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Llenb

A penaro KpyTyro LUTYKY U
X04y Mpo 3TO pacckasaTb

Tema CrnLLKOM CIIOXKHasa U
nepeHacsblLLeHa Kogom

Xo4y 0OBbACHUTBL MOHSTHO,
1 MPOrMycKak BECb KOLLIMap




B npegbiayLwmnx yacTsx
https://www.youtube.com/watch?v=4\WMKk5krAVL0

Bokcenu: meHempkep namaT A1 NOATPY>KEHHbIX YaHKOB

e [1ns npocToTbl cMOTPUM Ha 2D
e XpaHuUM MaccuB YaHKOB, YacTb kneTok cBobofHa, YacTb * ? "

3aHATa
o [lpy BblgeneHnn NPOXoAMMCS N0 MaccuBy HauMHas ¢ 2 % e

npeablayLLero BblgeneHHoOro
e B npumepe HoBble YaHku 3aiiMyT mecta 9 n 10 1| 4 2 | g w
e Kaxabln YaHk 3To 06beKT ¢ BblaeneHHbIM TypedArray
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[object Object] Uint16Array[4096] ] chopo ynanar w

https://www.youtube.com/watch?v=w8wQcsZEvpw

https://www.youtube.com/watch?v=ZvhQ8qi6jwY

WHTepnonsums: douHan

[ina KaxaoWn BEpLUMHBI PUCYEMOrO TpeyronbHUKa
3apaém U, V - koopauHaTbl Ha TEKCType Kponuka.
OBbiuHo ato 3 yrna na 4 (0, 0) (0, 1) (1,0) (1, 1)
WebGL nHTEepnonauus no aTUM 3Ha4eHUAM
BoccTaHaenueaet dopmynbl dyHkummn U(X, y), V(X, y)
Ypa, Ana Hac Haxansasy NocuMTaloT 3HaveHuns U, V
Ans ueHTpa nukcens!

LiBeT kponuka y Hac oAvH Ha BCeX BepLUMHAX - OH He
V3MEHUTCA NPU UHTEpPNoNAUUK

A sor TYT HAAO AONUCATL, KAK Nocsie uHTepnonauum
paccuuTaTte UBeT nukcensa

Fragment (pixel) Shader

vecd textureColor = texture(bunny_sampler, in_uv);
gl_FragColor = textureColor * in_color;

Bot ato nosopoT!

N

3abyaste o nosoporte, ownbka rae-1o +-4% anbbl

Hanuwem dyHKUMIO ANA NepeceyeHnn NUKCeNs U NONYNNOCKOCTH
MokpbiTHE NUKCENA - ITO pasHULa MeXAY ABYMA (yHKUMAMM
nepeceyeHuUs nonynnockocTen

float pixellLine(float x) {
return clamp(x + 0.5, 0.0, 1.0);

}
}
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. in vecd4 vColor; //color style
in float vType; //type of segment/joint
in float d; //varying signed distance
° in float w; //varying half-width
> void mainImage( out vec4 fragColor, in vec2 fragCoord )

{
float result = 0.9; Left Right
if (vType == 0.0) {

d-w d dew float left = pixelline(d - w); -
float right = pixellLine(d + w); RN
) result = right - left; TN
fragColor = vColor * result; * Result



https://www.youtube.com/watch?v=ZvhQ8qi6jwY
https://www.youtube.com/watch?v=4WMk5krAVL0
https://www.youtube.com/watch?v=w8wQcsZEvpw

[Tpyem (NpuHUKMN?) MaTeMaTuKn: geneHne ¢ OCTaTKoM

PaboTta = GPU x wewngep + octatok Ha JS

paboTa = nHaychbl x pyTnHa + npopab ¢ obpasoBaHMeEM

Ctatbsa = CyTb x OnbIT + QaKThl

MHpa = ApxuB x cnoBapb + He rnoxarnocb JPG



A He botocbk Toro, kto nayyaet 10 000 pasnnyHbIX yOoapos.
A 6otock Toro, kTo nsyyaet ogmu yaap 10 000 pas.




A Kak oennTb

pa60Ty, MNaMATb, BbIMNCITIEHNA

AOKnaj c HAaMEKOM Ha NPUKINagHyro MaTteMaTuky






Brumanue, @ondzoc:

YTO Takoe TekcTypa?




= Blockbench

A low-poly 3D model editor

glMatrix

Javascript Matrix and Vector library for High
Performance WebGL apps




3D ABM>XOK cOCTOUT U3

e Martemarunka: MOXHO NMPOCTO B3ATb gl-matrix

e AbcTtpakumsa ot WebGL: moxHo B3aTh oframe/OGL, REGL, s B3an
PixidS (oHa ny4wie Bcex, n xanasHoe 2D )

e Shader-Lib: wengepa nmwytca Ha C-nogobHoM A3bike, cobupaTtb
pasHble OyHKUMM B OOAUH LWengep Hago concat,
pelwleHne B Three JS Hac He yO0BMeTBOPANO

e Camoe XupHoe: nogaepxka mogenen, aHmmaumsa u nx yCcKopeHue : Ham
Hy>keH BlockBench



https://glmatrix.net/
https://github.com/oframe/ogl
https://github.com/regl-project/regl
https://github.com/pixijs/pixijs
https://github.com/mrdoob/three.js
https://www.blockbench.net/

OcHoBa 3D-aBsmxka: Popmat BlockBench

& Blockbench File Edit Transform UV Tools View Help
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Quad: OCHOBHOW NPUMUTUB rpadonKu

{ a_chunk_id : int HOMEP Hiarikd,
- - : “ | Meuwa, KocTu,
a_position : vecd UNn 4YTO eLwé
a_axis_hor : vec3 Hago 6ynet
a_axis_vert : vec3 axis_ver
a_uv : lvec4
a_color : ARt
a_flags : int ~— Habop dnaros
} MO>HO M3 enum

axis_hor

position - LeHTp

‘ uv = cX, cY, sX, sY - TeKCTypHble KoopauHaTbl U pasmep




TpeyronbHukn = KBagbl x 2 TpuaHrna + yrosku

gl_VertexID







FeHepaLu/lﬂ 60]'IbLIJOI7I KaprI N3 FIpI/IMI/ITI/IBOB
https://www.voutube.com/watch?v=qE5Y vC SRk

B npumep x | =+

(@ localhost

.........................

const v = []
const ¢ = []
const b = []
const u = []

/** ROOMS MESHES */

32 for (let i = 0; i < walls.length; ++i) {

33 const dataWall = createWall(walls[i], root)
34 v.push(...datawall.v)

35 ¢.push(...datawall.c)

36 b.push(...datawall.b)

u.push(...datawWall.u)

** DOORS MESH **/
41 for (let key in doors) {

a2 const door = createDoorData(root, null, doors|
43 M.rotateVerticesY(door.v, doors[key].angle)
44 M.translatevertices(door.v, doors[key].pe[e],
@ b ac AR AR !
PROBLEMS  OUTPUT  |TERMINAL| +=* node +v D @ = ~ X

{}} _x] wdn): Compiled successfully.

Bacuaun Mopox
Ao Qom0 E <A reptiloid111

Bl I° master ® ®O0A0 WO Ln15,Col 14 Spacess4 UTF-8 CRLF () JavaScript Q

Bacunuii NMopox — lMNpoueaypHas reHepauus 3D-aneMeHTOB B 6pay3epe: yacTb 2


https://www.youtube.com/watch?v=qE5Y_vC_SRk

Maccusbl 1 bydepa

export class QuadArray {
static strideFloats = 16

vertices: floatl[] = []
gount: int = B

constructor(public mat: QuadMaterial) {

}

pushQuad(quad: Quad) {
this.vertices.push(guad.center_x)
this.vertices.push(quad.center_y)
7 S

this.count++

export class QuadBuffer {

data: Float32Array;
int32_data: Int32Array;
count: int = 0

constructor(public mat: QuadMaterial,
public size: int) {
this.data = new Float32Array(
size * QuadArray.strideFloats);
this.int32_data = new Int32Array(this.data.buffer);

pushQuad(guad: Quad) {
const ind = this.count * QuadArray.strideFloats
this.data[ind] = quad.center_x
7 S—
this.int32_data[ind + 15] = gquad.flags
this.count++
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https://habr.com/ru/articles/237641/
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https://habr.com/ru/articles/237641/

[x | AutoSave@ Book1 - Excel £ Search
°® Fraq ment Shader File Home Insert Draw Pagelayout Formulas Data Review View Developer
2 A ® o= o v B 3
e opmMyna, BCTaBnsieTcs cpasy B tjavea@eeaecvmoevenn
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https://webglfundamentals.org/webgl/lessons/webgl-shaders-and-glsl.html

Vertex Shader (BuaeomarHMToOoH)

Vertex Buffer (Attribute Buffer)

e Avito



https://developer.mozilla.org/en-US/docs/Web/API/WebGLRenderingContext/bufferData
https://webglfundamentals.org/webgl/lessons/webgl-shaders-and-glsl.html

Framebuffer

NMaysa

HoBas

Nan T0ro, uTOOM NFpa He
TOpHOINAA, YoepuTe
YKATATEAL IMUN HA ORMH W3
AMAUKOR NINOHEHNR UBETA
(UPWOTA WAM JAAMSKM) WA
NANEAN HHETPYHENTOR .

Cyer 22

YnpasaeHune



https://developer.mozilla.org/en-US/docs/Web/API/WebGLFramebuffer

Vertex Shader (BuaeomarHMToOoH)

Vertex Buffer (Attribute Buffer)

®»W
()(m)

e Avito



https://developer.mozilla.org/en-US/docs/Web/API/WebGLRenderingContext/bufferData
https://developer.mozilla.org/en-US/docs/Web/API/WebGLRenderingContext/bufferData
https://developer.mozilla.org/en-US/docs/Web/API/WebGLRenderingContext/drawArrays

KpyTas ccbrnka

Varyings (cBa3b mexay vertex u fragment) \ WebGL State n Uniforms

HOD1387

TonbKo Korga BUauK ewe He 3anyLueH!


https://developer.mozilla.org/en-US/docs/Web/API/WebGL_API/Data
https://webglfundamentals.org/webgl/lessons/resources/webgl-state-diagram.html

Transform Feedback: n3 bydepa B 6ydep, konupyem Varyings

TOSHIBA - .



https://webgl2fundamentals.org/webgl/lessons/webgl-gpgpu.html

ObpaboTka aaHHbIX, Tekctypa VS bydep

[Mpobnema

[ocTtyn n3
lwengepa

cocean?

ObpaboTka a-
ng
Array.map()

OrpaHunyeHune
Ha 3anuncb

o =

[NMona ¢ umeHamu,
vertexAttribPointer

nporpamma 3awmTsl
cBuaerteneu

Vertex Shader,
Transform Feedback

Mapy oecaTtkos vec4d
BblOAEPXUT

TekcTtypa

texelFetch(x, y) naet 4 donota R GBA

Bcerga MoxHo npovntath (random-access)

Fragment Shader,
pucyem KBagpart B ApPYryto TEKCTYpY

Tonbko oaunH vec4, nnn drawBuffers
NULWEM B OOHY KMETKY Ha pasHbIX TEKCTypax
(nuctmnkax B Excel)



https://developer.mozilla.org/en-US/docs/Web/API/WebGL2RenderingContext/drawBuffers




CtaTtnka n guHamuka

Draw-calls = Quads x YaHkn + Bcakas XXUBHOCTb

TyT TekcTypa Oonga 4yaHka TyT 4yTOK Wengepa



CtaTuka
[lpyuMUTMBLI = X + OUHaMUKa

NHCTaHC

XpaHeHune

e bBydep: Bocnonbayemcsa BugeonpokaTtom! u
gl.STATIC vs gl.DYNAMIC

e Tekctypa: npocto Float32 RGBA




Low Level Game Dev Yyoutube

glTexParameteri(GL_TEXTURE_CUBE_MAP, GL_TEXTURE_

TCVTIIDE £/1LIDE MAD ~1 TCEVTIHIDE

void SkyBoxLoaderAndDrawer::loadTexture(c
GLuint frameBuffer, int format)

ary(name, couldNotO

Callback(std::string(’
skyBox.texture);

*

unsigned char


https://www.youtube.com/channel/UChkC4u4KdnIDFh9hPqExLDg

@eveL. "R

OrpaHnyeHuns

1. Henb3a nucatb B onpeaeneHHoe mecTto namatul

out buffer = in buffer.map((attrs) =>
{ shader code; return value; })

2. Bo Bpema 06paboTKU Henb3g NpoOMUTATH pe3yibTaT pacyeTa
ApYrnx 06beKToB.



OnTnmmnsaums mogenemn. XxpaHeHne KOCTEN B TEKCTYpE

KocTtu!

KBaabl Ong
batyepa (1)
KBagbl + Ne kocTu (2) Iml

()

TekcTypa Llenpep
KOCTEN KOCTEeu

— X + KBadbl 0e3 KocTeun




MIHCTAHCWUHI Ha KOMEHKe: WapuHr aHnmaumm

Anroputm

TpaguunoHHasa npodbnema WebGL-gsuxkoB

KBagbl BMecTo
TPEeyrofibHUKOB

BatyuHr no marepunanam
MeHenxep namsaTtn

BblHOC cTaTUKM YaHKOB B
WebWorker

BbIHOC KOCTEN B
TEKCTYpY

Obbem kBaga Tenepb oT 16 floats (32-bit),
bydepa bbICTpee rpy3saTcs N paccymTbiBalOTCA,
NH(bI Bfie3aeT MHOIo

bindTexture, cmena GL-cTtenTta

bindBuffer

BblYMCIIEHME BEPLLUMHOK FrEOMETPUN Ha MpoLieccope

skinning mesh nepeHoc BbluucneHnsa sepwmnH Ha GPU



https://developer.mozilla.org/ru/docs/Web/API/WebGLRenderingContext/bindTexture
https://developer.mozilla.org/ru/docs/Web/API/WebGLRenderingContext/bindBuffer
https://webglfundamentals.org/webgl/lessons/webgl-skinning.html
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e

updateTransform(): void

{

if (this.sortableChildren && this.sortDirty)

{
this.sortChildren();

this._ boundsID++;

this.transform.updateTransform(this.parent.transform);

// TODO: check render flags, how to process stuff here
this.worldAlpha = this.alpha * this.parent.worldAlpha;

for (let 1 = @, j = this.children.length; i < j; ++i)

{

const child = this.children[i];

if (child.visible)

{
child.updateTransform();




TakoB nyTb

3emns, rae npobnema

e T
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https://playground.babylonjs.com/#3NIXCL %2315

timeline

o] babylon.; Playground 7.4.0 (WebGL2) TS Javascript

/7

23 // Settings

24 //

25

26 const PLANE_SIZE = 20;

27

28 // Our built-in 'ground' shape.
29 var ground = BABYLON.MeshBuilder.CreateGround("ground", { width: PLAM
30

31 addModels(scene);

32

3 return scene;

34 ¥

35

36 //ASSET from https://quaternius.com/packs/ultimatemodularcharacters.html

38 v async function addModels(scene) {

39 const PLANE_SIZE = 20;

40 const INST_COUNT = 1000; // how many instances

41 const PICKED_ANIMS = ['Walk', ‘Run‘, 'Idle', 'Wave', 'Roll'];

42

43 v const { meshes, animationGroups, skeletons } = await BABYLON.Scenelo:
a4

45 "https://raw.githubusercontent.com/afrokick/babylonjs-lessons/mas
46

47 scene);

48

49 animationGroups.forEach(ag => ag.stop());

50

51 const selectedAnimationGroups = animationGroups.filter(ag => PICKED_/


https://playground.babylonjs.com/#3NIXCL%2315

ivec2 coord = ivec2(gl_FragCoord.xy);
int num = coord.x & 3;
coord.x = coord.x & ~3;

vec4d row_0 = texelFetch(matrix_sample, coord, 0);
vecd row_1 = texelFetch(matrix_sample, ivec2(coord.x + 1, coord.y), 0);
vec4d row_2 = texelFetch(matrix_sample, ivec2(coord.x + 2, coord.y), 0);

float parent_id = texelFetch(matrix_sample, ivec2(coord.x + 3, coord.y), 0).x - 1.0;

out_row = vec4(0., 0., 0., 0.);

if (parent_id < 0.0) {

// no parent

if (num == 0) {
out_row = row_0;

¥} etse if (num == 1) {
out_row = row_1;

} else if (num == 2) {
out_row = row_2;

} else if (num == 3) {
out_row = vec4(0., 0., 0., 0.);

I

return;



if (parent_id >= REL_SHIFT) {

parent_id = (input_size.x * float(coord.y)) + float(coord

} else {
parent_id = parent_id * 4.0;

//T0D0: maybe use <<, >> instead of *
float py = floor(parent_id * input_size.z + 0.0001);
float px = floor(parent_id - py * input_size.x + 0.0001);

vec4 parent_row = texelFetch(matrix_sample, ivec2(int(px)

if (num == 3) {
out_row = parent_row;
if (out_row.x >= REL_SHIFT) {
// Divide by 4 Pixels per bone, add 1.0
out_row.x = parent_id * 0.25 + 1.0 - (out_row.x -

I

return;
}
out_row.x = parent_row.x * row_0.x + parent_row.y * row_1.
out_row.y = parent_row.x * row_0.y + parent_row.y * row_1.
out_row.z = parent_row.x * row_0.z + parent_row.y * row_1.
out_row.w = parent_row.x * row_0.w + parent_row.y * row_1.

.X) - (parent_id - REL_SHIFT) * 4.0;

+ num, int(py)), 0);

REL_SHIFT = 1.0):

= N K

+

parent_row.
parent_row.
parent_row.
parent_row.

N N N N

* % X %

rPOW_2 . X
row_2.y;
row_2.z;
row_2.w + parent_row.w;


https://playground.babylonjs.com/#3NIXCL%2315



https://playground.babylonjs.com/#3NIXCL%2315

OTnagoyka Ha BUaeokapTte

Experiments 122.0.6192.0

WARNING: EXPERIMENTAL FEATURES AHEAD! By enabling these features, you could lose browser data or
compromise your security or privacy. Enabled features apply to all users of this browser. If you are an enterprise

admin you should not be using these flags in production.

Available Unavailable

® Choose ANGLE graphics backend
Choose the graphics backend for ANGLE. D3D11 is used on most Windows computers by

default. Using the OpenGL driver as the graphics backend may result in higher performance D3D110n12 G

in some graphics-heavy applications, particularly on NVIDIA GPUs. It can increase battery
and memory usage of video playback. - Windows

#use-angle

BT L Y T L. V. W 4 PR

B | Ny

_ o . Intel
Radeon GPU Profiler NVidia NSight Analyzers



https://gpuopen.com/rgp/
https://developer.nvidia.com/nsight-graphics

Radeon GPU Profiler

EVENTS

Wavefront occupancy

Event timing Pipeline state Instruction timing

Collapse tree “/ Group by pass “ Color by queue

/® ;‘D Q 204 DrawInstanced(4, 72, 0, 0)
0.000 s 5,000,000 ps 10,000.000 s 15,000.000 s 20,000.000 s 25,000.000 s Launched from Direct queue
||||l||l||l||||||||||l||l|||||||[||[||||||||||[|||||||||||||||||||||||||||||[||||||||||||||I||l||||||||||||||||
204 DrawlInstanced(4, 72, 0, 0) | 5.557 us Start ime 292300815
205 Drawlnstanced(4, 6106, 0, 0) | 58.012 ps End time 5,528.565 ps
206 DrawlInstanced(4, 2220, 0, 0) ! 28.190 ps Duration 5.557 ps
207 Drawlnstanced(4, 14490, 0, 0) | 166.042 ps Work duration 5.144 ps
208 Drawlnstanced(4, 10384, 0, 0) | 315.383 ps
209 Drawlnstanced(4, 250, 0, 0) | 13,297 ps Hardware context %
210 Drawinstanced(4, 806, 0, 0) I 14.901ps
211 Drawlnstanced(4, 352, 0, 0) | 12.869 ps ArLshader hashes
212 Drawlnstanced(4, 36, 0, 0) | 5.370 ps VS: 0x32B34ESC8E04D3BF1A235532C61B765A [
213 Drawlnstanced(4, 28, 0, 0) ! 4.709 ps PS: 0XC7EC384117927CA038E75EBAA29782FB (7]
214 Drawlnstanced(4, 9006, 0, 0) I 90,229 ps
215 Drawlnstanced(4, 9428, 0, 0) 1 84.270 ps API PSO hash
216 Drawlnstanced(4, 90, 0, 0) | 9.151ps
217 Drawlinstanced(4, 13820, 0, 0) | 112,737 s 0x8A37883681ED9007 7]
218 Drawlnstanced(4, 24, 0, 0) 1 4,677 ps < = 2
219 Drawlnstanced(4, 12052, 0, 0) | 107.238 ps Drver intemal pipeline hash
220 Drawlnstanced(d, 13584, 0, 0) | 160.127 s 0x6D161CF3BD3D010C8A378B3681EDIDO7 U
221 Drawlnstanced(4, 56, 0, 0) | 4.843ps
222 Drawlnstanced(4, 72, 0, 0) | 8.533ps Wavefronts
223 DrawlInstanced(4, 9286, 0, 0) | 73.925ps
224 Drawlnstanced(4, 9952, 0, 0) | 71.833ps RDNA wavefront distribution:
225 Drawlnstanced(4, 14742, 0, 0) 1 104.332ps _
226 DrawlInstanced(4, 12588, 0, 0) 1 133.066 ps
227 Drawlnstanced(4, 130, 0, 0) 1 5.039 ps SurfS wavefronts s
228 Drawlnstanced(4, 334, 0, 0) | 9.484ps PrimS wavefronts 10 (90.91%)
229 DrawlInstanced(4, 34, 0, 0) | 7.777 ps PS wavefronts 1 (9.09%)
230 Drawlnstanced(4, 9846, 0, 0) 1 71.271ps €S wavefronts _
231 Drawlnstanced(4, 10794, 0, 0) | 83.651ps
232 DrawlInstanced(4, 13966, 0, 0) | 103.779 ps Total wavefronts 11
233 Drawlnstanced(4, 16912, 0, 0) ! 130.245 ps Total threads 15
234 Drawlnstanced(4, 11402, 0, 0) Il 80.192 ps
235 Drawlnstanced(4, 56, 0, 0) | 4.834ps RDNA shader stage timelfine
236 Drawlnstanced(4, 84, 0, 0) | 4.818 s
237 Drawlnstanced(4, 9896, 0, 0) | 70.608 ps —
238 Drawlnstanced(4, 14582, 0, 0) | 131.343 ps
239 Drawlnstanced(4, 58, 0, 0) 1 8.353ps
240 Drawlnstanced(4, 13466, 0, 0) | 98.956 ps




Wavefront occupancy Event timing Pipeline state Instruction timing

Collapse tree Group by pass

307 Drawlnstanced(4, 508, 0, 0;
308 Drawlnstanced(4, 364, 0, 0;
309 Drawlnstanced(4, 328, 0, O]
310 Drawlnstanced(4, 384, 0, 0;
311 Drawlnstanced(4, 64, 0, 0)
312 Drawlnstanced(4, 64, 0, 0)

)
)
)
)

313 Drawlnstanced(4, 152, 0, 0)

314 Drawlnstanced(4, 314, 0, 0)

315 Drawlnstanced(4, 276, 0, 0)

316 Drawlnstanced(4, 224, 0, 0)

317 Drawlnstanced(4, 230, 0, 0) s R

318 Drawlnstanced(4, 308, 0, 0)

319 Drawlnstanced(4, 168, 0, 0)

320 Drawlnstanced(4, 718, 0, 0) Shalee s

321 Drawlnstanced(4, 464, 0, 0) Viewing Options

322 Drawlnstanced(4, 348, 0, 0)

323 Drawlnstanced(d, 16, 0, 0) Opcode Operands

324 Drawlnstanced(4, 232, 0, 0) v 774 BBF1_66

325 Drawlnstanced(4, 1780, 0, 0) 3775 s_mov_bé4 vce, exec

326 Drawlnstanced(4, 188, 0, 0) 3776 s_wgm bé4 exec, vcc

327 Drawlnstanced(4, 442, 0, 0) 3777 v_mov_b32 dpp v2, v23 quad perm:[0, 0, 0, 0] row mask:0xf bank mask:0xf bound ctrl:1

328 Drawlnstanced(4, 480, 0, 0) 3778 v_mov_b32_dpp v3, v1i6 quad perm:[0, 0, 0, 0] row mask:Oxf bank mask:0xf bound ctrl:1

329 Drawlnstanced(4, 364, 0, 0) 3779 v_mov_b32 dpp v8, v23 quad perm:[0, 0, 0, 0] row mask:Oxf bank mask:0xf bound ctrl:1

330 Drawlnstanced(4, 72, 0, 0) 0 v_mov_b32_dpp v7, v16 quad perm: [0, 0, 0, 0] row mask:0xf bank mask:0xf bound ctrl:l

331 Drawlnstanced(4, 216, 0, 0) 3781 v_sub_£32 dpp v2, v23, v2 quad perm:[2, 2, 2, 2] row mask:0xf bank mask:0xf bound ctrl:l

332 Drawlnstanced(4, 252, 0, 0) 3782 v_sub_£32 dpp v3, v16, v3 quad perm:[2, 2, 2, 2] row mask:0xf bank mask:0xf bound ctrl:l

333 Drawlnstanced(4, 256, 0, 0) 3783 v_sub_f32 dpp v8, v23, v8 quad perm:[1, 1, 1, 1] row mask:0xf bank mask:0xf bound ctrl:l

334 Drawlnstanced(4, 408, 0, 0) 3784 v_sub_£32 dpp v9, v16, v7 quad perm:[1, 1, 1, 1] row mask:Oxf bank mask:0xf bound ctrl:l
3785 s_mov_b64 exec, vcc

esourceBarrier 3736 s[8:15], s[6:7], null
v Color pass 10 3787 s[24:27], s[4:5], null

337 Drawlnstanced(4, 4952, 0, 0) 3788 s_waitcnt 1gkment (0)

338 Drawlnstanced(4, 5484, 0, 0) 3789 s_andn2 b32 sl4, sl4, 0x100000

339 Drawlnstanced(4, 4012, 0, 0) 3790 image sample v[10:12], [v23, v16], s[8:15], s[24:27] dmask:0x7 dim:SQ RSRC_IMG 2D

340 Drawlnstanced(4, 4954, 0, 0) 3791 v_add f32 e64 v2, |v2|, |v8]

341 Drawlnstanced(4, 7784, 0, 0) 3792 v_add £32 e64 v3, |v3], |v9]

342 Drawlnstanced(4, 24, 0, 0) 3793 v_mul £32 e32 v7, 0x42c80000, v2

343 Drawlnstanced(4, 5722, 0, 0) 3794 v_mul £32 e32 v3, 0x42c80000, v3

344 Drawlnstanced(4, 2270, 0, 0) 3795 v_mul £32 e32 v2, vi, v1

345 Drawlnstanced(4, 2892, 0, 0) 379¢€ v_fmac_f32_e32 V2, v3, V3

346 Drawlnstanced(4, 5428, 0, 0) 3797 v_sqrt_£32 e32 v2, v2

347 Drawlnstanced(4, 4708, 0, 0) 3798 v_fmaak_£32 v8, -0.5, v2, 0x3dccccce

348 Drawlnstanced(4, 826, 0, 0) 3749 v_fmaak_£32 v3, 0.5, v2, 0x3dccccce

349 Drawlinstanced(4, 4426, 0, 0) 3800 v_sub_f32 e32 v2, v3, v8

350 Drawlnstanced(4, 5406, 0, 0) 3801 v sub f32 e32 v3, 0x3e99999%a, v8



<§E EVENTS

Wavefront occupancy Event timing Pipeline state Instruction timing

326 Drawlnstanced(4, 188, 0, 0)
327 Drawlnstanced(4, 442, 0, 0)
328 DrawlInstanced(4, 480, 0, 0)
329 DrawlInstanced(4, 364, 0, 0)
330 Drawlnstanced(4, 72, 0, 0) IA Vs RS
331 DrawlInstanced(4, 216, 0, 0)
332 Drawlnstanced(4, 252, 0, 0)
333 Drawlinstanced(4, 256, 0, 0)
334 DrawlInstanced(4, 408, 0, 0)

« Color pass 10 Information ISA
337 DrawlInstanced(4, 4952, 0, (
338 DrawlInstanced(4, 5484, 0, (

Wavefronts and threads

339 Drawlnstanced(4, 4012, 0, ( Total wavefronts Total threads Average wavefront duration Average threads per wavefront
340 Drawlnstanced(4, 4954, 0, 3,294 170,901 8.307 ps 51

341 DrawlInstanced(4, 7784, 0, (

342 Drawlnstanced(4, 24, 0, 0) Wavefront mode

343 DrawlInstanced(4, 5722, 0, ( wavebd

344 DrawlInstanced(4, 2270, 0, (
345 DrawlInstanced(4, 2892, 0, (
346 Drawlinstanced(4, 5428, 0, (

347 Drawlnstanced(4, 4708, 0, ( Per-wavefront resources
348 Drawlnstanced(4, 826, 0, 0) Vector registers Scalar registers Registers spilled to scratch memory
349 Drawlnstanced(4, 4426, 0, 64 (64 allocated) 62 (128 allocated) ®

350 DrawlInstanced(4, 5406, 0, (
351 DrawlInstanced(4, 2296, 0, (
352 DrawlInstanced(4, 4446, 0, (
353 Drawlnstanced(4, 1050, 0, ( Theoretical wavefront occupancy

334 Drawlinstanced(4, 5770, 0, ( The occupancy of this shader is limited by its vector register usage.

355 DrawlInstanced(4, 4248, 0, ( A 5
356 Drawlnstanced(4, 4678, 0, This shader could potentially run 8 wavefronts out of 16 wavefronts per SIMD.

357 Drawlnstanced(4, 4968, 0, (

358 DrawlInstanced(4, 4454, 0, (

359 DrawlInstanced(4, 3498, 0, ( 5 n

360 Drawlnstanced(d, 1676, 0, ( However, if you reduce vector register sage by 8 you could run another wavefront.
361 DrawlInstanced(4, 4178, 0, (
362 DrawlInstanced(4, 4396, 0, (
363 DrawlInstanced(4, 7454, 0, (
364 DrawlInstanced(4, 584, 0, 0) w I
somnancett 5200 | MHOFO permucTpoB, HaAO pasaenuTs Wweuaep!
366 DrawlInstanced(4, 5808, 0, (

367 DrawlInstanced(4, 5778, 0, (




AHUMauuns

Tekywinm position, rotation, scale cuntaetca no TimelLine aHnmauun:

a UMEHHO, No Kaxxgomy "KaHany" Tekyllee 3Ha4yeHne cumTaeTcs no Asym
KroyeBbIM Kagpam (KeyFrame)

All

0:00:50

¥ root
Rotation
Position

Scale




PacuyeT kocten

EcTb CNoXHbI 0OBbEKT, KOTOPbLIN 4SS
peHOEPUHra KaXabl pa3 NoMHOCTLHO
NpoOXoAuTCA No AepeBy

[Ona kaxxgowm KOCTu, PEKYPCUBHO:

e Komnosuums: paccumtaTb MaTpuuy no
TeKyLlen position, rotate, scale

e YMHOXMUTb MaTpuLy Ha POAUTENbLCKYHO

e Mogundmkatopsl: Callbacks, oTpucoBka
oon anemeHToB (DpoHn, BrNoKoB B pyke),
BbIYUCITIEHME TEKYLLEN TEKCTYPbI

e Bhni3BaTb NPOPUCOBKY KyObUKOB
NpPUBA3aHHbIX K 9TON KOCTU

drawBuffered(batch: MeshPosInstance,

parent_matrix: imat4,
bone_matrix: float[] = null,

mesh_parts: MeshPartCollection = null) {
this.applyAnimations(
this.mesh.model_groups.bone_local_buffer)
this.world_matrix = mat43mul(this._mx,
parent_matrix, this.local_matrix);
if(this.draw_group_callback) {
this.draw_group_callback(this, batch.batcher,
batch.pos, parent_matrix)
}.
for (let i = 0; i < this.children.length; i++) {
const child = this.children[i];
if (child.is_hidden) {
continue
}
child.drawBuffered(batch, this.world_matrix,
bone_matrix, mesh_parts)

}.
if(this.need_build_geom) {
// 3anuxHyTb Kybuyeckux deTeli B geometries
B
batch.addParts(this.geometries,
this.world_matrix, this.local_bone_id)



MIHCTAHCWUHI Ha KOMEHKe: WapuHr aHnmaumm

MNHcTaHCc!
Keagbl (2) = X + OObIYHbIE (2)

m KBagbl + Ne nHcTaHca (3) m
(=)

TekcTypa Lengep FOR FOR FOR
NHCTaHCca MHCTaHCa







TRUE INSTANCING

Transform
feedback

MeLun

KBa.D.bl A4 _ CraTt kBagsbl
6aqupa —  [OuH kBagbl

KocTtun

X

LLlengep, B
OCHOBHOM
NPOCTO YMTaeT
TEKCTYpbI

Ne mewua
Ne kBaga
Ne kocTtu






Korga koga octanocb Mmano

Bbi3oB pacyéta Ha GPU Bmecto CPU
Bbivrpblilib

nepta = X - Nepepacyer

Kagpbl (FPS)

e Bce cepbésHble onepauun nepeHeceHsl Ha GPU

e PekypcumBHbIN Npoxod NyckaeTcsl TONbKO Korga MeHsnach CTPyKTypa

e Kaxabin Kaap MEHSIOTCA KaKMe-To MHOEKCHI B Y>Ke NoAroToBIEHHOM MacCcuBe
ansa anemeHTa ( mesh_id, quad_id, bone_id)



