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Ob6Lan CTPYKTYpa Nporpammbl ¢
ncnonb3losBaHnem Choco
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Choco;

cp.solver.CPSolver ;

cp.model.CPModel ;
kernel.model.variables.integer.IntegerVariable;
kernel.model.constraints.Constraint;
MagicSquare {

public static void main (String[] args) {

// TlocTaHOBKA 3aIaun

// TlocTpoeHUe MOIEeJM 3amauu
// CosmaHue coJBepa

// PelleHue =3amauu

// BHIBOI peleHusa



[lpmep 3a4a4n

* Marnyeckuu KBagpaT

* Hy)XHO 3anNONHUTb KBagpaT
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[loCTaHOBKA 3a4a4u

// CTopoHa KBazgparTa:
int n = 3;
// Marmueckad CyMMa :

int magicSum = n * (n *n + 1) / 2;



[locTpoeHne moagenu: 3agaHue
nepemeHHbIX

CPModel m = new CPModel ()

// CosmaHue MaccCuBa [IePEeMeHHBX :
IntegerVariable[] [] var = new IntegerVariable[n] [n];

// IOnd KaxIol I[IepeMeHHOM 3aJalTCcsa MMS M IOMalas30H SHaAUeHUM:

for (int i = 0; 1 < n; i++) {
for (int j = 0; j < n; Jj++) {
var[1] [J] = Choco.makeIntVar ("var " + 1 +

"""+ 3, 1, n * n);

// IobapJjieHMEe NepPEeMEHHHX B MOIEJb :
m.addVariable (var[1i][]])



[locTpoeHne moagenu: 3agaHue
OrpaHNYeHnn

// CyMMBI BO BCEeX CTPOKAaxX PAaBHE BOJIIEOHOM
for (int 1 = 0; 1 < n; 1i++) {
m.addConstraint (Choco.eqg(Choco.sum(var[1i]), magicSum)) ;

}

IntegerVariable[] [] varCol = new IntegerVariable[n] [n];
for (int 1 = 0; 1 < n; i++) |
for (int j = 0; 7 < n; j++) {
varCol[i][j] = var[]j][i];

}

// CyMMBI BO BCexX CTOJOLaxX PaBHB BOJEOHOM

m.addConstraint (Choco.eqg(Choco.sum(varCol[1i]), magicSum)) ;



Co3naHue cosBepa n pelieHue
Moaenm

// CosmaHue coJiBepa
CPSolver s = new CPSolver()
// UTeHUe MOIeJIM COJIBEPOM
s.read (m) ;

// PelleHMe MoOmesu

s.solve () ;



BbiBOA OTBETA

for (int i = 0; i < n; i++) {
for (int j = 0; 7 < n; J++) {
System.out.print (s.getVar(var[i][]]) .
getval());

}
System.out.println () ;



[TocTpoeHune ynpasastoWMX aBTOMATOB
npu nomouwmn Choco (1)
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[TocTpoeHune ynpasastoWMX aBTOMATOB
npu nomouwmn Choco (2)

public static Automaton build(ScenariosTree tree, int size, boolean isComplete,
PrintWriter modelPrintWriter) {
CPModel model = new CPModel () ;

IntegerVariable[] nodesColorsVars = Choco.makeIntVarArray ("Color",
tree.nodesCount (), 0, size - 1);
Constraint rootColorConstraint = Choco.eqg(nodesColorsVars([0], 0);

model.addConstraint (rootColorConstraint) ;
model .addConstraints (getTransitionsConstraints (size, tree, nodesColorsVars)):;

model .addConstraints (getAdjacentConstraints (tree, nodesColorsVars)) ;

if (isComplete) {
model .addConstraints (getCompleteConstraints (size, tree,

nodesColorsVars)) ;

if (modelPrintWriter !'= null) ({
modelPrintWriter.println (model.varsToString()) ;
modelPrintWriter.println (model.constraintsToString())

modelPrintWriter.flush () ;
}

return buildAutomatonFromModel (size, tree, nodesColorsVars, model);



HanomunHaHue: TpeboBaHMe NONHOTHI

* [loNnOH TONBbKO aBTOMAT CNeBa

T[X]/Zl T[X]/zl

T[x]/zl T[—x]/Z3

(Tors (T



OrpaHu4YeHuns, CBA3aHHbIE C MOJIHOTOM
aBTomarTa (1)

private static Constraint[] getCompleteConstraints (int size, ScenariosTree tree,

IntegerVariable[] nodesColorsVars) {

Map<String, Map<String, List<Node>>> eventExprToNodes = new TreeMap<String,
Map<String, List<Node>>>();

Map<String, List<MyBooleanExpression>> pairs =
tree.getPairsEventExpression () ;

for (String event : pairs.keySet()) {
Map<String, List<Node>> exprMap = new TreeMap<String,

List<Node>> () ;

eventExprToNodes.put (event, exprMap) ;
for (MyBooleanExpression expr : pairs.get (event)) {

exprMap.put (expr.toString (), new ArrayList<Node>())

}

for (Node node : tree.getNodes()) {
for (Transition t : node.getTransitions()) {
eventExprToNodes.get (t.getEvent ()) .get (t.getExpr () .

toString()) .add (node) ;



OrpaHu4YeHuns, CBA3aHHbIe C MOJIHOTOM
aBToMmaTa (2)

int varsCount = tree.getVariablesCount () ;

Map<String, Integer> exprSetsCount = new TreeMap<String, Integer>();
for (MyBooleanExpression expr tree.getExpressions ()) {
int cnt = expr.getSatisfiabilitySetsCount () * (1 << (varsCount -
expr.getVariablesCount ()));
exprSetsCount.put (expr.toString (), cnt);
//System.out.println (expr.toString() + " " + cnt);
}

Map<String, Map<String, IntegerVariable[]>> used =

= new TreeMap<String, Map<String,
IntegerVariable[]>>();

for (String event pairs.keySet ()) {

Map<String, IntegerVariable[]> map = new TreeMap<String,

IntegerVariable[]>();

for (MyBooleanExpression expr pairs.get (event)) {

String arrayName = "used " + event + " " 4+ expr.toString();

IntegerVariable[] vars = Choco.makeBooleanVarArray (arrayName,

size);

map.put (expr.toString (), wvars);

}

used.put (event, map);

}

ArrayList<Constraint> ans = new ArraylList<Constraint>();



OrpaHunyeHus, cBA3aHHbIE C MONTHOTOM

for (String event

aBTomarTa (3)

pairs.keySet ()) {

for (MyBooleanExpression expr : pairs.get(event)) {

}
int totalSetsCount

List<Node> nodes =

eventExprToNodes.get (event) .get (expr.toString () ) ;
IntegerVariable[] vars = used.get (event) .get (expr.toString())
for (int color = 0; color < size; color++) {

List<Constraint> orClauses = new ArrayList<Constraint>();

for (Node node : nodes) {
Constraint clause = Choco.eqg(nodesColorsVars

[node.getNumber ()], color);

orClauses.add (clause) ;

}

Constraint orConstraint = Choco.or (orClauses.toArray (
new Constraint[0]));

Constraint egConstraint = Choco.eqg(vars[color], 1);

Constraint res = Choco.ifOnlyIf (orConstraint,

egConstraint) ;

ans.add (res) ;

= 1 << wvarsCount;



OrpaHunyeHus, cBA3aHHbIE C MONTHOTOM

for

}

aBTomaTa (4)

(String event pairs.keySet ()) |
for (int color = 0; color < size; color++) {
List<IntegerVariable> vars = new

ArrayList<IntegerVariable>();

int[] countsArray = new int[pairs.get (event).size()];

int 1 = 0;
for (MyBooleanExpression expr : pairs.get (event)) {
IntegerVariable var = used.get (event).
get (expr.toString()) [color];
vars.add (var) ;
countsArray[it++] = exprSetsCount.get (
expr.toString());
}
IntegerVariable[] varsArray = vars.toArray (new

IntegerVariable[0]);
Constraint equationFull = Choco.equation (totalSetsCount,
varsArray, countsArray);
Constraint equationZero = Choco.equation (0, varsArray,
countsArray) ;
ans.add (Choco.or (equationFull, equationZero));

return ans.toArray(new Constraint[0]);



OrpaHn4yeHuA, cea3aHHbIe CO
CMeXHOCTbIO

private static Constraint[] getAdjacentConstraints (ScenariosTree tree,
IntegerVariable[] nodesColorsVars) {
ArrayList<Constraint> ans = new ArrayList<Constraint>();

Map<Node, Set<Node>> adjacent = AdjacentCalculator.getAdjacent (tree);

for (Node node : tree.getNodes()) {
for (Node other : adjacent.get (node)) {
if (other.getNumber () < node.getNumber ())

IntegerVariable nodeColor =
nodesColorsVars [node.getNumber () ];
IntegerVariable otherColor =
nodesColorsVars[other.getNumber () ];

ans.add (Choco.neqg(nodeColor, otherColor));

}

return ans.toArray (new Constraint[0]);



OrpaHu4yeHunA Ha nepexoanbl

private static Constraint[] getTransitionsConstraints (int size, ScenariosTree tree,
IntegerVariable[] nodesColorsVars)
List<Constraint> ans = new ArraylList<Constraint>();
Map<String, IntegerVariable[]> transitionsVars = new HashMap<String,

IntegerVariable[]>();

for (Node node : tree.getNodes()) {
for (Transition t : node.getTransitions()) {
String key = t.getEvent() + "[" +
t.getExpr () .toString() + "1";
if (!transitionsVars.containsKey (key)) {
IntegerVariable[] vars = Choco.makelIntVarArray (

key, size, 0, size - 1);
transitionsVars.put (key, vars);
}
IntegerVariable[] transitionVars = transitionsVars.
get (key) ;
for (int 1 = 0; i < size; 1i++) {
Constraint cl = Choco.eg(nodesColorsVars|
node.getNumber ()1, 1)
Constraint c2 = Choco.eg(nodesColorsVars]|
t.getDst () .getNumber ()], transitionVars[i]);
Constraint ¢ = Choco.implies(cl, c2);
ans.add (c) ;

}

return ans.toArray(new Constraint[0]);



MpmnHumMn pabotbl Choco n HEKOTOPbIX
APYrMX NPOrpaMMHbIX CpeacTB

* [lonck c Bo3spatom (backtracking)

* PacnpocTtpaHeHue orpaHndyeHuu (constraint
propagation)



[Tonck c Bo3spaTom (1)

* PekypcunBHbIN Nepebop BCeX BO3MOXKHbIX
3Ha4YeHUN NepemMeHHOoU

* [lepemeHHOM NpUcBanBaeTca 3Ha4YeHue,
nocae 3Toro ynpoLuarTca orpaHNYeHus

* Ecnm orpaHn4yeHns OKasblBatoTCH
Heya40BAeTBOPMMbI, MPOUCXOAUT BO3BpPAT U3
peKkypcmnm



[Tonck c Bo3BpaTom (2)
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PacnpocTtpaHeHue orpaHnyeHumm (1)

Cnocob oTceyb 3aBe4OMO HeJOoMNYCTUMbIe 3HaYEeHUA
nepemeHHbIX Ha OCHOBE aHa/1In3a OrpaHUYEeHU

B Choco vcnonb3yeTtcs cobbITUMHBIN NOAX04, a
MMEHHO noaaeprKnBaeTca ovepeab cobbITUN ABYX
TUNOB

CobblITne NnepBoro TMna cBA3aHO C NEPEMEHHOUN U NMpuU
«MCNONHEHNNY» CY*KaeT 061acTb ee 3Ha4YeHUM

«cnonHeHue» cobbiTNA MOXeT NoB/1eyb 3a COboi
HOBble cobbITUA

CobbITHA BTOPOro TMNa CBA3aHbl C OTPaHUYEHUNAMMU U
ABNAIOTCA BbI30BaMM MeTOA0B UX 06paboTKu



PacnpocTtpaHeHue orpaHnyeHnm (2)
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Cnacmbo 3a BHMMaHue!
Bonpochb!?



