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LAMPIRAN 

1.1. LAMPIRAN 1. Code pada permodelan 

using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

using System; 

using System.Linq; 

using UnityEditor; 

using Random = UnityEngine.Random; 

 

namespace theLastHope{ 

 

    public enum State{ 

        idle, 

        walking, 

        shotlaser, 

        spesialShooting, 

        dead, 

        wait, 

    } 

 

    //stats NPC Boss 

    public struct Boss { 

        private static int nbBoss = 0; 

        public static float moveSpeed = 20f; 

        public static float stoppingDistance=5f; 

        public static float laserRange=6f; 

        public static float spesialShotRange=11f; 

        public static float startBetweenShots=0.3f; 

        public static float timeBetweenShots=0f; 

        public static float timeBetweenMissile=0f; 

 

        public int BossID; 

        public Vector2 position; 

        public int health; 

 

        public Boss(Vector2 pos){ 

            BossID = nbBoss; 

            nbBoss++; 

            position = pos; 

            health = 750; 
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        } 

 

        public Boss(Boss BossToCopy){ 

            BossID = BossToCopy.BossID; 

            position = BossToCopy.position; 

            health = BossToCopy.health; 

        } 

 

        public static void setnbBoss(int i){ 

            nbBoss = i; 

        } 

    } 

     

public class Model  

{ 

   private Boss [] bossList; 

   public Transform target; 

   private Animator animator; 

   private GameObject bulletPrefab; 

   private GameObject RocketPrefab; 

   private GameObject rocket; 

   private circleBullet spesialShot; 

   private spiral spesialShot2; 

   private doubleSpiral spesialShot3; 

   private redzone redzones; 

   public float inGameTimer; 

   public float inGameDeltaTime; 

    private Dictionary<string, object> myGameState; 

 

   //jika ke 2 player masih hidup 

   public bool isBothAgentAlive; 

 

    public Boss getWinner() 

    { 

        foreach (Boss boss in bossList) 

        { 

            if (boss.health > 0) return boss; 

        } 

        return bossList[0]; 

    } 

 

     // TEMPORARY VARIABLES 

    private List<int> idList; 

    private Vector2 tempPosition = new Vector2(-1.66f, 10.83f); 

    private int tempInt; 

    private int spesialShotState =0; 

    private float delayTimer = 3f; 
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    public Model(Transform targetTransform, GameObject boss, int 

numberOfBoss, GameObject ammo, GameObject rocket){ 

        Boss.setnbBoss(0); 

        target = targetTransform; 

        bulletPrefab = ammo; 

        RocketPrefab = rocket; 

        spesialShot = boss.GetComponent<circleBullet>(); 

        spesialShot2 = boss.GetComponent<spiral>(); 

        spesialShot3 = boss.GetComponent<doubleSpiral>(); 

        redzones = boss.GetComponent<redzone>(); 

        animator = boss.GetComponent<Animator>(); 

        myGameState = new Dictionary<string, object>(); 

        bossList = new Boss[numberOfBoss]; 

        tempPosition = new Vector2(-1.66f, 10.83f); 

        isBothAgentAlive=true; 

        

    } 

 

    public Model(Model modelToCopy){ 

        inGameTimer = 0f; 

        target = modelToCopy.target; 

        bulletPrefab = modelToCopy.bulletPrefab; 

        spesialShot = modelToCopy.spesialShot; 

        spesialShot2 = modelToCopy.spesialShot2; 

        spesialShot3 = modelToCopy.spesialShot3; 

        RocketPrefab = modelToCopy.RocketPrefab; 

        redzones = modelToCopy.redzones; 

        tempPosition = modelToCopy.tempPosition; 

        animator = modelToCopy.animator; 

        bossList = new Boss[modelToCopy.bossList.Length]; 

        foreach (Boss boss in modelToCopy.bossList){ 

            bossList[boss.BossID] = new Boss(boss); 

        } 

        isBothAgentAlive = true; 

        myGameState = new Dictionary<string, object>(); 

    } 

 

     public void actionHandler(State state, int BossID) 

    { 

        if (state != State.dead) 

        { 

 

            bossList[BossID].position = tempPosition; 

            spesialShot.CancelInvoke("Fire"); 
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            spesialShot2.CancelInvoke("Fire"); 

            spesialShot3.CancelInvoke("Fire"); 

            switch (state) 

            { 

                case State.walking: 

                 Debug.Log("walking"); 

                 if(Vector2.Distance(tempPosition, target.position) 

> Boss.stoppingDistance){ 

                tempPosition = Vector2.MoveTowards(tempPosition, 

target.position, Boss.moveSpeed * Time.deltaTime); 

                 }   

               if(Vector2.Distance(tempPosition, target.position) < 

Boss.stoppingDistance){ 

                tempPosition = Vector2.MoveTowards(tempPosition, 

target.position, -Boss.moveSpeed * Time.deltaTime); 

               } 

                    break; 

             

                case State.shotlaser: 

                if(Vector2.Distance(tempPosition, 

target.position)<Boss.laserRange){ 

                if(Boss.timeBetweenShots <=0){ 

                Debug.Log("laserShoot"); 

                animator.SetBool("laser", true); 

               GameObject.Instantiate(bulletPrefab, tempPosition, 

Quaternion.identity); 

                Boss.timeBetweenShots = Boss.startBetweenShots; 

                }else{ 

                Boss.timeBetweenShots -= Time.deltaTime; 

                animator.SetBool("laser", false); 

                 } 

                }else{ 

                    Debug.Log("player diluar jangkauan"); 

                    animator.SetBool("laser", false); 

                 } 

                    break; 

 

             

                case State.spesialShooting: 

                if(Vector2.Distance(tempPosition, 

target.position)<Boss.spesialShotRange){ 

                if (spesialShotState == 0) 

                { 

                Debug.Log("circleShoot"); 

                animator.SetTrigger("spesialShot"); 

                spesialShot.InvokeRepeating("Fire", 0f, 1f); 

                spesialShotState = 1; 
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                } 

                else if (spesialShotState == 1) 

                { 

                if(delayTimer>=0){ 

                delayTimer-=Time.deltaTime; 

                Debug.Log("spiralShoot"); 

                animator.SetTrigger("spesialShot"); 

                spesialShot2.InvokeRepeating("Fire", 0f, 0.1f); 

                }else{ 

                spesialShotState = 2; 

                delayTimer = 3f; 

                } 

                } 

                else if (spesialShotState == 2) 

                { 

                if(delayTimer>=0){ 

                delayTimer-=Time.deltaTime; 

                Debug.Log("doubleSPiralShoot"); 

                animator.SetTrigger("spesialShot"); 

                spesialShot3.InvokeRepeating("Fire", 0f, 0.1f); 

                }else{ 

                spesialShotState = 3; 

                delayTimer = 3f; 

                } 

                }else if(spesialShotState == 3){ 

                if(Boss.timeBetweenMissile <=0){ 

                    if(Vector2.Distance(tempPosition, 

target.position)>Boss.laserRange){ 

                 Debug.Log("rocket"); 

                 animator.SetTrigger("spesialShot"); 

                GameObject.Instantiate(RocketPrefab, tempPosition, 

Quaternion.identity); 

                Boss.timeBetweenMissile = 

Boss.startBetweenShots;                  

                redzones.redzoneArea(); 

                spesialShotState = 0; 

                    } 

                }else{ 

                    Boss.timeBetweenMissile -= Time.deltaTime; 

                } 

                } 

                }else{ 

                    state = State.idle; 

                } 

                    break; 

                default: 

                    break; 
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            } 

           

        } 

    } 

 

     public Dictionary<string, object> getGameState() 

    { 

        myGameState["AgentsInfo"] = bossList; 

         

        return myGameState; 

    } 

     

 

} 

 

 

 

} 

  

1.2. LAMPIRAN 2. Code pada Algoritma MCTS untuk memilih aksi 
 

using System; 

using System.Collections.Generic; 

using UnityEngine.UI; 

using UnityEngine; 

using Random = UnityEngine.Random; 

 

namespace theLastHope{ 

 

public class GameSimul{ 

 

    public static bool isFinished = false; 

 

    public static int finalSituation = -1; // 0 = gameover; 1 = win 

     

    public static int TouchAdv = -1; // 0 = jika player tidak 

terkena hit; 1 = jika player terkena hit 

     

    public static int TouchME = -1; // 0 = jika npc boss tidak 

terkena hit; 1 = jika npc boss terkena hit    

 

    public static int[] ppMe = new int[4], ppAdv = new int[4]; 
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    public static Model copymodel = null; 

     

 

  

 

    public static void Reset(){ 

        TouchAdv = 0; 

        TouchME = 0; 

        isFinished = false; 

        finalSituation = -1; 

       

    } 

 

    public static void PlayAction(Node state){ 

 

        GameObject playerGameObject = 

GameObject.FindGameObjectWithTag("Player");  

    GameObject bossGameObject = 

GameObject.FindGameObjectWithTag("Boss"); 

        //if (Time.time >= nextActionTime) { 

        Debug.Log("Pilih Aksi"); 

        // memilih aksi yang disimulasikan 

       copymodel.actionHandler(state.state,1); 

        

       //melakukan aksi random 

       State action = (State)Random.Range(0, 4); 

       copymodel.actionHandler(action,0);  

        

       movement player = playerGameObject.GetComponent<movement>(); 

       bossHealth boss = bossGameObject.GetComponent<bossHealth>(); 

       if (player.health <= 0 && boss.currentHealth <= 0) 

       { 

            Debug.Log("tidak ada yang mati"); 

           finalSituation = 2; //tidak ada yang mati 

           isFinished = true; 

       }else if(player.health <= 0){//jika player dikalahkan 

            finalSituation = 1; 

            isFinished = true; 

       } 

        

        else if(boss.currentHealth <=0){ //jika boss dikalahkan 

            finalSituation = 0; 

            isFinished = true; 

        } 

 

        if(player.terkenaHit == true){   //jika boss mengenai player 

            Debug.Log("kena hit"); 
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            TouchAdv = 1; 

        }else{ 

             TouchAdv = 0; 

        } 

        if(boss.bossTerkenaHit == true){ 

            Debug.Log("boss kena hit"); 

            TouchME = 1;    

        }else{ 

            TouchME=0; 

        } 

         

         

    } 

 

    public static System.Array GetNextPossibleAction(Node n){ 

//mengembalikan kemungkinan tindakan yang dilakukan 

        Debug.Log("mengembalikan kembali tindakan"); 

        return State.GetValues(typeof(State)); 

    } 

 

    public static object GetRandomAction(System.Array actions){ 

        Debug.Log("melakukan aksi random"); 

        System.Random rand = new System.Random(); 

        int i = 0; 

        if(i >= 1){ 

            return State.wait; 

        }else{ 

            return actions.GetValue(rand.Next(actions.Length-1)); 

        } 

 

    } 

} 

 

public struct Register{ 

    public int a; 

    public int b; 

 

    public Register(int a,int b){ 

        Debug.Log("register"); 

        this.a = a; 

        this.b = b; 

    } 

} 

 

} 
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1.3. LAMPIRAN 3. Code pada Node Algoritma MCTS 
using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

 

namespace theLastHope{ 

 

public class Node 

{ 

    private List<Node> children; 

 

    public Node parent; 

 

    public State state; //state pada permodelan 

    public Register data; 

 

    public Node(Register data){ 

        this.data = data; 

        this.children = new List<Node>(); 

    } 

    public Node(Node parent, Register data){ 

        this.parent = parent; 

        this.data = data; 

        this.children = new List<Node>(); 

    } 

    public Node AddChild(Register data) 

    { 

        Node child = new Node(data); 

        children.Add(child); 

        return child; 

    } 

 

    public List<Node> getPossibleAction(){ //kumpulkan node yang 

sudah dibuat 

        return children; 

    } 

    public int nbChilden(){ //mengambil sejumlah anak pada anak 

pohon 

        return children.Count; 

    } 

 

    public void setState(State p){ //menetapkan state 

        this.state = p; 

    } 

 

    public static void Retropropagation(Node node){   
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        int i = 0; 

        int validate = node.data.a; 

        while(node.parent != null){ 

            Debug.Log("melakukan Retropropagation"); 

            node.parent.data.a += validate;  

            node.parent.data.b++; 

            node = node.parent; 

          //  if(i++ > 10000) break; 

 

        } 

    } 

 

    public Node Exist(State p ){ 

        if(children != null){ 

            foreach(var child in children){ 

                if(child.state == p){ 

                    return child; 

                } 

            } 

        } 

        return null; 

    } 

    public Node GetChild(int i) 

    { 

        foreach (Node n in children) 

            if (--i == 0) 

                return n; 

        return null; 

    } 

 

} 

 

} 
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1.4. LAMPIRAN 4. Code pada Algoritma MCTS 
using System.Collections; 

using System.Collections.Generic; 

using UnityEngine; 

using System; 

 

namespace theLastHope{ 

 

    public class MCTS  

{ 

    private Node tree; 

     

    private float born; 

    private Model model; 

    private int BossID = 1; 

    private int maxIteration = 10; 

    private int iterationCount = 0; 

    private Model simumodel; 

 

     public MCTS(Model model)  

    { 

        tree = new Node(new Register(0, 0)); 

        born = 0.0f; 

    

        this.model = model; 

    } 

 

      public bool trust() 

    { 

        foreach (Node n in tree.getPossibleAction()) 

        { 

            if (n.data.b > 10) 

            { 

                Debug.Log("setidaknya salah satu node harus dapat 

diandalkan"); 

                return true; 

            } 

        } 

 

        return false; 

    } 

 

    public State interact() //SELECT BEST ACTION IN THREE 

    { 

        iterationCount = 0; 
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        for (int i =0;i<maxIteration;i++) 

        { 

            Debug.Log("melakukan simulasi");    

            simulate(tree);  

        } 

 

    float maxHeuristicScore = float.MinValue; 

    Node selectedNode = null; 

 

    foreach (Node child in tree.getPossibleAction()) 

    { 

        if (child.state != State.dead) 

        { 

            Debug.Log("menghitung skor heuristik"); 

            // Hitung skor heuristik untuk masing-masing child node 

            float heuristicScore = calculateHeuristicScore(child); 

 

            if (heuristicScore > maxHeuristicScore) 

            { 

                 Debug.Log("jika heuristicScore lebih besar dari 

maxHeuristicScore"); 

                maxHeuristicScore = heuristicScore; 

                selectedNode = child; 

            } 

        } 

    } 

 

    if (selectedNode != null) 

    { 

         Debug.Log("select node dari hasil heuristik");    

        tree = selectedNode; 

        return selectedNode.state; 

    } 

    else 

    { 

        // Jika tidak ada aksi yang dipilih menggunakan heuristik, 

gunakan UCB1 

         Debug.Log("memilih aksi menggunakan UCB1"); 

        Node bestChild = selectBestChild(tree); 

        if (bestChild != null) 

        { 

            tree = bestChild; 

            return bestChild.state; 

        } 

    } 

 

    return State.dead; 
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} 

     

 

 

 

    void simulate(Node action) //Simulation 

    { 

         

        simumodel = new Model(model);  //Kami menyalin model saat 

ini 

        GameSimul.copymodel = simumodel; 

 

        //Selama simulasi belum selesai 

        while (!GameSimul.isFinished && iterationCount < 

maxIteration) 

        { 

            float heuristicScore = calculateHeuristicScore(action); 

            System.Array actions = 

GameSimul.GetNextPossibleAction(action); 

 

            //  Memilih tindakan random 

            State choice = (State) 

GameSimul.GetRandomAction(actions); 

            //  encore Buat simpul (oleh karena itu tindakan) jika 

belum ada 

            //  mengecek apakah node sudah ada di daftar atau tidak 

            Node exitanteNode = action.Exist(choice); 

            if (exitanteNode == null) 

            { 

                Debug.Log("tindakan baru menjadi tindakan saat 

ini");    

                Node selectedAction = action.AddChild(new 

Register(0, 0)); 

                selectedAction.parent = action; 

                selectedAction.setState(choice); 

 

                action = selectedAction; //Tindakan baru menjadi 

tindakan saat ini 

            } 

            else 

            { 

                Debug.Log("tindakan saat ini adalah tindakannya");    

                action = exitanteNode;   //lakukan tindakan yang 

sudah ada 

            } 
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            // Mulai aksi 

             Debug.Log("mulai aksi");    

            GameSimul.PlayAction(action); 

 

            iterationCount++;   

        } 

 

        //  Menerapkan nilai ke lembar terakhir 

        action.data.b = 1; 

        if (GameSimul.finalSituation == 0) //gameover 

        { 

            Debug.Log("gameSimul situasi gameOver"); 

            action.data.a = -1; 

            

        } 

         

        if (GameSimul.finalSituation == 2) //égalité 

        { 

            Debug.Log("jika boss dan player masih hidup"); 

            action.data.a = 0; 

            

        } 

         

        else if (GameSimul.finalSituation == 1)//win 

        { 

           Debug.Log("membunuh player"); 

            action.data.a = 1; 

             

        } 

 

        // Retroprograpagation dari tindakan 

        Node.Retropropagation(action); 

        // reset simulasi 

        GameSimul.Reset();  

    } 

     

 

     private Node selectBestChild(Node node) 

    { 

        float explorationFactor = 1.4f; // Faktor eksplorasi, dapat 

disesuaikan sesuai kebutuhan 

        float maxHeuristicScore = float.MinValue; 

        Node bestChild = null; 

        float bestUCB1 = float.MinValue; 

 

        foreach (Node child in node.getPossibleAction()) 
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        { 

            if (child.state != State.dead) 

        { 

            float exploitation = (float)child.data.a / 

(float)child.data.b; 

            float exploration = Mathf.Sqrt(Mathf.Log(tree.data.b) / 

child.data.b); 

            float ucb1 = exploitation + explorationFactor * 

exploration; 

 

            if (ucb1 > maxHeuristicScore) 

            { 

                maxHeuristicScore = ucb1; 

                bestChild = child; 

            } 

        } 

 

        if (child.data.a == child.data.b) 

        { 

            break; 

        } 

 

    // memilih node mana yang terbaik 

    if (bestChild != null) 

    { 

        tree = bestChild; 

        tree.parent = null; 

    } 

 

    } 

 

        return bestChild; 

 

} 

private float calculateHeuristicScore(Node node) 

{ 

    float heuristicScore = 0.0f; 

 

    if (node.state == State.shotlaser) 

    { 

        Debug.Log("menilai aksi shotlaser"); 

        // menilai aksi laser 

        if(GameSimul.TouchAdv == 1){ 

        heuristicScore += 0.5f; 

        }else{ 

             heuristicScore -= 0.5f; 
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        } 

         

    } 

     if (node.state == State.spesialShooting) 

    { 

        Debug.Log("menilai aksi spesialShot"); 

        // menilai aksi spesialshot 

        if(GameSimul.TouchAdv == 1){ 

        heuristicScore += 0.5f; 

        }else{ 

             heuristicScore -= 0.5f; 

        } 

        

    } 

    // Implementasikan logika perhitungan skor heuristik di sini 

    // Menggunakan informasi dari node untuk menghitung skor 

heuristik 

 

    return heuristicScore; // Mengembalikan skor heuristik, 

sesuaikan dengan logika Anda 

} 

 

} 

} 

 
 

1.5. LAMPIRAN 5. Partisipasi Dalam Uji Coba 
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1.6. LAMPIRAN 6. Pengujian Fungsional 
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1.7. LAMPIRAN 7. Pengujian BlackBox 
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