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Vulkan Pipeline Diagram [9]
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Some Vulkan commands specify geometric
objects to be drawn or computational work to be
performed, while others specify state controlling
how objects are handled by the various pipeline
stages, or control data transfer between memory
organized as images and buffers. Commands are
effectively sent through a processing pipeline,
either a graphics pipeline or 2 compute pipeline.
The heavy black arrows in this illustration show
the Vulkan graphics and compute pipelines and
indicate data flow
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Show in Explorer

Open

Delete
Rename
Copy Path Alt+Ctrl+C

Import Package >
Export Package..
Import New Asset...

Find References In Project

Select Dependencies

Refresh Ctrl+R
Reimport
Reimport All

Open C# Project
View in Import Activity Window
Update UXML Schema

Properties... Alt+P
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Folder
Matenial

MonoBehaviour Script

2D
Animation
Audio
Rendering
Scene
Scripting
Search
| Shader >
Shader Graph
Testing

R B A . A A

Terrain

Text Core
TextMeshPro
Timeline

Ul Toolkit
Wisual Scripting

A . .~ A .

WVulkan Settings

Physics Material
GUI Skin
Custom Font

Input Actions

URP Unlit Shader
SRP Blit Shader
Compute Shader
Ray Tracing Shader
Custom Render Texture

Shader Variant Collection
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[/ ENTNDH#kernelld. EOBEEKRZIDINMIVT DI ZIRTUET; S<DA—RIVEFTET

// Each #kernel tells which function to compile; you can have many kernels
ftoragma kernel CSMain
// enableRandomWrite 7> Z#DRenderTextureZ{EmkU. cs.SetTexture TexEH K
// GCreate a RenderTexture with enableRandomWrite flag and set it

// with cs. SetTexture

RWTexture2D<float4> Result; 4R floatDimAET TCETDTIRAFV

[numthreads/(8, 8, 1)1 8x8X1DE{I TEITH(64 B TEITIND)
VfE7rL void CSMain (uipt3 id : SV_DispatchThreadlID) £X L wRZEUTCIZ—IRIDZE=ITED
REFEOI—RZCICHBAEL !
7 insert actual code here! Tsta@ﬁ%

Resultlid. xy] = float4(i/d.x & id.y, (id.x & 15)/15.0, (id.y & 15)/15.8, 0.0);
} EvhEERS  XETI16EDEAMSEE YT 6EDREEE

-b-mm—nc:roooumcn.h-c.om—u
X1

— ) — — —
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#tpragma kernel B8 - 7 7 7 7 7

RWTexture3D<float4> tex;

CNSDBEMN32064NRBETRNE
[numthreads(2, 8, 4)] crucEi-rz17r54:d 2

void 824 (uint3 id : SV DispatchTheadID)

Z

{

tex[id] = f

4(0, 0, 0, 1): T

\X

v

}

CH# 1l \

int kernel = computeshader.FindKernel(“E924&");
computeshader.Dispatch(kernel, 3, 5, 7);9(3%2, 5%8, 7%4)=(6, 40, 28)=6720EDUIENESD
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https://docs.microsoft.com/ja-jp/windows/win32/api/d3d11/nf-d3d11-id3d11devicecontext-

Dispatch(5,3,2) : Each box below is a Thread Group

3 /7(71:@35 I[0)) lﬂ%*%)ﬁ SV_GrouplD Dispatch
X (dim 0) ~ ) call
> v invokes
< 0,00]1,0012,00[3,001]4,0,0 ?:é’ 5*3*D =
2| [5:20  — T\ (30 Thread
3 | S e — Groups in
= 021 N J undefined
/ \ order.
»

Zoom-in on SV_GrouplD(2,1,0% Boxes are Threads
5V _Group NoreadlD

Compute 0,00[1,0,0/290,0(3,0,0[4,0,0%0,0/6,0,0(7,0,0(8,0,0(9,0,0
Shader 0,10 N\ 57
declared 0,2,0 )\ —
that each 0-2-0 0.2
Thread gﬁg =E0
Group is a —— —
widor | [088 = S
(10.,8,3) = U6, /
240 0,7.1 /I’ /
Thread SAS L
reads ?é' —~
A Thread:

» SV_GroupThreadD | = (7,5,0) EEDORTDT IV—T1
5|25& LT | SV_GrouplD =(2,1,0) TJI—THTOHID
Hy(') 5 5@ SV_DispatchThreadlD | = ([(2,1,007(10,8,3)] + (7,5,0)) = (27,13,0) 2TCOHRTHILI=—%

| ST Srouphdex |7 0M0°8+ 510+ 7=57 91 —FIDE1RTED

dispatch

PDID

NID,
ITYIRCEHRLIZED
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- RWByteAddressBuffer: sl . StructuredBuffer

- RWStructuredBuffer: #&{REF « Texturel1D

« RWTexturel1D « Texture1DArray

« RWTexture1DArray:Hcal - Texture2D

« RWTexture2D « Texture2DArray

« RWTexture2DArray « Texture3D

« RWTexture3D « Texture2DMS:NIVFHF T T
« Texture2DMSArray
- TextureCube:F1—J<9v7J
« TextureCubeArray
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RIEEODI—RZEE

« RWTexture2DZ=CPUTHIS I 2DNHE

B2 0) THY

1% 2E

=]

ftoragma kernel CSMain

// with cs. SetTexture
I // | RWTexture2D<float4> Result;

RWStructuredBuffE?kfIoat4> Result;

[numthreads (8, 8, 1) ]
void CSMain (uint3 id : SV DispatchThreadID)

[
// TODO: insert actual code here!

Resultllid. y*8+id. x] = floatd(id.x & id.y
| AVFVORETRTICESE

SOOI LWN— OO~ OTAALWMN—

— e — — — e —]

I // | Resultlid.xy] = float4(id.x & id.y E

// Create a RenderTexture with enableRandomWrite flag and set it

(id.
(id.

// Each #tkernel tells which function to compile; you can have many kernels

< <

& 15) / 15.0, 0.0);
& 15) / 15.0, 0.0);

TURKYU PULYTEUHRANIC
UNIVERSITY
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1 using UnityEngine;
N N W 2 , ﬁ
~ @Unity R U7+ (1 EO7+Ey &) 0 BOSHE
/ I 3 Fbe| ic class GomputeShaderMonoBehaviourScript : MonoBehaviour
4
5 [SerializeField] ComputeShader computeShader = default!;
! 6
I 7 // Start is cal led once before the first execution of Update after the MonoBehaviour is ct
@Unity AvtE—< 0 EDOSHE
8 void Start()
ComputeShader ! -
MODOBQ %VIOU (=}=3 H -’(i:nt yt:ng;‘f teBuff ComputeBuffer (4 izeof (float))
omputeBuffer computeBuffer = new ComputeBuffer (4 * x *x y, sizeo oat));
ScriptZzENL CiRE | P P : y
AN = = 4 int kernelHandle = computeShader. FindKernel ("CSMain®):// Hh—FIILEEED /> FILEZ G
M/ = lg:\ 8X8ﬂﬁ|5€'f__|-/15 computeShader. SetBuffer (kernelHandle, “Result”, computeBuffer).// /N\w T 7%t v k
/ computeShader. Dispatch (kernelHandle, x / 8, v / 8, 1);// h—=xILEAZEZETT
-« ComputeBuffer (I

float[] result = new float[4 * x * y];
computeBuffer. GetData(result) ;// CPUA &GPU~NT—4 Zi5i%E

- RW trtzgtured

M\\wx
o — © 00 ~l

Bu-l’-' er ‘JI-@{,EJJ)O) computeBuffer.Release();// /3w 7 7 DRI
77 {/ Eﬁ(iﬁﬁlzug:‘%%(iﬁt L‘gcﬁé
. . = or (int 1 =0; 1 <x; i++
« Dispatch:3 2 e e e
or (int j=0; j <y, j+
* GetData %g [ float cs_x = result[4 * (i | * ;
w=ef - X = I+ ] x) + 0];
¢ CPUb\ERM%X:EUL_ 28 I float cs_y = result[4 * (i + j * x) + 1] * 10.0f;
] t°_ 29 float ¢cs z = result[4 * (i + j * x) + 2] * 10.0f;
30 —» GameObject cube = GameObject. CreatePri(mitive(Primitive)Type. Cube) ;
! i B 31 cube. transform. position = new Vector3(cs_x, cs_y, ©s_z);
i Createpl’lmltlve* 39 cube. transform. localScale = new Vector3(0.9f, 0.9f, 0.9f):// [EREZHIT5
« 1IRYIIRERL . -
35 }
36 }
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POTHLD:

1 Compute Shader 101/1 Compute Shader 101 Scene

1. Compute Shader ZEN
« Z¥M5:NewComputeShader

2. C# Script%':iJJ[I

Fa| uteShader
onoBe%a\?lour cript

« CH# Scriptz&Titx
« Compute Shader ZzZF#%

3. Empty’*GameObjectZzENN
- ZFMil:GameObject

gam O ject [CCompute
hader onoEe aviour

5. Comgu’ceShad?1 rMon haVIOUI’SCFIDﬂ-._
omputeShader .:x/E
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@ src - 1 Compute Shader 101 Scene - Windows, Mac, Linux - Unity 6.2 (6000.2.6f2)* <DX12> = a X

| File Edit Assets GameObject Component Services Jobs Window Help

 AIERK BEXoG, .

- a- | 1 I -
L - + ) ~ - | t[j ¥ Main Camera
\ 1 Compute Shader 101 S¢ ¢ -
_L I_ — g Tag MainCamera EET

@T >~ @ Unity Version Contrc |

ni

- Transform

(7]
Default Renderer (PC_Renderer) «

No Anti-aliasing

= Tut

= Packages 1

A r if your firewall settings are c '

K . G E I TOKYO POLYTECHNl .\ to use UDP port 58982 for VS/ g. You should check if another process is already :_:_:_ __ : & : ;=
UNIVERSITY JO005L0—03vw I
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>—2: 2 GPU Particle Scene
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« HIE(C DL\ 25
c BEMIEF oz OMRE
« [BIKDEDICEIK
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. %%/’WIJ:ParticleComputeShader

2 GPU Particle

oR

GPU Particle/Particle
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ALEERK

ParticleComputeShader.compute

29 >

// ELZBS%% (see. https://andantesoft. hatenablog. com/entry/2024/12/19/193517)
float fihash orig(float2 v)

[

uint2 u = asint(v * float2 (141421356, 2718281828)) :
return float ((u.x = u.y) * 3141592653) * 2. 3283064365386962890625e-10;

}

EloatZ rand2 (float2 st)

}

EloatS rand3 (float2 st)

}

return float2(fihash orig(st), fihash orig(st + 1)) ;

return float3(fihash orig(st), fihash orig(st + 1), fihash orig(st + 2)) .

30
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BEAREATITO

SH- [ = —3
° *ﬁj&ﬁ:ﬁaﬁu;&mﬁ ParticleComputeShader.compute

CON O OO~ OT AL CWh —

—  —  —  —

// Each #kernel tells which function to compile; you can have many kernels
fioragma kernel CSInitialize e e
ffpragma kernel CSUpdate HHDE

struct Particle

{

float3 position; N e
float3 velocity. —D—DO)*M_YF@T_Q

float3 color,;

}s

RWStructuredBuffer<{Particle> Particles, 1% 12|:EB§|J
float deltaTime;// BEFEFIZCPUMN 5 Z(TENAH] 7 L—Lh 5 DFFEFEFRE

. GE TOKYO POLYTECHNIC o e - .
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32
33
34
35

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

TOKYO POLY reuvnmiv

void reset{uint id) ParticleComputeShader.compute

float2 seed = float2(

(1.0 / 256.0) * (float) (id % 256), — | —ER a2 D= N
// B &2DHR0. SOMBEEIZER 0.3

float2 r2 = rand2 (seed) ;
Particles[id].position = float3(
cos(r2.x * 2.0 * 3.14159265) * r2.y * 0.3, 2
2.0,
sin(r2.x * 2.0 x 3.14159265) * r2.y x 0.3

),

[/ REIX. BRBIIZIAIT 5

float3 r3 = rand3(seed + 10) ;

Particles[id].velocity = float3(
5% (r3.x +0.01) * sin(r3.y * 3.14159265) * cos(r3.z * 2.
5% (r3.x + 0.01) * sin(r3.y * 3.14159265) * sin(r3.z * 2.
5% (r3.x + 0.01) * cos(r3.y * 3.14159265)

* 3. 14159265) ,
* 3. 14159265) ,

o O

)
/] BIEZ R L
Particles[id].color = rand3(seed + 20) ;

J
fidefine THREAD_NUM 64

[numthreads (THREAD _NUM, 1, 1)]
void CSInitialize(int3 id : SV DispatchThreadlD)

{
J

reset (id. x) ;

UNIVERSITY

JO5L7—03vIINV



ParticleComputeShader.compute
kD)

RN S (B E B
IR (=) CREE B

« ZSHEINTTOULT DELT
W I

« IRKWTRICRIZH ERITICT D

« PRV BRI ZfTITTELE

BET

AR THIE

 EEDN—ELLFICR D5
BAIEL

[numthreads (THREAD_NUM, 1, 1)]
TOid CSUpdate (uint3 id : SV_DispatchThreadlD)

float3 position = Particles[id. x].position;
float3 velocity = Particles[id. x]. velocity;

/] B Go=51) 1ty k
%f (dot(velocity, velocity) < 0.001)

reset (id. x) ;
return,

}

// FIZE b= bEktaR 5
%f (position.y < 0.0)

velocity.y = 0.6 * velocity.y,

/] BAAZ—

position += velocity * deltalime;
velocity.y —= 9.8 *x deltalime;
velocity *= 0.995;// B55 =& ER

// {EDIEHH
Particles[id. x]. position
Particles[id. x]. velocity

position;
velocity;

K ‘ E TOKYO POLYTECHNIC
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1. 77U
« Z¥5: 2 Particle Material
2. 1—%
- [Shader]-TURP Unlit Shader]
. 2 Particle MateriallZ3%E
- &5l ParticleUnlitUniversalRenderPipelineShader

Assets > 2 GPU Particle

@ M 'S
ams -

) GPU Partl... ®) 2 Particl... ParticleCom... | ParticleUnlit...

[8) Assets/2 GPU Particle/ParticleUnlitUniversalRenderPipelineShader.shader
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« URPHEITDII—5 LT H2EEBHNICEREIND

ParticleUnlitUniversalRenderPipelineShader. shader

[

fipragma vertex vert
#toragma fragment frag

1 ?hader “Custom/ParticleUnlitUniversalRenderPipel ineShader”
2

3 ?ubShader

4

5 Tags { “RenderType” = “Opaque” “RenderPipeline” = “UniversalPipeline” }
6

J/ Pass

8 {

9 HLSLPROGRAM

0

1

2

3

4

— — — — —

#include “Packages/com.unity. render—-pipelines. universal/ShaderLibrary/Core.hlsl|”
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16
17
18
19
20
21
22
23
24
25
26
21
28
29
30
31
32
33
34
35
36
317
38
39
40
41
42
43
44
45
46

TtrUCt Particle ParticleUnlitUniversalRenderPipelineShader. shader

float3 Position;
floais Feitien: - Compute shader

| float3 Color; FIUEEARZEZEET D

struct Varyings

{
float4 positionHGS : SV_POSITION;

half3 color . COLORO;

: EEREISIADT I R

uniform StructuredBuffer<Particle> Particles;
Varyings vert(uint id : SV_VertexID) IDZAANELTRITIRESZEIZTS
Varyings OUT;

Particle particle = Particles[id];
OUT. positionHCS = TransformObjectToHC|ip(particle.Position);

OUT. color = particle. Color;
return OUT;

}
Talf4 frag(Varyings IN) : SV _Target
return half4 (IN. color, 1);

}
ENDHLSL

JO5L7—03vIINV
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- MonoBehaviourX2'J) 7 +MEM
. %WWUZ ParticleMonoBehaviourScript

2 GPU Particle

@ 288

AOM... P iclei

GPU Particle/ParticleMonoBeha
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ParticleM

onoBehaviourScript.cs

1 using UnityEngine;
2 using System. Runtime. InteropServices;
3
1 BDZ=EE
4 s{truct Particle
5
g public Veotors Position:  Compute Shader&RIUXE LA T hOHEH
public Vector3 Velocity, 1] N v HI— =T F
9 J
10
@Unity XR9UZ7kF 0 EO7€y F3EB) 0 AOSHE
11 ?ublic class ParticleMonoBehaviourScript : MonoBehaviour
12
13 [SerializeField] Material material = default!; RLIDIT—HFNDT7IELER
14 [SerializeField] ComputeShader computeShader = default!; I 71—~ T—45ADT7ITR
15
16 orivate int updateKernel; I E 11— T—4 DR ZEEOH T /=D DX
17 private ComputeBuffer buffer; B &{ARECHIDEMRZRET
18
19 / private const int THREAD_NUM = 64;// 12D T IL—THi=UDAL v
20 private const int PARTICLE NUM = ((65536 + THREAD NUM - 1) / THREAD NUM) * THREAD NUM;

FIFZ(THREAD NUMDE# Z1&X> 9 %)
JO5L7—03vIINV
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[/ AT bHBEMIZE S BRICFFEEN S particleMonoBehaviourScript.cs
@Unity Avt—< 0 ADOSEE
private void OnEnable ()

{
[/ IN—T 47 ILDIEREERT H/\V T 7
buffer = new ComputeBuffer (
PARTICLE_NUM,
Marshal. SizeOf (typeof (Particle)),
ComputeBufferType. Default) ;

// #IHAE X5 RIS E R TR

int initkernel = computeShader. FindKernel ("CSInitialize”)

computeShader. SetBuffer (initKernel, “Particles”, buffer):
EAME R =47 computeShader. Dispatch (initKernel, PARTICLE NUM / THREAD NUM, 1, 1);

// BEFEDETE
o . updateKernel = computeShader. FindKernel ("CSUpdate”) ;
FEC CIC/NY T 7% computeShader. SetBuffer (updateKernel, “Particles”, buffer):
ERETDNERHL)
// BRI T TILDETE
| material. SetBuffer ("Particles”, buffer):

TURYU FULYITEUVCANIGW
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ParticleMonoBehaviourScript.cs

44

45
46
4]
438
49
o0

ol
52
03
o4
99
06

of
08
99

[/ TRy FBNENESRRICHEEN S

@Unity A vt—> 0 [ADSHE

private void OnDisable()  OnEnable®xt& %2 fREALIE

{
}

/] BN .
@Unity A*vt—> 0 ENDSHE
TOid Update ()

buffer.Release() ;

computeShader. SetFloat (“deltaTime”,

Time.deltaTime) ;

ERIENZETIT computeShader. Dispatch (updateKernel, PARTICLE NUM / THREAD NUM, 1, 1);

}

@Unity A*vt—> 0 EDSHE
TOid OnRenderOb ject ()

material. SetPass (0) ;

}

60 RENLZGEREIOLY Graphics. DrawProceduralNow (MeshTopology. Points, PARTICLE_NUM) ;
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