
65 

 

ДОДАТОК А 

Програмні коди 

 

Інрефейси пакету diploma.library.api 
 

package diploma.library.api; 

 

public interface Data { 

} 

 

package diploma.library.api; 

 

import java.util.List; 

 

public interface Provider { 

    List<Rule> getAll(); 

} 

 

Інрефейси пакету diploma.engine.api 
 

package diploma.engine.api; 

 

public interface Rule { 

    void add(Data data); 

    Data run(); 

    Class getOutput(); 

    boolean isInput(Class clazz); 

} 

 

public interface Graph { 

  void addEdge(int src, int dst); 

  List<Integer>[] getAdjacency(); 

  List<Integer> getTopology(); 

  List<Integer> dfs(int start); 

} 

 

public interface Processor { 

  List<Data> activateRules(List<Data> situation, Reactor reactor); 

} 

 

public interface Reactor { 

  void loadLibrary(String ruleProviderClassName) throws Throwable; 

  Reactor getOptimizedReactor(List<Data> situation); 

  Graph getGraph(); 

  List<Rule> getRules(); 

}  
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Імплементація інтерфейсу Graph 
 

package diploma.engine.impl; 

 

import diploma.engine.api.Graph; 

 

import java.util.*; 

 

public class GraphImpl implements Graph { 

 

  private int numberOfVertices; 

  private List<Integer>[] adjacency; 

 

  public GraphImpl(int numberOfVertices) { 

    this.numberOfVertices = numberOfVertices; 

    adjacency = new ArrayList[numberOfVertices]; 

    for (int i = 0; i < numberOfVertices; i++)  adjacency[i] = new 

ArrayList<>(); 

  } 

 

  @Override 

  public void addEdge(int src, int dst) { 

    adjacency[src].add(dst); 

  } 

 

  @Override 

  public List<Integer>[] getAdjacency() { 

    return adjacency; 

  } 

 

  @Override 

  public List<Integer> getTopology() { 

    int[] inDegree = new int[numberOfVertices]; 

    fillInDegreesOfVertices(inDegree); 

    Queue<Integer> queue = 

queueOfVerticesWithIndegreeZero(inDegree); 

    return createGraphTopology(queue, inDegree); 

  } 

 

  private void fillInDegreesOfVertices(int[] inDegree) { 

    for (int i = 0; i < numberOfVertices; i++)  

      adjacency[i].forEach(node -> inDegree[node]++); 

  } 

 

  private Queue<Integer> queueOfVerticesWithIndegreeZero(int[] 

indegree) { 

    Queue<Integer> queue = new LinkedList<>(); 

    for (int i = 0; i < numberOfVertices; i++)  

      if (indegree[i] == 0) queue.add(i); 

    return queue; 

  } 
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  private List<Integer> createGraphTopology(Queue<Integer> queue, 

int[] inDegree) { 

    int countOfVisitedVertices = 0; 

    List<Integer> topology = new ArrayList<>(); 

    while (!queue.isEmpty()) { 

      int u = queue.poll(); 

      topology.add(u); 

      adjacency[u].forEach(           

node -> { 

            if (--inDegree[node] == 0) queue.add(node); 

          }); 

      countOfVisitedVertices++; 

    } 

    validateCycle(countOfVisitedVertices); 

    return topology; 

  } 

 

  private void validateCycle(int countOfVisitedVertices) { 

    if (countOfVisitedVertices != numberOfVertices) 

      throw new IllegalArgumentException("There exists a cycle in 

the graph!"); 

  } 

 

  @Override 

  public List<Integer> dfs(int start) { 

    boolean[] visited = new boolean[numberOfVertices]; 

    List<Integer> dfsList = new ArrayList<>(); 

    dfsUtil(start, visited, dfsList); 

    return dfsList; 

  } 

 

  void dfsUtil(int v, boolean visited[], List<Integer> dfsList) { 

    visited[v] = true; 

    dfsList.add(v); 

    for (int n : adjacency[v]) { 

      if (!visited[n]) dfsUtil(n, visited, dfsList); 

    } 

  } 

 

  @Override 

  public boolean equals(Object o) { 

    if (this == o) return true; 

    if (o == null || getClass() != o.getClass()) return false; 

    GraphImpl graph = (GraphImpl) o; 

    return numberOfVertices == graph.numberOfVertices && 

Arrays.equals(adjacency, graph.adjacency); 

  } 

 

  @Override 

  public int hashCode() { 

    int result = Objects.hash(numberOfVertices); 

    result = 31 * result + Arrays.hashCode(adjacency); 

    return result; 
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  } 

 

  @Override 

  public String toString() { 

    return "GraphImpl{" 

        + "numberOfVertices=" 

        + numberOfVertices 

        + ", adjacency=" 

        + Arrays.toString(adjacency) 

        + '}'; 

  } 

} 

 

Імплементація інтерфейсу Processor 
  

package diploma.engine.impl; 

 

import diploma.engine.api.Processor; 

import diploma.engine.api.Reactor; 

import diploma.library.api.Data; 

import diploma.library.api.Rule; 

 

import java.util.ArrayList; 

import java.util.List; 

 

public class ProcessorImpl implements Processor { 

    @Override 

    public List<Data> activateRules(List<Data> situation, Reactor 

reactor) { 

        List<Data> result = new ArrayList<>(); 

        List<Rule> rules = reactor.getRules(); 

        List<Integer> topology = reactor.getGraph().getTopology(); 

        List<Integer>[] adjacency = 

reactor.getGraph().getAdjacency(); 

        topology.forEach( 

                index -> { 

                    Rule rule = rules.get(index); 

                    for (Data data : situation) { 

                        if (rule.isInput(data.getClass())) { 

                            rule.add(data); 

                        } 

                    } 

                    Data outputData = rule.run(); 

                    if (adjacency[index].isEmpty()) { 

                        result.add(outputData); 

                    } else { 

                        adjacency[index].forEach( 

                                adjacencyIndex -> 

rules.get(adjacencyIndex).add(outputData) 

                        ); 

                    } 

                } 

        ); 
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        return result; 

    } 

} 

 

Імплементація інтерфейсу Reactor 
 

package diploma.engine.impl; 

 

import diploma.engine.api.Graph; 

import diploma.engine.api.Reactor; 

import diploma.library.api.Data; 

import diploma.library.api.Provider; 

import diploma.library.api.Rule; 

 

import java.lang.reflect.Constructor; 

import java.util.*; 

 

public class ReactorImpl implements Reactor { 

 

    private List<Rule> rules = new ArrayList<>(); 

    private Graph graph; 

 

    public ReactorImpl() { 

    } 

 

    public ReactorImpl(List<Rule> rules) { 

        setRules(rules); 

    } 

 

    @Override 

    public void loadLibrary(String className) throws Throwable { 

        Class<?> aClass = Class.forName(className); 

        Constructor<?> constructor = aClass.getConstructor(); 

        Provider provider = (Provider) constructor.newInstance(); 

        this.rules.addAll(provider.getAll()); 

        graph = createGraphFromRules(); 

    } 

 

    @Override 

    public Reactor getOptimizedReactor(List<Data> situation) { 

        Set<Integer> verticesSet = new HashSet<>(); 

        for (Data data : situation) { 

            for (int i = 0; i < rules.size(); i++) { 

                if (rules.get(i).isInput(data.getClass())) { 

                    verticesSet.addAll(graph.dfs(i)); 

                } 

            } 

        } 

        List<Integer> listOfVertices = new ArrayList<>(verticesSet); 

        List<Rule> slimRuleList = new ArrayList<>(); 

        for (Integer ruleIndex : listOfVertices) { 

            slimRuleList.add(rules.get(ruleIndex)); 

        } 
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        return new ReactorImpl(slimRuleList); 

    } 

 

    Graph createGraphFromRules() { 

        int dimension = rules.size(); 

        Graph graph = new GraphImpl(dimension); 

        for (int x = 0; x < dimension; x++) { 

            Class outputClass = rules.get(x).getOutput(); 

            for (int y = 0; y < dimension; y++) { 

                if (rules.get(y).isInput(outputClass)) { 

                    graph.addEdge(x, y); 

                } 

            } 

        } 

        return graph; 

    } 

 

    public List<Rule> getRules() { 

        return rules; 

    } 

 

    public void setRules(List<Rule> rules) { 

        this.rules = rules; 

        graph = createGraphFromRules(); 

    } 

 

    public Graph getGraph() { 

        return graph; 

    } 

 

    public void setGraph(Graph graph) { 

        this.graph = graph; 

    } 

 

    @Override 

    public boolean equals(Object o) { 

        if (this == o) return true; 

        if (o == null || getClass() != o.getClass()) return false; 

        ReactorImpl reactor = (ReactorImpl) o; 

        return Objects.equals(rules, reactor.rules) && 

                Objects.equals(graph, reactor.graph); 

    } 

 

    @Override 

    public int hashCode() { 

        return Objects.hash(rules, graph); 

    } 

 

    @Override 

    public String toString() { 

        return "ReactorImpl{" + 

                "rules=" + rules + 

                ", graph=" + graph + 
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                '}'; 

    } 

} 

 

Імплементація інтерфейсу Data 
 

package diploma.benchmark.model; 

 

import diploma.library.api.Data; 

import java.util.Objects; 

 

public class FactA implements Data { 

 

  private boolean valid; 

 

  public FactA(boolean valid) { 

    this.valid = valid; 

  } 

 

  public boolean isValid() { 

    return valid; 

  } 

 

  public void setValid(boolean valid) { 

    this.valid = valid; 

  } 

 

  @Override 

  public boolean equals(Object o) { 

    if (this == o) return true; 

    if (o == null || getClass() != o.getClass()) return false; 

    FactA that = (FactA) o; 

    return valid == that.valid; 

  } 

 

  @Override 

  public int hashCode() { 

    return Objects.hash(valid); 

  } 

 

  @Override 

  public String toString() { 

    return "FactA{" + "valid=" + valid + '}'; 

  } 

} 

 

Приклади реалізації бенчмарку для Drools 
 

package benchmark.drools; 

 

import diploma.benchmark.model.FactI; 

import org.kie.api.KieServices; 

import org.kie.api.runtime.KieContainer; 
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import org.kie.api.runtime.KieSession; 

import org.openjdk.jmh.annotations.*; 

 

@State(Scope.Benchmark) 

public class BenchMarkA { 

  private KieServices ks = KieServices.Factory.get(); 

  private KieContainer kContainer = ks.getKieClasspathContainer(); 

  private FactI fact = new FactI(true); 

 

  @Fork(value = 1, warmups = 1) 

  @Benchmark 

  @BenchmarkMode(Mode.Throughput) 

  @Warmup(iterations = 5) 

  @Measurement(iterations = 10) 

  public void act_01() { 

    KieSession kSession = kContainer.newKieSession("ksession-

rules"); 

    kSession.insert(fact); 

    kSession.fireAllRules(); 

    kSession.destroy(); 

  } 

} 
 

Приклади правила для Drools 
 

package rules; 

dialect  "mvel" 

 

import diploma.benchmark.model.InputFact 

import diploma.benchmark.model.FactA 

 

rule "RuleA" 

    when 

    i : InputFact(valid == true) 

    then 

    insert(new FactA(true)); 

end 

 

Приклади реалізації бенчмарку для EasyRools 
 

package benchmark.easyrules; 

 

import benchmark.easyrules.rules.RuleC; 

import diploma.benchmark.model.FactB; 

import org.jeasy.rules.api.; 

import org.jeasy.rules.api.Rules; 

import org.jeasy.rules.api.RulesEngine; 

import org.jeasy.rules.core.RulesEngineBuilder; 

import org.openjdk.jmh.annotations.*; 

 

@State(Scope.Benchmark) 

public class BenchMarkA { 

 



73 

 
  private Facts facts = new Facts(); 

  private Rules rules = new Rules(); 

  private RulesEngine rulesEngine = 

      

RulesEngineBuilder.aNewRulesEngine().withSilentMode(true).build(); 

 

  @Setup(Level.Invocation) 

  public void setUp() { 

    facts.put("FactB", new FactB(true)); 

    rules.register(new RuleC()); 

  } 

 

  @Fork(value = 1, warmups = 1) 

  @Benchmark 

  @BenchmarkMode(Mode.Throughput) 

  @Warmup(iterations = 5) 

  @Measurement(iterations = 10) 

  public void oneRule() { 

    rulesEngine.fire(rules, facts); 

  } 

} 

 

Приклади правила для EasyRools 
 

package benchmark.easyrules.rules; 

 

import diploma.benchmark.model.FactA; 

import diploma.benchmark.model.InputFact; 

import org.jeasy.rules.annotation.*; 

import org.jeasy.rules.api.Facts; 

 

@Rule(name = "RuleA", description = "Benchmark rule number one.") 

public class RuleA { 

 

  @Condition 

  public boolean when(@Fact("InputFact") InputFact model) { 

    return model.isValid(); 

  } 

 

  @Action 

  public void then(Facts facts) throws Exception { 

    facts.remove("InputFact"); 

    facts.put("FactA", new FactA(true)); 

  } 

 

  @Priority 

  public int getPriority() { 

    return 1; 

  } 

} 
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ДОДАТОК Б 

Слайди презентації 
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ДОДАТОК В 

Тези конференції «Реформування та розвиток гуманітарних та природничих наук» 
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Рисунок В.1 – Титульний аркуш  
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Рисунок В.2 – Сторінка друкарні  

  



84 

 

 

 

Рисунок В.3 – Зміст  
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Рисунок В.4 – Сторінка тез конференції  
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Рисунок В.5 – Сторінка тез конференції  
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Рисунок В.6 – Сторінка тез конференції  
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ДОДАТОК Г 

Тези конференції «SCIENCE, RESEARCH, DEVELOPMENT #17» 
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Рисунок Г.1 – Титульний аркуш   
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Рисунок Г.2 – Сторінка друкарні 
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Рисунок Г.3 – Сторінка редакційного комітету 

  



92 

 

 

Рисунок Г.4 – Сторінка змісту  
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Рисунок Г.5 – Сторінка тез конференції  
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Рисунок Г.6 – Сторінка тез конференції  
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Рисунок Г.7 – Сторінка тез конференції   
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Рисунок Г.8 – Сторінка тез конференції  


