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ДОДАТОК А 

Графічний матеріал атестаційної роботи 
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ДОДАТОК Б 

ВИХІДНИЙ КОД 

 

 

Б.1 Реалізація ігрового світу 

 

Б.1.1 Ігровий світ для тестування алгоритмів Дейкстри та А*  

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class GridGenerator : MonoBehaviour 

{ 

    [SerializeField] private int rowInGrid; 

    [SerializeField] private int columnInGrid; 

    [SerializeField] private float padding; 

    [SerializeField] private Transform nodePrefab; 

    [SerializeField] private DijkstraPathfinder dijkstraPathfinder; 

    [SerializeField] private GameObject pathNode; 

 

    public List<Transform> grid = new List<Transform>(); 

 

    public Transform startNode; 

    public Transform endNode; 

 

    public int startNodeIndex; 

    public int endNodeIndex; 

 

 

    void Start() 

    { 

        this.GenerateGrid(); 

        this.GenerateNeighbours(); 

    } 

 

    void Update() 

    { 

 

        if (startNode != null) 

        { 

            this.SetColor(startNode, Color.green); 

        } 

        if (endNode != null) 

        { 

            this.SetColor(endNode, Color.blue); 

        } 

 

        if (dijkstraPathfinder.IsDone == false) 

        { 

            List<Transform> paths = 

dijkstraPathfinder.StartDijkstra(StartNode, EndNode);  

 

            foreach (Transform path in paths) 

            { 
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                Renderer rend = path.GetComponent<Renderer>(); 

                rend.material.color = Color.yellow; 

 

            } 

        } 

    } 

 

    private void GenerateGrid() 

    { 

        int counter = 0; 

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

        { 

            for (int j = 0; j < columnInGrid; j++) 

            { 

                Transform node = Instantiate(nodePrefab, new Vector3((j* 

padding) + gameObject.transform.position.x, gameObject.transform.position.y, 

(i * padding) + gameObject.transform.position.z), Quaternion.identity); 

                node.name = "node (" + counter + ")"; 

                grid.Add(node); 

                counter++; 

            } 

        } 

 

        startNode = grid[startNodeIndex]; 

        endNode = grid[endNodeIndex]; 

 

        if (startNode != null) 

        { 

            this.SetColor(startNode, Color.green); 

        } 

        if (endNode != null) 

        { 

            this.SetColor(endNode, Color.blue); 

        } 

    } 

 

    void SetColor(Transform node, Color color) 

    { 

        Renderer rend = node.GetComponent<Renderer>(); 

        rend.material.color = color; 

    } 

 

    private void GenerateNeighbours() 

    { 

        for (int i = 0; i < grid.Count; i++) 

        { 

            Node currentNode = grid[i].GetComponent<Node>(); 

            int index = i + 1; 

 

            if (index % columnInGrid == 1) 

            { 

                if (i + columnInGrid < columnInGrid * rowInGrid) 

                { 

                    currentNode.AddNeighbourNode(grid[i+columnInGrid]); 

                } 

 

                if (i - columnInGrid >= 0) 

                { 

                    currentNode.AddNeighbourNode(grid[i-columnInGrid]); 

                } 

                currentNode.AddNeighbourNode(grid[i + 1]); 

            } 
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            else if (index % columnInGrid == 0) 

            { 

                if (i + columnInGrid < columnInGrid * rowInGrid) 

                { 

                    currentNode.AddNeighbourNode(grid[i+columnInGrid]); 

                } 

 

                if (i - columnInGrid >= 0) 

                { 

                    currentNode.AddNeighbourNode(grid[i-columnInGrid]); 

                } 

                currentNode.AddNeighbourNode(grid[i - 1]); 

            } 

 

            else 

            { 

                if (i + columnInGrid < columnInGrid * rowInGrid) 

                { 

                    currentNode.AddNeighbourNode(grid[i+columnInGrid]); 

                } 

 

                if (i - columnInGrid >= 0) 

                { 

                    currentNode.AddNeighbourNode(grid[i-columnInGrid]); 

                } 

                currentNode.AddNeighbourNode(grid[i + 1]); 

                currentNode.AddNeighbourNode(grid[i - 1]); 

            } 

 

        } 

    } 

 

} 

 

Б.1.2 Ігровий світ для тестування генетичного алгоритму 

 

using System; 

using System.Linq; 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class MazeController : MonoBehaviour { 

 public int[,] map; 

 public Vector2 startPosition; 

 public Vector2 endPosition; 

 public GameObject wallPrefab; 

 public GameObject exitPrefab; 

 public GameObject startPrefab; 

 public GameObject pathPrefab; 

 public GameObject nodePrefab; 

 public GeneticAlgorithm geneticAlgorithm; 

 public List<int> fittestDirections; 

 public List<GameObject> pathTiles; 

 

 private bool isReached = false; 

 private int pathTilesLengthBeforeCheck; 

 private bool isCheckStarted = false; 

 public GameObject PrefabByTile(int tile) { 

  if (tile == 1) return wallPrefab; 
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  if (tile == 5) return startPrefab; 

  if (tile == 8) return exitPrefab; 

  if (tile == 0) return nodePrefab; 

  return null; 

 } 

 

 public Vector2 Move(Vector2 position, int direction) { 

  switch (direction) { 

  case 0: // North 

   if (position.y - 1 < 0 || map [(int)(position.y - 1), 

(int)position.x] == 1) { 

    break; 

   } else { 

    position.y -= 1; 

   } 

   break; 

  case 1: // South 

   if (position.y + 1 >= map.GetLength (0) || map 

[(int)(position.y + 1), (int)position.x] == 1) { 

    break; 

   } else { 

    position.y += 1; 

   } 

   break; 

  case 2: // East 

   if (position.x + 1 >= map.GetLength (1) || map 

[(int)position.y, (int)(position.x + 1)] == 1) { 

    break; 

   } else { 

    position.x += 1; 

   } 

   break; 

  case 3: // West 

   if (position.x - 1 < 0 || map [(int)position.y, 

(int)(position.x - 1)] == 1) { 

    break; 

   } else { 

    position.x -= 1; 

   } 

   break; 

  } 

  return position; 

 } 

 

 public double TestRoute(List<int> directions) { 

  Vector2 position = startPosition; 

 

  for (int directionIndex = 0; directionIndex < directions.Count; 

directionIndex++) { 

   int nextDirection = directions [directionIndex]; 

   position = Move (position, nextDirection); 

  } 

 

  Vector2 deltaPosition = new Vector2( 

   Math.Abs(position.x - endPosition.x), 

   Math.Abs(position.y - endPosition.y)); 

  double result = 1 / (double)(deltaPosition.x+ deltaPosition.y+1); 

  if (result == 1) 

  return result; 

 } 

 

 public void Populate() { 

  Debug.Log ("length(0)=" + map.GetLength(0)); 

  Debug.Log ("length(1)=" + map.GetLength(1)); 
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  for (int y = 0; y < map.GetLength(0); y++) { 

   for (int x = 0; x < map.GetLength(1); x++) { 

    GameObject prefab = PrefabByTile (map [y, x]); 

    if (prefab != null) { 

     GameObject wall = Instantiate (prefab); 

     wall.transform.position = new Vector3 (x,0,-y); 

    } 

   } 

  } 

 } 

 

 void Start () { 

  map = new int[,] { 

   {1,1,1,1,1,1,1,1,1,1,1,1,1,1,1}, 

   {1,0,1,0,0,0,0,0,0,0,0,0,0,0,1}, 

   {1,0,0,0,0,0,0,0,1,1,1,0,0,0,1}, 

   {1,0,1,1,1,0,1,1,1,1,1,1,1,0,1}, 

   {1,0,0,0,1,1,1,0,0,0,0,0,1,0,1}, 

   {8,0,1,0,1,1,1,0,0,0,0,0,1,0,1}, 

   {1,0,0,0,0,1,0,0,0,0,1,1,1,0,1}, 

   {1,0,1,1,0,0,0,1,0,0,0,0,0,0,5}, 

   {1,0,1,0,0,1,1,1,0,0,0,0,0,0,1}, 

   {1,0,1,0,0,0,0,0,0,0,0,1,0,1,1}, 

   {1,1,1,1,1,1,1,1,1,1,1,1,1,1,1} 

   }; 

 

  Populate(); 

  fittestDirections = new List<int> (); 

  pathTiles = new List<GameObject> (); 

 

  geneticAlgorithm = new GeneticAlgorithm (); 

  geneticAlgorithm.mazeController = this; 

  geneticAlgorithm.Run (); 

 } 

 

 public void ClearPathTiles() { 

  foreach (GameObject pathTile in pathTiles) { 

   Destroy(pathTile); 

  } 

  pathTiles.Clear(); 

 } 

 

 public void RenderFittestChromosomePath() { 

  ClearPathTiles (); 

  Genome fittestGenome = 

geneticAlgorithm.genomes[geneticAlgorithm.fittestGenome]; 

  List<int> fittestDirections = geneticAlgorithm.Decode 

(fittestGenome.bits); 

  Vector2 position = startPosition; 

 

  foreach (int direction in fittestDirections) { 

   position = Move (position, direction); 

   GameObject pathTile = Instantiate (pathPrefab); 

   pathTile.transform.position = new Vector3(position.x, 0, -

position.y); 

   pathTiles.Add (pathTile); 

  } 

 } 

  

 void Update () { 

  if(!isCheckStarted) 

  { 

   StartCoroutine(CheckOnStopGeneticWork()); 
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  } 

 

  if(!isReached) 

  { 

   RenderFittestChromosomePath(); 

  } 

  if (geneticAlgorithm.busy) geneticAlgorithm.Epoch(); 

 } 

 

 

 private IEnumerator CheckOnStopGeneticWork() 

 { 

  isCheckStarted = true; 

 

  Debug.Log("work"); 

  yield return new WaitForSeconds(1f); 

 

  if(pathTiles.Count() != this.pathTilesLengthBeforeCheck) 

  { 

   pathTilesLengthBeforeCheck = pathTiles.Count(); 

  } else 

  { 

   isReached = true; 

  } 

 

  isCheckStarted = false; 

 } 

 

 public void StartAlgorithm() 

 { 

  ClearPathTiles(); 

  StopAllCoroutines(); 

  isReached = false; 

  pathTiles = new List<GameObject>(); 

  this.pathTilesLengthBeforeCheck = 0; 

 

  isCheckStarted = false; 

  

  Populate(); 

  fittestDirections = new List<int>(); 

 

  geneticAlgorithm = new GeneticAlgorithm(); 

  geneticAlgorithm.mazeController = this; 

  geneticAlgorithm.Run(); 

 } 

} 

 

Б.2 Реалізація алгоритмів пошуку найкоротшого шляху 

 

Б.2.1 Реалізація алгоритму Дейкстри 

 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class DijkstraPathfinder : MonoBehaviour 

{ 

    private bool isDone = false; 
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    public bool IsDone 

    { 

        get { return isDone; } 

        set { isDone = value; } 

    } 

 

    private GameObject[] nodes; 

 

    Node currentNode; 

 

    public List<Transform> StartDijkstra(Transform start, Transform end) 

    { 

        nodes = GameObject.FindGameObjectsWithTag("Node"); 

 

        List<Transform> result = new List<Transform>(); 

        Transform node = DijkstrasAlgo(start, end); 

 

        while (node != null) 

        { 

            result.Add(node); 

            Node currentNode = node.GetComponent<Node>(); 

            node = currentNode.GetParentNode(); 

        } 

 

        result.Reverse(); 

        return result; 

    } 

 

    private Transform DijkstrasAlgo(Transform start, Transform end) 

    { 

        double startTime = Time.realtimeSinceStartup; 

 

        List<Transform> unexplored = new List<Transform>(); 

 

        foreach (GameObject obj in nodes) 

        { 

            Node n = obj.GetComponent<Node>(); 

            if (n.IsWalkable()) 

            { 

                n.ResetNode(); 

                unexplored.Add(obj.transform); 

            } 

        } 

 

        Node startNode = start.GetComponent<Node>(); 

        startNode.SetWeight(0); 

 

        while (unexplored.Count > 0) 

        { 

            unexplored.Sort((x,y)=>x.GetComponent<Node>().GetWeight() 

.CompareTo(y.GetComponent<Node>().GetWeight())); 

        

            Transform current = unexplored[0]; 

            unexplored.Remove(current); 

 

            currentNode = current.GetComponent<Node>(); 

            List<Transform> neighbours = currentNode.GetNeighbourNode(); 

 

            foreach (Transform neighNode in neighbours) 

            { 

                Node node = neighNode.GetComponent<Node>(); 

 

                if (unexplored.Contains(neighNode) && node.IsWalkable()) 
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                { 

                    float distance = 

Vector3.Distance(neighNode.position, current.position); 

                    distance = currentNode.GetWeight() + distance; 

 

                    if (distance < node.GetWeight()) 

                    { 

                        node.SetWeight(distance); 

                        node.SetParentNode(current); 

                    } 

                } 

            } 

        } 

        double endTime = (Time.realtimeSinceStartup - startTime); 

        Debug.Log("Compute time: " + endTime); 

        isDone = true; 

        Debug.Log("Path completed!"); 

        return end; 

         

    } 

} 

 

Б.2.2 Реалізація алгоритму А* 

 

using UnityEngine; 

using System.Collections; 

using System.Collections.Generic; 

using System; 

 

public class Pathfinding : MonoBehaviour { 

  

 PathRequestManager requestManager; 

 Grid grid; 

 public GameObject node; 

 void Awake() { 

  requestManager = GetComponent<PathRequestManager>(); 

  grid = GetComponent<Grid>(); 

 } 

 public void StartFindPath(Vector3 startPos, Vector3 targetPos) { 

  StartCoroutine(FindPath(startPos,targetPos)); 

 }  

 IEnumerator FindPath(Vector3 startPos, Vector3 targetPos) { 

 

  Vector3[] waypoints = new Vector3[0]; 

  bool pathSuccess = false; 

   

  Node startNode = grid.NodeFromWorldPoint(startPos); 

  Node targetNode = grid.NodeFromWorldPoint(targetPos); 

   

   

  if (startNode.walkable && targetNode.walkable) { 

   Heap<Node> openSet = new Heap<Node>(grid.MaxSize); 

   HashSet<Node> closedSet = new HashSet<Node>(); 

   openSet.Add(startNode); 

    

   while (openSet.Count > 0) { 

    Node currentNode = openSet.RemoveFirst(); 

    closedSet.Add(currentNode);     

    if (currentNode == targetNode) { 

     pathSuccess = true;     



98 

     break; 

    } 

     

    foreach (Node neighbour in 

grid.GetNeighbours(currentNode)) { 

     if(!neighbour.walkable || 

closedSet.Contains(neighbour)) { 

      continue; 

     }      

     int newMovementCostToNeighbour = 

currentNode.gCost + GetDistance(currentNode, neighbour); 

     if (newMovementCostToNeighbour < 

neighbour.gCost || !openSet.Contains(neighbour)) { 

      neighbour.gCost = 

newMovementCostToNeighbour; 

      neighbour.hCost = GetDistance(neighbour, 

targetNode); 

      neighbour.parent = currentNode; 

       

      if (!openSet.Contains(neighbour)) 

       openSet.Add(neighbour); 

     } 

    } 

   } 

  } 

  yield return null; 

  if (pathSuccess) { 

   waypoints = RetracePath(startNode,targetNode); 

  } 

  requestManager.FinishedProcessingPath(waypoints,pathSuccess); 

   

 } 

  

 Vector3[] RetracePath(Node startNode, Node endNode) { 

  List<Node> path = new List<Node>(); 

  Node currentNode = endNode;   

  while (currentNode != startNode) { 

   path.Add(currentNode); 

   currentNode = currentNode.parent; 

  } 

  Vector3[] waypoints = SimplifyPath(path); 

  Array.Reverse(waypoints); 

  return waypoints; 

   

 } 

  

 Vector3[] SimplifyPath(List<Node> path) { 

  List<Vector3> waypoints = new List<Vector3>(); 

  Vector2 directionOld = Vector2.zero;   

  for (int i = 1; i < path.Count; i ++) { 

   Vector2 directionNew = new Vector2(path[i-1].gridX - 

path[i].gridX,path[i-1].gridY - path[i].gridY); 

   if (directionNew != directionOld) { 

    waypoints.Add(path[i].worldPosition); 

   node=MonoBehaviour.Instantiate(Resources.Load("Current", 

typeof(GameObject)))as GameObject; 

    node.transform.position = path[i].worldPosition; 

   } 

   directionOld = directionNew; 

  } 

  return waypoints.ToArray(); 

 }  

 int GetDistance(Node nodeA, Node nodeB) { 

  int dstX = Mathf.Abs(nodeA.gridX - nodeB.gridX); 
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  int dstY = Mathf.Abs(nodeA.gridY - nodeB.gridY);   

  if (dstX > dstY) 

   return 14*dstY + 10* (dstX-dstY); 

  return 14*dstX + 10 * (dstY-dstX); 

 }} 

 

Б.2.3 Реалізація генетичного алгоритму 

  

using System; 

using System.Linq; 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

public class GeneticAlgorithm { 

 public List<Genome> genomes; 

 public List<Genome> lastGenerationGenomes; 

 

 public int populationSize = 600; 

 public double crossoverRate = 0.4f; 

 public double mutationRate = 1f; 

 public int chromosomeLength = 40; 

 public int geneLength = 2; 

 public int fittestGenome; 

 public double bestFitnessScore; 

 public double totalFitnessScore; 

 public int generation; 

 public MazeController mazeController; 

 public bool busy; 

 double startTime; 

 System.Random random = new System.Random(0); 

 public GeneticAlgorithm() { 

  busy = false; 

  genomes = new List<Genome> (); 

  lastGenerationGenomes = new List<Genome> (); 

 } 

 public void Mutate(List<int> bits) { 

  for (int i = 0; i < bits.Count; i++) { 

   if (random.NextDouble() < mutationRate) { 

    bits [i] = bits [i] == 0 ? 1 : 0; 

   } 

  } 

 } 

 public void Crossover(List<int> mom, List<int> dad, List<int> baby1, 

List<int> baby2) { 

  if (random.NextDouble() > crossoverRate || mom == dad) { 

   baby1.AddRange(mom); 

   baby2.AddRange(dad); 

   return; 

  } 

  int crossoverPoint = random.Next (0, chromosomeLength - 1); 

  for (int i = 0; i < crossoverPoint; i++) { 

   baby1.Add (mom [i]); 

   baby2.Add (dad [i]); 

  }    

  for (int i = crossoverPoint; i < mom.Count; i++) { 

   baby1.Add (dad [i]); 

   baby2.Add (mom [i]); 

  } 

 } 
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 public Genome RouletteWheelSelection() { 

  double slice = random.NextDouble() * totalFitnessScore; 

  double total = 0; 

  int selectedGenome = 0; 

 

  for (int i = 0; i < populationSize; i++) { 

   total += genomes [i].fitness; 

 

   if (total > slice) { 

    selectedGenome = i; 

    break; 

   } 

  } 

  return genomes[selectedGenome]; 

 } 

 

 public void UpdateFitnessScores() { 

  fittestGenome = 0; 

  bestFitnessScore = 0; 

  totalFitnessScore = 0; 

 

  for (int i = 0; i < populationSize; i++) { 

   List<int> directions = Decode (genomes [i].bits); 

   genomes [i].fitness = mazeController.TestRoute 

(directions); 

 

   totalFitnessScore += genomes [i].fitness; 

 

   if (genomes [i].fitness > bestFitnessScore) { 

    bestFitnessScore = genomes [i].fitness; 

    fittestGenome = i; 

 

    if (genomes [i].fitness == 1) { 

     busy = false;  

     Debug.Log(lastGenerationGenomes.Count); 

     double endTime = (Time.realtimeSinceStartup - 

startTime); 

     Debug.Log(endTime); 

     return; 

    } 

   } 

  } 

 } 

  

 public List<int> Decode(List<int> bits) { 

  List<int> directions = new List<int> (); 

 

  for (int geneIndex = 0; geneIndex < bits.Count; geneIndex += 

geneLength) { 

   List<int> gene = new List<int> (); 

 

   for (int bitIndex = 0; bitIndex < geneLength; bitIndex++) { 

    gene.Add (bits [geneIndex + bitIndex]); 

   } 

 

   directions.Add (GeneToInt (gene)); 

  } 

  return directions; 

 } 

  

 public int GeneToInt(List<int> gene) { 

  int value = 0; 

  int multiplier = 1; 
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  for (int i = gene.Count; i > 0; i--) { 

   value += gene [i - 1] * multiplier; 

   multiplier *= 2; 

  } 

  return value; 

 } 

 

 public void CreateStartPopulation() { 

  genomes.Clear (); 

 

  for (int i = 0; i < populationSize; i++) { 

   Genome baby = new Genome (chromosomeLength); 

   genomes.Add (baby); 

  } 

 } 

 

 public void Run() { 

  startTime = Time.realtimeSinceStartup; 

  CreateStartPopulation (); 

  busy = true; 

 } 

 

 public void Epoch() { 

  if (!busy) return; 

  UpdateFitnessScores (); 

 

  if (!busy) { 

   lastGenerationGenomes.Clear(); 

   lastGenerationGenomes.AddRange (genomes); 

   return; 

  } 

   

  int numberOfNewBabies = 0; 

 

  List<Genome> babies = new List<Genome> (); 

  while (numberOfNewBabies < populationSize) { 

 

   Genome mom = RouletteWheelSelection (); 

   Genome dad = RouletteWheelSelection (); 

   Genome baby1 = new Genome(); 

   Genome baby2 = new Genome(); 

   Crossover (mom.bits, dad.bits, baby1.bits, baby2.bits); 

   Mutate (baby1.bits); 

   Mutate (baby2.bits); 

   babies.Add (baby1); 

   babies.Add (baby2); 

 

   numberOfNewBabies += 2; 

  } 

   

  lastGenerationGenomes.Clear(); 

  lastGenerationGenomes.AddRange (genomes); 

  genomes = babies; 

  generation++; 

 } 

} 

 


