JIOJIATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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MiHicTepcTBO OCBITH i HayKH YKpaiHU
XapKiBCbKUH HalliOHAJIbHUW YHIBEPCUTET pajlioeIeKTPOHIKU

Kadpenpa EOM

BukoHas: cT. rp. CIlIM-21-1 Kics O.B.

KepiBauk: JIsmenko O.C.

3 KO)KHUM POKOM Bce OuIbIe yBaru NpUALISEThCS iIrpoBil iHIyCTpii. BykBasbHO 3a KijlbKa pOKiB,
irpoBa IHAYCTpis CTaja Ha CTUIBKHA TOIMYJISPHOIO, IO, YacOM, AEsKi irpH IepeBepIIyIOTh IT0
OHOJKETY CydyacHi TOJUIBYACHKI 1. CIBOPEHHS ICPOBUX PIBHIB € 0ararorpaHHOI0 3a1adolo,

3alMAETRCA OKpeMa
JIQIMHA - OU3alHep Pi
1 KoMaH/1a Jironei. J{u3aiiH piBHIB K IIPOIIEC BKIIOYAE B cede crekTp npodneM. OxHuM 3 HaHOLIBII
ICTOTHHX 3 HUX € 00CAr POOOTH, HEQOXIIHUHI U1 CTBOPCHHS BCIX PIBHIB rpH. OXHUM 3 METOIIB
BHPIICHHSA JaHHOE NPOOIEMHU € BUKOPMCTAHHA NpoueAypHoi renepaii. Ilpoueaypna renepanis

9acTO BUKOPHCTOBYETRCS JUIsl CTBOPCHHS. ITPOBHX PIBHIB.
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MeTa po60TH : CTBOPEHHS aJITOPUTMY 3 IOJATKOM, SKUM T03BOJIUTH
KOHTPOIIIOBATH HAIIOBHCHHS KOHTEHTY IPH [¢HEpallil HOBHX ITiI3EMEIIh
roguelike cTriio Ta 10CTYyNy 10 HUX Yepe3 3rCHEPOBAHUH JTaHAIIa]T.

Jlns JocsiTHEHHs MOCTaBJIEHOI MeTH, Tpeba BUKOHATHU TaKi
3a/a4i:

[IpoBecTu aHasi3 ICHYHOYUX aJITOPUTMIB reHepalriil
> [IporpamMmHa po3pob6Ka aJIrOpUTMIB reHepaliii

TecTyBaHHA OTpUMaAHOI peaJi3saliil

I'pa «World of Warcraft: 7 s R I'pa «Valheim»
Shadowlands» > :

I'pa «No Man’s Sky»




AHaJ1i3 iCHYH0YHMX aJITOPUTMIB

Ha ocnori BSP-nepesa > IlaropOuuii
KniruHHul aBTOMaT Diamond-Square

Drunkard walk > Ha ocnosi [llymy [lepnina

[IIym Ilepnina peanizyroTs sIK JBO-, TPU-, YOTUPUBUMIPHA (DYHKIIIS, IPH LIOMY
JIOCTYITHA JIOBUIbHA KUIBKICTh BUMIPIB. [l BAKOHAHHS BUJIUISIOTH TaKi KPOKH:

BU3HAUCHHS CITKH
00YMCIICHHSI CKAJIIPHOTO JOOY/IKY I'Pa/llEHTHUX BEKTOPIB.

THTEPIIOJISIIIIST MK IIMMH 3HAUCHHSIMH.

Jlinidina (yHKuis, 208 KiHUeBUX To40K Ha 0 Ta 1, 31 3HAUCHHIMHU Qg TA Aq:

f(x)=ay(1—x)+ a;x
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IO MOYKHO BUKOPHCTOBYBATH 1 K
3paxyBaTH IHIIHMHA
CIIoco0amMH.

QcobnuBicTe 1 neperara anroputmy " Kii Th HECKJIAJHA
100yI0Ba PIBHIB BKpal He3BMYAHHKUX (OpM, B SKHX HEMAE TIOHATH KIMHAT 1 KOPHAOPIB,
SIK B TIONEPEIHIX ] DO y1ux. CTpyKTypa piBHs. BH:
MPUEMHOIO Ha BULIAL

3a JI0IOMOroI0 XOJIMOBOTQ AITOPHTMY MOXKHA YSIBHTH JOCHTH BEJIHKI IIPOCTOPH. AJle
Y HBOT'O € OJTMH 1CTOTHAN HEJIOJIK - 3aHAATO 6araTo OIMCIB JUIS TOYOK, a TAKOX, B
JISSIKUX BHITQJIKAX, CIIOCTEPITAETHCSA HaIMIPHICTD JIAHUX.

['enepauis B ocHoBI mymy Ilepiina Mae OiIpI Oprasi SULVIA, OCKIIBKH BiH
CTBOPIOE IPUPOIHO BUOPSAAKOBAHY («IIaBHY») HOCIIAOBHICTE IICEBIOBUIIAAKOBUX
qHUCCII.

BxigHi gaHi

{ !

Moayne reHepauii Mogynb reHepauyii 4 Mogyne reHepaii
naHmuaq*)Ty AOCAATKOBOIro HanoBHEHA niagsemens

3reHepoBaHuii
BCecBIT

Bbiok-cxema MOHeIIi




Ertanu renepyBaHHS:

1)Bu3HadeHHs 3MIIIEHHS BCIX NTyMOBUX (DYHKIIIH.

2)Bu3HaueHHS TOMyCTUMUX KOOPIHUHAT.

3)Bu3sHaueHHs cepeTHBOTO 3HAYCHHSI 32 1HIEKCOM

3TiHO 10 YTBOPEHHUX KOOPIUHAT.

4)I[Ipoekuist yTBOPEHUX 3HAYEHB JI0 rpadigHOTO 00’ €KTY. TIpUKITaZ 3TEHEPOBAHOTO CBITY

5)BusHaueHHs Marepiany BIOIOBIIHO J0 KapTHU BUCOT(HAZAHHS KOIBOPY)

Mouarox }

3 Habopy KIMHAT BNBHPAETLCA 3 OTPUMAHOT KIMHATH
OQUIH ENEMEHT 3 YMOBOK, WO NEPesipAITLCA BOKCENI BIAHOCHO
xinbKicts i L XoneKwii, Meton
3riaHO 3 yMoBM YHUKHWTY NEpeKUieHEHA
CTBOPEHIX KIMHAT

|

306epiranTsca HOBI KOpANHATH
BOKCeNie | BlA0YRACTLCA N0BOPOT
KiMHaTH

KinbKiCTb OCHOBHMX KiMHAT
£lanoeinac 6axaHOMy 3HaYEHHIO

3 METOI YHHKHEHHA NPOGNeMHIX
€NEMEHTIE,a TaKOX NYCTHX NPOXOAS 3
HaB0py KIMHAT BUBHPIOTLCA KIMHATH 3
ORHIM MOXTMENM KOHEKTOPOM

Mycti npoxoam siacyTHi

Brok-cxema reneparrii

KiMHAT
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JleMoHcTpaIlisi BOKCEIIiB IMpukinan KiMHaTH

[TporpaMHi eieMeHTH

NET / C# CxpunT reHepauil JanamadTy

Unity CxpunT reHeparii noprajis
CkpunT reHepauii miazemesnsis
CxpunT reHepauii ABepeu

CKpUINT BUNAJKOBOI 3MiHU KOHTEHTY Y
KiMHaTax
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PesynbraT renepauii mangmadry

B pamkax

aK i mpore,

Po6ora ¢rierti:

Ilpa ¢ 3CTOCYBAHHA UIET IPON y [ KT DKIUBE, ale He KOKHOMY Oyze HC TH Y USH MpOILyKT
npodeliciiigiii chepi Mae BenuKy nepcrnekTHBy, 00 Ckopouye uac po3poOku cBiTy Maibke B 3 pasu. Jlns Oinbm KomgopTHOro
33CTOCYBAHHS. HEQOXIAHO NOKPAIMTH MPOrpamMMy 3a JCKLIRKOMA MyHKTaMH, OJHHM 3 SKUX Oyae MOKIUBICTE Dl BATH [EHEPALLIQ

niA3eME Ik Ta KQMOIHYBATH naHpmadr.
B xozi po6otu Gy :
[IpoBesieHMIT aHaMi3 iCHYIOYMX aITOPUTMIB reHepaitii;
Po3po6ienuii anropuTm reHepaiii nigzeMear NJIHTKOBOTO yABJIEHHS;

PeanizoBaHo reHepauito siaHAmadTy Ha ocHOBI wyMy [lepiiHa.




JIOJIATOK B

JIicTUHT CKpUMNTIB

b.1 Cxkpunt KiMHaTH

public class Room : MonoBehaviour

{

public List<DoorContainer> doors;

public DoorContainer GetRandomDoor (Random random)
{

doors.Shuffle (random) ;

return GetFirst();

}

public bool IsOpen()=>
doors.Any (x=>x.open) ;

public DoorStorage GetFirst ()=>
doors.FirstOrDefault (x=>x.open) ;

b.2 Ckpunt nepemiiieHHs

using UnityEngine;

[RequireComponent (typeof (Rigidbody)) ]
[RequireComponent (typeof (CapsuleCollider)) ]
public class Movement : MonoBehaviour
{
[SerializeField] float speed = 0.3f;
[SerializeField] float JjumpForce = 1f;
[SerializeField] Transform _camera;
[SerializeField] float turnSmoothVelocity;
[SerializeField] LayerMask groundLayer = 1;

private Rigidbody rb;
private CapsuleCollider collider;

private bool isGrounded
{
get
{
var bottomCenterPoint = new
Vector3( collider.bounds.center.x, collider.bounds.min.
_collider.bounds.center.z);



return Physics.CheckCapsule( collider.bounds.center,
bottomCenterPoint, collider.bounds.size.x / 2 * 0.9f,
GroundLayer) ;

}
}

private Vector3 movementVector
{

get

{

var horizontal = Input.GetAxis ("Horizontal");
var vertical = Input.GetAxis ("Vertical");

return new Vector3 (horizontal, 0.0f,
vertical) .normalized;

}
}

void Start ()
{

_rb = GetComponent<Rigidbody> () ;

_collider = GetComponent<CapsuleCollider>();

_rb.constraints = RigidbodyConstraints.FreezeRotationX |
RigidbodyConstraints.FreezeRotationZ |

RigidbodyConstraints.FreezeRotationY ;

}

void FixedUpdate ()
{
JumpLogic () ;
MoveLogic () ;

}

private void MoveLogic ()

{

if ( movementVector != Vector3.zero)

{

_rb.transform.rotation =

Quaternion.AngleAxis (Mathf.SmoothDampAngle ( rb.transform.eulerAn
gles.y,

(Mathf.Atan2 (_movementVector.x,
_movementVector.z) * Mathf.Rad2Deg + camera.eulerAngles.y),

ref turnSmoothVelocity, 0), Vector3.up);

_rb.AddForce( rb.transform.forward * speed,
ForceMode.Impulse) ;

}
}

private void JumpLogic ()

{



1f ( isGrounded && Input.GetAxis ("Jump") > 0)
_rb.AddForce (Vector3.up * JjumpForce,
ForceMode.Impulse) ;

}
}

b.3 Ckpunr crany asepeit

namespace DungeonRaider

{

public class Door: MonoBehaviour

{

[SerializeField] bool isOpen = true;
[SerializeField] GameObject voxelOwner;
[SerializeField] DoorContainer container;
[SerializeField] DoorView view;

b.4 Ckpunrt reneparii miazeMesuis

public class DungGenerator : MonoBehaviour
{

public DungeonController data;

private GameObject startRoom;

public int targetRooms = 10;

public List<Room> rooms = new List<Room> () ;
public List<DoorView> doors = new List<DoorView>();
private float voxelPixelSize = 10f;

public List<Room> openSet = new List<Room>();

public Dictionary<Vector3, GameObject> globalVoxels = new
Dictionary<Vector3, GameObject>();

public List<GameObject> doorVoxelsTest = new
List<GameObject> () ;

void Start ()
{
random = new Random () ;
roomsCount = 0;
globalVoxels = new Dictionary<Vector3, GameObject>();
dungeonSet = Random.Range (0, data.sets.Count - 1);

StartGeneration () ;

private void StartGeneration ()



rooms = new List<Room> () ;
doors = new List<DoorView> ()

var spawn = Random.Range (0,

data.sets[dungeonSet] .spawns.Count - 1);

var room =

Instantiate (data.sets[dungeonSet].spawns|[spawn] .gameObject) ;

startRoom = room;

rooms.Add (room.GetComponent<Room> () ) ;
room.transform.parent = gameObject.transform;
openSet.Add (room.GetComponent<Room> () ) ;
room.GetComponent<Volume> () .RecalculateBounds () ;
AddGlobalVoxels (room.GetComponent<Volume> () .voxels)
roomsCount++;

while (openSet.Count > 0)
{

GenerateNextRoom () ;

.
14
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for (int 1 = 0; i < rooms.Count; 1i++) {
for (int 7 = 0; j < rooms[i].doors.Count; j++) {
if (rooms[i].doors[j].door == null) {
var d =
(Instantiate (data.sets[dungeonSet] .doors[0] .gameObject) ) .GetComp

onent<DoorView> () ;

doors.Add (d) ;
rooms[i] .doors[]].door = d;
rooms[1] .doors[]].sharedDoor.door = d;

d.gameObject.transform.position =

rooms[1] .doors[]j].transform.position;

d.gameObject.transform.rotation

rooms[1] .doors[]j].transform.rotation;

d.gameObject.transform.parent =

gameObject.transform;

}

}
}

private void AddGlobalVoxels (List<GameObject> wvoxels) {

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

var position =
RoundVec3ToInt (voxels[i] .gameObject.transform.position);

}

if (!'globalVoxels.ContainsKey (position))
globalVoxels.Add (position, voxels[i]);

private Vector3 RoundVec3ToInt (Vector3 v) {



return new Vector3 (Mathf.RoundToInt (v.x),
Mathf.RoundToInt (v.y), Mathf.RoundTolInt(v.z));

}

private void GenerateNextRoom () {
var lastRoom = startRoom.GetComponent<Room> () ;
if (openSet.Count > 0) lastRoom = openSet[0];

var possibleRooms = new List<Room> () ;
for (int 1 = 0; 1 <
data.sets[dungeonSet].roomTemplates.Count; i++) {

possibleRooms.Add (data.sets[dungeonSet] .roomTemplates[i]) ;

}

possibleRooms.Shuffle (random) ;

GameObject newRoom;
DoorStorage door;
var roomlsGood = false;

do {
for (int 1 = 0; i < doorVoxelsTest.Count; i++) {
DestroyImmediate (doorVoxelsTest[i]) ;

}

doorVoxelsTest.Clear () ;

if (roomsCount > targetRooms)
possibleRooms =
GetAllRoomsWithOneDoor (possibleRooms) ;

var doors = 0;
var tryAgain = false;

GameObject roomToTry;

var r = Random.Range (0, possibleRooms.Count - 1);
roomToTry = possibleRooms[r].gameObject;

doors = roomToTry.GetComponent<Room> () .doors.Count;

if (doors == 1 && possibleRooms.Count > 1)

{

var chance = 1f Mathf.Sgrt (((float) roomsCount /
(targetRooms) ) ;
var randomValue (float) random.NextDouble () ;
if (randomValue < chance) {
r = Random.Range (0, possibleRooms.Count - 1);

roomToTry = possibleRooms[r].gameObject;

doors =
roomToTry.GetComponent<Room> () .doors.Count;
if (doors == 1 && possibleRooms.Count > 1) {
var chance2 = 1f -
Mathf.Sgrt (((float) roomsCount / targetRooms)) ;
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var randomValue2 =
(float) random.NextDouble () ;
if (randomValue2 < chance2) {
r = Random.Range (0, possibleRooms.Count
- 1);
roomToTry = possibleRooms|[r].gameObject;

}
}

possibleRooms.RemoveAt (r) ;

newRoom = Instantiate (roomToTry) ;

newRoom.transform.parent = gameObject.transform;

door = ConnectRooms (lastRoom,
newRoom.GetComponent<Room> () ) ;

var v = newRoom.GetComponent<Volume> () ;
var ro = newRoom.GetComponent<Room> () ;

var overlap = false;
for (int 1 = 0; i < v.voxels.Count; 1i++) {
if

(globalVoxels.ContainsKey (RoundVec3ToInt (v.voxels[i] .gameObject.
transform.position))) {

overlap = true;
continue;

for (int j = 0; j < openSet.Count; Jj++) {
for (int k = 0; k < openSet[j].doors.Count; k++)

if (!openSet[]].doors[k].open) continue;
if (openSet[j].doors[k] == door) continue;
var rot =
NormalizeAngle (Mathf.RoundToInt (openSet[j].doors[k].transform.ro
tation.eulerAngles.y));
var direction
if (rot == 0)
direction = new Vector3(1f, 0f, 0f);

new Vector3();

else if (rot == 90)
direction = new Vector3(0f, 0f, -1f);
else if (rot == 180)
direction = new Vector3(-1f, 0f, 0f);
else if (rot == 270)
direction = new Vector3(0f, 0f, 1f);
var g =

GameObject.CreatePrimitive (PrimitiveType. Sphere) ;

g.transform.position =
openSet[j].doors[k].voxelOwner.transform.position + (direction *
v.voxelScale) ;
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doorVoxelsTest.Add (g) ;

if
(RoundVec3ToInt (v.voxels[i] .gameObject.transform.position) ==
RoundVec3ToInt (openSet[j] .doors[k].voxelOwner.transform.position
+ (direction * v.voxelScale))) {

overlap = true;
}
}
}
}
bool hasSpace = true;
if (loverlap) {
for (int 1 = 0; i < ro.doors.Count; i++) {
if (!'ro.doors[i].open) continue;
if (ro.doors[i] ==
newRoom.GetComponent<Room> () .GetFirstOpenDoor ()) continue;
float rot =

NormalizeAngle (Mathf.RoundToInt (ro.doors[i].transform.rotation.e
ulerAngles.y));
Vector3 direction = new Vector3();

if (rot == 0)

direction = new Vector3(1f, 0f, 0f);
else if (rot == 180)

direction = new Vector3(-1f, 0f, 0f);
else 1if (rot == 90)

direction = new Vector3(0f, 0f, -1f);
else if(rot == 270)

direction = new Vector3(0f, 0f, 1f);

var g =
GameObject.CreatePrimitive (PrimitiveType.Sphere) ;
g.transform.position =
ro.doors[1] .voxelOwner.transform.position + (direction *
v.voxelScale);
doorVoxelsTest.Add (g) ;

if
(globalVoxels.ContainsKey (RoundVec3ToInt (ro.doors[i] .voxelOwner.
transform.position + (direction * v.voxelScale)))) {

hasSpace = false;
break;

for (int j = 0; j < openSet.Count; Jj++) {
for (int k = 0; k <

openSet[]j].doors.Count; k++) {

if (!'openSet[j].doors[k].open)
continue;

var rot2 =
NormalizeAngle (Mathf.RoundToInt (openSet[j].doors[k].transform.ro
tation.eulerAngles.y));

Vector3 direction?2 = new Vector3();
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if (rot2 == 0)

direction?2 = new Vector3(lf, 0f, 0f);
else 1if (rot2 == 180)

direction?2 = new Vector3(-1f, 0f, 0f);
else 1if (rot2 == 90)

direction?2 = new Vector3(0f, 0f, -1f);
else if (rot2 == 270)

direction?2 = new Vector3(0f, 0f, 1f);
if (RoundVec3ToInt (ro.doors[i].voxelOwner.transform.position +
(direction*v.voxelScale)) ==
RoundVec3ToInt (openSet[]].doors[k].voxelOwner.transform.position
+ (direction2*v.voxelScale))) {
hasSpace = false;

break;
}

}
if ('hasSpace) break;

}

if (l'overlap && hasSpace)
roomIsGood = true;

else
DestroyImmediate (newRoom) ;

} while (possibleRooms.Count > 0 && !roomIsGood);
if (roomIsGood) {

var otherDoor =
newRoom.GetComponent<Room> () .GetFirstOpenDoor () ;

door.sharedDoor = otherDoor;

otherDoor.sharedDoor = door;

door.open = false;
newRoom.GetComponent<Room> () .GetFirstOpenDoor () .open =
false;

rooms .Add (newRoom.GetComponent<Room> () ) ;

AddGlobalVoxels (newRoom.GetComponent<Volume> () .voxels) ;

if (!lastRoom.hasOpenDoors()) openSet.Remove (lastRoom) ;

if (newRoom.GetComponent<Room> () .hasOpenDoors () )
openSet.Add (newRoom.GetComponent<Room> () ) ;

roomsCount++;
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b.5 Cxpunrt renepariii BUCOT JIaHaAmadTy

public static class HeightMapGenerator
{
public static HeightMap GenerateHeightMap (int width, int
height, HeightMapSettings settings, Vector2 sampleCentre)
{
var values = Noise.GenerateNoiseMap (width, height,
settings.noiseSettings, sampleCentre);

var heightCurve threadsafe = new AnimationCurve
(settings.heightCurve.keys) ;

var minValue = float.MaxValue;
var maxValue float.MinValue;

for (var 1 = 0; i < width; i++)
{
for (var 7 = 0; j < height; j++)
{
values [1i, J] *=
heightCurve threadsafe.Evaluate (values [i, J]) *
settings.heightMultiplier;

if (values [i, J] > maxValue)
maxValue = values [i, J];

if (values [i, Jj] < minValue)
minValue = values [i, J];

}

return new HeightMap (values, minValue, maxValue) ;

}

public struct HeightMap

{
public readonly float([,] values;
public readonly float minValue;
public readonly float maxValue;

public HeightMap (float[,] wvalues, float minValue, float
maxValue)
{
this.values = values;
this.minValue = minValue;
this.maxValue = maxValue;



b.6 Ckpunrt TekcTyp A Matepiaty JaHamadry

[CreateAssetMenu () ]
public class TextureData : UpdatableData {

const int textureSize = 512;
const TextureFormat textureFormat = TextureFormat.RGB565;

public Layer([] layers;

float savedMinHeight;
float savedMaxHeight;

public void ApplyToMaterial (Material material) {

material.SetInt ("layerCount", layers.Length);

material.SetColorArray ("baseColours", layers.Select (x

=> x.tint) .ToArray());
material.SetFloatArray ("baseStartHeights",
layers.Select (x => x.startHeight) .ToArray());

material.SetFloatArray ("baseBlends", layers.Select (x

=> x.blendStrength) .ToArray());
material.SetFloatArray ("baseColourStrength",
layers.Select (x => x.tintStrength) .ToArray()):;
material.SetFloatArray ("baseTextureScales",

layers.Select (x => x.textureScale) .ToArray());
Texture2DArray texturesArray = GenerateTextureArray
(layers.Select (x => x.texture) .ToArray ()):;

material.SetTexture ("baseTextures", texturesArray);

UpdateMeshHeights (material, savedMinHeight,
savedMaxHeight) ;
}
public void UpdateMeshHeights (Material material, float
minHeight, float maxHeight) {
savedMinHeight = minHeight;
savedMaxHeight = maxHeight;
material.SetFloat ("minHeight", minHeight) ;
material.SetFloat ("maxHeight", maxHeight);
}
TextureZ2DArray GenerateTextureArray (Texture2D[] textures)
TextureZ2DArray textureArray = new Texture2DArray
(textureSize, textureSize, textures.Length, textureFormat,
true) ;
for (int i = 0; i < textures.Length; i++) {
textureArray.SetPixels (textures [1].GetPixels
O, 1)
}
textureArray.Apply ();
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return textureArray;

}

[System.Serializable]

public class Layer {
public Texture2D texture;
public Color tint;
[Range (0, 1) ]
public float tintStrength;
[Range (0, 1) ]
public float startHeight;
[Range (0, 1) ]

public float blendStrength;

public float textureScale;
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