JIOJATOK A

I'padiunmii matepian arecrariitHoi poboTH

82



83

ArecTaniiina pobota
Ha TeMy:
«ANTOPHATMH POXO/DKEHAS TA0IPHHTY B YMOBaX, 110
3MIHIOIOTHCS

Buxonas: ct. rp. CIIm-19-1 Tasnesxo O. C.
KepiBauk: non. Iamenxo I'C.

Moxa\uaocrew 3MIH lrpoaoro csny nia 4ac nepecyaoﬂm HMM.
SKLLLO IFPOBMIA CBIT HECTATUYHMIA, TOBTO HABKOAO NePCOHAXY LOCh
BIADYBOETECH, TO e MQE BMNAMBATU HA All NEPCOHAXY. TMM Naye
MOBMHHO BIAOBPOXATMCA HO MOLUYKY LWIASXY, SKMIA NOBMHEH Bytn
AVMHOMIHHO 3MIHHMA.

Molwyk Wwasxy y 6e3 ypaxyeaHHs OCOBAMBOCTEN, AKI MOXYTb
BUHMKHYTW MiA 4OC TMNPOXOAXEHHS, MOXHQ pPeaAilysatM 3d
ACMOMOTOI0 PILLUEHHS 30AQ4I MOLYKY HOMKOPOTLLIOrO LUASXY. AAe
BPOXOBYIO4M OCODBAMBOCTI NOBYACBM MAPLUPYTY, SKI XQPAKTEPHI
MiA 4aC TMNPOXOAXKEHHR Y PexXuMMmi PeaAbHOro 4acy, Ccrae
QKTYAABHOK 30AQ4Q MOLLYKY HAMKOPOTLIOrO LWASXY ¥ AQBIpUHTAX Y
IMIHHMX YMOBQOX.
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AHQAI3 iICHYIO4YUX pilLeHb

IrpoBi caiTM aKi MOXYTe ByTH ONUCOHI 30 ACNOMOroIO TEOPRIT
reachie, IO AO3BOARE BMKOPMCTOBYBATM AAS BUPILLEHHS 30BAQHb
NoByACEBM MAPLUPYTIE TUNOE QATORPUTAMM NOLLYKY HOWKOPOTLLOIO LLASXY
y rpadchax. ¥ po3pobui irop 4aCcTo 3QCTOCOBYIOTb GATOPUTM A®, WO €
MOANCDIKQUIEIO QATOPUTMY ASHKCTRPU.

OAHUM 13 TOKMX pilieHs € komnoHeHT Navmesh y naatdoopmi
Ana po3pobku irop Unity 3D.

Y T1enepilWHin 4ac ICHyYEe ©arato ACCAIAKEHE 3 NPUBOAY
BMPILLEHHA 30AQ04I MOLUYKY HOQWKOPOTLLOrO LWASXY Yy po3pobul irposux
NPOTPAOMHUX 3aCTOCYHKIB.

MocTAHOBKA 30AQMI

MeToio poBoTi € AOCAIAKEHHS EOEKTMBHOCTI TQ aKOCTI poBoTh
QATOPUTMIB NOLLYKY HOWKOPOTLLOIO LLASXY ¥ 3MIHHUX YMOBOX, AAR
3QCTOCYBQHHA X RK IMITALIIKO IHTEASKTY ¥ HEITPOBUX NEPCOHOXIB B
po3pobul IPOBUX NPOTPAMHMX 30CTOCYHKIB.

AAS TECTYBAHHS QATOPUTAMIB NOLLYKY HOWKOPOTLLOIS LUASXY ¥
3MIHHUX YMOBQX NOTRIBGHO CTBOPUTH IPOBMIA CBIT, Akt Moxe ByTu
NPEACTOBASHUI ¥ BUTASA] AQBIPUHTY, SKMIt, B CBOIC YEPTY, ONUCYETLCA 30
ACMNOMOToIo TEOPII TPadpiB.

TecTtose nporpamHe 208e3NSYSHHI NOBMHHO BPOXOBYEATH
MOKAUBICTD 3MIHWM YMOB MNiA YOC NPOXOAKEHHA MOPLLPYTY ¥ PEXUMI
PEQABHOTO 4acy.

Mpwu euBopi IHTEPNPETALIT3MIHHUX YMOB, LLLO QHOAIZYIOTECS ¥
ACHIN poBoTi, CepeA PO3rASHYTUX BARIOHTIE CBpPaHO CaMeE HEOBXIAHICTD
BPOXOBYBATH NPU NOBYAOEI MAOPLLPYTY MOMKAMBOCTI 3MIHW NO3MLITKIHLEBOT
TOYKM MOPLLPYTY MiA 4OC HOTO NPOXOAKEHHS.

MoTpiBHO po3poBUTH 3QCTOCYHOK, KM ACNOMOXKE ¥ TECTYBAHHI
QATOPUTMIB NOLLYKY HOMKOPOTLLOTO LLAAXY ¥ 3MIHHUX YAMOBOX.
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- Unity 3D;
~ Visual Studio 2019;
~ NavMesh.

AAIL 6ye 3aNpoOnNoHOBaHUIT B 1959
‘poui 3HOXOAKEHHA HAMKOPOTLLIMX
LUASXIB BiA OAHIEl BEPLUMHM AO BCIX
IHLIMX B OPIEHTOBAHOMY 3BQKEHOMY
readoi, 3a ymoeu, wWo Bci pebpa B
rPacdi MQaOTb  HEBIA'EMHI  BArw.
AATOPUTM AESMUKCTPWU BIAHOCUTBCAS AO
TAK 3BAHUX (CKOAIDHWX) OATOPUTMIB.
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B sumpuc'romrbmAcm npo aapﬂc'rbmxy i npuﬂu,urm espuc'mm- :
Y 1944 pouji Hiabe HiAbCOH BUHQLLIOB SBPUCTUYHMI NIAXIA AC

30IABLUEHHS LUBMAKOCTI QATOPUTMY Aeitkctpu. Len QATOPUTM Bye
HazsaHuit Al.Y 1947 poujiBeptpam PocbaeAb 3pobue 3HauHI
MOAINLLEHHA AD LLbOTO QATOPUTMY, OAS MOMY HE BAGACCSH ACCAITH
ontumaabHocTi. BiH Hazeas uei aaroputm AZ. Toal 8 1968 poui lMitepE.
XapT NpeACTABUB QPTYMEHTH, 9K AOBOAMAKN, LLO A2 ByB ONTUMOABHUA
NPY BUKCPUCTAHHI NOCAIACBHOT €EBPUCTUKM AMLLIE 3 HEZHOYHUAMM
3MIHOMMU. Y HOro ACKQ3 QATOPUTMY TOKOXK BKAIOHEHUI PO3AIA, SKUIA
NOKQ3yBAEB, LU0 HOBUI aAropuTM A2 ByB MOXKAMBO HONKPOLLIMA
TATOPUTMOM, BPOXOBYIOHM YMOBU. TOKMAM YUHOM, BiH MO3HOYME HOBUIA
QATOPUTM B CUHTOKCUCI 3IPOYKOK, OCKIABKM BIH MOYMHAETECAHA Al
BKAKOYQB B cefe BCI MOXAUEI HOMERU BEPCIN.

BUKODUCTOHHIM MEXOHIME, LIO CXOXI HO —M—OLI_]
npouec GIOAOMHHOT EBOAIOLI. TEHETHMA

OATOPUTM €  PISHOBMAOM  SBOAICLIMHMX (Loma nemyrm o wyrnes |
obyucaeHs. MpupoaHuin BiAGIP — OCHOBHUA
mexaHizm esoaoul. Cyts siabopy nomrae e
TOMY, LLIC OCCOUHM, AKi BiabLL NPUCTCCCOBOHI, Uit AOERyT
MOICTh BIABLLIE MOXAMBOCTEN AAR BVDKMBOHHS g ool

i PO3IMHOXEHHA i, OTXe, npuHocsTe BiabLue

NOTOMCTEQ, HDK MOMaHC MPUCTOCCBOHI

ocobuHU. MK UsOMY, 30BARKM Nepeaayi

reHeTUNHOT  IHCDOopRAMOLU (reHeMYHCAY m
CMNOAKYBOHHIO), HOLLOAKM YCTIOAKOBYICTS BiA o
©aT5KiE OCCHOBHI X AKCCTI.
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l‘eue:mt-li QATOPUTMW MOICTE Garata ncpomelpi: AAS HOAQLUTYBQHD.

‘Yepes ue, NepeA NOMATKOM ACCAIAXEHHR TQ MOPIBHAABHOTO QHOAIZY poBotn
'OATOPWUTMIB MOLUYKY HOWKOPOTLLOTC LWASXY Y PI3HUX YMOBOX, MOTPIBHO

HOAQroOAUTH POGOTY TEHETUMHOTO OATOPMIMY, AAT 3HOXOAXEHHA COME TOKMX
NOPOMETPIE, LUO 300E3MeyyioTs MOXAUEBICTD BMKOPUCTOHHA AAS BMPILLEHHS
30AQHHATQ ecbenmny poBoTy QATOPUIMY.

Y AQHIM pobori po3pcbAcSHE TECTOBE NPOrpamHe 3a0e3neyeHHs

HOAQE 3MOTY HOAQrCAXYBQTU TO QHOAIBYBQTM BMNAMB HOCTYNMHUX NAPOMETRIB
POBOTN rEHETUNHOTC QATCPUTMY:

~

»

»

PO3MIP NMOMYASLT,

LWIBMAKICTE 3MIHM NONYARLE, SKO HOAQIOAXKYETECA Y4E€PEe3 BCTOHCOBASHHSA
BIPONAHOCTI KPOCOBEPRIHTY AAR TMX OCOOMH nOnyAsud, LIC NPUHMQAICTb
YHOCTh Y CXPELUYBOHHI;

BIPOMNAHIC T MYTA LT, NPKW LBOMY CTYNiHL BMNAWMBY MYTOUT HO XPOMOCOMY HE
KOPETyEThes;

ACEXUHY XPOMCCOMMU.
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npoaoAuAMca 3 OAHIEIO 3MIHOIO noauu,n. I'losuu,u AAS 3MIHM B YCiX
TecToBUX AQGIDUHTAX OAHQKOBI. KiABKICTE CEKYHA, MPU  SKKUX
BIADYBOETECA 3MIHO KIHLUEBOI TOHYKM, HE3aAeXHQ. Lle AO03BOARE
AOCAIAXKYBATU QATOPUTMM, HE BTPYHAIOYNCD ¥ X LUBMAKICTE poBoTH,
Yy CTQTUYHMX yMmoBaX. TOBTO MPM 3MiHI KIHLUEBOI TOYKM MAPLLPYTY
OCTAHHI BEpPLUMHM Yy maplpyTtax obxoay, wo nobyasoBaHi 3a
AOMOMOTOKD PIZHUX QATOPUTMIB MOXYTe BYTU HQ PI3HIM BIACTAHI Bia
NOMepeAHbOl UIAI Y OAMH MOMEHT 4acy. Yepes ue, areH, o
KEPYIOTECR CQATOPUTMM 3 HELLBMAKMM  MNOLUYKOM  MOXYTb
MPOAOBXKYBATM PYXQTUCH AO IHLWOI UIAL, MAMXKe HE MIHIIHK
TpaekTopiio. B ceolo 4epry, OiAbll LUBMAKOAIIOHI QArOPUTMM
MOXYTb OMUHUTUCSK ¥ CUTYaUll, KOAM NOTPIOHO NOBEPTATUCA HA3AA,.

88

150 =

-y

’Z g —

; .
i—




Bisyaaizauis AQGipUHTY HEBEAUKOI
pPO3MipHOCTI

BUCHOBKM

B AQHIM poboTl AOCAIAKEHO eCEKIMBHICTE CATOPUTMIB
NOLLYKY HOMKOPOTLLOIO LUASXY Y 3MIHHWX YMOBQOX Yy AQBIpUHTOX,
WO  ONUCYIOTLCS TPACOOMM  PI3HOI  PO3MIPHOCTI,  AAS
3QCTOCYBAHHA NpK po3pobul IrPOBOro LUTYYHOTO  [HTEAEKTY
HEeIrpPOBMX NepCOHaXIB. PO3pOBASHO 3QCTOCYHOK AAR TECTYBOHHS
QATOPUTMIE MNOLLUYKY HAOWKOPOTLWIOrO LWASXY HA MNAQTCOOPMI
po3pobkn irop Unity 3D 3 BMKOPUCTOHHAM KOMIMOHEHTY
Navmesh. ¥ AOCAIAXEHHI PO3rASAQAMCS TAKI QATOPUTMM MOLLIYKY
HOMKOPOTLLUOTO LUASXY, K QATOPUTM AEMKCTPU, aAroputm A® 1a
FEHETUYHUIA CATOPUTM.

MpakTMiHe 3Ha4eHHs pobotn noasrae B  pospobul
SASMEHTIE IMPOBOro  LUTYHHOrO  IHTEASKTY  AAR  HEIrpoBMx
nepcoHaxie, Lo 3abe3neyye NepecyBaHHs NoO IfPOBMM CBITAM 3
YPOXYBOHHAM 3MIHM YMOB Yy PEaABHOMY 4aci, 4epe3 ue
MOBEAIHKO NEPCOHOXKIB BUrASAQE BIAbLL NPUPOAHBOKD AAR TPOBLS.
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JIOIATOK b
BUXIJTHUN KOJT

b.1 Peani3ariist irpoBOTO CBITY

b.1.1 IrpoBuii cBIT A1 TECTYBaHHS airOpUTMiB JlelikcTpu Ta A*

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 startNodelndex;
public int endNodelIndex;

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)

{



padding)

Renderer rend = path.GetComponent<Renderer> () ;
rend.material.color = Color.yellow;

}

private void GenerateGrid()

{
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int counter = 0;
for (int i = 0; 1 < rowInGrid; i++)
{
for (int j = 0; j < columnInGrid; J++)
{
Transform node = Instantiate(nodePrefab, new Vector3((j*

+ 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[startNodelIndex];
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 (1 + columnInGrid < columnInGrid * rowInGrid)

{

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

}

if (1 - columnInGrid >= 0)

{

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

}
currentNode.AddNeighbourNode (grid[i + 11);



[

else 1f (index % columnInGrid == 0)

{

if (i + columnInGrid < columnInGrid * rowInGrid)

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

}

if (i - columnInGrid >= 0)

{

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

}
currentNode.AddNeighbourNode (grid[i - 17);

if (i + columnInGrid < columnInGrid * rowInGrid)

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

if (i - columnInGrid >= 0)

{

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

}
currentNode.AddNeighbourNode (grid[i + 17);
currentNode.AddNeighbourNode (grid[i - 171);

b.1.2 IrpoBwii CBiT /Ui TECTYBaHHS T€HETHYHOTO aJITOPUTMY

using System;

using System.Ling;

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);

}

Vector?2 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(l)=" + map.GetLength(l));
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for (int y = 0; y < map.GetLength (0); y++) {
for (int x = 0; x < map.GetLength(1l); x++) {
GameObject prefab = PrefabByTile (map [y, x1):;
if (prefab != null) {
GameObject wall = Instantiate (prefab);
wall.transform.position = new Vector3 (x,0,-y);
}
}
}
}
void Start () {
map = new intf[,] {
{(,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},
{,0,0,0,0,0,0,0,1,1,1,0,0,0,1},
{1,0,l,1,1,0,1,1,1,1,1,1,1,0,1},
{,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},
{llOlllllOIOIOIIIOIOIOIOIOIOI\F)}I
{1,0,l,0,0,1,1,1,0,0,0,0,0,0,1},
{,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}

—
~.

Populate () ;
fittestDirections =
pathTiles = new Lis

geneticAlgorithm =

geneticAlgorithm.ma

geneticAlgorithm.Ru
}

public void ClearPathTile
foreach
Destroy (pathT
}
pathTiles.Clear();
}

new List<int>
t<GameObject>

()7
()7

new GeneticAlgorithm
zeController = this;
n ();

s() |

ile);

public void RenderFittestChromosomePath () {
ClearPathTiles ();
Genome

List<int>
(fittestGenome.bits);
Vector2 position =

foreach
position = Mo
GameObject pa
pathTile.tran
position.y);
pathTiles.Add

}

void Update () {
if (!isCheckStarted)
{

)7

(GameObject pathTile in pathTiles) {

fittestGenome =
geneticAlgorithm.genomes [geneticAlgorithm.fittestGenome];

fittestDirections =

startPosition;

ve (position,
thTile = Instantiate
sform.position =

(pathTile) ;

new Vector3(position.zx,

geneticAlgorithm.Decode

(int direction in fittestDirections) {
direction);

(pathPrefab) ;
0, -

StartCoroutine (CheckOnStopGeneticWork()) ;



}

if (!isReached)

{
RenderFittestChromosomePath ()

}
if (geneticAlgorithm.busy)
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’

geneticAlgorithm.Epoch() ;

private IEnumerator CheckOnStopGeneticWork ()

{

}

isCheckStarted = true;

Debug.Log ("work") ;
yield return new WaitForSeconds (1f)

if (pathTiles.Count ()

{
pathTilesLengthBeforeCheck =

} else

{

isReached = true;

}

isCheckStarted = false;

public void StartAlgorithm()

{

ClearPathTiles () ;
StopAllCoroutines();

isReached = false;

pathTiles = new List<GameObject>();

’

!= this.pathTilesLengthBeforeCheck)

pathTiles.Count () ;

this.pathTilesLengthBeforeCheck = 0;

isCheckStarted = false;

Populate () ;
fittestDirections = new List<int> ()

’

geneticAlgorithm = new GeneticAlgorithm() ;
geneticAlgorithm.mazeController = this;

geneticAlgorithm.Run();

b.2 Peanizaiiist anropuTMiB MONIYKY HAHKOPOTILIOTO HUISXY

b.2.1 Peamizauis anropurmy [eiikctpu

using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class DijkstraPathfinder

{

private bool isDone = false;

MonoBehaviour



public bool IsDone

{
get { return isDone; }
set { isDone = value; }

private GameObject[] nodes;

Node currentNode;
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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())



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;

b.2.2 Peamizanisa anroputmy A*

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;
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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 1 = 1; 1 < path.Count; i ++) {
Vector?2 directionNew = new Vector2 (path[i-1].gridX
path[i] .gridX,path[i-1].gridY - path[i].gridyY);
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.gridyY);
if (dstX > dstY)
return 14*dstY + 10* (dstX-dstY);
return 14*dstX + 10 * (dstY-dstX):;
H}

b.2.3 Peanizaliis reHETUYHOTO AJITOPUTMY

using System;

using System.Ling;

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 chromosomelLength = 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 1 = 0; 1 < bits.Count; 1i++) {
if (random.NextDouble () < mutationRate) {
bits [i] = bits [1] == 0 2 1 : 0;

}
}
public wvoid Crossover (List<int> mom, List<int> dad, List<int> babyl,
List<int> baby2) {
if (random.NextDouble () > crossoverRate || mom == dad) {
babyl.AddRange (mom) ;
baby2.AddRange (dad) ;

return;
}
int crossoverPoint = random.Next (0, chromosomeLength - 1);
for (int i = 0; 1 < crossoverPoint; i++) {

babyl.Add (mom [1]);
baby2.Add (dad [1i]);
}
for (int i = crossoverPoint; i1 < mom.Count; i++) {
babyl.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 1 = 0; 1 < 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 1 = 0; 1 < populationSize; i++) {
List<int> directions = Decode (genomes [i].bits);
genomes [1] .fitness = mazeController.TestRoute

(directions) ;
totalFitnessScore += genomes [i].fitness;

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

bestFitnessScore = genomes [i1].fitness;
fittestGenome = 1i;
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 genelndex
genelength) {

0; genelIndex < Dbits.Count; genelndex +=
List<int> gene = new List<int> ();

for (int bitIndex = 0; bitIndex < genelLength; bitIndex++) {
gene.Add (bits [geneIndex + bitIndex]);

directions.Add (GeneTolInt (gene));
}

return directions;

public int GeneToInt (List<int> gene) {
int value = 0;
int multiplier = 1;



for (int i1 = gene.Count;

value += gene

(1 - 1]

multiplier *= 2;

}

return value;

}

i>0; i--) {

* multiplier;

public void CreateStartPopulation() {

genomes.Clear ();

for (int 1 = 0; 1 < populationSize; i++) {

Genome baby =

new Genome

genomes.Add (baby);

}

public void Run () {

startTime = Time.realtimeSinceStartup;
CreateStartPopulation ();

busy = true;

}
public void Epoch () {

if (!busy) return;
UpdateFitnessScores

if (!'busy) {
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lastGenerationGenomes.Clear () ;
lastGenerationGenomes.AddRange (genomes) ;

return;

}

int numberOfNewBabies = 0;

List<Genome> babies

new List<Genome> () ;

while (numberOfNewBabies < populationSize) {

Genome mom =
Genome dad =
Genome babyl
Genome baby2

RouletteWheelSelection ();
RouletteWheelSelection () ;
new Genome () ;
new Genome () ;

Crossover (mom
Mutate (babyl.bits);
Mutate (baby2.bits);
babies.Add (babyl);
babies.Add (baby2);

.bits,

numberOfNewBabies +=

}

dad.bits, babyl.bits,

2;

lastGenerationGenomes.Clear () ;
lastGenerationGenomes.AddRange (genomes) ;

genomes = babies;
generation++;

(chromosomeLength) ;

baby2.bits);
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