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public class Tree implements Operable { 
 
    private final TreeNode start; 
    private double[] values; 
 
    public Tree(TreeNode start){ 
        this.start = start; 
    } 
 
    public TreeNode getStart(){ 
        return start; 
    } 
     
    public double getValue(double[] inValue){ 
        if((values == null) || (inValue != values)){ 
            setValues(start, inValue); 
            values = inValue; 
        } 
        return start.getValue(); 
    } 
 
    private void setValues(TreeNode v, double[] inValue){ 
        if(v.getType() == NodeGenerator.LEAF_TYPE){ 
            Leaf f = (Leaf)v; 
            f.setValues(inValue); 
            return; 
        } 
        for(int i = 0;i < v.getChildCount();i ++){ 
            setValues(v.getChild(i), inValue); 
        } 
    } 
 
    public Tree clone(){ 
        return new Tree(start); 
    } 
 
    public String toString(){ 
        return start.toString(); 
    } 
} 
 
public interface TreeNode{ 
 
    public TreeNode getChild(int i); 
    public int getChildCount(); 
    public double getValue(); 
 
    public int getType(); 
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} 

1.1.3.3.  
 ( . 1.1.1.2)  Java: 

public TreeNode randomTree(int curHeight, Random r){ 
        if(r.nextDouble() < subTreeProbability * 

Math.pow(hprobabulity, curHeight)){ 
            int type = r.nextInt(COUNT_IN_VERTEX); 
            if(type == NodeGenerator.IF_TYPE){ 
                return new If(new TreeNode[]{randomTree(curHeight + 

1, r), randomTree(curHeight + 1, r), 
                        randomTree(curHeight + 1, r), 

randomTree(curHeight + 1, r)}); 
            } 
            if(type == NodeGenerator.MIN_TYPE){ 
                return new Min(new TreeNode[]{randomTree(curHeight + 

1, r), randomTree(curHeight + 1, r)}); 
            } 
            if(type == NodeGenerator.MULT_TYPE){ 
                return new Mult(new TreeNode[]{randomTree(curHeight 

+ 1, r), randomTree(curHeight + 1, r)}); 
            } 
            if(type == NodeGenerator.NEG_TYPE){ 
                return new Neg(new TreeNode[]{randomTree(curHeight + 

1, r)}); 
            } 
            if(type == NodeGenerator.SIG_TYPE){ 
                return new Sig(new TreeNode[]{randomTree(curHeight + 

1, r)}); 
            } 
            if(type == NodeGenerator.SUM_TYPE){ 
                return new Sum(new TreeNode[]{randomTree(curHeight + 

1, r), randomTree(curHeight + 1, r)}); 
            } 
            if(type == NodeGenerator.THREEMULT_TYPE){ 
                return new ThreeMult(new 

TreeNode[]{randomTree(curHeight + 1, r), randomTree(curHeight + 1, r), 
randomTree(curHeight + 1, r)}); 

            } 
            if(type == NodeGenerator.THREESUM_TYPE){ 
                return new ThreeSum(new 

TreeNode[]{randomTree(curHeight + 1, r), randomTree(curHeight + 1, r), 
randomTree(curHeight + 1, r)}); 

            } 
        } 
        int temp = r.nextInt(countInVariables + term.length); 
        if(temp < countInVariables){ 
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            return new Leaf(temp); 
        } 
        return new Const(term[temp - countInVariables]); 
    } 

1.1.3.4.  
 Java: 

public Tree mutate(Tree ind, Random r){ 
        return new Tree(dfs(ind.getStart(), r, 0)); 
    } 
 
    private TreeNode dfs(TreeNode node, Random r, int h){ 
        if((node.getChildCount() != 0) && (r.nextDouble() < 

subTreeProbability)){ 
            int temp = r.nextInt(node.getChildCount()); 
            return NodeGenerator.setChild(node, temp, 

dfs(node.getChild(temp), r, h + 1)); 
        } 
        return fact.randomTree(h, r); 
    } 

 Java: 
public List<Tree> crossover(Tree p, Tree p1, Random r){ 
        Tree first = new Tree(findFirst(p.getStart(), r, 

p1.getStart())); 
        Tree second = new Tree(newSecondStart); 
        List<Tree> res = new ArrayList<Tree>(); 
        res.add(first); 
        res.add(second); 
        return res; 
    } 

1.1.3.5.  
 
    private TreeNode findFirst(TreeNode node, Random r, TreeNode 

secondStart){ 
        if((node.getChildCount() != 0) && (r.nextDouble() < 

subTreeProbability)){ 
            int temp = r.nextInt(node.getChildCount()); 
            TreeNode newNode = findFirst(node.getChild(temp), r, 

secondStart); 
            return NodeGenerator.setChild(node, temp, newNode); 
        } 
        newSecondStart = findSecond(secondStart, r, node); 
        return secondResult; 
    } 
 
    private TreeNode findSecond(TreeNode node, Random r, TreeNode 

first){ 
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        if((node.getChildCount() != 0) && (r.nextDouble() < 
subTreeProbability)){ 

            int temp = r.nextInt(node.getChildCount()); 
            return NodeGenerator.setChild(node, temp, 

findSecond(node.getChild(temp), r, first)); 
        } 
        secondResult = node; 
        return first; 
    } 

1.1.3.6.  
 

 Java: 
public Automaton<I> mutate(Automaton<I> ind, Random r){ 
        Automaton<I> res = ind; 
        if(r.nextBoolean()){ 
            res = 

res.setInitialState(r.nextInt(ind.getNumberStates())); 
        } 
        int temp = r.nextInt(ind.getNumberStates()); 
        res = res.setState(temp, mut.mutate(res.getState(temp), r)); 
        return res; 
    } 

 Java: 
public List<Automaton<I>> crossover(Automaton<I> p, Automaton<I> p1, 

Random r){ 
        Automaton<I> son = p; 
        Automaton<I> son1 = p1; 
        if(r.nextBoolean()){ 
            son = son.setInitialState(p1.getInitialState()); 
            son1 = son1.setInitialState(p.getInitialState()); 
        } 
        for(int i = 0;i < p.getNumberStates();i ++){ 
            if(r.nextBoolean()){ 
                List<I> st = cross.crossover(p.getState(i), 

p1.getState(i), r); 
                son = son.setState(i, st.get(0)); 
                son1 = son1.setState(i, st.get(1)); 
            }else{ 
                I temp = son.getState(i); 
                son = son.setState(i, son1.getState(i)); 
                son1 = son1.setState(i, temp); 
            } 
        } 
        List<Automaton<I>> res = new ArrayList<Automaton<I>>(); 
        res.add(son); 
        res.add(son1); 
        return res; 
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. 8. 
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len.T
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k
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len.T
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len.T
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len.T
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1

2         (2) 
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11 Timet

n

i Timet
]k[d].t[ans.T]k[d].t[out.T]k[d].t[ans.T]k[d].t[out.T

i

 

 

nTimetTimet
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 i,  n – . 
  (1.1)  
 

iTimet
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 i,  t.  z. : 
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1.2.6.1.  
 ( ,  0,5) 

: 
 ; 
 ,  ( ,  

)  ( ) . 

1.2.6.2.  
.  

.  « »  P1  P2,  « » – C1  C2. 
 C1.is  C2.is : 

 C1.is = P1.is  C2.is = P2.is; 
 C1.is = P2.is  C2.is = P1.is. 
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 t[i][j]  
: 

 C1.t[i][j] = P1.t[i][j]  C2.t[i][j] = P2.t[i][j]; 
 C1.t[i][j] = P2.t[i][j]  C2.t[i][j] = P1.t[i][j]. 

. 10 . 
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A
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. 10.  

1.2.7.  
 

  
 

 Java.  
. 11. 
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. 11.  

 
 GeneticAlgorithm ,  2. 

 (  1) : 
 
    public GeneticAlgorithm (Random r, int generationSize,  
            int eliteSize, IndividualFactory factory, 
            Fitness foo, Crossover c, Mutation m, 
            Selection s, double mutationProbability, 
       Properties[][] props, Controls[][] ctrls); 
 

,  (  2–4)  
 
public void nextGeneration(). 
 

, . 12. 
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. 12.  

1.2.7.1.  
 Selection , ,  

: 
 
public interface Selection { 

public FitIndividual[] apply(FitIndividual[] population, 
int selectionSize); 

} 
 

 TournamentSelection  
RouletteSelection: 

 
public class TournamentSelection implements Selection { 
    private final Random r; 
     
    public TournamentSelection(Random r) { 
        this.r = r; 
    } 
 
    @Override 
    public FitIndividual[] apply(FitIndividual[] population, int 

selectionSize) { 
        final int n = population.length; 
        final int t = Math.max(2, (int) Math.round(n / (double) 

selectionSize)); 
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        FitIndividual[] res = new FitIndividual[selectionSize]; 
        for (int i = 0; i < selectionSize; i++) { 
            FitIndividual w = null; 
            for (int j = 0; j < t; j++) { 
                FitIndividual nw = population[r.nextInt(n)]; 
                if ((w == null) || (nw.fitness[0] > w.fitness[0])) { 
                    w = nw; 
                } 
            } 
            res[i] = w; 
        } 
         
        return res; 
    } 
} 
 
public class RouletteSelection implements Selection { 
    private final Random r; 
     
    public RouletteSelection(Random r) { 
        this.r = r; 
    } 
 
    @Override 
    public FitIndividual[] apply(FitIndividual[] population, int 

selectionSize) { 
        final int n = population.length; 
        final double[] weight = new double[n]; 
        weight[0] = population[0].fitness[0]; 
        for (int i = 1; i < n; i++) { 
            weight[i] = weight[i - 1] + population[i].fitness[0]; 
        } 
         
        FitIndividual[] res = new FitIndividual[selectionSize]; 
        for (int i = 0; i < selectionSize; i++) { 
            double p = weight[n - 1] * r.nextDouble(); 
            int j = Arrays.binarySearch(weight, p); 
            if (j >= 0) { 
                j++; 
            } else { 
                j = - j - 1; 
            } 
            res[i] = population[j]; 
        } 
         
        return res; 
    } 
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} 
 

1.2.7.2.  
 Crossover , ,  

. 
 
public interface Crossover { 
      public List<Individual> apply(Individual p1, Individual 

p2); 
} 
 

 UniformCrossover: 
public class UniformCrossover implements Crossover { 
    private final static double DEFAULT_EXCANGE_PROBABILITY = 0.5; 
 
    private Random r; 
    private double exchangeProbability; 
 
    public UniformCrossover(Random r) { 
        this(r, DEFAULT_EXCANGE_PROBABILITY); 
    } 

 
    public UniformCrossover(Random r, double exchangeProbability) { 
        this.r = r; 
        this.exchangeProbability = exchangeProbability; 
    } 
 
    public List<Individual> apply(Individual p1, Individual p2) { 
        if ((p1.rowsNumber != p2.rowsNumber) || (p1.columnsNumber != 

p2.columnsNumber)) 
            throw new IllegalArgumentException(); 
        Individual c1 = new Individual(p1); 
        Individual c2 = new Individual(p2); 
        for (int i = 0; i < c1.rowsNumber; ++i) { 
            for (int j = 0; j < c1.columnsNumber; ++j) { 
                if (r.nextDouble() < exchangeProbability) { 
                    Transition t1 = c1.transitions[i][j]; 
                    Transition t2 = c2.transitions[i][j]; 
                     
                    c1.transitions[i][j] = t2; 
                    c2.transitions[i][j] = t1; 
                } 
            } 
        } 
        List<Individual> l = new ArrayList<Individual>(); 
        l.add(c1); 
        l.add(c2); 
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        return l; 
    } 
} 

1.2.7.3.  
 Mutation , ,  

. 
 
public interface Mutation { 
    public Individual apply(Individual ind); 
} 
  

 SimpleMutation: 
 
public class SimpleMutation implements Mutation { 
    private static final double INITIAL_STATE_CHANGE_PROBABILITY = 

0.1; 
    private static final double DOUBLE_FUZZINESS = 0.01; 
    private static final double ANNUL_PROBABILITY = 0.5; 
    private static final int INT_FUZZINESS = 1; 
     
    Random r; 
 
    public SimpleMutation(Random r) { 
        this.r = r; 
    } 
     
    @Override 
    public Individual apply(Individual ind) { 
        Individual res = new Individual(ind); 
         
        int i = r.nextInt(ind.rowsNumber); 
        int j = r.nextInt(ind.columnsNumber); 
 
        Action newAction = null; 
        if (ind.withActions) { 
            if (ind.transitions[i][j] == null) { 
                newAction = new Action(r); 
            } else { 
                newAction = new Action(); 
                for (int k = 0; k < Controls.INT_CONTROLS_NUMBER; 

++k) { 
                    newAction.setIntAction(k, 

ind.transitions[i][j].action.getIntAction(k) + 
                                           r.nextInt(INT_FUZZINESS*2 

+ 1) - INT_FUZZINESS); 
                } 
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                for (int k = 0; k < Controls.DOUBLE_CONTROLS_NUMBER; 
++k) { 

                    newAction.setDoubleAction(k, 
ind.transitions[i][j].action.getDoubleAction(k) + 

                                   
r.nextGaussian()*DOUBLE_FUZZINESS); 

                } 
            } 
        } 
        Transition t = new Transition(r.nextInt(ind.rowsNumber), 

newAction); 
        if (r.nextDouble() < ANNUL_PROBABILITY) 
            t = null; 
        res.transitions[i][j] = t; 
 
         
        if (r.nextDouble() < INITIAL_STATE_CHANGE_PROBABILITY) { 
            res.initialState = r.nextInt(res.rowsNumber); 
        } 
 
        return res; 
    } 
} 

1.2.7.4.  
public class ActionMarker { 
    public static void mark(Markable m, Properties[][] props, 

Controls[][] controls) { 
        Event[][] events = new Event[props.length][]; 
        EventGenerator eg = new EventGenerator(); 
        for (int i = 0; i < props.length; ++i) 
        { 
            events[i] = new Event[props[i].length]; 
            PropertiesManager pm = new PropertiesManager(); 
            for (int j = 0; j < props[i].length; ++j) 
            { 
                pm.setCurrentProperties(props[i][j]); 
                events[i][j] = eg.generate(pm); 
            } 
        } 
        mark(m, events, controls); 
    } 
    public static void mark(Markable m, Event[][] events, 

Controls[][] controls) { 
        Map<Integer, Integer> id2var = new HashMap<Integer, 

Integer>(); 
        List<Integer> var2id = new ArrayList<Integer>(); 
        int varsCount = 0; 
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        for (int i = 0; i < events.length; ++i) 
        { 
            m.init(); 
            for (int j = 0; j < events[i].length; ++j) 
            { 
                ArrayList<Integer> ids = m.process(events[i][j]); 
                for (int id: ids) 
                { 
                    if (!id2var.containsKey(id)) { 
                        id2var.put(id, varsCount++); 
                        var2id.add(id); 
                    } 
                } 
            } 
        } 
 
        if (varsCount == 0) 
            return; 
 
        double[][] a = new double[varsCount][varsCount]; 
        double[][] b = new 

double[varsCount][Controls.DOUBLE_CONTROLS_NUMBER]; 
 
        int[][] mostFreq = new 

int[Controls.INT_CONTROLS_NUMBER][varsCount]; 
 
        Map<Integer,Double>[][] stat = new 

Map[Controls.INT_CONTROLS_NUMBER][varsCount]; 
        for (int i = 0; i < Controls.INT_CONTROLS_NUMBER; ++i) { 
            for (int j = 0; j < varsCount; ++j) 
            { 
                stat[i][j] = new HashMap<Integer, Double>(); 
            } 
        } 
 
        for (int i = 0; i < events.length; ++i) 
        { 
            double testNorm2 = 0; 
            for (int j = 0; j < controls[i].length; ++j) 
                testNorm2 += Math.pow(controls[i][j].norm(), 2); 
             
            m.init(); 
            int[] actionsSum = new int[varsCount]; 
            int lastAction = -1; 
            for (int j = 0; j < events[i].length; ++j) { 
                ArrayList<Integer> ids = m.process(events[i][j]); 
                for (int id: ids) { 
                    int var = id2var.get(id); 
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                    actionsSum[var]++; 
                    lastAction = var; 
                } 
                if (lastAction == -1) 
                    continue; 
                for (int c = 0; c < Controls.INT_CONTROLS_NUMBER; 

++c) { 
                    int var = lastAction; 
                    int curCtrl = controls[i][j].getIntControl(c); 
                    Double prev = stat[c][var].get(curCtrl); 
                    if (prev == null) 
                        prev = 0.; 
                    Double updated = prev+1/testNorm2; 
                    stat[c][var].put(curCtrl, updated); 
                    if (stat[c][var].size() == 1) { 
                        mostFreq[c][var] = curCtrl; 
                    } else { 
                        int prevFreq = mostFreq[c][var]; 
                        if (updated > stat[c][var].get(prevFreq)) { 
                            mostFreq[c][var] = curCtrl; 
                        } 
                    } 
                } 
                for (int v1 = 0; v1 < varsCount; ++v1) { 
                    for (int v2 = 0; v2 < varsCount; ++v2) { 
                        a[v1][v2] += 

(double)actionsSum[v1]*actionsSum[v2]/testNorm2; 
                    } 
                } 
                for (int c = 0; c < Controls.DOUBLE_CONTROLS_NUMBER; 

++c) { 
                    for (int v1 = 0; v1 < varsCount; ++v1) { 
                        b[v1][c] += 

actionsSum[v1]*controls[i][j].getDoubleControl(c)/testNorm2; 
                    } 
                } 
            } 
        } 
 
        Action[] actions = new Action[varsCount]; 
        for (int i = 0; i < varsCount; ++i) 
            actions[i] = new Action(); 
 
        double[][] res = Util.solve(a, b); 
        for (int c = 0; c < Controls.DOUBLE_CONTROLS_NUMBER; ++c) { 
            for (int i = 0; i < varsCount; ++i) { 
                actions[i].setDoubleAction(c, res[i][c]); 
            } 
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        } 
 
        for (int c = 0; c < Controls.INT_CONTROLS_NUMBER; ++c) { 
            for (int i = 0; i < varsCount; ++i) { 
                actions[i].setIntAction(c, mostFreq[c][i]); 
            } 
        } 
 
        for (int i = 0; i < varsCount; ++i) { 
            m.setAction(var2id.get(i), actions[i]); 
        } 
    } 
} 

1.3.  
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,  ,   
.  

 LTL . , . 15,  
,   

, ,  
. ,  

,  
.  

, ,  
, . 

1.3.7.  
 Java  

 [21]. : ,   
. . 16. 

 
. 16.  

 ru.ifmo.ctddev.genetic.transducer.scenario  
TestGroup,   LTL .  

, . 
 FitnessCalculator  

. 
public double calcFitness(FST fst) { 
  fst.doLabelling(this.tests); 
 
  verifier.configureStateMachine(fst.getStates(), 
                                 fst.getInitialState()); 
  int[] verRes = verifier.verify(); 
 
  double res = 0; 
  int i = 0; 
  for (TestGroup group : groups) { 
    double sum = 0; 
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    int cntOk = 0; 
 
    for (Path p : group.getTests()) { 
      String[] output = fst.transform(p.getInput()); 
      String[] answer = p.getOutput(); 
      double t; 
      if (output == null) { 
        t = 1; 
      } else { 
        t = editDistance(output, answer)  
            / Math.max(output.length, answer.length); 
      } 
      sum += 1 - t; 
      if (same(output, answer)) { 
        cntOk++; 
      } 
    } 
    int testsSize = group.getTests().size(); 
    int formulasSize = group.getFormulas().size(); 
 
    if (testsSize > 0) { 
      res += (cntOk == testsSize)  
          ? TESTS_COST  
          : 0.5 * TESTS_COST * (sum / testsSize); 
    } 
    if (formulasSize > 0) { 
      res += FORMULAS_COST * verRes[i] / formulasSize; 
    } 
    i++; 
  } 
  return res + 0.01 * (100 - fst.getTransitionsCount()); 
} 
 

 [21],  
,  

» . , 
.  

, . 
 FST, , , 

, ,  
. 

private final int initialState; 
private final int stateNumber; 
private Transition[][] states; 
 
private final String[] setOfInputs; 
private final String[] setOfOutputs; 
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,  
.  [21].  

,  LTL . 
 Transition , , 

, . 
,  ,   

. : 
public Transition copy(String[] setOfInputs, 
                       String[] setOfOutputs, 
                       int stateNumber) { 
  if (isUsedByVerifier() 
        && !used  
        && (RANDOM.nextDouble() < 0.1)) { 
    return new Transition( 
        setOfInputs[RANDOM.nextInt(setOfInputs.length)], 
        mutateOutputSize(outputSize, setOfOutputs.length), 
        RANDOM.nextInt(stateNumber)); 
  } 
  return new Transition(input, outputSize, newState); 
} 
 

 ru.ifmo.ctddev.genetic.transducer.io  
 LTL  xml  UniMod [17]. 

 TestsReader  xml  (  
, , , .),  

, .  OneGroupTestsReader  
,  ( ). 

 UnimodModelWriter  UniMod xml  
. ,  

 UniMod, , . 
 ru.ifmo.ctddev.genetic.transducer.verifier , 

,  
, . 

 ModifiableAutomataContext  
. ,  

.  ,  ,   
,  

. ,  
, . 

private IControlledObject co; 
private IEventProvider ep; 
private IStateMachine<IState> machine; 
 

 VerifierFactory ,  
, ,  

. ,  
,  ,   
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.  
 

, . 
void prepareFormulas(TestGroup[] groups); 
void configureStateMachine(FST fst); 
int[] verify(); 
 

, ,  
,  

void configureStateMachine(FST fst).  
int[] verify(). .  

: 
public int[] verify() { 
  int[] res = new int[preparedFormulas.length]; 
  IVerifier<IState> verifier = new SimpleVerifier<IState>( 
      context.getStateMashine(null).getInitialState()); 
  List<IIntersectionTransition> longestList = 
      Collections.emptyList(); 
 
  for (int i = 0; i < preparedFormulas.length; i++) { 
    int formulasOk = 0; 
 
    for (IBuchiAutomata buchi : preparedFormulas[i]) { 
      List<IIntersectionTransition> list = 
          verifier.verify(buchi, predicates); 
      if ((list == null) || (list.size() == 0)) { 
        formulasOk++; 
      } else { 
        if (longestList.size() < list.size()) { 
          longestList = list; 
        } 
      } 
    } 
    res[i] = formulasOk; 
  } 
 
  for (IIntersectionTransition t : longestList) { 
    AutomataTransition trans = 
        (AutomataTransition) t.getTransition(); 
    if ((trans != null)  
        && (trans.getAlgTransition() != null)) { 
      trans.getAlgTransition().setUsedByVerifier(true); 
    } 
 
  return res; 
} 
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 AutomataTransition .  
,  

. 
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2.  
 

 
,  II . 

: 
  

 
: 

o  
; 

o ; 
o  

; 
  

: 
o ,  
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46-47 0.9618 655-695 
48-49 0.9619 695-736 
50-51 0.9631 736-776 
52-55 0.9635 776-858 
56-58 0.9640 858-920 
59-60 0.9647 920-964 

61 0.9649 964-985 
62-66 0.9650 985-1089 
67-69 0.9654 1089-1156 
70-73 0.9655 1156-1246 
74-75 0.9656 1246-1292 
76-80 0.9657 1292-1400 
81-83 0.9658 1400-1466 
84-92 0.9659 1466-1670 
93-95 0.9662 1670-1742 
96-117 0.9663 1742-2256 

118-122 0.9665 2256-2375 
123-145 0.9666 2375-2891 
146-148 0.9667 2891-2959 
149-154 0.9668 2959-3088 
155-158 0.9669 3088-3180 
159-161 0.9670 3180-3244 
162-168 0.9671 3244-3401 

169 0.9675 3401-3422 
170-174 0.9676 3422-3534 
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175-187 0.9679 3534-3824 
188-194 0.9681 3824-3988 
195-212 0.9682 3988-4407 
213-231 0.9687 4407-4866 
232-272 0.9688 4866-5897 
273-656 0.9689 5897-15361 
657-665 0.9690 15361-15580 
666-678 0.9691 15580-15917 
679-897 0.9692 15917-21792 
898-903 0.9693 21792-21945 
904-906 0.9694 21945-22021 

907 0.9695 22021-22046 
908-1000 0.9696 22046-24414 
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) 
1-2 0.9471 0-21 
3-5 0.9500 21-55 
6 0.9502 55-67 

7-10 0.9506 67-117 
11 0.9511 117-130 

12-17 0.9535 130-216 
18-22 0.9537 216-293 
23-27 0.9559 293-371 
28-33 0.9564 371-476 
34-38 0.9566 476-567 
39-40 0.9568 567-603 
41-47 0.9587 603-739 
48-49 0.9597 739-780 
50-51 0.9600 780-821 
52-54 0.9621 821-881 
55-56 0.9626 881-923 
57-61 0.9629 923-1028 
62-63 0.9633 1028-1069 
64-68 0.9639 1069-1175 
69-72 0.9644 1175-1259 

73 0.9646 1259-1280 
74 0.9649 1280-1302 

75-76 0.9651 1302-1347 
77 0.9654 1347-1368 

78-81 0.9656 1368-1455 
82 0.9658 1455-1475 

83-85 0.9659 1475-1542 
86-90 0.9661 1542-1648 
91-95 0.9662 1648-1755 

96 0.9665 1755-1778 
97-98 0.9666 1778-1820 
99-111 0.9668 1820-2104 

112-117 0.9669 2104-2238 
118-139 0.9670 2238-2720 
140-164 0.9671 2720-3275 
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165-186 0.9672 3275-3755 
187-195 0.9673 3755-3955 
196-218 0.9688 3955-4491 
219-223 0.9689 4491-4610 
224-275 0.9690 4610-5901 
276-314 0.9692 5901-6870 
315-321 0.9693 6870-7040 
322-343 0.9694 7040-7578 
344-370 0.9695 7578-8255 
371-373 0.9696 8255-8329 
374-388 0.9700 8329-8713 
389-434 0.9701 8713-9929 
435-436 0.9704 9929-9982 
437-1000 0.9705 9982-23828 

 
:  

. .  «  
» , , .  

 ( ) – 4. 



109 
 

 
 II   

 

5 
 

: ,  « ». 
 11 . 

: 
  – 100 ; 
  – 4; 
  – 0,5; 
 ; 
 . 

 

 
 

 
 

 ( ) 
1–4 0,9479 0–75 
5 0,9483 75–94 
6 0,9489 94–115 

7–9 0,9497 115–179 
10 0,9510 179–202 

11–27 0,9576 202–632 
28–34 0,9581 632–833 
35–36 0,9590 833–891 
37–41 0,9595 891–1049 

42 0,9599 1049–1084 
43–45 0,9610 1084–1183 

46 0,9613 1183–1216 
47–49 0,9629 1216–1316 
50–52 0,9633 1316–1415 
53–56 0,9634 1415–1553 
57–62 0,9635 1553–1759 
63–68 0,9636 1759–1971 
69–76 0,9638 1971–2257 

77 0,9640 2257–2296 
78–80 0,9642 2296–2403 
81–88 0,9643 2403–2693 
89–94 0,9644 2693–2917 
95–97 0,9645 2917–3032 

98–109 0,9646 3032–3492 
110–114 0,9648 3492–3687 
115–116 0,9649 3687–3765 

117 0,9650 3765–3806 
118 0,9651 3806–3847 

119–126 0,9652 3847–4181 
127–133 0,9653 4181–4462 
134–139 0,9656 4462–4711 
140–155 0,9657 4711–5396 
156–158 0,9659 5396–5525 
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159–161 0,9662 5525–5653 
162–168 0,9663 5653–5952 
169–181 0,9664 5952–6521 
182–187 0,9665 6521–6788 
188–203 0,9666 6788–7475 
204–306 0,9667 7475–12048 
307–362 0,9668 12048–14583 
363–373 0,9672 14583–15072 

374 0,9678 15072–15116 
375–388 0,9679 15116–15722 
389–396 0,9690 15722–16065 
397–398 0,9691 16065–16152 
399–408 0,9692 16152–16572 
409–412 0,9693 16572–16748 
413–415 0,9694 16748–16882 
416–429 0,9695 16882–17490 
430–432 0,9696 17490–17620 
433–436 0,9697 17620–17798 
437–456 0,9698 17798–18667 
457–461 0,9699 18667–18883 
462–474 0,9700 18883–19417 
475–480 0,9701 19417–19660 
481–536 0,9702 19660–21924 
537–554 0,9703 21924–22692 
555–637 0,9704 22692–26633 
638–651 0,9705 26633–27297 

652–1000 0,9706 27297–44046 
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) 
1-2 0.9484 0-21 
3-23 0.9523 21-278 
24-40 0.9550 278-526 
41-48 0.9555 526-647 
49-53 0.9560 647-725 
54-61 0.9562 725-856 

62 0.9566 856-872 
63-64 0.9567 872-907 

65 0.9568 907-924 
66-70 0.9577 924-1013 
71-72 0.9579 1013-1050 

73 0.9580 1050-1068 
74-75 0.9585 1068-1105 
76-77 0.9586 1105-1143 
78-81 0.9588 1143-1216 

82 0.9590 1216-1236 
83-86 0.9592 1236-1315 
87-91 0.9596 1315-1415 

92 0.9597 1415-1434 
93 0.9599 1434-1453 

94-96 0.9605 1453-1511 
97-99 0.9621 1511-1569 
100 0.9622 1569-1591 

101-109 0.9631 1591-1774 
110 0.9633 1774-1795 

111-112 0.9635 1795-1838 
113 0.9636 1838-1860 
114 0.9637 1860-1882 
115 0.9638 1882-1902 

116-117 0.9639 1902-1943 
118-121 0.9640 1943-2026 
122-123 0.9642 2026-2069 
124-127 0.9643 2069-2155 

128 0.9644 2155-2177 
129-132 0.9645 2177-2262 
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133-135 0.9646 2262-2326 
136-139 0.9651 2326-2408 

140 0.9652 2408-2430 
141-149 0.9654 2430-2620 
150-168 0.9655 2620-3022 
169-185 0.9656 3022-3377 
186-189 0.9657 3377-3456 
190-202 0.9658 3456-3727 
203-247 0.9659 3727-4737 
248-730 0.9660 4737-14997 
731-1000 0.9661 14997-20579 
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) 
1-14 0.9520 0-173 
15 0.9522 173-187 

16-18 0.9544 187-235 
19-29 0.9577 235-411 
30-35 0.9589 411-513 
36-37 0.9590 513-549 

38 0.9592 549-565 
39-41 0.9603 565-617 
42-43 0.9610 617-653 
44-48 0.9620 653-744 
49-50 0.9622 744-781 

51 0.9623 781-799 
52 0.9626 799-817 

53-55 0.9637 817-871 
56-59 0.9641 871-942 

60 0.9647 942-961 
61 0.9649 961-978 

62-63 0.9652 978-1015 
64 0.9657 1015-1033 

65-68 0.9668 1033-1109 
69-70 0.9672 1109-1149 
71-72 0.9673 1149-1189 
73-74 0.9675 1189-1227 
75-82 0.9677 1227-1394 
83-85 0.9678 1394-1455 
86-88 0.9682 1455-1517 
89-95 0.9688 1517-1663 
96-101 0.9689 1663-1789 

102-104 0.9691 1789-1850 
105-110 0.9692 1850-1975 
111-115 0.9694 1975-2084 
116-119 0.9695 2084-2175 
120-128 0.9696 2175-2382 
129-140 0.9697 2382-2669 
141-151 0.9698 2669-2947 



114 
 

 
 II   

 

152-179 0.9700 2947-3669 
180-183 0.9701 3669-3772 
184-191 0.9702 3772-3972 
192-197 0.9703 3972-4127 
198-201 0.9704 4127-4226 
202-914 0.9712 4226-21815 
915-956 0.9714 21815-22854 
957-1000 0.9715 22854-23918 
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) 
1 0.9455 0-9 

2-4 0.9482 9-40 
5-6 0.9494 40-61 
7-14 0.9534 61-159 
15-22 0.9560 159-284 
23-26 0.9572 284-349 
27-35 0.9596 349-503 
36-43 0.9671 503-643 
44-46 0.9673 643-696 

47 0.9678 696-714 
48-51 0.9680 714-784 
52-56 0.9682 784-871 
57-61 0.9684 871-957 

62 0.9687 957-975 
63-64 0.9691 975-1009 

65 0.9692 1009-1026 
66-67 0.9693 1026-1062 
68-72 0.9697 1062-1152 
73-76 0.9700 1152-1225 
77-78 0.9701 1225-1262 
79-85 0.9704 1262-1396 
86-88 0.9705 1396-1455 
89-92 0.9706 1455-1534 
93-106 0.9707 1534-1807 

107-117 0.9709 1807-2025 
118-120 0.9710 2025-2083 
121-126 0.9711 2083-2198 
127-133 0.9712 2198-2338 
134-154 0.9713 2338-2768 
155-215 0.9714 2768-4061 
216-710 0.9715 4061-14783 
711-768 0.9716 14783-16154 
769-1000 0.9717 16154-21530 
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) 
1-7 0.9502 0-81 
8 0.9509 81-94 

9-16 0.9519 94-205 
17-20 0.9522 205-261 
21-25 0.9550 261-337 
26-34 0.9551 337-480 
35-46 0.9565 480-694 
47-52 0.9569 694-803 

53 0.9577 803-821 
54-59 0.9600 821-933 
60-65 0.9604 933-1048 
66-67 0.9605 1048-1085 
68-69 0.9625 1085-1123 

70 0.9636 1123-1140 
71-75 0.9644 1140-1231 
76-83 0.9647 1231-1387 
84-85 0.9651 1387-1430 
86-90 0.9652 1430-1539 
91-93 0.9653 1539-1601 
94-99 0.9654 1601-1728 

100-106 0.9655 1728-1876 
107-109 0.9656 1876-1937 
110-115 0.9657 1937-2066 
116-122 0.9658 2066-2214 
123-125 0.9659 2214-2276 
126-139 0.9660 2276-2586 
140-146 0.9661 2586-2742 

147 0.9662 2742-2765 
148-167 0.9663 2765-3247 
168-170 0.9665 3247-3320 
171-177 0.9666 3320-3490 
178-186 0.9671 3490-3708 
187-205 0.9672 3708-4178 
206-208 0.9673 4178-4254 
209-217 0.9674 4254-4482 
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218-227 0.9675 4482-4739 
228-236 0.9680 4739-4966 
237-246 0.9683 4966-5232 
247-255 0.9685 5232-5475 
256-263 0.9687 5475-5689 
264-268 0.9688 5689-5827 
269-270 0.9689 5827-5882 
271-297 0.9692 5882-6626 
298-1000 0.9693 6626-23103 
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) 
1-10 0.9506 0-113 
11-21 0.9540 113-267 
22-45 0.9568 267-693 
46-47 0.9571 693-731 

48 0.9574 731-751 
49-74 0.9624 751-1267 
75-79 0.9637 1267-1370 
80-90 0.9650 1370-1600 

91 0.9652 1600-1621 
92-98 0.9653 1621-1775 
99-103 0.9654 1775-1873 

104-106 0.9655 1873-1935 
107-108 0.9656 1935-1980 
109-117 0.9659 1980-2179 
118-119 0.9660 2179-2225 
120-124 0.9662 2225-2337 
125-128 0.9663 2337-2430 
129-132 0.9667 2430-2519 
133-169 0.9668 2519-3349 
170-179 0.9669 3349-3580 
180-207 0.9675 3580-4267 
208-511 0.9676 4267-11748 
512-538 0.9678 11748-12429 
539-586 0.9679 12429-13661 
587-604 0.9681 13661-14111 
605-620 0.9682 14111-14518 
621-1000 0.9684 14518-23772 
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