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ArraylList<StateObservation> pastState = new ArraylList<~>();

ArraylList<Types.ACTIONS> Actions = new ArraylList<~>();
int now = ©;

boolean flag = false;

equalTest B& %

boolean equalTest(StateObservation state){
for(StateObservation so : pastState){
if(state.equalPosition(so)){
return true;

}

return false;

getDepthFirstActions B8 %



boolean getDepthFirstActions(StateObservation stateObs, ElapsedCpuTimer

pastState.add(stateObs);
for(Types.ACTIONS action : stateObs.getAvailableActions()){
StateObservation stCopy = stateObs.copy();
stCopy.advance(action);
Actions.add(action);
if(stCopy.getGameWinner() == Types.WINNER.PLAYER_WINS){
return true;
}
if(equalTest(stCopy) || stCopy.isGameOver()){
Actions.remove( index: Actions.size() - 1);

}
else{
if(getDepthFirstActions(stCopy,elapsedTimer)){
return true;
}
else {
Actions.remove( index: Actions.size() - 1);
}
}

}
pastState.remove( index: pastState.size() - 1);
return false;
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public Types.ACTIONS act(StateObservation stateObs, ElapsedCpuTimer elapsedTimer) {

ArraylList<Observation>[] npcPositions = stateObs.getNPCPositions();

Arraylist<Observation>[] fixedPositions = stateObs.getImmovablePositions();

ArraylList<Observation»>[] movingPositions = stateObs.getMovablePositions();
ArraylList<Observation>[] resourcesPositions = stateObs.getResourcesPositions();
ArraylList<Observation>[] portalPositions = stateObs.getPortalsPositions();

grid = stateObs.getObservationGrid();

/*printDebug(npcPositions, "npc");
printDebug(fixedPositions, "fix");

printDebug(movingPositions, "mov");
printDebug(resourcesPositions, "res");
printDebug(portalPositions, “por”);
System.out.println(); */

if(!flag){
flag = getDepthFirstActions(stateObs, elapsedTimer);

if(now < Actions.size()){

nowW++;

return Actions.get(now - 1);
¥

return null;
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Java-VGDL: Score:5.0. Tick:10 [Player WINS!]
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ArraylList<StateObservation> pastState = new ArraylList<~>(); S/ TEREELL BIIAS
Arraylist<Types.ACTIONS> Actions = new Arraylist<~>(); /S EEEL B

Arraylist<Types.ACTIONS> bestAction = new Arraylist<~>(); /) TFHEIEZE L ISR R I

double bestScore = 10000;
boolean hasKey = false;
int singleSearchDepth = 0;
int searchDepth = 5;
Vector2d goalpos;

Vector2d keypos;
double goal_keyDistance;

equalTest 5%k

boolean equalTest(StateObservation state){
for(StateObservation so : pastState){
if(state.equalPosition(so)){
return true;

}

return false;
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double distance(StateObservation stateObs){ VIELE: ¥ ¥ ¥fdistance
Vector2d playerpos = stateObs.getAvatarPosition();
if(hasKey){
return Math.abs(goalpos.x - playerpos.x) + Math.abs(goalpos.y - playerpos.y); /f QR EE TR, R g
}
else{
for(StateObservation so : pastState){ /1 1T f i iR JTE 7

if(so.getAvatarPosition().equals(keypos)){
return Math.abs(goalpos.x - playerpos.x) + Math.abs(goalpos.y - playerpos.y);

}
return Math.abs(playerpos.x - keypos.x) + Math.abs(playerpos.y - keypos.y) + goal_keyDistance;

/R R LT, BB R 5

getDepthFirstActions & %] :

void getLimitDepthFirstActions(StateObservation stateObs, ElapsedCpuTimer elapsedTimer){
pastState.add(stateObs); /7 FE AT A CEL TR
singleSearchDepth++; /11 j
for(Types.ACTIONS action : stateObs.getAvailableActions()){
StateObservation stCopy = stateObs.copy();
stCopy.advance(action);
Actions.add(action);
if(singleSearchDepth == searchDepth){
double score = distance(stateObs);
if(score < bestScore){
bestAction = (Arraylist<Types.ACTIONS») Actions.clone();
bestScore = score;

}
else if(stCopy.getGameWinner() == Types.WINNER.PLAYER_WINS) {
double score = -50 * (searchDepth - singleSearchDepth);

if(score < bestScore) { /R
bestAction = (ArraylList<Types.ACTIONS») Actions.clone();
bestScore = score;

Actions.remove( index: Actions.size() - 1); // # f 7, { f/ Rl PAEE, 1 7,
singleSearchDepth--;
pastState.remove( index: pastState.size() - 1);

return;
}
else if(equalTest(stCopy) || stCopy.isGameOver()){ VIR IE SIE & / {2 JEE P A LT
}
else{ &t Z
getLimitDepthFirstActions(stCopy,elapsedTimer); /T[T 1%
}
Actions.remove( index: Actions.size() - 1); [/
}
singleSearchDepth--; // CESHI1E3
pastState.remove( index: pastState.size() - 1);
return;

act B3



public Types.ACTIONS act(StateObservation stateObs, ElapsedCpuTimer elapsedTimer) {

if (stateObs.getAvatarPosition().equals(keypos)){ /7RG aFIRE Tl R AR B, Tt R T8
hasKey = true;

}

if(singleSearchDepth == @ && !hasKey){ /7B B kR SR B TR [ F5 2 ] 7 48 R i e 8
goalpos = stateObs.getImmovablePositions()[1].get(®@).position;
keypos = stateObs.getMovablePositions()[®].get(®).position;
goal_keyDistance = Math.abs(goalpos.x - keypos.x) + Math.abs(goalpos.y - keypos.y);

}

singleSearchDepth = 8; /1 VIS TE ST IR, RETFA SRR A%

bestScore = 10000;
Actions = new ArraylList<Types.ACTIONS>();
bestAction = new ArraylList<Types.ACTIONS>();

pastState.add(stateObs); /7 TSR EIMA CAEL R E
getLimitDepthFirstActions(stateObs, elapsedTimer); 1 EE— A T — iR B R ATIR I R AP, FEVE RN (FEE r ik fibestAction
return bestAction.get(e); L/ BATREF AT H 5
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public class Node {
public Node(StateObservation stateObs, double score, ArraylList<Types.ACTIONS> actions, ArraylList<StateObservation> pastState, boolean hasKey) {
this.stateObs = stateObs.copy();
this.score = score;
this.actions = (ArraylList<Types.ACTIONS>) actions.clone();
this.pastState = (ArraylList<StateObservation>) pastState.clone();
this.hasKey = hasKey;
// R4 1

}

StateObservation stateObs; //
double score; //
ArraylList<Types.ACTIONS> actions; //

ArraylList<StateObservation> pastState; //
boolean hasKey; //

public Node parent;

}
S A
Agent 28 It AR &
ArraylList<StateObservation> pastState = new ArraylList<~>(); g £
ArraylList<StateObservation> targetPastState = new ArraylList<~>(); /1 I T T gL A E

Comparator<Node> OrderDistance = Comparator.comparingDouble(o -> o.score);
PriorityQueue<Node> openState = new PriorityQueue<~>(OrderDistance); /1 GE X — R LT A, R

ArrayList<Types.ACTIONS> Actions = new Arraylist<~>();
int now = -1;

Vector2d goalpos;

Vector2d keypos;

double goal_keyDistance;

boolean haskey = false;

int searchDepth = 32;

/

CHR, ST BERT MK Flf FEIL Tl 5, AR, SR, ZRiAf AN A YsearchDepthit i,
searchDepth = 281 54 Al LU i, ACTION_TIME = 1560 ‘isearchDepth = 32 /A FHr i 26 8Eie b,
i SR e, ACTION_TIME = 4000815 ikibd, #searchDepth

pastEqualTest pF %
boolean pastEqualTest(StateObservation state){ S/ B FRAE .2 BT A F A
for(StateObservation so : pastState){
if(state.equalPosition(so)){
return true;
}
}
return false;
}
equalNode p% %
Node equalNode(StateObservation state){ /1 IR B RE ARG ARG & AR A . BB T, B AR lEinul L

for(Node node : openState){
if(state.equalPosition(node.stateObs)){
return node;

}

return null;



Ja k2B $ distance:

double distance(StateObservation stateObs, boolean hasKey){ /! A AT A X (i #idistance
Vector2d playerpos = stateObs.getAvatarPosition(); Vit L
if(hasKey){
return Math.abs(goalpos.x - playerpos.x) + Math.abs(goalpos.y - playerpos.y) + (Actions.size() * 50); Vg IE Tate
}

return Math.abs(playerpos.x - keypos.x) + Math.abs(playerpos.y - keypos.y) + goal_keyDistance + (Actions.size() * 58);

getAStarActions % :

void getAStarActions(StateObservation stateObs, ElapsedCpuTimer elapsedTimer){

openState = new PriorityQueue<Node>(OrderDistance); Vg
pastState = (Arraylist<StateObservation>) targetPastState.clone(); £ £
Actions = new ArraylList<Types.ACTIONS>(); I

Node startNode = new Node(stateObs,distance(stateObs, hasKey), Actions, targetPastState, hasKey);

openState.add(startNode);

while(lopenState.isEmpty()) { 7/ RELET
Node temp = openState.poll(); /1
Actions = (ArraylList<Types.ACTIONS>) temp.actions.clone();
targetPastState = (ArraylList<StateObservation>) temp.pastState.clone();
pastState.add(temp.stateObs);
targetPastState.add(temp.stateObs);
if(Actions.size() == searchDepth){ Vg Es

return;

AopenState /-

temp

1¥Actions #1%

targetPastState
f5temp ik

fitemp 7

}
hasKey = temp.hasKey;
if(lhasKey){
if(temp.stateObs.getAvatarPosition().equals(keypos)){
hasKey = true;

}

for(Types.ACTIONS action : temp.stateObs.getAvailableActions()){
StateObservation stCopy = temp.stateObs.copy();
stCopy.advance(action);

Actions.add(action);
if(stCopy.getGameWinner() == Types.WINNER.PLAYER_WINS) {

fActions # fra0ff

return; // 0% fraStarAction i’
}
if(stCopy.isGameOver() || pastEqualTest(stCopy)) { 1/ G4 Rk AN, 1
Actions.remove( Index: Actions.size() - 1);
continue;
}
Node equalNode = equalNode(stCopy); // ##3openState 1 f%
if(equallode != null){ 7/
if(distance(stCopy,hasKey) < equalNode.score){ /14
openState.remove (equallode) ;
openState,add(new Node(stCopy,distance(stCopy,hasKey),Actions,targetPastState, hasKey));
}
Actions.remove( index: Actions.size() - 1);
}
else{ /3] R &, WA
openState.add(new Node(stCopy,distance(stCopy,hasKey),Actions,targetPastState, hasKey));
Actions.remove( index: Actions.size() - 1);
}

act KR %L:



public Types.ACTIONS act(StateObservation stateObs, ElapsedCpuTimer elapsedTimer) {

if(Actions.size() == @){
goalpos = stateObs.getImmovablePositions()[1].get(@).position;
keypos = stateObs.getMovablePositions()[@].get(®).position;
goal_keyDistance = Math.abs(goalpos.x - keypos.x) + Math.abs(goalpos.y - keypos.y);

H LR H R E . $EL(r E FIHTEL 5 [ BR.2 16 8 a1 5

now-++; /I ER TR

if(now == Actions.size()){ /S IR A FEE TG F R NI R C BT, BT LGRS #FE
getAStarActions(stateObs,elapsedTimer);
now = @;

}

return Actions.get(now); VIBAZE /2
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Java-VGDL: Score:7.0. Tick:37 [Player WINS!]

FERIBITHR:
Java—VGDL: Score:9.0. Tick:78 [Player WINS!]
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HiEAH:
BRI Agent X ZBT AT VIGR1L, G MCTSPlayer:

public Agent(StateObservation so, ElapsedCpuTimer elapsedTimer)

{

//Get the actions in a static array.

ArrayList<Types.ACTIONS> act = so.getAvailableActions();

actions = new Types.ACTIONS[act.size()];

for(int i = ©; i < actions.length; ++i)

{

actions[i] = act.get(i);

}

NUM_ACTIONS = actions.length;

//Create the player.

mctsPlayer = new SingleMCTSPlayer(new Random());
b

S5 A act BB %, JFFIA stateObs X mctsplayer X AT ¥I4k 4k (B H1Y SingleTreeNode 7 550, 2R /51
F mctsplayer 1] run 77753843 F— P IZIMMEM T bR, A 3I/ERH:

public Types.ACTIONS act(StateObservation stateObs, ElapsedCpuTimer elapsedTimer) {

ArraylList<Observation> obs[] = stateObs.getFromAvatarSpritesPositions();
Arraylist<Observation> grid[][] = stateObs.getObservationGrid();

//Set the state observation object as the new root of the tree.
mctsPlayer.init(stateObs);

//Determine the action using MCTS...
int action = mctsPlayer.run(elapsedTimer);

//... and return it.
return actions[action];

1€ run J5iEr, AR ET R AUH metsSearch 7735, I mostVisitedAction 77 RS BRI SHER T AR, & E
%R bR, ANE act J7ikiE I % T bRIR BB E

public int run(ElapsedCpuTimer elapsedTimer)

{
//Do the search within the available time.
m_root.mctsSearch(elapsedTimer);

//Determine the best action to take and return it.
int action = m_root.mostVisitedAction();

//int action = m_root.bestAction();

return action;
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1E mctsSearch J7iEH, 7R R S04 B9 Bl AW 30 8 FH = AN 716, B 962 H treePolocy J7iE IR EURFR R 1)
B R AR5 T AR T S rollOut J7 kXt 15 s AT IR ZE, IF3RIEN delta {8, 485 A backup J7 2 [E ¥,
H delta 180 9k 6 BRI S0 BT SO S0 totValue b, I BT A S0 nVisits $8 00 1, R EEEI,
TE I 8] 0 14 14D 3 Bl P R AT B 25 MR 2R 1T 45

public void mctsSearch(ElapsedCpuTimer elapsedTimer) {

double avgTimeTaken = 0;

double acumTimeTaken = @;

long remaining = elapsedTimer.remainingTimeMillis();
int numlIters = 8;

int remaininglLimit = 5;

while(remaining > 2*avgTimeTaken && remaining > remaininglimit){
ElapsedCpuTimer elapsedTimerIteration = new ElapsedCpuTimer();
SingleTreeNode selected = treePolicy();
double delta = selected.rollOut();
backUp(selected, delta);

numIters++;
acumTimeTaken += (elapsedTimerIteration.elapsedMillis()) ;

avgTimeTaken = acumTimeTaken/numIters;
remaining = elapsedTimer.remainingTimeMillis();

//System.out.printin(elapsedTimerIteration.elapsedMillis() + " --> " + acumTimeTaken + " (" + remaining + ")");

//System.out.printin(”-- " + numIters + " --

( " + avgTimeTaken + ")");

}

treePolicy J7 %0 T, W B A 45 ROF HARRIREE /N TR BNREE, ST SRR SRR M A, Wk
BT, MR A A expand T35, 3R (Bl —ANBEALIE S S AR BT 5 G ROE T R S R A
cur [ uct J5 ik 3RAF T RS cur, FRARSEAEIL, 5T 2 AR RIT IO KR TT

public SingleTreeNode treePolicy() {
SingleTreeNode cur = this;

while (!cur.state.isGameOver() &% cur.m_depth < Agent.ROLLOUT_DEPTH)

{
if (cur.notFullyExpanded()) {
return cur.expand();
} else {
SingleTreeNode next = cur.uct();
//SingleTreeNode next = cur.egreedy();
cur = next;
}
¥

return cur;

}

uct JE %0 A& T 5 uctValue (FME, MTHSR A ST DA 1 24 20 BB R I HL D7 1) BB ZD 1R 19 4 uctValue
o, BCR Sk, IR B RAE treePolicy 7 VAT B HUR R R -
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public SingleTreeNode uct() {

SingleTreeNode selected = null;
double bestValue = -Double.MAX VALUE;
for (SingleTreeNode child : this.children)

{
double hwVval = child.totValue;

double childvalue = hvVal / (child.nVisits + this.epsilon);

childvalue = Utils.normalise(childValue, bounds[@], bounds[1]);

double uctValue = childValue +

Agent.K * Math.sgrt(Math.log(this.nvisits + 1) / (child.nVisits + this.epsilon));

// small sampleRandom numbers: break ties in unexpanded nodes

uctvValue = Utils.noise(uctValue, this.epsilon, this.m rnd.nextDouble()); //break ties randomly

// small sampleRandom numbers: break ties in unexpanded nodes
if (uctValue > bestValue) {

selected = child;

bestValue = uctValue;

rollout 775 A\ 24 A IR ZS I 46 AN W7 BE ALk B3N 1F B 210k 2048 R IR B Bl sk 45 oK, SR 5
delta {6 IR Al :
public double rollOut()

{
StateObservation rollerState = state.copy();
int thisDepth = this.m_depth;
while (!finishRollout(rollerState,thisDepth)) {
int action = m_rnd.nextInt(Agent.NUM ACTIONS);
rollerState.advance(Agent.actions[action]);
thisDepth++;
}
double delta = value(rollerState);
if(delta < bounds[@])
bounds[@] = delta;
if(delta > bounds[1])
bounds[1] = delta;
return delta;
}

HWRE R G, A mostVisitedAction FiEBSBIEMAT U RIREBERZ ) 55 T hx:

St

value 77753RHX



13

public int mostvisitedAction() {
int selected = -1;
double bestValue = -Double.MAX_VALUE;
boolean allEqual = true;
double first = -1;

for (int i=0; i<children.length; i++) {

if(children[i] != null)
{
if(first == -1)
first = children[i].nVisits;
else if(first != children[i].nVisits)
{
allEqual = false;

double childValue = children[i].nVisits;
childvalue = Utils.noise(childvalue, this.epsilon, this.m_rnd.nextDouble()); //break ties randomly
if (childvalue > bestValue) {

bestValue = childValue;

selected = i;

U LI T AU ) BRI AR S, A TR T bestAction J7id, 45 BN 35 404 B 17T R AR SRR 1]

public int bestAction()
{
int selected = -1;
double bestValue = -Double.MAX_ VALUE;

for (int i=0; i<children.length; i++) {

if(children[i] != null) {
double childValue = children[i].totValue / (children[i].nVisits + this.epsilon);
childvalue = Utils.noise(childvalue, this.epsilon, this.m_rnd.nextDouble()); //break ties randomly
if (childvalue > bestValue) {
bestValue = childValue;

selected = i;

if (selected == -1)

{
System.out.println("Unexpected selection!");
selected = ©;

return selected;

PTCLAE— P AE act B8 U H X metsplayer % RBEATRIAALL, IF UM R run THREA R MG ENE, LX)
AWERRAEITLUG, #AT AAS2] —A RL action JFHAT, e & 3RAGER]
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