levellength
E

fromN
labelx

to

1. predicate regular(array [int] of var $$val: x,
array [$$State,$$Val]l of opt $$State: d,
$$State: qo,
set of $$State: F)

2. predicate regular(array [int] of var int: x,
int: Q,
int: S,
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array [int,int] of int: d,
int: o,
set of int: F)
3. predicate regular(array [int] of var int: x,
int: Q,
set of int: S,
array [int,int] of int: d,
int: o,
set of int: F)
4. predicate regular(array [int] of var int: x, string: r)
xdg@FStateVal
xSQSdQSQgOQFQ
xSQSdQSQqOQFQ
Xr
(A%}
[A%2
“w»
“w»
[1%2
“w»
(1%}
(A%}
“w»
(A%}
(A%}
w»
(1%}
1. predicate regular_nfa(array [int] of var $$Val: x,
array [$$State,$$Val] of set of $$State: d,
$$State: @o,
set of $$State: F)
2. predicate regular_nfa(array [int] of var int: x,
int: Q,

4.2.2.
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int: S,
array [int,int] of set of int:

int: 9o,

set of

predicate regular_nfa(array [int] of var int:
int: Q,

set of

array [int,int] of set of int:

int: F)

int: S,

int: q@,

set of

int: F)

xdgOFStateVal
xSQSdQSQq@QFQ
xSQSdQSQq@QFQ

1. predicate table(array [$$E] of var bool: x, array [int,$$E] of bool: t)
predicate table(array [$$E] of var int: x, array [int,$$E] of int: t)

predicate table(array [int] of var opt int: x,
array [int,int] of opt int: t)

xttt

xtx_it_itt

4.2.2.13 Machine learning constraints

predicate neural_net(array
array
array
array
array
array
array
array
NEURO

[int]
[int]
[int]
[int]
[int]
[int]
[int]
[int]

N_TYPE:

of
of
of
of
of
of

var float: inputs,
int: input_ids,

var float: outputs,
int: output_ids,
float: bias,

float: edge_weight,

of int: edge_parent,

of int: first_edge,
neuron_type)

inputs
input_ids
outputs

output_ids

358
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bias
edge_weight
edge_parent
first_edge

neuron_type

4.2.2.14 Deprecated constraints

‘ predicate at_least(int: n, array [$X] of var $$E: x, $$E: v)

nxv

‘ predicate at_most(int: n, array [$X] of var $$E: x, $$E: v)

nxv

‘ predicate exactly(int: n, array [$X] of var $$E: x, $$E: v)

nxv

predicate global_cardinality_low_up(array [$X] of var int: x,
array [$Y] of int: cover,
array [$Y] of int: lbound,
array [$Y] of int: ubound)
icoverilboundiuboundix
predicate global_cardinality_low_up_closed(array [$X] of var int: x,
array [$Y] of int: cover,
array [$Y] of int: lbound,
array [$Y] of int: ubound)

icoverilboundiuboundix

xcover

4.2.2. Global constraints
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4.2.3 FlatZinc builtins

4.2.3.1 Integer FlatZinc builtins

predicate array_int_element(var int: b,
array [int] of int: as,
var int: c¢)

asbc

‘ predicate array_int_maximum(var int: m, array [int] of var int: x)

mx

‘ predicate array_int_minimum(var int: m, array [int] of var int: x)

mx

predicate array_var_int_element(var int: b,
array [int] of var int: as,
var int: c¢)

asbc

‘ predicate int_abs(var int: a, var int: b)

ba

‘ predicate int_div(var int: a, var int: b, var int: c)

abc

‘ predicate int_eq(var int: a, var int: b)

ab
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‘ predicate int_eqg_reif(var int: a, var int: b, var bool: r) J
ab<r

‘ predicate int_le(var int: a, var int: b) }
ab

‘ predicate int_le_reif(var int: a, var int: b, var bool: r) }

ab<r

predicate int_lin_eq(array [int] of int: as,
array [int] of var int: bs,
int: ¢)

=2 1] * [d]

predicate int_lin_eq_reif(array [int] of int: as,
array [int] of var int: bs,
int: c,
var bool: r)

o (=22 [+ i)

predicate int_lin_le(array [int] of int: as,
array [int] of var int: bs,
int: ¢)

> asibsic

predicate int_lin_le_reif(array [int] of int: as,
array [int] of var int: bs,
int: c,
var bool: r)

r<»y asibsic

4.2.3. FlatZinc builtins
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predicate int_lin_ne(array [int] of int: as,
array [int] of var int: bs,
int: c)

7# 2 i) + (1]

predicate int_lin_ne_reif(array [int] of int: as,
array [int] of var int: bs,
int: c,
var bool: r)

o (F 22 ]+ 1)

‘ predicate int_lt(var int: a, var int: b) J
ab

‘ predicate int_lt_reif(var int: a, var int: b, var bool: r) }
r<-ab

‘ predicate int_max(var int: a, var int: b, var int: c) J
abc

‘ predicate int_min(var int: a, var int: b, var int: c) }
abc

‘ predicate int_mod(var int: a, var int: b, var int: c) J
abc

‘ predicate int_ne(var int: a, var int: b) J
ab
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‘ predicate int_ne_reif(var int: a, var int: b, var bool: r)

r<ab

‘ predicate int_plus(var int: a, var int: b, var int: c)

abc

‘ predicate int_pow(var int: x, var int: y, var int: z)

z1 div pow(x, abs(y)) <0

‘ predicate int_times(var int: a, var int: b, var int: c)

abc

‘ predicate set_in(var int: x, set of int: S)

XES

4.2.3.2 Bool FlatZinc builtins

‘ predicate array_bool_and(array [int] of var bool: as, var bool: r)

< N [d]

predicate array_bool_element(var int: b,
array [int] of bool: as,
var bool: c¢)

asbc

predicate array_bool_xor(array [int] of var bool: as)

@]

4.2.3. FlatZinc builtins
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predicate array_var_bool_element(var int: b,
array [int] of var bool: as,
var bool: c)

asbc

‘ predicate bool2int(var bool: a, var int: b) }
e{0,1} + =1

‘ predicate bool_and(var bool: a, var bool: b, var bool: r) J
A

predicate bool_clause(array [int] of var bool: as,
array [int] of var bool: bs)

Vilil vV =l]

‘ predicate bool_eq(var bool: a, var bool: b) }
ab

‘ predicate bool_eq_reif(var bool: a, var bool: b, var bool: r) J
r<ab

‘ predicate bool_le(var bool: a, var bool: b) }
ab

‘ predicate bool_le_reif(var bool: a, var bool: b, var bool: r) }
r<-ab
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predicate bool_lin_eq(array [int] of int: as,
array [int] of var bool: bs,
var int: c)

= ]+ [1]

predicate bool_lin_le(array [int] of int: as,
array [int] of var bool: bs,
int: ¢)

2l <

‘ predicate bool_lt(var bool: a, var bool: b)

ab

‘ predicate bool_lt_reif(var bool: a, var bool: b, var bool: r)

r<ab

‘ predicate bool_not(var bool: a, var bool: b)

ab

‘ predicate bool_or(var bool: a, var bool: b, var bool: r)

> V

1. predicate bool_xor(var bool: a, var bool: b, var bool: r)

2. predicate bool_xor(var bool: a, var bool: b)

& @

akbb

4.2.3. FlatZinc builtins

365



MiniZinc Handbook, & {ThR# 2.8.5

4.2.3.3 Set FlatZinc builtins

predicate array_set_element(var int: b,
array [int] of set of int: as,
var set of int: c)

asbc

predicate array_var_set_element(var int: b,
array [int] of var set of int: as,
var set of int: c)

asbc

predicate set_card(var set of int: S, var int: x)

xS

predicate set_diff(var set of int: x,
var set of int: vy,
var set of int: r)

rx\y

predicate set_eq(var set of int: x, var set of int: y)

Xy

predicate set_eq_reif(var set of int: x,
var set of int: vy,
var bool: r)

r<>xy

predicate set_in(var int: x, var set of int: S)

XES
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predicate set_in_reif(var int: x, set of int: S, var bool: r)
predicate set_in_reif(var int: x, var set of int: S, var bool: r)

“(€)

predicate set_intersect(var set of int: x,
var set of int: vy,
var set of int: r)

rxny

predicate set_le(var set of int: x, var set of int: y)

Xy

predicate set_le_reif(var set of int: x,
var set of int: vy,
var bool: r)

(<)

predicate set_lt(var set of int: x, var set of int: y)

Xy

predicate set_lt_reif(var set of int: x,
var set of int: vy,
var bool: r)

« (<)

predicate set_ne(var set of int: x, var set of int: y)

Xy

predicate set_ne_reif(var set of int: x,
var set of int: vy,
var bool: r)

4.2.3. FlatZinc builtins
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r<>xy

predicate set_subset(var set of int: x, var set of int: y)

xCy

predicate set_subset_reif(var set of int: x,
var set of int: vy,
var bool: r)

« (<)

predicate set_superset(var set of int: x, var set of int: y)

X2y

predicate set_superset_reif(var set of int: x,
var set of int: vy,
var bool: r)

“ (<)

predicate set_symdiff(var set of int: x,
var set of int: vy,
var set of int: r)

rxy

predicate set_union(var set of int: x,
var set of int: vy,
var set of int: r)

rxyy
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4.2.3.4 Float FlatZinc builtins

predicate array_float_element(var int: b,
array [int] of float: as,
var float: c)

asbc

‘ predicate array_float_maximum(var int: m, array [int] of var int: x) J
mx

‘ predicate array_float_minimum(var int: m, array [int] of var int: x) }
mx

predicate array_var_float_element(var int: b,
array [int] of var float: as,
var float: c)

asbc

‘ predicate float_abs(var float: a, var float: b) l
ba

‘ predicate float_acos(var float: a, var float: b) }
ba

‘ predicate float_acosh(var float: a, var float: b) }
ba

‘ predicate float_asin(var float: a, var float: b) J
ba
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‘ predicate float_asinh(var float: a, var float: b) J
ba
‘ predicate float_atan(var float: a, var float: b) }
ba
‘ predicate float_atanh(var float: a, var float: b) }
ba
‘ predicate float_ceil(var float: x, var int: y) J

=[]

‘ predicate float_cos(var float: a, var float: b) J
ba

‘ predicate float_cosh(var float: a, var float: b) }
ba

‘ predicate float_div(var float: a, var float: b, var float: c) }
abc

‘ predicate float_dom(var float: x, array [int] of float: as) J
xasasiasiin

‘ predicate float_eq(var float: a, var float: b) J
ab
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‘ predicate

float_eq_reif(var float: a, var float: b, var bool: r)

r<>ab

‘ predicate float_exp(var float: a, var float: b) }
ba

‘ predicate float_floor(var float: x, var int: y) }

=

‘ predicate

float_in(var float: a, float: b, float: c)

€[]
‘ predicate float_in_reif(var float: a, float: b, float: c, var bool: r) J
r€l,]
‘ predicate float_le(var float: a, var float: b) }
ab
‘ predicate float_le_reif(var float: a, var float: b, var bool: r) }
r<-ab

predicate float_lin_eq(array [int] of float: as,

array [int] of var float: bs,
float: c)

=2 1]+ [d]

predicate

float_lin_eq_reif(array [int] of float: as,
array [int] of var float: bs,
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float: c,
var bool: r)

predicate float_lin_le(array [int] of float: as,
array [int] of var float: bs,
float: c)

dli i) <

predicate float_lin_le_reif(array [int] of float: as,
array [int] of var float: bs,
float: c,
var bool: r)

o (2l <)

predicate float_lin_lt(array [int] of float: as,
array [int] of var float: bs,
float: c)

2l il <

predicate float_lin_lt_reif(array [int] of float: as,
array [int] of var float: bs,
float: c,
var bool: r)

o (il <)

predicate float_lin_ne(array [int] of float: as,
array [int] of var float: bs,
float: c¢)

7 2 1]+ [d]

predicate float_lin_ne_reif(array [int] of float: as,
array [int] of var float: bs,
float: c,
var bool: r)

372 Chapter 4.2. The MiniZinc library



MiniZinc Handbook, & 1Tl 2 2.8.5

o (# 22+ [4)

‘ predicate float_ln(var float: a, var float: b) }
ba

‘ predicate float_logl@(var float: a, var float: b) }
ba

‘ predicate float_log2(var float: a, var float: b) J
ba

‘ predicate float_lt(var float: a, var float: b) J
ab

‘ predicate float_lt_reif(var float: a, var float: b, var bool: r) }
r<-ab

‘ predicate float_max(var float: a, var float: b, var float: c) }
abc

‘ predicate float_min(var float: a, var float: b, var float: c) J
abc

‘ predicate float_ne(var float: a, var float: b) J
ab

‘ predicate float_ne_reif(var float: a, var float: b, var bool: r) }
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r<>ab

‘ predicate float_plus(var float: a, var float: b, var float: c) }
abc

‘ predicate float_pow(var float: x, var float: y, var float: z) }
z

‘ predicate float_round(var float: x, var int: y) J
yX

‘ predicate float_sin(var float: a, var float: b) J
ba

‘ predicate float_sinh(var float: a, var float: b) }
ba

‘ predicate float_sqrt(var float: a, var float: b) }

=V

‘ predicate float_tan(var float: a, var float: b) J
ba
‘ predicate float_tanh(var float: a, var float: b) J
ba
‘ predicate float_times(var float: a, var float: b, var float: c) }
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abc

predicate int2float(var int: x, var float: y)

yX

4.2.3.5 FlatZinc builtins added in MiniZinc 2.0.0.

predicate array_float_maximum(var float: m,
array [int] of var float: x)

mx

predicate array_float_minimum(var float: m,
array [int] of var float: x)

mx
‘ predicate array_int_maximum(var int: m, array [int] of var int: x) }
mx
‘ predicate array_int_minimum(var int: m, array [int] of var int: x) }
mx

predicate bool_clause_reif(array [int] of var bool: as,
array [int] of var bool: bs,
var bool: b)

< Vil vV; -l
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4.2.3.6 FlatZinc builtins added in MiniZinc 2.0.2.

predicate array_var_bool_element_nonshifted(var int: idx,
array [int] of var bool: x,
var bool: c)

xidxc

predicate array_var_float_element_nonshifted(var int: idx,
array [int] of var float: x,
var float: c)

xidxc

predicate array_var_int_element_nonshifted(var int: idx,
array [int] of var int: x,
var int: c¢)

xidxc

predicate array_var_set_element_nonshifted(var int: idx,
array [int] of var set of int: x,
var set of int: c)

xidxc

4.2.3.7 FlatZinc builtins added in MiniZinc 2.1.0.

‘ predicate float_dom(var float: x, array [int] of float: as) J
xas
‘ predicate float_in(var float: x, float: a, float: b) J
axb
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4.2.3.8 FlatZinc builtins added in MiniZinc 2.1.1.

‘ function var $$E: max(var set of $$E: s)

S

‘ function var $$E: min(var set of $$E: s)

S

4.2.3.9 FlatZinc builtins added in MiniZinc 2.2.1.

predicate int_pow_fixed(var int: x, int: y, var int: z)

z1 div pow(x, abs(y)) <0

4.2.3.10 FlatZinc builtins added in MiniZinc 2.3.3.

predicate float_set_in(var float: x, set of float: S)

XES

4.2.3.11 FlatZinc builtins added in MiniZinc 2.5.2.

predicate array_var_bool_element2d_nonshifted(var int: idx1,
var int: idx2,

array [int,int] of var bool: x,

var bool: ¢)

xidx1idx2c

predicate array_var_float_element2d_nonshifted(var int: idx1,
var int: idx2,
array [int,int] of var float: x,
var float: c)

xidx1idx2c
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predicate array_var_int_element2d_nonshifted(var int: idx1,

var int: idx2,
array [int,int] of var int: x,
var int: c¢)

xidx1idx2c

predicate array_var_set_element2d_nonshifted(var int: idx1,

var int: idx2,
array [int,int] of var set of int: x,
var set of int: c)

xidx1idx2c

4.2.3.12 Deprecated FlatZinc builtins

predicate array_bool_or(array [int] of var bool: as, var bool: r)

<V, [i]

4.2.4 Additional declarations for Gecode

W

4.2.4.1 Additional Gecode search annotations

‘ annotation

action_max

‘ annotation

action_min

‘ annotation

action_size_max

‘ annotation

action_size_min

378
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‘ annotation

afc_max

‘ annotation

afc_min

‘ annotation

afc_size_max

‘ annotation

afc_size_min

‘ annotation

bool_default_search(ann: varsel, ann: valsel)

varselvalsel

‘ annotation

float_default_search(ann: varsel, ann: valsel)

varselvalsel

‘ annotation

int_default_search(ann: varsel, ann: valsel)

varselvalsel

‘ annotation

random

4.2.4. Additional declarations for Gecode
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1. annotation relax_and_reconstruct(array [int] of var int: x,
int: percentage)

2. annotation relax_and_reconstruct(array [int] of var int: x,
int: percentage,
array [int] of int: y)

xpercentage

xpercentagey

annotation set_default_search(ann: varsel, ann: valsel)

varselvalsel

4.2.4.2 Additional Gecode constraints

1. predicate among_seq(array [int] of var int: x,
set of int: S,

int: 1,
int: m,
int: n)

2. predicate among_seq(array [int] of var bool: x,

bool: b,
int: 1,
int: m,
int: n)

x1mnS

x1mnb

predicate circuit_cost(array [int] of int: c,
array [int] of var int: x,
var int: z)

xxijjizc

predicate circuit_cost_array(array [int] of int: c,
array [int] of var int: x,
array [int] of var int: vy,
var int: z)

xxijjizcyx
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predicate gecode_array_set_element_intersect(var set of int: x,
array [int] of var set of int: vy,
var set of int: z)

zyxi € <> Vje (i €j])

predicate gecode_array_set_element_intersect_in(var set of int: x,
array [int] of var set of int: vy,
var set of int: z,
set of int: u)

zuzyxi € <> Vj e : (i € [j])

predicate gecode_array_set_element_partition(var set of int: x,
array [int] of var set of int: vy,
var set of int: z)

zyxi€ <> Jje (iefie Nje Ni£j—[i|N[j]=0

4.2.5 Additional declarations for Chuffed

w»

4.2.5.1 Additional Chuffed search annotations

‘ annotation assume(array [int] of var bool)

‘ annotation largest_smallest

annotation priority_search(array [int] of var int: x,
array [int] of ann: search,
ann: select,
ann: explore)

searchxselectexplore

annotation random_order

4.2.5. Additional declarations for Chuffed
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annotation smallest_largest

4.2.5.2 Other declarations

predicate chuffed_minimal_spanning_tree(int: N,
int: E,
array [int] of int: from,
array [int] of int: to,
array [int] of int: w,
array [int] of var bool: vs,
array [int] of var bool: es,
var int: K)

vseskK

fromN

toN

VS

es

4.2.6 MiniZinclDE tools

4.2.6.1 MiniZinclDE solution visualisation tools

output

var 1..10: x;
output vis_line(x, "x-value");

vis_server
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int: n;
var 1..10: x;

output :: vis_server("my-vis.

html”, (n: n)) (x: x);

my-vis.html
1. annotation vis_bar(array [$$D] of var int: x)
2. annotation vis_bar(array [$$D] of var float: x)
3. annotation vis_bar(array [$$D] of var int: x,
array [$$D] of string: data_labels)
4. annotation vis_bar(array [$$D] of var float: x,
array [$$D] of string: data_labels)
5. annotation vis_bar(array [$$S,$$D] of var int: x)
6. annotation vis_bar(array [$$S,$$D] of var float: x)
7. annotation vis_bar(array [$$S,$$D] of var int: x,
array [$$S] of string: series_labels,
array [$$D] of string: data_labels)
8. annotation vis_bar(array [$$S,$$D] of var float: x,
array [$$S] of string: series_labels,
array [$$D] of string: data_labels)
X

xdata_labels

xijji

xijjiseries_labelsdata_labels

1. annotation vis_column(array [$$D] of var int: x)
2. annotation vis_column(array [$$D] of var float: x)
3. annotation vis_column(array [$$D] of var int: x,
array [$$D] of string: data_labels)
4. annotation vis_column(array [$$D] of var float: x,
array [$$D] of string: data_labels)
5. annotation vis_column(array [$$S,$$D] of var int: x)
6. annotation vis_column(array [$$S,$$D] of var float: x)
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7. annotation vis_column(array [$$S,$$D] of var int: x,
array [$$S] of string: series_labels,
array [$$D] of string: data_labels)

8. annotation vis_column(array [$$S,$$D] of var float: x,
array [$$S] of string: series_labels,
array [$$D] of string: data_labels)

xdata_labels

xijji

xijjiseries_labelsdata_labels

1. annotation vis_digraph(array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$E] of string: edge_labels,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

2. annotation vis_digraph(array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

3. annotation vis_digraph(array [$$N] of string: node_labels,
array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$E] of string: edge_labels,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

nsesns

from

to
edge_labels
ns

es

nsesnses
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from
to
ns
es

nses

node_labels
from

to
edge_labels
ns

es

1. annotation vis_digraph_highlight(array

array
array
array
array

2. annotation vis_digraph_highlight(array

array
array
array

3. annotation vis_digraph_highlight(array

array
array
array
array
array

[$$E]
[$$E]
[$$E]
[$$N]
[$$E]

[$$E]
[$$E]
[$$N]
[$$E]

[$$N]
[$$E]
[$$E]
[$$E]
[$$N]
[$$E]

of
of
of
of
of

of
of
of
of

of
of
of
of
of
of

$$N: from,

$$N: to,

string: edge_labels,
var bool: ns,

var bool: es)

$$N: from,
$$N: to,

var bool: ns,
var bool: es)

string: node_labels,
$$N: from,

$$N: to,

string: edge_labels,
var bool: ns,

var bool: es)

nsesns

from

to
edge_labels
ns

es

nsesnses

from
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to
ns
€s

nses

node_labels
from

to
edge_labels
ns

es

1. annotation vis_gantt(array [$$E] of var int: start,
array [$$E] of var int: dur)

2. annotation vis_gantt(array [$$E] of var int: start,
array [$$E] of var int: dur,
array [$$E] of string: labels)

3. annotation vis_gantt(array [$$E] of var int: start,
array [$$E] of var int: dur,
array [$$E] of string: labels,
array [$$E] of string: colors)

startdurstart
startdurlabels

startdurlabelscolors

1. annotation vis_geost_2d(array [$$E] of int: rect_x,
array [$$E] of int: rect_y,
array [$$E] of int: rect_dx,
array [$$E] of int: rect_dy,
array [$$K] of set of $$E: shape,
array [$$T] of var int: x,
array [$$T] of var int: vy,
array [$$T] of var $$K: kind)

2. annotation vis_geost_2d(array [$$E,1..2] of int: rect_size,
array [$$E,1..2] of int: rect_offset,
array [$$K] of set of $$E: shape,
array [$$T,1..2] of var int: x,
array [$$T] of var $$K: kind)

3. annotation vis_geost_2d(array [$$E] of tuple(int, int): rect_size,
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array [$$E] of tuple(int, int): rect_offset,
array [$$K] of set of $$E: shape,

array [$$T] of var tuple(var int, var int): x,
array [$$T] of var $$K: kind)

rect_x
rect_y
rect_dx
rect_dy
shape

X

y
kind

rect_size
rect_offset
shape

X

kind

1. annotation vis_graph(array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$E] of string: edge_labels,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

2. annotation vis_graph(array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

3. annotation vis_graph(array [$$N] of string: node_labels,
array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$E] of string: edge_labels,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

nsesns
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from

to
edge_labels
ns

es

nsesnses

from
to
ns
es

nses

node_labels
from

to
edge_labels
ns

€s

1. annotation vis_graph_highlight(array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$E] of string: edge_labels,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

2. annotation vis_graph_highlight(array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

3. annotation vis_graph_highlight(array [$$N] of string: node_labels,
array [$$E] of $$N: from,
array [$$E] of $$N: to,
array [$$E] of string: edge_labels,
array [$$N] of var bool: ns,
array [$$E] of var bool: es)

nsesns

from
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to

edge_labels

ns
es

nsesnses

from
to
ns
es

nses

node_labels

from

to

edge_labels

ns
es
1. annotation vis_line(var int: x, string: label)
2. annotation vis_line(var float: x, string: label)
3. annotation vis_line(array [$$E] of var int: x)
4. annotation vis_line(array [$$E] of var float: x)
5. annotation vis_line(array [$$E] of var int: x,
array [$$E] of string: series_labels)
6. annotation vis_line(array [$$E] of var float: x,
array [$$E] of string: series_labels)
7. annotation vis_line(array [$$E] of var int: x,
array [$$E] of var int: y,
string: x_label,
string: y_label)
8. annotation vis_line(array [$$E] of var float: x,
array [$$E] of var float: vy,
string: x_label,
string: y_label)
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xlabel

xseries_labels

xyx_labely_label

annotation vis_scatter(array [$$E] of var int: x,
array [$$E] of var int: vy,
string: x_label,
string: y_label)

annotation vis_scatter(array [$$E] of var float: x,
array [$$E] of var float: vy,
string: x_label,
string: y_label)

xyx_labely_label

1. annotation vis_scatter_cumulative(var int: x,
var int: vy,
string: x_label,
string: y_label,
string: series_label)

2. annotation vis_scatter_cumulative(var float: x,
var float: vy,
string: x_label,
string: y_label,
string: series_label)

3. annotation vis_scatter_cumulative(array [$$E] of var int: x,
array [$$E] of var int: vy,
string: x_label,
string: y_label)

4. annotation vis_scatter_cumulative(array [$$E] of var float: x,
array [$$E] of var float: vy,
string: x_label,
string: y_label)

5. annotation vis_scatter_cumulative(array [$$E] of var int: x,
array [$$E] of var int: vy,
string: x_label,
string: y_label,
array [$$E] of string: series_labels)

6. annotation vis_scatter_cumulative(array [$$E] of var float: x,
array [$$E] of var float: vy,
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string: x_label,
string: y_label,
array [$$E] of string: series_labels)

Xy

X
y

x_label
y_label

series_label

Xyixy

X
y

x_label
y_label

xyi

X
y

x_label
y_label

series_labels

1. annotation vis_server(string: file)
2. annotation vis_server(string: file, opt $T: user_data)

3. annotation vis_server(string: file, array [$X] of opt $T: user_data)

file

fileuser_dataMiniZincIDE.getUserData()
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4.2.7 Experimental Features

4.2.7.1 On Restart

Constants

‘ set of int: STATUS

Functions and Predicates

‘ predicate basic_lns(var bool: nbh)

(3]

‘ test complete()

(3]

predicate last_val(var bool: x)

function var float: last_val(var float: x)

function var $$E: last_val(var $$E: x)

function var opt $$E: last_val(var opt $$E: x)
function var set of $$E: last_val(var set of $$E: x)

predicate round_robin(array [int] of var bool: nbhs)

predicate sol(var bool: x)

function var float: sol(var float: x)

function var $$E: sol(var $$E: x)

function var opt $$E: sol(var opt $$E: x)
function var set of $$E: sol(var set of $$E: x)

function array [$$E] of var bool: sol(array [$$E] of var bool: x)
function array [$$E] of var float: sol(array [$$E] of var float: x)
function array [$$E] of var $$F: sol(array [$$E] of var $$F: x)
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1. function var $$E: uniform_on_restart($$E: low, $$E: high)
2. function var $$E: uniform_on_restart(set of $$E: S)

3. function var float: uniform_on_restart(float: low, float: high)

lowhigh
S

lowhigh

Annotations

annotation on_restart(string: pred)
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Interfacing Solvers to Flatzinc

RIRER:AT]
T

> minizinc T

$SOLVERNAME $PREFIX$PREFIX/bin$PREFIX/share/minizinc/$SOLVERNAME/$PREFIX/share/minizinc/solvers/$
/usr/local

4.3.1 Specification of FlatZinc

TITQL1, X2, -+ s Ty by J, KYL, Y2, - -+ Yk Ui
4.3.1.1 Comments

%

4.3.1.2 Types

var
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Parameter types

<par-type>J

Type Values
bool truefalse
float
int
set of int
array [1..n] of bool
array [1..n] of float
array [1..n] of int
array [1..n] of set of int
Type Values
Tgq..-Tp
Tg..Tp
{xgq,xp,...,Tx}
set ofz,..xp
set of{zq,zp,..., Tk}
array [1..n] ofrg..mp
array [1..n] ofxz,..x
array [1..n] of set ofx,..xp
array [1..n] of set of{zy,xp,..., 2Tk}

Zo. - wp{x|re <z < 23}
intl..n
Variable types

<basic-var-type><array-var-type>J7

Variable type
var bool

var float
varrg..rp
var int
varxg. . Ty
var{xq, Tp, . ..

var set of {x,,xp,..., T}

array [1..n] of var bool

array [1..n] of var float

array [1..n] of varr,..rp

array [1..n] of var int

array [1..n] of varz,..x;

array [1..n] of var set ofz,..x
array [1..n] of var set of {x,xp,...

,IL’]{;}
var set ofx,.

. Tp

7.Tk}
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Variable type
var set of int
array [1..n] of var set of int

intl..n
The string type
" % The empty string.
"Hello."
"Hello, \nWorld\t\"quoted!\"" % A string with an embedded newline, tab and quotes.

4.3.1.3 Values and expressions

<expr>i

booltruefalsefloat2.718-1.03.0e8int-42069set of int{}{2, 3, 5}1..10arrays[1[ya,..., Yk
]

YiVv
(1, 2, 3] % Just literals
[x, vy, z] % X, Yy, and z are variables or parameters.
[x, 31 % Mix of identifiers and literals

Rl

4.3.1.4 FlatZinc models

fooFoo[A-Za-z][A-Za-z0-9_]

annotationanyarrayboolcaseconstraintdiffdivelseelseifendifenumfalsefloatfunctionifin
includeintintersectletlistmaximizeminimizemodnotofsatisfysubsetsupersetoutputparpredicate
recordsetsolvestringsymdifftestthentruetupleuniontypevarwherexor
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4.3.1.5 Predicate declarations

<predicate-item>7T

<predicate-item> ::= "predicate” <identifier> "(" [ <pred-param-type> : <identifier>
N n , n L ] ll) n n ; n
<identifier>

% m is the median value of {x, y, z}.
%
predicate median_of_3(var int: x, var int: y, var int: z, var int: m);

% all_different([x1, .., xn]) iff
% for all i, j in 1..n: xi != xj.
%
predicate all_different(array [int] of var int: xs);

% exactly_one([x1, .., xn]) iff
% there exists an i in 1..n: xi = true
% and for all j in 1..n: j != i -> xj = false.

%
predicate exactly_one(array [int] of var bool: xs);

4.3.1.6 Parameter declarations

param_decl™7

n,n n_n n.,n

<par-decl-item> ::= <par-type> <var-par-identifier> <par-expr> ";

<par-type><var-par-identifier><par-expr>

float: pi = 3.141;
array [1..7] of int: fib = [1, 1, 2, 3, 5, 8, 13];
bool: beer_is_good = true;
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4.3.1.7 Variable declarations

var_decly

n,n

<var-decl-item> ::= <basic-var-type>
—<basic-expr> 1 ";"

| <array-var-type>
—<array-literal> ";"

<var-par-identifier> <annotations> [ "="

n,n n_n

<var-par-identifier> <annotations>

<basic-var-type><array-var-type><var-par-identifier><annotations><basic-expr><array-literal>

var 0..9: digit;

var bool: b;

var set of 1..3: s;

var 0.0..1.0: x;

var int: y :: mip; % 'mip’' annotation: y should be a MIP variable.
array [1..3] of var 1..10: b = [y, 3, digit];

4.3.1.8 Constraints

<constraint-item>7y

<constraint-item> ::= "constraint” <identifier> "(" [ <expr> "," ... 1 ")"
—<annotations> ";"
<expr>
constraint int_le(0, x); % @ <= X
constraint int_lt(x, y); % x <y

constraint int_le(y, 10); %y <= 10
% 'domain_propagation’': use domain consistency for this constraint:
% 2x + 3y = 10

constraint int_lin_eq([2, 31, [x, yl, 10) :: domain_propagation;

4.3.1.9 Solve item

<solve-item>77

<solve-item> ::

n on,n
)

"solve" <annotations> "satisfy
"solve" <annotations> "minimize" <basic-expr> ";"
"solve" <annotations> "maximize"” <basic-expr> ";

n
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<basic-expr>

solve satisfy; % Find any solution using the default strategy.
solve minimize w; % Find a solution minimizing w, using the default strategy.

% First label the variables in xs in the order x[1], x[2],
% trying values in ascending order.

solve :: int_search(xs, input_order, indomain_min, complete)
satisfy; % Find any solution.

% First use first-fail on these variables, splitting domains
% at each choice point.

solve :: int_search([x, y, z], first_fail, indomain_split, complete)
maximize x; % Find a solution maximizing x.

4.3.1.10 Annotations

<annotations> ::= [ "::" <annotation> ]x
<annotation> ::= <identifier>

| <identifier> "(" <ann-expr> "," ... ")"
<ann-expr> := <basic-ann-expr>

| "[" [ <basic-ann-expr> "," ... 1 "]"

<basic-ann-expr> = <basic-literal-expr>
| <var-par-identifier>
| <string-literal>

I

<annotation>

<string-contents> ::= ([*"\n\] | \[*\n(D)*

<string-literal> ::= """ <string-contents> """

Search annotations

seg_search([<searchannotation>, ...1)

<searchannotation>
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int_search(<vars>, <varchoiceannotation>, <assignmentannotation>,
—<strategyannotation>)

bool_search(<vars>, <varchoiceannotation>, <assignmentannotation>,
—<strategyannotation>)

set_search(<vars>, <varchoiceannotation>, <assignmentannotation>,
—<strategyannotation>)

<vars>

<varchoiceannotation>

input_order * vars
first_fail *
anti_first_fail

smallest

largest

occurrence
most_constrained
max_regret

dom_w_deg

<assignmentannotation>

indomain_min *
indomain_max *
indomain_middle
indomain_median

indomain

indomain_random
indomain_split
indomain_reverse_split
indomain_interval

bool_searchindomain_split
<strategyannotation>complete

Output annotations
output_varoutput_array([1..zl..z57

Variable definition annotations

var int: x :: is_defined_var;

constraint int_plus(y, z, x) :: defines_var(x);

“w»

defines_varxy+zis_defined_varx
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Intermediate variables

var int: X_INTRODUCED_3 :: var_is_introduced;

Constraint annotations

bounds

boundsZ

boundsR

boundsD

domain
value_propagation
priority(k)

boundsZ

4.3.2 Specification of FlatZinc-JSON

B

T
H|
{
"variables”: {
"b" ¢ { "type" : "int”, "domain” : [[0, 311 },
"c" o { "type" : "int”, "domain"” : [[0, 611 3},
"X_INTRODUCED_@_" : { "type"” : "int", "domain"” : [[0, 85000]], "defined” : true.
=3
Y
"arrays": {
"X_INTRODUCED_2_" : { "a": [250, 200] 3},
"X_INTRODUCED_6_" : { "a": [75, 1501 3},
"X_INTRODUCED_8_" : { "a": [100, 150] }
Yo
"constraints”: [
{ "id" : "int_lin_le", "args" : ["X_INTRODUCED_2_", ["b", "c"1, 40001},
{ "id" : "int_lin_le", "args" : ["X_INTRODUCED_6_", ["b", "c"1, 20001},
{ "id" : "int_lin_le"”, "args" : ["X_INTRODUCED_8_", ["b", "c"1, 5001},
{ "id” : "int_lin_eq", "args" : [[400, 450, -1], ["b", "c", "X_INTRODUCED_0_"1,..
0],
"ann" : ["ctx_pos"], "defines" : "X_INTRODUCED_0_"}
1,
"output”: ["b", "c"1,
"solve": { "method” : "maximize", "objective” : "X_INTRODUCED_0_" 3%,
"version”: "1.0"
3
Hrhs” (1%}
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{1,2,4,6,73[[1,2]1,[4,4]1,[6,7]1]

nn

a
"id""args""defines"

"output”T

nn nn nn

"solve""method""satisfy"”"minimize" "maximize""objective”

"ann"indomain_minint_search”id""args"

{ "string" : "<string contents>" }

{
"$schema”: "http://json-schema.org/draft-04/schema#”,
"$id": "https://www.minizinc.org/schemas/fznjson”,
"title" : "FlatZincJSON",
"description” : "A JSON representation of a FlatZinc model”,
"$defs” : {
"identifier"” : { "type"” : "string”, "pattern" : "[A-Za-z][A-Za-z0-9_]*" },
"literal” : { "oneOf" : [
{ "type" : "number"” 3},
{ "$ref" . "#/$defs/identifier” 3},
{ "type" : "boolean” },
{ "type" : "object"”,
"properties” : {
"set" : {
"type" : "array”,
"items" : {
"type" : "array”,
"items"” : [
{ "type" : "number" 3},
{ "type" : "number” }
]
}
}
3,
"required” : [ "set” 1]
Yo
{ "type" : "object”,
"properties” : {
"string” : { "type” : "string" }
3,
"required” : [ "string” ]
}
13,
"literals” : { "type" : "array", "items" : { "$ref"” : "#/$defs/literal” } 3},
"argument” : { "oneOf" : [
{ "$ref"” . "#/$defs/literals"},
{ "$ref"” . "#/$defs/literal” }
13,
"annotation” : { "oneOf"” : [
{ "$ref" : "#/$defs/annotationCall” 3%,
{ "type" : "string" }
13,
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"annotations” : {
"type" : "array”,
"items" : { "$ref" : "#/$defs/annotation” }
1,
"annotationArgument” : { "oneOf"” : [
{ "$ref"” . "#/$defs/annotationLiterals”},
{ "$ref" : "#/$defs/annotationLiteral” }
13,
"annotationCall” : {
"type"” : "object”,
"properties” : {
"id": { "$ref"”: "#/$defs/identifier” 3},
"args": {
"type": "array",
"items": { "$ref” : "#/$defs/annotationArgument” }
}
}7
"required”: [
"id",
"args"
]
3
"annotationLiterals” : { "type" : "array", "items" : { "$ref” : "#/$defs/
—annotationLiteral” } 3},
"annotationLiteral” : { "oneOf" : [
{ "$ref” : "#/$defs/literal”},
{ "$ref"” . "#/$defs/annotationCall” }
]}7
"domain” : {
"type" : "array",
"items" : {
"type" : "array”,
"items"” : [
{ "type" : "number" 3},
{ "type" : "number” }
]
}
}
o

"type”: "object”,
"properties”: {
"version" : { "type" : "string"” 3},
"variables": {
"type": "object”,
"patternProperties”: {
"[A-Za-z][A-Za-z0-9_1x": {
"type"”: "object”,
"properties”: {
"type”: {
"enum”: [
"bool",
"float”,
"int",
"set of int”

]

b
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"domain": { "$ref" : "#/$defs/domain” 3},
"rhs": { "$ref" : "#/$defs/literal” 1},
"introduced”: {

"type": "boolean"

Yo
"defined”: {
"type": "boolean”
3,
"ann" : { "$ref"” : "#/$defs/annotations”}
Yo
"required”: [
"type”
]
3
3
Yo
"arrays": {

"type": "object”,
"patternProperties”: {
"[A-Za-z][A-Za-z0-9_1x": {
"type": "object”,
"properties”: {
"a": {
"type": "array",
"items": { "$ref” : "#/$defs/literal” }
Yo
"ann" : { "$ref"” . "#/$defs/annotations”},
"introduced”: {
"type": "boolean”

3,
"defined": {
"type": "boolean”

}

Yo

"required”: [
ngn

]

}
3
3,

"constraints”: {
“type“: ”al"ray”,

"items": {
"type" : "object”,
"properties” : {
"id": { "$ref”: "#/$defs/identifier” 3,
"args": {
"type": "array”,
"items": { "$ref” : "#/$defs/argument” }
%o
"ann" : { "$ref” . "#/$defs/annotations”},
"defines”": { "$ref"”: "#/$defs/identifier” }
Yo
"required”: [
"id",
"args”
]
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}
3,
"output”: {
"type": "array",
"items": { "$ref” : "#/$defs/identifier” }
}’
"solve": {

"type”: "Object”,
"properties”: {
"method”: {

}’
"objective": { "$ref” : "#/$defs/literal” 3},
"ann" : { "$ref” : "#/$defs/annotations”}
Yo
"required”: [
"method”
]
3
Yo
"required”: [
"version",
"variables”,
"arrays”,
"output”,
"constraints”,
"solve"

"enum”: [ "satisfy"”, "minimize"”, "maximize" ]

4.3.3 Output

4.3.3.1 Solution output

output_varoutput_array”output”

var 1..10: x :: output_var;
var 1..10: y; % y 1s not output.
array [1..4] of var int: zs :: output_array([1..41);

<var-par-identifier> = <basic-literal-expr> ;

<var-par-identifier> = [<yl1>, <y2>, ... <yk>];
<y1>, <y2>, ... <yk>
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output_arrayoutput_arrayarrayNdNoutput_arrayarrayNd

_aﬁleP
=====UNSATISFIABLE=====
=====UNBOUNDED=====
=====UNKNOWN=====

var 1..3: x :: output_var;

solve satisfy

array [1..2] of var 1..3:

solve satisfy

constraint int_lt(xs[1], xs[2]);

:: output_array([1..2]);

% x[1]1 < x[2].

xs = arrayld(1..2, [1, 21);
xs = arrayld(1..2, [1, 31);

xs = arrayld(1..2, [2, 31);

var 1..10: x :: output_var;

solve maximize x;

4.3.3. Output
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var 1..10: x :: output_var;
solve maximize x;

x =1;

X = 2;

X = 3;

var 1..3: x :: output_var;

var 4..6: y :: output_var;
constraint int_lt(y, x); %y < X.

solve satisfy;

4.3.3.2 Statistics output

¢ bl

‘ %%%mzn-stat: <name>=<value>

‘ %hkmzn-stat-end

%%%kmzn-stat: objective=1e+308
%%%kmzn-stat: objectiveBound=0
%%%mzn-stat: nodes=0
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%hkmzn-stat-end

%hkmzn-stat-end

%%kmzn-stat-end

%hkmzn-stat-end

%hkmzn-stat: objective=379
%hkmzn-stat: objectiveBound=379
%%%mzn-stat: nodes=13456
%%%mzn-stat: solveTime=2378.5799

%hkmzn-stat: solveTime=2.3567

%%%mzn-stat: objective=12345
%%%mzn-stat: objectiveBound=122
%%%mzn-stat: nodes=35
%%%mzn-stat: solveTime=78.5799

(no feasible solution found yet but something can be printed...)

(the corresponding feasible solution with value 12345 goes here
or before its statistics but above the separator)

(<= the solution separator)

%hkmzn-stat: objective=379
%%%mzn-stat: objectiveBound=379
%%%mzn-stat: nodes=4725
%%%mzn-stat: solveTime=178.5799

(the corr. optimal solution with value 379 goes here)

(<- the 'search complete’' marker)

(<- this is the concluding output)

<name><value>

Name Type
nodes
openNodes
objective
objectiveBound
failures
restarts
variables
intVariables
boolVariables
floatVariables
setVariables
propagators
propagations
peakDepth
nogoods
backjumps
peakMem
initTime
solveTime

Explanation
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4.3.3.3 Error and warning output

4.3.4 Solver-specific Libraries

share/minizinc/gecodeshare/minizinc/chuffed

P =

™
4.3.4.1 Standard predicates

FlatZinc builtinsy
redefinitions.mzn’ abort

redefinitions.mzn

% Redefine float_sinh function in terms of exp
predicate float_sinh(var float: a, var float: b) =
b == (exp(a)-exp(-a))/2.0;

% Mark float_tanh as unsupported
predicate float_tanh(var float: a, var float: b) =
abort("The builtin float_tanh is not supported by this solver.");

-y

7 redefinitions-2.0.mzn

redefinitions-2.0.mzn

predicate bool_clause_reif(array[int] of var bool: as,

array[int] of var bool: bs,

var bool: b);
predicate array_int_maximum(var int: m, array[int] of var int: x);
predicate array_float_maximum(var float: m, array[int] of var float: x);
predicate array_int_minimum(var int: m, array[int] of var int: x);
predicate array_float_minimum(var float: m, array[int] of var float: x);

4.3.4.2 Solver-specific predicates

Y

all_differentfzn_all_different_int.mzn

predicate fzn_all_different_int(array[int] of var int: x) =
forall(i,j in index_set(x) where i < j) ( x[i] !'= x[j1 );

’ fzn_all_different_int.mzn

predicate optisolve_alldifferent(array[int] of var int: x);

predicate fzn_all_different_int(array[int] of var int: x) =
optisolve_alldifferent(x);
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all_differentoptisolve_alldifferent

bin_packing.mznbin_packingbin_packingbin_packing.mznfzn_bin_packingfzn_bin_packing.mzn
bin_packingbin_packing.mznfzn_bin_packing.mzn

4.3.4.3 Reified and half-reified predicates
var bool: b = all_different(x);bx

_reifvar bool

var bool: b;
constraint all_different_reif(x, b);

_reiflet
fzn_<constraintname>_reif.mzn
pred-context_imp_reifall_different

constraint y=0 \/ all_different(x)

var bool: X_INTRODUCED_1;

var bool: X_INTRODUCED_2;

constraint int_eq_imp(y,@,X_INTRODUCED_1);

constraint all_different_imp(x, X_INTRODUCED_2);
constraint bool_clause([X_INTRODUCED_1,X_INTRODUCED_21);

_imp
4.3.5 Command-Line Interface and Standard Options

minizinc

$ <executable-name> [options] model.fzn

<executable-name>

-a
-n <i>

i
-1

-a
-f

w”
-s

-

™
-V

%
-p <i>
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-r <i>

-t <ms>

ms

4.3.6 Solver Configuration Files

P =

.dzn’ I
.msc

minizinc/solvers//usr/share/minizinc/solversProgram Files\MiniZinc IDE (bundled)

$HOME/ .minizinc/solvers
MZN_SOLVER_PATH: ;

mzn_solver_path7

e

i
minizinc--config-dirs

.dzn.dzn

"name” : "My Solver",
"version”: "1.0",

"id": "org.myorg.my_solver"”,
"executable"”: "fzn-mysolver"”

.dzn

name = "My Solver”;

version = "1.0";

id = "org.myorg.my_solver”;
executable = "fzn-mysolver”;

nameversionidexecutable
nameminizinc --solvers
version
id «”
executable
mznlib""-G<solverlib>-Ggecode

tags--solver’

n n

cp

n n

mip
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"float”

n s n

api
stdFlags-a-n-i-s-v-p-r-f-t

extraFlags"--special-algorithm”"which special algorithm to use""int""bool"”"float"
"String" "Opt”

"int:n:m"nm
"float:n:m"nm

"bool:onstring:offstring”onstringoffstring["-interrupt"”,"whether to catch Ctrl-C", "boo!
-interrupt true-interrupt false”bool”

inputTypeF ZNMZNFZNNLJSON
supportsMznfalseinputType
supportsFzntrueinputType
supportsNLfalseinputType
needsSolns20uttrue
needsMznExecutablefalsemzn-executable
needsStdlibDirfalsestdlib-dir

isGUIApplicationfalse

4.3.7 Grammar

Ty

% A FlatZinc model
<model> ::=
[ <predicate-item> ]x
[ <par-decl-item> Jx
[ <var-decl-item> J*
[ <constraint-item> Jx
<solve-item>

% Predicate items

<predicate-item> ::= "predicate” <identifier> " (" [ <pred-param-type> : <identifier>
AN II,H . ] H)II II;II
% Identifiers
<identifier> ::= [A-Za-z][A-Za-z0-9_]x*
<basic-par-type> ::= "bool"”
| ”int”
| "float”
| "set of int”
<par-type> ::= <basic-par-type>

| "array” "[" <index-set> "]" "of" <basic-par-type>
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<basic-var-type> ::= "var" <basic-par-type>
| "var” <int-literal> ".." <int-literal>
| "var" "{" <int-literal> "," ... "}"
| "var"” <float-literal> ".." <float-literal>
| "var"” "set"” "of"” <int-literal> ".." <int-literal>
| "var" "set" "of" "{" [ <int-literal> ","” ... 1 "}"

<array-var-type> ::= "array"” "[" <index-set> "]" "of" <basic-var-type>

<index-set> ::= "1" ".." <int-literal>

<basic-pred-param-type> ::= <basic-par-type>

<basic-var-type>

I

| <int-literal> ".." <int-literal>

| <float-literal> ".." <float-literal>

| "{" <int-literal> ","” ... "}"

| "set"” "of" <int-literal> .. <int-literal>

| "set" "of" "{" [ <int-literal> ","” ... 1 "}"
<pred-param-type> ::= <basic-pred-param-type>

| "array” "[" <pred-index-set> "]" "of" <basic-pred-param-type>

<pred-index-set> ::= <index-set>
| ”int”

= <bool-literal>
| <int-literal>

| <float-literal>
| <set-literal>

<basic-literal-expr> ::

<basic-expr> ::= <basic-literal-expr>
| <var-par-identifier>

<expr> = <basic-expr>

| <array-literal>
<par-expr> ::= <basic-literal-expr>

| <par-array-literal>
<var-par-identifier> ::= [A-Za-z_][A-Za-z0-9_]*

% Boolean literals
<bool-literal> ::= "false"
| Iltruell

% Integer literals
<int-literal> ::= [-]?[0-9]+

| [-1?0x[0-9A-Fa-f]+
| [-1?00[0-7]+

% Float literals
<float-literal> ::= [-1?[0-9]+.[0-9]+

| [-1?[0-9]+.[0-9]+[Ee][-+]1?[0-9]+
| [-]

?[0-91+[Ee][-+]?[0-9]+

% Set literals
<set-literal> ::= "{" [ <int-literal> ",” ... 1 "}"

414 Chapter 4.3. Interfacing Solvers to Flatzinc



MiniZinc Handbook, & 1Tl 2 2.8.5

% Solve item

% Annotations

<ann-expr>

<solve-item> ::

<annotation> ::

<array-literal> :

<par-decl-item> :

<var-decl-item> :
—<basic-expr> 1 ";"

—<array-literal>

<constraint-item> ::
—<annotations>

<annotations> ::=

| <identifier> "(" <ann-expr>

<basic-ann-expr>

<string-contents> ::

<string-literal> :

<int-literal> ".
"{" [ <float-literal> ","
<float-literal> ".

<par-array-literal> :

% Parameter declarations

" <int-literal>

:I n}n

" <float-literal>

:: “[ll [ <basic_expr> n n . ] ll]ll
:= "[" [ <basic-literal-expr> "," ... 1 "]"
1= <par-type> ":" <var-par-identifier> "=" <par-expr> ";"

:= <basic-var-type>

% Constraint items

% Variable declarations

n,n

<basic-ann-expr>
| "[" [ <basic-ann-expr>

n on

<basic-literal-expr>
<var-par-identifier>
<string-literal>
<annotation>

(L*"\n\T | \[*\n(I)*

% End of FlatZinc grammar

<var-par-identifier> <annotations> [ "="

| <array-var-type> ":" <var-par-identifier> <annotations> "="
n,n
= "constraint” <identifier> "(" [ <expr> "," ... 1 ")"
H;H
"solve" <annotations> "satisfy" ";"
"solve" <annotations> "minimize" <basic-expr> ";"
"solve" <annotations> "maximize" <basic-expr> ";"
[ "::” <annotation> ]*
<identifier>

n on H)ll
y e

:l u]n

;= """ <string-contents> """

4.3.7. Grammar
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Machine-readable JSON output format

--json-stream

type

-

4.4.1 Solution messages

{
"type": "solution”,
"time": 1000,
"output”: {
"foo": "foo output section”,
"bar"”: "bar output section”
}7
"sections": ["foo", "bar"]
3

time--output-time

output

json_json
sections

outputraw

417
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4.4.2 Checker messages

{
"type": "checker”,
"messages”: [
{
"type": "solution”,
"output”: {
"default”: "foo output section”
Yo
"sections”": ["default”]
3
]
3
messagessolution

4.4.3 Status messages

{
"type": "status”,
"status”: "ALL_SOLUTIONS",
"time": 1000

status
"ALL_SOLUTIONS"
"OPTIMAL_SOLUTION"
"UNSATISFIABLE"
"UNBOUNDED"
"UNSAT_OR_UNBOUNDED"
"UNKNOWN"
"ERROR"

time--output-time

4.4.4 Statistics messages

{
"type": "statistics”,
"statistics": {
"method”: "satisfy”,
"flatTime": 1000

%%%kmzn-stat-end

418 Chapter 4.4
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statistics

4.4.5 Timestamp messages

{
thpe”: Iltimell,
"time": 1000

3

--canonicalize--output-timetime

time

4.4.6 Comment messages

{
"type": "comment”,
"comment”: "% comment produced by solver\n”
3
comment

4.4.7 Trace messages

{
"type": "trace”,
"section”: "default",
"message”: "traced message\n”
3

trace_stdouttrace_to_section()
sectiondefaulttrace_stdout
messagetrace_exp

trace()

4.4.8 Profiling messages

{
"type": "profiling"”,
"entries": [...]

3

--output-detailed-timing

entries

4.4.5. Timestamp messages 419
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{
"filename": "model.mzn”,
"line": 1,
"time": 100

3

4.4.9 Paths messages

{
”typeﬂ: "pathsﬂ,
"paths”: [...]

3

--output-paths-to-stdout

paths

"flatZincName”: "X_INTRODUCED_0_",
"niceName": "x[1]",
"path”: "model.mzn|1|27|1|27]|id|x;|0@|@|0|0@|il|Q;"

3
{

"constraintIndex": 9,

"path”: "model.mzn|3|12|3|59]|ca|forall;model.mzn|3|12|3|59]|ac;model.
—mzn|3]20|3]|20|i=4;model.mzn|3]|23|3]|23|j=5;model.mzn|3|47|3|58|bin]|'!=";model.
—mzn|3]|47|3|58|calint_lin_ne;"

3

4.4.10 Error messages

{
"type": "error",
"what”: "type error”,
"location”": {...},
"message”: "cannot determine coercion from type float to type var int”
3
what
message
location
stack

420 Chapter 4.4. Machine-readable JSON output format
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what
syntax errorincludedFrom

cyclic include errorcycle

4.4.10.1 Locations

{
"filename": "model.mzn",
"firstLine": 1,
"firstColumn”: 1,
"lastLine”: 3,
"lastColumn”: 10

3

4.4.10.2 Stack traces

{

"location”: {...}

"isCompIter"”: false,

"description”: "variable declaration”
3

4.4.11 Warning messages

"type": "warning",
"location”": {...},

"stack”: [...],

"message”: "Warning message"

location
stack
message

-Werrorerror

4.4.11. Warning messages
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422 Chapter 4.4. Machine-readable JSON output format



3l

Standard

Standard
"
Standard
g
Standard
Standard
<!
Standard
"
Standard
"y
Standard
Y
Standard
P
Standard
<. <!
Standard
g
Standard
oot
Standard
o>t
Standard

Standard
s

Standard
rom

Standard

Standard

Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library

Library

o>
Standard

Standard
VA
Standard
"diff’
Standard
"div’
Standard

L !

in
Standard
"intersect’
Standard
"mod’
Standard
not'’
Standard
'subset’
Standard
'superset’
Standard
"symdiff’
Standard
'union’
Standard
xor'
Standard

]

..<o0
Standard

..0
Standard

<

<..<o
Standard

<..0
Standard

Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library
Library

Library

Library

Library

Library

Library

423



MiniZinc Handbook, & {ThR# 2.8.5

-—MIPDMaxDensEE
i AATH IR
--MIPDMaxIntvEE
4R
--all-satisfaction
AT
--all-solutions
AT

--allow-multiple-assignments

W AATHEI
--canonicalize

W AATHEI
--checker

W AATH I
--cmdline-data

AT
--cmdline-json-data

AT R
--compile

HAFTHTR
--compile-solution-checker

T A ATH IR
--compiler-statistics

AT
--config-dirs

AT
--data

AT
--disable-all-satisfaction

AT

--error-msg
AT
--free-search

--ignore-leading-lines

A AAT IR
--ignore-lines

A AATHR I
--ignore-stdlib

AT

--instance-check-only

A AATHR I
--intermediate
A AATH I
--json-stream

AATH IR
--keep-paths

A AT
--model
AT

--model-check-only

A AATH I

--model-interface-only

AT

--model-types-only

BRATET

--no-flush-output

T AATH IR

--no-intermediate

T A ATH IR
--no-optimize
AT

--no-output-comments

A ATH IR
--no-output-ozn

A AATHR I
--non-unique

W AATH IR
--not-sections

44T
--num-solutions

A TR

--only-range-domains

AT
--only-sections

AATH I
--output-base

424
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i AATH IR

--output-fzn-to-file

AR

--output-fzn-to-stdout

AT
--output-mode
AT

--output-non-canonical

wATET

--output-objective

4 AT

--output-ozn-to-file

wAATEIR

--output-ozn-to-stdout

4 AT

--output-paths

A AT

--output-paths-to-file

f AT

--output-paths-to-stdout

aAATHR I

-—output-raw

A AT IR
--output-time
AT T

--output-to-file

AT

--output-to-stdout

PONET

—-=0zn

wATET

--ozn-file

wATEI

--parallel

wAATEIR

--param-file

BATHI

--pre-passes

AT

--random-seed

HA TR

—-—Sac

T A ATH IR

--search-complete-msg

A AATHR I

--shave

# AR

--soln-comma
AT

--soln-sep

f At

il

2l

--soln-separator
--solution-checker
--solution-comma

--solution-separator

AT
AT
AT

AT

--solver

--solver-statistics

AT IR

A AATHEIR

--solvers

--solvers-json

AT
A AATHR I

--statistics

A AATH I

--stdlib-dir

AT

--two-pass

—--unbounded-msg

f A ITHT

AT

--unknown-msg

A AATH I

--unsat-msg

--unsatorunbnd-msg

AT

A AATH I

--use-gecode

fr AATH IR

--verbose

--verbose-compilation

--verbose-solving

T A ATH IR
- AT
TR I

--version

EN
&

EN
P
EANY

|
B

7

e ]
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EN
2

EN
4

-m

EN
4

EN 2
B> B>

Standard
~%

Standard
~+

Standard

Standard
Standard

Standard
~div
Standard

A

abort
Standard
abs
Standard
absent
Standard
acos
Standard
acosh
Standard
action_max

Additional declarations for Gecode

=

=
=

=
=

=
=

=
=

Library
Library
Library
Library
Library
Library

Library

Library
Library
Library
Library

Library

action_min

Additional declarations for Gecode

action_size_max

Additional declarations for Gecode

action_size_min

Additional declarations for Gecode

add_to_output
Standard Library

Additional declarations for Chuffed

assume

chuffed_minimal_spanning_tree

largest_smallest
priority_search
random_order
smallest_largest

Additional declarations for Gecode

action_max
action_min
action_size_max
action_size_min
afc_max

afc_min
afc_size_max
afc_size_min
among_seq
bool_default_search
circuit_cost
circuit_cost_array
float_default_search

gecode_array_set_element_intersect

gecode_array_set_element_intersect_in

gecode_array_set_element_partition

int_default_search

random

relax_and_reconstruct

set_default_search
afc_max

Additional declarations
afc_min

Additional declarations
afc_size_max

Additional declarations
afc_size_min

Additional declarations
aggregation function

exists

forall

iffall

max

min

for Gecode

for Gecode

for Gecode

for Gecode
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product

sum

xorall
all_different

Global constraints
all_different_except

Global constraints
all_different_except_0

Global constraints
all_disjoint

Global constraints
all_equal

Global constraints
alldifferent
alternative

Global constraints
among

Global constraints
among_seq

Additional declarations for Gecode

ann
annotate

Standard Library
annotated_expression

Standard Library
annotation
anti_first_fail

Standard Library
arg_max

Global constraints

Standard Library
arg_max_weak

Global constraints
arg_min

Global constraints

Standard Library
arg_min_weak

Global constraints
arg_sort

Global constraints

Standard Library
arg_val

Global constraints
arg_val_weak

Global constraints
argument
array

access

index set

index set; unbounded

literal; 1D

literal; 2D
arrayld

Standard Library
array2d

Standard Library
array2set

Standard Library
array3d

Standard Library
array4d

Standard Library
array5sd

Standard Library
arrayéd

Standard Library
array_bool_and

FlatZinc builtins
array_bool_element

FlatZinc builtins
array_bool_or

FlatZinc builtins
array_bool_xor

FlatZinc builtins
array_check_form

Standard Library
array_float_element

FlatZinc builtins
array_float_maximum

FlatZinc builtins
array_float_minimum

FlatZinc builtins
array_int_element

FlatZinc builtins
array_int_maximum

FlatZinc builtins
array_int_minimum

FlatZinc builtins
array_intersect

Standard Library
array_set_element

FlatZinc builtins
array_union

Standard Library
array_var_bool_element

FlatZinc builtins

array_var_bool_element2d_nonshifted

FlatZinc builtins

array_var_bool_element_nonshifted

FlatZinc builtins
array_var_float_element
FlatZinc builtins

e ]
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array_var_float_element2d_nonshifted
FlatZinc builtins
array_var_float_element_nonshifted
FlatZinc builtins
array_var_int_element
FlatZinc builtins
array_var_int_element2d_nonshifted
FlatZinc builtins
array_var_int_element_nonshifted
FlatZinc builtins
array_var_set_element
FlatZinc builtins
array_var_set_element2d_nonshifted
FlatZinc builtins
array_var_set_element_nonshifted
FlatZinc builtins
arrayxd
Standard Library
asin
Standard Library
asinh
Standard Library
assert
Standard Library
assert_dbg
Standard Library
assignment
assume
Additional declarations for Chuffed
at_least
Global constraints
at_most
Global constraints
at_mosti
Global constraints
atan
Standard Library
atanh
Standard Library

B

basic_lns

Experimental Features
bernoulli

Standard Library
bin_packing

Global constraints
bin_packing_capa

Global constraints
bin_packing_load

Global constraints

binomial

Standard Library
bool2float

Standard Library
bool2int

FlatZinc builtins

Standard Library
bool_and

FlatZinc builtins
bool_clause

FlatZinc builtins
bool_clause_reif

FlatZinc builtins
bool_default_search

Additional declarations for Gecode
bool_eq

FlatZinc builtins
bool_eq_reif

FlatZinc builtins
bool_le

FlatZinc builtins
bool_le_reif

FlatZinc builtins
bool_lin_eq

FlatZinc builtins
bool_lin_le

FlatZinc builtins
bool_1t

FlatZinc builtins
bool_lt_reif

FlatZinc builtins
bool_not

FlatZinc builtins

Standard Library
bool_or

FlatZinc builtins
bool_search

Standard Library
bool_xor

FlatZinc builtins
Boolean
bounded_dpath

Global constraints
bounded_path

Global constraints
bounds

Standard Library
bounds_propagation

Standard Library
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C

cache_result

Standard Library
card

Standard Library
cauchy

Standard Library
ceil

Standard Library
chisquared

Standard Library

chuffed_minimal_spanning_tree
Additional declarations for Chuffed

circuit
Global constraints
circuit_cost

Additional declarations for Gecode

circuit_cost_array

Additional declarations for Gecode

clause

Standard Library
coercion

automatic

bool2int

int2float
col

Standard Library
complete

Experimental Features

Standard Library
comprehension

generator

list

set
computed_domain

Standard Library
concat

Standard Library
connected

Global constraints
constraint

complex

higher order

local

redundant

set
constraint_name

Standard Library
context

Imixed

Inegative

Ipositive

'root

mixed

negative
cos

Standard Library
cosh

Standard Library
cost_mdd

Global constraints
cost_regular

Global constraints
count

Global constraints

Standard Library
count_eq

Global constraints
count_geq

Global constraints
count_gt

Global constraints
count_leq

Global constraints
count_1t

Global constraints
count_neq

Global constraints
ctx_mix

Standard Library
ctx_neg

Standard Library
ctx_pos

Standard Library
ctx_root

Standard Library
cumulative

Global constraints
cumulatives

Global constraints

D

d_weighted_spanning_tree

Global constraints
dag

Global constraints
data file

command line
dconnected

Global constraints
debug_mode

Standard Library

e ]
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decision variable
decreasing

Global constraints
default

Standard Library
defines_var

Standard Library
deopt

Standard Library
DFA
diffn

Global constraints
diffn_k

Global constraints
diffn_nonstrict

Global constraints
diffn_nonstrict_k

Global constraints
discrete_distribution

Standard Library
disjoint

Global constraints
disjunctive

Global constraints
disjunctive_strict

Global constraints
distribute

Global constraints
div
doc_comment

Standard Library
dom

Standard Library
dom_array

Standard Library
dom_array_occurring

Standard Library
dom_bounds_array

Standard Library
dom_size

Standard Library
dom_w_deg

Standard Library
domain

reflection

Standard Library
domain_change_constraint

Standard Library
domain_propagation

Global constraints
dreachable

Global constraints
dsteiner

Global constraints
dtree

Global constraints

E

element

Global constraints
empty_annotation

Standard Library
enum_next

Standard Library
enum_of

Standard Library
enum_prev

Standard Library
enumerated type
exactly

Global constraints
exists

Standard Library
exp

Standard Library
Experimental Features

basic_lns

complete

last_val

on_restart

round_robin

sol

STATUS

uniform_on_restart
exponential

Standard Library
expression

arithmetic

assert

Boolean

conditional

generator call

let
expression_name

Standard Library
expression_name_dbg

Standard Library

Standard Library F
dpath false
fdistribution
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Standard Library

file_path
Standard Library

first_fail
Standard Library

fix
Standard Library

fixed

FlatZinc builtins
array_bool_and
array_bool_element
array_bool_or
array_bool_xor
array_float_element
array_float_maximum
array_float_minimum
array_int_element
array_int_maximum
array_int_minimum
array_set_element
array_var_bool_element
array_var_bool_element2d_nonshifted
array_var_bool_element_nonshifted
array_var_float_element
array_var_float_element2d_nonshifted
array_var_float_element_nonshifted
array_var_int_element
array_var_int_element2d_nonshifted
array_var_int_element_nonshifted
array_var_set_element
array_var_set_element2d_nonshifted
array_var_set_element_nonshifted
bool2int
bool_and
bool_clause
bool_clause_reif
bool_eq
bool_eq_reif
bool_le
bool_le_reif
bool_lin_eq
bool_lin_le
bool_1t
bool_lt_reif
bool_not
bool_or
bool_xor
float_abs
float_acos
float_acosh
float_asin

float_asinh
float_atan
float_atanh
float_ceil
float_cos
float_cosh
float_div
float_dom
float_eq
float_eq_reif
float_exp
float_floor
float_in
float_in_reif
float_le
float_le_reif
float_lin_eq
float_lin_eqg_reif
float_lin_le
float_lin_le_reif
float_lin_1t
float_lin_lt_reif
float_lin_ne
float_lin_ne_reif
float_1n
float_logl@
float_log?2
float_1t
float_lt_reif
float_max
float_min
float_ne
float_ne_reif
float_plus
float_pow
float_round
float_set_in
float_sin
float_sinh
float_sqrt
float_tan
float_tanh
float_times
int2float
int_abs
int_div
int_eq
int_eq_reif
int_le
int_le_reif
int_lin_eq

e ]
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int_lin_eq_reif

int_lin_le

int_lin_le_reif

int_lin_ne

int_lin_ne_reif

int_1t

int_lt_reif

int_max

int_min

int_mod

int_ne

int_ne_reif

int_plus

int_pow

int_pow_fixed

int_times

max

min

set_card

set_diff

set_eq

set_eq_reif

set_in

set_in_reif

set_intersect

set_le

set_le_reif

set_lt

set_lt_reif

set_ne

set_ne_reif

set_subset

set_subset_reif

set_superset

set_superset_reif

set_symdiff

set_union
float_abs

FlatZinc builtins
float_acos

FlatZinc builtins
float_acosh

FlatZinc builtins
float_asin

FlatZinc builtins
float_asinh

FlatZinc builtins
float_atan

FlatZinc builtins
float_atanh

FlatZinc builtins

float_ceil

FlatZinc builtins
float_cos

FlatZinc builtins
float_cosh

FlatZinc builtins
float_default_search

Additional declarations for Gecode

float_div

FlatZinc builtins
float_dom

FlatZinc builtins
float_eq

FlatZinc builtins
float_eq_reif

FlatZinc builtins
float_exp

FlatZinc builtins
float_floor

FlatZinc builtins
float_in

FlatZinc builtins
float_in_reif

FlatZinc builtins
float_le

FlatZinc builtins
float_le_reif

FlatZinc builtins
float_lin_eq

FlatZinc builtins
float_lin_eqg_reif

FlatZinc builtins
float_lin_le

FlatZinc builtins
float_lin_le_reif

FlatZinc builtins
float_lin_1t

FlatZinc builtins
float_lin_lt_reif

FlatZinc builtins
float_lin_ne

FlatZinc builtins
float_lin_ne_reif

FlatZinc builtins
float_1n

FlatZinc builtins
float_loglo

FlatZinc builtins
float_log?2

FlatZinc builtins
float_1t
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FlatZinc builtins gecode_array_set_element_partition
float_lt_reif Additional declarations for Gecode
FlatZinc builtins generator
float_max generator call
FlatZinc builtins geost
float_min Global constraints
FlatZinc builtins geost_bb
float_ne Global constraints

FlatZinc builtins
float_ne_reif

FlatZinc builtins
float_plus

FlatZinc builtins
float_pow

FlatZinc builtins
float_round

FlatZinc builtins
float_search

Standard Library
float_set_in

FlatZinc builtins
float_sin

FlatZinc builtins
float_sinh

FlatZinc builtins
float_sqrt

FlatZinc builtins
float_tan

FlatZinc builtins
float_tanh

FlatZinc builtins
float_times

FlatZinc builtins
floor

Standard Library
forall

Standard Library
format

Standard Library
format_justify_string

Standard Library

geost_nonoverlap_k
Global constraints

geost_smallest_bb
Global constraints

global constraint
alldifferent
cumulative
disjunctive
regular
table

Global constraints
all_different

all_different_except
all_different_except_0

all_disjoint
all_equal
alternative
among

arg_max
arg_max_weak
arg_min
arg_min_weak
arg_sort

arg_val
arg_val_weak
at_least

at_most

at_most1
bin_packing
bin_packing_capa
bin_packing_load
bounded_dpath
bounded_path

function circuit

definition connected
cost_mdd

G cost_regular

gamma count
Standard Library count_eq

gecode_array_set_element_intersect count_geq
Additional declarations for Gecode count_gt

gecode_array_set_element_intersect_in count_leq
Additional declarations for Gecode count_lt

#sl 433



MiniZinc Handbook, & {ThiZ 2.8.5

count_neq

cumulative

cumulatives
d_weighted_spanning_tree
dag

dconnected

decreasing

diffn

diffn_k

diffn_nonstrict
diffn_nonstrict_k
disjoint

disjunctive
disjunctive_strict
distribute

dpath

dreachable

dsteiner

dtree

element

exactly

geost

geost_bb
geost_nonoverlap_k
geost_smallest_bb
global_cardinality
global_cardinality_closed
global_cardinality_low_up

global_cardinality_low_up_closed

increasing
int_set_channel
inverse
inverse_in_range
inverse_set

knapsack

lex2

lex2_strict
lex_chain
lex_chain_greater
lex_chain_greatereq
lex_chain_greatereq_orbitope
lex_chain_less
lex_chain_lesseq
lex_chain_lesseq_orbitope
lex_greater
lex_greatereq
lex_less

lex_lesseq
link_set_to_booleans
maximum

maximum_arg

mdd

mdd_nondet

member

minimum

minimum_arg

network_flow

network_flow_cost

neural_net

nvalue

partition_set

path

piecewise_linear

range

reachable

regular

regular_nfa

roots

seqg_precede_chain

sliding_sum

sort

span

steiner

strict_lex2

strictly_decreasing

strictly_increasing

subcircuit

subgraph

sum_pred

sum_set

symmetric_all_different

table

tree

value_precede

value_precede_chain

var_perm_sym

var_sqr_sym

weighted_spanning_tree

write

writes

writes_seq
global_cardinality

Global constraints
global_cardinality_closed

Global constraints
global_cardinality_low_up

Global constraints
global_cardinality_low_up_closed

Global constraints

H

had_zero
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Standard Library
has_ann

Standard Library
has_bounds

Standard Library
has_element

Standard Library
has_index

Standard Library
has_ub_set

Standard Library

if_then_else
Standard Library

if_then_else_partiality

Standard Library
iffall

Standard Library
impact

Standard Library
implied_constraint

Standard Library
increasing

Global constraints

index_set
Standard Library
index_set_10f2
Standard Library
index_set_10f3
Standard Library
index_set_1of4
Standard Library
index_set_1of5
Standard Library
index_set_10f6
Standard Library
index_set_20f?2
Standard Library
index_set_20f3
Standard Library
index_set_20f4
Standard Library
index_set_20f5
Standard Library
index_set_20f6
Standard Library
index_set_30f3
Standard Library
index_set_30f4
Standard Library

index_set_30f5
Standard Library
index_set_30f6
Standard Library
index_set_4o0f4
Standard Library
index_set_40f5
Standard Library
index_set_40f6
Standard Library
index_set_50f5
Standard Library
index_set_50f6
Standard Library
index_set_60f6
Standard Library
index_sets_agree
Standard Library
indomain
Standard Library
indomain_interval
Standard Library
indomain_max
Standard Library
indomain_median
Standard Library
indomain_middle
Standard Library
indomain_min
Standard Library
indomain_random
Standard Library
indomain_reverse_split
Standard Library
indomain_split
Standard Library
indomain_split_random
Standard Library
input_order
Standard Library
int2float
FlatZinc builtins
Standard Library
int_abs
FlatZinc builtins
int_default_search

Additional declarations for Gecode

int_div

FlatZinc builtins
int_eq

FlatZinc builtins
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int_eq_reif

FlatZinc builtins
int_le

FlatZinc builtins
int_le_reif

FlatZinc builtins
int_lin_eq

FlatZinc builtins
int_lin_eq_reif

FlatZinc builtins
int_lin_le

FlatZinc builtins
int_lin_le_reif

FlatZinc builtins
int_lin_ne

FlatZinc builtins
int_lin_ne_reif

FlatZinc builtins
int_1t

FlatZinc builtins
int_lt_reif

FlatZinc builtins
int_max

FlatZinc builtins
int_min

FlatZinc builtins
int_mod

FlatZinc builtins
int_ne

FlatZinc builtins
int_ne_reif

FlatZinc builtins
int_plus

FlatZinc builtins
int_pow

FlatZinc builtins
int_pow_fixed

FlatZinc builtins
int_search

Standard Library
int_set_channel

Global constraints
int_times

FlatZinc builtins
integer
inverse

Global constraints
inverse_in_range

Global constraints
inverse_set

Global constraints

is_defined_var

Standard Library
is_fixed

Standard Library
is_reverse_map

Standard Library
is_same

Standard Library
item

annotation

assignment

constraint

enum

include

output

predicate

solve

variable declaration

J
join
Standard Library
json_array
Standard Library
json_object
Standard Library

K

knapsack
Global constraints

L

largest
Standard Library
largest_smallest

Additional declarations for Chuffed

last_val

Experimental Features

1b

Standard Library
lb_array

Standard Library
length

Standard Library
let
lex2

Global constraints
lex2_strict

Global constraints
lex_chain

Global constraints
lex_chain_greater
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Global constraints
lex_chain_greatereq

Global constraints
lex_chain_greatereq_orbitope

Global constraints
lex_chain_less

Global constraints
lex_chain_lesseq

Global constraints
lex_chain_lesseq_orbitope

Global constraints
lex_greater

Global constraints
lex_greatereq

Global constraints
lex_less

Global constraints
lex_lesseq

Global constraints
link_set_to_booleans

Global constraints
list
1n

Standard Library
log

Standard Library
log10

Standard Library
log?2

Standard Library
lognormal

Standard Library
logstream_to_string

Standard Library

M

max

FlatZinc builtins

Standard Library
max_regret

Standard Library
max_weak

Standard Library
maximize
maximum

Global constraints
maximum_arg

Global constraints
maybe_partial

Standard Library
mdd

Global constraints
mdd_nondet
Global constraints
member
Global constraints
min
FlatZinc builtins
Standard Library
min_weak
Standard Library
minimize
minimum
Global constraints
minimum_arg
Global constraints
minizinc -c
MiniZincIDE tools
vis_bar
vis_column
vis_digraph
vis_digraph_highlight
vis_gantt
vis_geost_2d
vis_graph
vis_graph_highlight
vis_line
vis_scatter
vis_scatter_cumulative
vis_server
mod
most_constrained
Standard Library
mzn_absent_zero
Standard Library
mzn_add_annotated_expression
Standard Library
mzn_break_here
Standard Library
mzn_check_absent_zero
Standard Library

mzn_check_annotate_computed_domains

Standard Library

mzn_check_annotate_defines_var

Standard Library
mzn_check_enum_var

Standard Library
mzn_check_half_reify_clause

Standard Library

mzn_check_ignore_redundant_constraints

Standard Library

mzn_check_ignore_symmetry_breaking_constraints
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Standard Library
mzn_check_only_range_domains

Standard Library
mzn_check_var

Standard Library
mzn_compiler_version

Standard Library
mzn_constraint_name

Standard Library
mzn_deprecated

Standard Library
mzn_expression_name

Standard Library
mzn_half_reify_clause

Standard Library
mzn_ignore_redundant_constraints

Standard Library
mzn_ignore_symmetry_breaking_constraints

Standard Library
mzn_internal_check_debug_mode

Standard Library
mzn_min_version_required

Standard Library
mzn_opt_annotate_computed_domains

Standard Library
mzn_opt_annotate_defines_var

Standard Library
mzn_opt_only_range_domains

Standard Library
mzn_output_section

Standard Library
mzn_path

Standard Library
mzn_rhs_from_assignment

Standard Library
mzn_version_to_string

Standard Library

N

network_flow

Global constraints
network_flow_cost

Global constraints
neural_net

Global constraints

Standard Library
nvalue
Global constraints

O

0..
Standard Library

0..<

Standard Library
o<..

Standard Library
o<..<

Standard Library
objective
occurrence

Standard Library
occurs

Standard Library
on_restart

Experimental Features
operator

Boolean

integer

relational

set
optimization
option type
option types
outdomain_max

Standard Library
outdomain_median

Standard Library
outdomain_min

Standard Library
outdomain_random

Standard Library
output

Standard Library
output_array

Standard Library
output_only

Standard Library
output_to_json_section

Standard Library
output_to_section

NFA Standard Library
no_cse output_var
Standard Library Standard Library
no_output outputJSON
Standard Library Standard Library
normal outputJSONParameters
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Standard Library

P

parameter
partition_set

Global constraints
path

Global constraints
piecewise_linear

Global constraints
poisson

Standard Library
pow

Standard Library
predicate

definition
priority_search

Additional declarations for Chuffed
product

Standard Library
promise_commutative

Standard Library
promise_total

Standard Library

R

random
Additional declarations for Gecode
random_order
Additional declarations for Chuffed
range
float
Global constraints
integer
reachable
Global constraints
redundant_constraint
Standard Library
regular
Global constraints
regular_nfa
Global constraints
reification
relax_and_reconstruct
Additional declarations for Gecode
Standard Library
restart_constant
Standard Library
restart_geometric
Standard Library
restart_linear
Standard Library

restart_luby

Standard Library
restart_none

Standard Library
reverse

Standard Library
roots

Global constraints
round

Standard Library
round_robin

Experimental Features
row

Standard Library
runtime flag

--all-solutions

-a

S

scope
search

annotation

constrain choice

depth first

finite domain

sequential

variable choice
seq_precede_chain

Global constraints
seqg_search

Standard Library
set
set2array

Standard Library
set_card

FlatZinc builtins
set_default_search

Additional declarations for Gecode
set_diff

FlatZinc builtins
set_eq

FlatZinc builtins
set_eq_reif

FlatZinc builtins
set_in

FlatZinc builtins
set_in_reif

FlatZinc builtins
set_intersect

FlatZinc builtins
set_le

e ]

439



MiniZinc Handbook, & {ThiZ 2.8.5

FlatZinc builtins
set_le_reif

FlatZinc builtins
set_lt

FlatZinc builtins
set_lt_reif

FlatZinc builtins
set_ne

FlatZinc builtins
set_ne_reif

FlatZinc builtins
set_search

Standard Library
set_subset

FlatZinc builtins
set_subset_reif

FlatZinc builtins
set_superset

FlatZinc builtins
set_superset_reif

FlatZinc builtins
set_symdiff

FlatZinc builtins
set_to_ranges

Standard Library
set_union

FlatZinc builtins
show

Standard Library
show2d

Standard Library
show2d_indexed

Standard Library
show3d

Standard Library
show_array2d_bool

Standard Library
show_float

Standard Library
show_gantt

Standard Library
show_int

Standard Library
showJSON

Standard Library
sin

Standard Library
single enum
sinh

Standard Library
slice_1d

Standard Library
slice_2d

Standard Library
slice_3d

Standard Library
slice_4d

Standard Library
slice_5d

Standard Library
slice_6d

Standard Library
sliding_sum

Global constraints

smallest
Standard Library
smallest_largest

Additional declarations for Chuffed

sol

Experimental Features

solution

separator —---—---—---

solve
sort

Global constraints

Standard Library
sort_by

Standard Library
span

Global constraints

sqrt
Standard Library
Standard Library
I!:I

Ty!
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1 _ 1

s

PA

!

"diff’
"div’

in
"intersect’
"mod’

"not
'subset’
'superset’
"symdiff’
'union’
'xor
..<0
..0
<..<o
<..0

~| =

]

!

~%

~+

~div

abort

abs

absent

acos

acosh
add_to_output
annotate

annotated_expression

anti_first_fail
arg_max

arg_min
arg_sort
arrayld

array2d
array2set
array3d

array4d

array5sd

array6d
array_check_form
array_intersect
array_union
arrayxd

asin

asinh

assert
assert_dbg

atan

atanh

bernoulli
binomial
bool2float
bool2int
bool_not
bool_search
bounds
bounds_propagation
cache_result
card

cauchy

ceil

chisquared
clause

col

complete
computed_domain
concat
constraint_name
cos

cosh

count

ctx_mix

ctx_neg

ctx_pos

ctx_root
debug_mode
default
defines_var
deopt
discrete_distribution
doc_comment

dom

dom_array
dom_array_occurring
dom_bounds_array
dom_size
dom_w_deg

domain
domain_change_constraint
domain_propagation
empty_annotation
enum_next
enum_of
enum_prev

exists

exp

e ]
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exponential
expression_name
expression_name_dbg
fdistribution
file_path
first_fail

fix

float_search
floor

forall

format
format_justify_string
gamma

had_zero

has_ann
has_bounds
has_element
has_index
has_ub_set
if_then_else
if_then_else_partiality
iffall

impact
implied_constraint
index_set
index_set_10f2
index_set_10f3
index_set_1of4
index_set_1of5
index_set_10f6
index_set_20f?2
index_set_20f3
index_set_20f4
index_set_20f5
index_set_20f6
index_set_30f3
index_set_30f4
index_set_30f5
index_set_30f6
index_set_4o0f4
index_set_4o0f5
index_set_40f6
index_set_50f5
index_set_50f6
index_set_60f6
index_sets_agree
indomain
indomain_interval
indomain_max
indomain_median
indomain_middle

indomain_min
indomain_random
indomain_reverse_split
indomain_split
indomain_split_random
input_order

int2float

int_search

is_defined_var

is_fixed

is_reverse_map

is_same

join

json_array

json_object

largest

1b

lb_array

length

1n

log

log10

log?2

lognormal
logstream_to_string

max

max_regret

max_weak

maybe_partial

min

min_weak

most_constrained
mzn_absent_zero
mzn_add_annotated_expression
mzn_break_here
mzn_check_absent_zero
mzn_check_annotate_computed_domains
mzn_check_annotate_defines_var
mzn_check_enum_var
mzn_check_half_reify_clause
mzn_check_ignore_redundant_constraints

mzn_check_ignore_symmetry_breaking_constraints

mzn_check_only_range_domains
mzn_check_var
mzn_compiler_version
mzn_constraint_name
mzn_deprecated
mzn_expression_name
mzn_half_reify_clause
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mzn_ignore_redundant_constraints set_to_ranges
mzn_ignore_symmetry_breaking_constraints show

show2d
mzn_internal_check_debug_mode show2d_indexed
mzn_min_version_required show3d
mzn_opt_annotate_computed_domains show_array2d_bool
mzn_opt_annotate_defines_var show_float
mzn_opt_only_range_domains show_gantt
mzn_output_section show_int
mzn_path showJSON
mzn_rhs_from_assignment sin
mzn_version_to_string sinh
no_cse slice_1d
no_output slice_2d
normal slice_3d
o.. slice_4d
0..< slice_5d
o<.. slice_6d
o<..< smallest
occurrence sort
occurs sort_by
outdomain_max sgrt
outdomain_median string_length
outdomain_min sum
outdomain_random symmetry_breaking_constraint
output tan
output_array tanh
output_only tdistribution
output_to_json_section to_enum
output_to_section trace
output_var trace_dbg
outputJSON trace_exp
outputJSONParameters trace_logstream
poisson trace_stdout
pow trace_to_json_section
product trace_to_section

promise_commutative
promise_total
redundant_constraint
relax_and_reconstruct
restart_constant
restart_geometric
restart_linear
restart_luby
restart_none

reverse

round

row

seqg_search

set2array

set_search

ub

ub_array

uniform
value_propagation
var_is_introduced
warm_start
warm_start_array
weibull

xorall

STATUS

Experimental Features

steiner

Global constraints

strict_lex2

Global constraints

e ]
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strictly_decreasing

Global constraints
strictly_increasing

Global constraints
string

literal

literal; interpolated
string_length

Standard Library
subcircuit

Global constraints
subgraph

Global constraints
sum

Standard Library
sum_pred

Global constraints
sum_set

Global constraints
symmetric_all_different

Global constraints
symmetry

breaking
symmetry_breaking_constraint

Standard Library

T

table

Global constraints
tan

Standard Library
tanh

Standard Library
tdistribution

Standard Library
to_enum

Standard Library
trace

Standard Library
trace_dbg

Standard Library
trace_exp

Standard Library
trace_logstream

Standard Library
trace_stdout

Standard Library
trace_to_json_section

Standard Library
trace_to_section

Standard Library

tree

Global constraints

true

type
enumerated

enumerated; anonymous

non-finite
parameter

U

ub

Standard Library
ub_array

Standard Library
uniform

Standard Library
uniform_on_restart

Experimental Features

Vv

value_precede

Global constraints

value_precede_chain

Global constraints

value_propagation
Standard Library

var_is_introduced
Standard Library

var_perm_sym

Global constraints

var_sqr_sym

Global constraints

variable
bound
declaration
declaration; enum

declaration; integer

iterator

local

option type
vis_bar

MiniZincIDE tools
vis_column

MiniZincIDE tools
vis_digraph

MiniZincIDE tools
vis_digraph_highlight

MiniZincIDE tools
vis_gantt

MiniZincIDE tools
vis_geost_2d

MiniZincIDE tools

444
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vis_graph
MiniZincIDE tools
vis_graph_highlight
MiniZincIDE tools
vis_line
MiniZincIDE tools
vis_scatter
MiniZincIDE tools
vis_scatter_cumulative
MiniZincIDE tools
vis_server
MiniZincIDE tools

w

warm_start

Standard Library
warm_start_array

Standard Library
weibull

Standard Library
weighted_spanning_tree

Global constraints
write

Global constraints
writes

Global constraints
writes_seq

Global constraints

X

xorall
Standard Library

-0<n>

_O_

-Werror
--MIPDMaxDensEE
--MIPDMaxIntvEE
--all-satisfaction
--all-solutions

--allow-multiple-assignments

--canonicalize
--checker
--cmdline-data
--cmdline-json-data
--compile

--compile-solution-checker

--compiler-statistics
--config-dirs

--data
--disable-all-satisfaction
--error-msg

--free-search

--fzn

--help

--ignore-leading-lines
--ignore-lines
--ignore-stdlib
--instance-check-only
--intermediate
--json-stream
--keep-paths

--model
--model-check-only
--model-interface-only
--model-types-only
--no-flush-output
--no-intermediate
--no-optimize
--no-output-comments
-—-no-output-ozn
--non-unique
--not-sections
--num-solutions
--only-range-domains
--only-sections
--output-base
--output-fzn-to-file
--output-fzn-to-stdout
--output-mode
--output-non-canonical
--output-objective
--output-ozn-to-file
--output-ozn-to-stdout
--output-paths
--output-paths-to-file

--output-paths-to-stdout

--output-raw
--output-time
--output-to-file
--output-to-stdout
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--ozn
--ozn-file
--parallel
--param-file
--pre-passes
--random-seed

--sac
--search-complete-msg
--shave

--soln-comma
--soln-sep
--soln-separator
--solution-checker
--solution-comma
--solution-separator
--solver
--solver-statistics
--solvers
--solvers-json
--statistics
--stdlib-dir
--two-pass
—--unbounded-msg
--unknown-msg
--unsat-msg
--unsatorunbnd-msg
--use-gecode
--verbose
--verbose-compilation
--verbose-solving
--version
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