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TRADITIONAL GEOMETRY PIPELINE

» The traditional geometry pipeline was used for over
two decades
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TRADITIONAL GEOMETRY PIPELINE

» The traditional geometry pipeline was used for over
two decades
/ = 1 N « Limited flexibility due to fixed function blocks

E:oaﬁé, * No access to topology from vertex shader
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TRADITIONAL GEOMETRY PIPELINE
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MESH SHADER PIPELINE

4~ s

{ Rasterizer

. Fixed function |:| Required stage . Optional stage

. Buffer
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MESH SHADER PIPELINE

s [NumThreads(128, 1, 1)]
[OutputTopology("triangle")]
void MeshShader(

out indices uint3 tris[MAX_TRIANGLES],
out vertices VertexOutput verts[MAX VERTICES],

DispatchMesh(4, 3, 2) —> Rasterizer

. Fixed function |:| Required stage . Optional stage

II Buffer
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MESH SHADER PIPELINE

[NumThreads(128, 1, 1)]
[OutputTopology("triangle")]
void MeshShader(
out indices uint3 tris[MAX_TRIANGLES],
‘ s % out vertices VertexOutput verts[MAX VERTICES],

uint threadId : SV_GroupThreadID) {

verts[threadld] = LoadVertex(threadId);
tris[threadId] = LoadTriangle(threadld);

DispatchMesh(4, 3, 2) —> Rasterizer

. Fixed function |:| Required stage . Optional stage

II Buffer
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MESH SHADER PIPELINE

StructuredBuffer<uint3> Triangles : register(t0);
StructuredBuffer<float3> Vertices : register(tl);

4

[NumThreads(128, 1, 1)]
[OutputTopology("triangle")]

‘ void MeshShader(
out indices uint3 tris[MAX_ TRIANGLES],
out vertices VertexOutput verts[MAX VERTICES],

DispatchMesh(4, 3, 2) —> Rasterizer

. Buffer . Fixed function |:| Required stage

. Optional stage
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MESH SHADER PIPELINE

StructuredBuffer<uint3> Triangles : register(t0);
StructuredBuffer<float3> Vertices : register(tl);

<4

[NumThreads(128, 1, 1)]
[OutputTopology("triangle")]

‘ void MeshShader(
out indices uint3 tris] 256 1,
out vertices VertexOutput verts]| 256 1,

DispatchMesh(4, 3, 2) —> Rasterizer

. Buffer . Fixed function |:| Required stage

. Optional stage

AMD PUBLIC | GDC 2024 | MESH SHADERS IN AMD RDNA™ 3 ARCHITECTURE | MARCH 2024




MESH SHADER PIPELINE

StructuredBuffer<uint3> Triangles : register(t0);
StructuredBuffer<float3> Vertices : register(tl);
‘ L % StructuredBuffer<Meshlet> Meshlets : register(t2);

[NumThreads(128, 1, 1)]
[OutputTopology("triangle")]

id MeshShader(
Meshlet vot one . .
) out indices uint3 tris] 256 1,
Generation out vertices VertexOutput verts[ 256 1,

DispatchMesh(4, 3, 2) —>

Rasterizer

II Buffer

. Fixed function |:| Required stage

. Optional stage
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SO YOU WANT TO WRITE A MESH SHADER

[NumThreads (128, 1, 1)]
[OutputTopology("triangle")]
void MeshShader(
uint threadId : SV_GroupThreadID,
out indices uint3 tris[MAX TRIANGLES],
out vertices VertexOutput verts[MAX VERTICES]) {

// Now what?
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COMPRESSION

Mesh Size
struct Triangle { 120
uint32 t ve;
uint32_t vi; 100
uint32_t v2;
};
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struct Vertex {
float3 position; 20
float3 normal;
float2 texCoord;

¥ Uncompressed Mesh

m Vertices ® Indices
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COMPRESSION

Mesh Size
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COMPRESSION

Mesh Size
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COMPRESSION

Mesh Size
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COMPRESSION

Mesh Size
120
!' Vertex & Triangle counts are limited to 256 elements each
100
[NumThreads(128, 1, 1)]
[OutputTopology("triangle")]
void MeshShader( 80
out indices uint3 tris| 256 1,
out vertices VertexOutput verts[ 256 1, | 60
&
. 40
32 Bit Inaex
20

32 Bit Index
g 32 Blt Naex ’ Uncompressed Mesh Meshlets
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96 Bits per Triangle
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COMPRESSION

Mesh Size
120
!' Vertex & Triangle counts are limited to 256 elements each
100
[NumThreads(128, 1, 1)]
[OutputTopology("triangle")]
void MeshShader( 80
out indices uint3 tris| 256 1,
out vertices VertexOutput verts| 256 1, | 60
E; \ |
. 40 : 10MiB
- 8 Blt Index B
. 20 37 MiB
8 Bit Index @
8 BI i
g |t Naex Uncompressed Mesh Meshlets

m Vertices ® Indices

24 Bits per Triangle
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COMPRESSION
Mesh Size
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COMPRESSION

Mesh Size
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COMPRESSION

Mesh Size
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COMPRESSION

Mesh Size
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COMPRESSION

Mesh Size
120
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Buffer Size
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See endnotes for full test system configuration.

COMPRESSION

Render Time Mesh Size
14 120
1.2 A 1.16
N o7 100
- 80
= r 0.84 0
= 08 _ s n
= 0.65 06 / 8 @ 60
o 0.6 ] =
S 0.48 1l &) .
3 "L 40 2.48 MiB
X 0.4 ‘
02 g L . T 20
0 e ‘_:" o o i - . p? O
Rock Lucy Uncompressed Mesh Meshlets
15.5 M Triangles 28 M Triangles m Vertices mIndices
7.8 M Vertices 14 M Vertices
75 k Meshlets 136 k Meshlets

m Vertex Pipeline  ®Meshlets ® Compressed Meshlets

GPU: AMD Radeon™ RX 7900 XTX; driver version: 24.1.1; Meshes: Layered Rock by Aixterior, Lucy by Stanford Computer Graphics Laboratory
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COMPRESSION

AMD ¢l
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Meshlet compression

We continue our mesh shader use-case studies by taking a look at meshlet compression.

In detail, we want to show how to diminish the memory footprint of meshlet geometry, thus both the index
buffer and the vertex attributes. Decompression then happens on the fly on every frame in the mesh shader.

Introduction

Meshes created with scanning techniques such as photogrammetry become more and more common in real-
time applications. To cope with the large amounts of geometry data, Unreal Engine introduced Nanite. Nanite
demonstrates that today it is feasible to stream in massive amounts of geometry, even to an extend where
triangles are smaller than a pixel. To handle such amounts of data, one key element of Nanite is geometry
compression. While typically decompression algorithms run in a linear manner, to run well on a graphics card,
decompression has to be parallelized. At the time of us writing this post, the developers of Nanite aren't

satisfied with the GPU decompression performance, so they only run it once after streaming from the CPU,

inctond of norforming it cviont framao ac aricinallintondad 1 vocticac and T teinnaloc Tumicallie ooachlat
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AMPLIFICATION SHADERS

DispatchMesh(4, 3, 2)

o

Pixel

Rasterizer Shader

)
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AMPLIFICATION SHADERS

[NumThreads(64, 1, 1)]
void AmplificationShader(uint dtid : SV_DispatchThreadID) {

DispatchMesh(x, y, z, payload);

}

DispatchMesh(4, 3, 2) \\\\\/////////
T T 1

Amplification Pixel

Shader iRl Shader
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AMPLIFICATION SHADERS

[NumThreads(64, 1, 1)]
void AmplificationShader(uint dtid : SV_DispatchThreadID) {

DispatchMesh(x, y, z, payload);

}

DispatchMesh(4, 3, 2) \\\\\/////////
| | | ] ] ] ]

Amplification - Rasterizer
Shader — Shader

Pixel
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AMPLIFICATION SHADERS - DYNAMIC LOD

[NumThreads(64, 1, 1)]
void AmplificationShader(uint dtid : SV_DispatchThreadID,
uint gtid : SV_GroupThreadID)

{
uint lod, meshletCount;
ComputelLevelOfDetail(instanceInfo[dtid], lod, meshletCount);
payload.lod[gtid] = lod;
DispatchMesh(WaveActiveSum(meshletCount), 1, 1, payload);

}

DispatchMesh(4, 3, 2) \\\\///////////
T T 1 T T 1

Amplification T Rasterizer
Shader — Shader

Pixel
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AMPLIFICATION SHADERS — CULLING

[NumThreads(64, 1, 1)]
void AmplificationShader(uint dtid : SV _DispatchThreadID)

{
bool visible = IsMeshletVisible(Meshlets[dtid]);

if (visible) {
const uint index = WavePrefixCountBits(visible);
payload.meshletIds[index] = dtid;

}

DispatchMesh(WaveActiveCountBits(visible), 1, 1, payload);
}

DispatchMesh(4, 3, 2)

Amplification T
Shader —
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See endnotes for full test system configuration.

COMPRESSION

Render Time Mesh Size
14 120
1.2 A 1.16
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m Vertex Pipeline  ®Meshlets ® Compressed Meshlets

GPU: AMD Radeon™ RX 7900 XTX; driver version: 24.1.1; Meshes: Layered Rock by Aixterior, Lucy by Stanford Computer Graphics Laboratory
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See endnotes for full test system configuration.

COMPRESSION

Render Time with Culling Mesh Size
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GPU: AMD Radeon™ RX 7900 XTX; driver version: 24.1.1; Meshes: Layered Rock by Aixterior, Lucy by Stanford Computer Graphics Laboratory
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QUADRILATERAL PRIMITIVE RASTERIZATION

Meshlet
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QUADRILATERAL PRIMITIVE RASTERIZATION

3D artists use quads
for modelling
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QUADRILATERAL PRIMITIVE RASTERIZATION

3D artists use quads
for modelling
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QUADRILATERAL PRIMITIVE RASTERIZATION

Barycentric Interpolation Bilinear Interpolation
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QUADRILATERAL PRIMITIVE RASTERIZATION

Bilinear Interpolation
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QUADRILATERAL PRIMITIVE RASTERIZATION

Bilinear Interpolation

Solution: Primitive Attributes!

[NumThreads (128, 1, 1)]

[OutputTopology("triangle")]
void MeshShader(

out indices uint3 tris[MAX TRIANGLES],

out primitives PrimitiveAttributes prims[MAX_TRIANGLES],
out vertices VertexOutput verts[MAX VERTICES],
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QUADRILATERAL PRIMITIVE RASTERIZATION

Bilinear Interpolation Implementing Bilinear Interpolation using the Mesh Shader
approach has certain advantages:

« Flexibility in how mesh data are passed to the graphics

pipeline
* We can create meshlets with quadrilateral primitives
underneath

« Some calculations for the bilinear interpolation are done in
Mesh Shader and some in Pixel Shader

« Efficient data exchange between these two stages is
important

« Data can be shared per vertex but also per primitive
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See endnotes for full test system configuration.

QUADRILATERAL PRIMITIVE RASTERIZATION

Bilinear Interpolation Faster than Tessellation/Geometry pipeline!

Performance of three implementations of bilinear
interpolation

40
35
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£
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LT_ . . B 4‘—_‘____‘///
10 ® >—0—
5
0
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

Number of triangles

—e&— MESH SHADER —&— GEOMETRY SHADER —&— TESSELLATION SHADERS

GPU: AMD Radeon™ RX 7900 XTX: driver version: 24.1.1
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PROCEDURAL GEOMETRY

Meshlet
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Shader
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PROCEDURAL GEOMETRY

[NumThreads(128, 1, 1)]
[OutputTopology("triangle")]
void MeshShader(
uint threadId : SV_GroupThreadID,
out indices uint3 tris[MAX_TRIANGLES],
out vertices VertexOutput verts[MAX_VERTICES]) {

verts[threadId] = EvaluateGrassSpline(basePosition, threadld);
tris[threadId] = ComputeTopology(threadId);

Pixel
Shader

Rasterizer
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PROCEDURAL GEOMETRY

']

[NumThreads(128, 1, 1)]
[OutputTopology("triangle")]
void MeshShader(
uint threadId : SV_GroupThreadID,
out indices uint3 tris[MAX_TRIANGLES],
out vertices VertexOutput verts[MAX_VERTICES]) {

verts[threadId] = EvaluateGrassSpline(basePosition, threadld);
tris[threadId] = ComputeTopology(threadId);

Pixel

R .
asterizer Shader
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PROCEDURAL GEOMETRY

Helghtmap [NumThreads(128, 1, 1)]
[OutputTopology("triangle")]
‘ void MeshShader(
uint threadId : SV_GroupThreadID,

out indices uint3 tris[MAX_TRIANGLES],
out vertices VertexOutput verts[MAX_VERTICES]) {

verts[threadId] = EvaluateGrassSpline(basePosition, threadld);
tris[threadId] = ComputeTopology(threadId);

DispatchMesh(x, y, 1)

Amplification Rasterizer Pixel
Shader Shader
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50+ million triangles
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PROCEDURAL GEOMETRY
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Procedural grass rendering

L ear n I I l Ore O n Detailed vegetation plays an important part in improving immersion in video games. One part of this
vegetation is grass.
GPUOpen.com

X Followus on X

https://twitter.com/GPUOpen

https://mastodon.gamedev.place/@gpuopen

~]- Followus on Zhihu
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PERFORMANCE CONSIDERATIONS
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PERFORMANCE CONSIDERATIONS - AGENDA

AMPLIFICATION (TASK)
GEOMETRY ENGINE MESH SHADER SHADER

IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIII

Shader mr'ym DML ..ih . b luiibl MM
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Command Geom etry Processor — PabN . viuwitr ™ W
Processor | Engine 7T
x Input ¢ °

I |0 mm| el [
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GEOMETRY ENGINE - VERTEX REUSE

e Th t ine hold he f t Command| | Geometry Shader
e geometry engine holds a cache for vertex reuse _ Processof
_ _ _ Processor| | Engine
« Avoids re-shading vertices 3 Input

« But depends on fixed input structure of vertex pipeline

» Asset pipelines can pack the vertices to make the best use of vertex reuse
« Mesh shaders would not take advantage of this and potentially re-shade vertices multiple times

vs:e [o]1]2 BN 3 |00 4 |5 6 8 shaded, 10 re-used

MS:® |o(1|2|2|3|0|1]|4|5|5|2|1|6|5|4|4]|7 |6 | 18shaded

Mesh shader pipeline might run slower than traditional vertex/pixel shader pipeline!

AMD PUBLIC | GDC 2024 | MESH SHADERS IN AMD RDNA™ 3 ARCHITECTURE | MARCH 2024




GEOMETRY ENGINE - VERTEX REUSE

« Vertex reuse optimization has to be done during meshlet generation
VS Index Buffer: 0l1l2 4|5 n 8 shaded vertices

Meshlet Index Buffer: [0 |1 |2 (2 |3 |0 |1 (4 |5|5(|2|1|6|5(4|4 |7 |6 6 primitives

Meshlet Unique Vertices Buffer: |0 |1 |2 |3 |4 |5 |6 |7 8 vertices

« MS thread reads directly from the buffers
 MS thread group size is max 128 (DirectX® 12)
« MS max output: 256 vertices and 256 primitives (DirectX® 12)

« The fixed function vertex reuse cache is typically only for 32 vertices
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GEOMETRY ENGINE - VERTEX REUSE

Duplicated vertices
Part of Meshlet A and Meshlet B

Border vertices might need to be duplicated since they fall into multiple meshlets

- Mesh Shader potentially need to process less vertices in total compared to VS
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MESHLET GENERATION - PART 1

« There are different metrics in how meshlets can be constructed
» Depending on the problem case, one or the other is more suitable (content-specific!)

Common metrics that can be considered are

e Number of border vertices
 Have to be duplicated

Size of bounding box
* Helpful for culling
* Quantization precision

Triangle strips (topologically connected triangles)
* Can help with compression rate
* Might lower performance

Meshlets can be a collection of loose vertices/primitives

There’s still lots of room for research in this area
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GEOMETRY ENGINE

The GE for Vertex Shaders The GE for Mesh Shaders
» Determines vertexID for each vertex » Determines threadlD for each thread
* \ertex re-use cache * Prepares the shader export
* Prepares the shader export « Initiate launch of shaders

* |nitiate launch of shaders

- Launch rate for mesh shader is faster
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GEOMETRY ENGINE

* Prepares the shader export

» Allocates enough space for the maximum number of exported vertices and primitives per thread group

%gﬂf:ﬁgdf’)ﬁzgz ..i;i:r)]]le..)] Allocates enough space for
VoidpMeshEhadii( ; MAX_TRIANGLES primitives
out indices uint3 tris[MAX_TRIANGLES], 4 and MAX_VERTICES

out vertices VertexOutput verts[MAX_VERTICES], vertices

» If the export bufferis full, no new waves can be launched
« Can limit the max. occupancy of mesh shaders

« Space in the shader export is finite
« Designed for “average” mesh shader workloads to reach rasterizer triangle throughput
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GEOMETRY ENGINE - OCCUPANCY

« An occupancy of ~25% can be enough to reach the triangle throughput limit

|IIIlII|I||]I||II|I||IIIIII|II FEEEEETL IIIIIIlII|I|III|III|[|III|III e 18 IIII|III||II1IIlII|||IIIIIII|||IIIIIIII.
1100%

75%
50%

T \

_ _ In AMD Radeon™ GPU Profiler (RGP)
« Complex mesh shaders might see higher occupancy (~50%) | <oiored as geometry shader

 Tend to get limited by available memory in the shader export
« MAX_TRIANGLES and MAX_ VERTICES should be set as low as possible

* Mesh shader occupancy can also be limited by
« VGPRs
* Group shared memory (LDS)
 Launchrate
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MESH SHADER — TRIANGLE THROUGHPUT

An indicator for a mesh shader being limited by rasterizer throughput is a high export instruction
latency, particularly on the first exp instruction

s_delay_alu instid0 (VALU DEP 3) | insts kip (NEXT) | insti d1 (VALU_DEP._3) 634
32 el va3, v3 3

634 Jt cix

€34 |t cix

634 L cik

vaz, €34 |t elx

= €34 t c1x

Vertex Attribute a4 o

Export to Memory 634 {-_ 1

= RS €34 L cik

634 2 clk

634 |5 clk

251 9] glc €34 Jo cix
252 glc 634 o e
253 1 gl 634 Jio c1
s C; | B
endmsg f SG_DEALLOC_VGPRS) b cix

5 ndpgm = Jt cax

Vertex Position

Export

This can be inspected in RGP under the instruction timing tab
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MESH SHADER M Thresds(i2s, 1, 1]

[OutputTopology("triangle™)]
void MeshShader(
° i uint threadId : SV_GroupThreadID,
Work a IOt Ilke a CompUte Shader out indices uint3 tris[MAX_TRIANGLES],
out vertices VertexOutput verts[MAX_VERTICES]) {

° [numthreadS(X,y,Z)] to deﬂne thread group S|Ze SetMeshOutputCounts(meshlet.vertex_count, meshlet.triangle_count);
if (threadId < meshlet.vertex_count)
 ThreadID used to read from the input buffer L ettt ¢ meahlot trioe o cont o tex butferlthreadid])s
Eif](j \A/r|t63 t() tf1€3 ()LJtF)LJt t)LJffEEr tris[threadId] = ProcessPrimitive(triangle_buffer[threadId])
}

e These are shared buffers

* Any thread can read and write from and to any index

 Unlike a compute shader, the vertices and primitives are exported to the shader export

exp prim v3, off, off, off done row_en

exp posO v24, v23, v25, v12 done row_en

« That's what the geometry engine allocates space for ©

« Vertex attributes are exported to memory via a regular buffer store (AMD RDNA™ 3)
«  On AMD RDNA™2it's via exp param
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MESH SHADER - EXPORT

« On AMD RDNA™  the order of primitives and vertices in the shader export is defined by the order
of threads in the thread group

» This means thread n exports vertex n and primitive n
 This is how vertex shaders export their vertices!

Thread o |1 |2 |3 |4 |5 |6 |7 |8 (9 (1011 |12|13|14 |15

Vertex o |1 1|2 |3 |4 |5 |6 |7 |8 (9 (101112131415

if (threadId < meshlet.vertex_count)
verts[threadId] = ProcessVertex(vertex_buffer[threadId]);
if (threadId < meshlet.triangle_count)
tris[threadId] = ProcessPrimitive(triangle_buffer[threadId])

« Unfortunately, this clashes with the flexibility of mesh shaders
* Any thread can write to any index in the output buffers
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MESH SHADER - EXPORT

* Mesh shaders can do something like this:

Thread O |12 (3 |4 |5 |6 |7 |8 |9 |[10(11|12|13(14|15
Vertex O |12 (3 |4 |5 |6 |7 |8 |9 |10(11|12|13(14|15

« This does not comply with the order of primitives and vertices in the shader export

« We need to fix this somehow
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MESH SHADER - EXPORT

 Mesh shaders can do something like this:

Thread O |12 (3 |4 |5 |6 |7 |8 |9 |[10(11|12|13(14|15

e

LDS buffer |0 |1 (2 |3 |4 (5 |6 |7 (8 |9 |10(11 (1213|1415

LDS utilization increases

Hardware utilization

Vertex o |1 (2 (3 |4 |5 |6 |7 |8 |9 |10(11|12|13(14|15

14.6%
8.8% g
_— 20T s 07% [
VALU SALU VMEM  SMEM LDS

* Group shared memory (LDS) is used to fix this!

ds_locad b32 v0, w0
. s_mov_b32 m0, s3
« Can be seenin the ISA: Lgknent (0)
exp prim v0, off, off, off done row_en
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MESH SHADER - EXPORT

« A thread can also export multiple vertices and primitives

Thread O |1 |2 |3 |4 |5 |6 |7

—_—

\Qs\\w\ﬁ - _
Vertex o |1 1|2 (3 |4 (5|6 |7 |8 |9 |10/11|12|13|14|15
Vertices[thread id.x] = UnpackVertex(meshlet, thread id.x);
Vertices|[thread id.x + 8] = UnpackVertex (meshlet, thread id.x + 8);

« On AMD RDNA™3, this is achieved via a wave-wide offset to the export instruction
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MESH SHADER - EXPORT

« A thread can also export multiple vertices and primitives

Thread O |1 |2 |3 |4 |5 |6 |7

—

LDS buffer |0 |1 [2 |3 |4 |5 |6 |7 |8 |9 |10|11]12|13]14]|15

Vertex o1 (2 |3 |4 |5 (6 |7 |8 |9 |[10(11|12|13|14|15

« On AMD RDNA™3, this is achieved via a wave-wide offset to the export instruction
« The compiler may choose to use group shared memory as a staging buffer
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MESH SHADER — EXPORT AMD RDNA™?2

A small note for AMD RDNA™2: there is no wave-wide offset

« A thread can only export 1 vertex and 1 primitive max

Thread o |12 (3 |4 |5 (6 |7 (8 (9 |10(11|12|13|14 |15

DS buffer |0 |1 |2 |3 |4 |5 |6 |7 |8 |9 |10|11]12]|13]14]|15

Vertex o |12 (3 |4 |5 |6 |7 |8 |9 |10(11|12|13|14|15

« Shadow threads are launched that only export
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MESH SHADER — EXPORT CONCLUSION

Thread n should export vertex n and primitive n

If multiple vertices and primitives are exported per thread, use a wave-wide offset

Otherwise:
« Latency increases - can decrease triangle throughput
» Group shared memory usage increases

Group shared memory can also be used explicitly in the HLSL shader
» Efficient data exchange between threads within a thread group is possible

Group shared memory is limited!
—> Can affect both, mesh shader and pixel shader occupancy
* |If not enough group shared memory is available, scratch memory is used
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MESHLET GENERATION - PART 2

 Whatis a recommended configuration?
« There are 2 quite common configurations:

« V=128, T =256
« Thread group size = 128
—> Larger meshlets

« V=64,T=126 (or 128)
« Thread group size = 64
- Smaller meshlets
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MESHLET GENERATION - PART 2

 Whatis a recommended configuration?
« There are 2 quite common configurations:

v

« V=128,T =256
« Thread group size = 128

More primitives than vertices

' mpute workl IS typically vertex transformation
9Largermeshlets Main compute workload is typically vertex transformations

The number of primitives should not be the limiting factor,
but the number of vertices

A\ 4

« V=64,T=126 (or 128)
« Thread group size = 64
- Smaller meshlets
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MESHLET GENERATION - PART 2

 Whatis a recommended configuration?
« There are 2 quite common configurations:

« V=128,T =256
« Thread groupsize =128 ————

Thread group size = maximum number of vertices
—> Larger meshlets Main compute workload is typically vertex transformations

Ensures 1 thread processes 1 vertex
« V=64,T=126 (or 128)

- Thread group size = 64 If this is not possible,

try to divide the maximum number of vertices evenly across the threads

v

- Smaller meshlets
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MESHLET GENERATION - PART 2

« Whatis a recommended configuration?
« There are 2 quite common configurations:

« V=128, T =256
 Thread group size =128 ———— | Larger meshlets have less border vertices in total

- Larger meshlets

« V=064,T =126 (or 128) More border vertices

A single thread group needs less resources

If occupancy is limited by other pixel shader or other dispatches

- Smaller meshlets running in parallel, a smaller thread group can improve performance

« Thread group size = 64 —
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MESHLET GENERATION - PART 2

 Whatis a recommended configuration?

Bonus question: How should you export the primitives?

« There are 2 quite common configurations:

« V=128,T =256
« Thread group size = 128

Use a thread-group-sided stride:

triangles[threadID] =

—> Larger meshlets

triangles|[threadID + 128]

ProcessPrimitive[threadID];
ProcessPrimitive[threadID + 128];

« V=64,T=126 (or 128)

triangles|[threadID] =

« Thread group size = 64
triangles[threadID + 64]

ProcessPrimitive[threadID];

ProcessPrimitive [threadID + 64];

- Smaller meshlets
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MESH SHADER - CULLING

Mesh shader can do triangle/primitive culling
Might help if the fixed function cull rate is a bottleneck (rasterizer triangle throughput limited)

Remove manually from export SV_CullPrimitive

* Done before SetMeshOutputCounts * No effect on SetMeshOutputCounts
« No space for vertex attributes is allocated < Space for vertex attributes is still
* Need to fix export indices via a wave- allocated

wide scan * No need to fix any export indices

« Export space is always allocated for the maximum # of vertices and primitives regardless of
SetMeshOutputCounts

* Inour experiments, SV_CullPrimitive was more beneficial

« The other option might be useful if there are very fat vertices
 Where applicable, per-primitive attributes could already help
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AMPLIFICATION (TASK) SHADER

« Amplification shaders add latency to the render process
« MS calls are executed in the same order as the amplification shader thread groups were launched
 Required to comply with the specified rasterization order

. A e T W

S.\E V GPU is out of Mesh

o : ‘ ‘ ‘ Shader work —

» AS thread groups need to launch enough MS thread groups to hide the latency
« Otherwise, there will be gaps and poor thread utilization
« Typically, AS thread groups should launch at least 32 MS thread groups

For culling, try to process at least 32 or 64 meshlets per AS thread group
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AMPLIFICATION SHADER - DYNAMIC LOD SELECTION

« An amplification shader is called per mesh to select dynamically the LOD and possibly cull

. . T I
RTINS N F OO YY" YA YN H I VO MO M TR ACARORY W Ny Ay |

« Issuesin above trace:
« Each mesh only spawns a few MS draws if any (e.g., one AS thread group with only few threads active)
 Alot of AS thread groups doing very little work and producing very little work
 Overhead can be estimated by changing AS code to cull all meshlets:

; r I s ,000.000 ps 25,000,000 ps 30,000.000 ps
II\I|\I\II\II\|\II\II\II|I\II\III\‘II\IIIHI‘\IIIHIH IIHIHI\lHIHIHI IHIHIII‘\IHIII\I HIII\II\lIII\II\II [NREEN
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AMPLIFICATION SHADER - PAYLOAD

. Payload is stored in group shared memory  =: e

- Every thread in the AS thread group can i i

s_delay_alu instid0 (SALU CYCLE 1) | instskip(NEXT) | instidil (SALU_CYCLE 1)
. . s _add i32 83, =2, =16
read and write from it oy
ds_lead b128 wv[4:7], vO

ds_load bl2a v[16:19], v0 offset:16
ds lead bl28 w[8:11], v0 offset:32

ds_load blzd w[20:23], v0 offset:48
ds_lead b128 wv[24: v0 offset:64
ds_lecad bl23 w[l2: v0 offset:80
ds_lead b128 wv[28: v0 offset:96
ds_load bl2a wv[36: vl offset:112
ds_lead bl28 w[a0: vl offset:128
ds_load blzd w[32: vl offset:144
ds_lead b128 vl offset:160
ds_lead bl23 vl offset:176
ds_lead bl23 vl offset:192
ds_load bl2a vl offset:208
ds_lead bl28 vl offset:224
ds_load blzd vl offset:240

- s_waltcnt lgkment (0)
» Alsorequires a lot of VGPRs s
s_delay alu instid (SALU CYCLE 1) | instskip(NEXT) | instidl(SALD CYCLE 1)

s_sub i32 s8, 53, 1

» Load from group shared memory into et e s 2
VG PRS s _clause oxde

« After the AS thread group finishes, the
payload is copied to a ring buffer

« This copy can be quite slow, every thread
copies the entire payload (up to 16KiB)

buffer store b3z v4, off, s[4:7], s3 glc

buffer store b3z v3, off, s[4:7], s3 offset:4 glc

° C f VG PR t H b ff H buffer_store b32 v6, off, s[4:7], s3 offset:8 glc
Opy rom S O rlng u er USIng buffer_store b3z w7, off, s[4:7], 83 offset:12 glc
. . buffer store b3z wvl6, off, s[4:7], 83 offset:16 glc
buffer Store InStru Ctlon buffer store b3z w17, off, s[4:7], s3 offset:20 glc
—_ buffer store b3z w18, off, s[4:7], s3 offset:24 glc
buffer store b3z w19, off, s[4:7], s3 offset:28 glc

buffer store b3z w8, off, s[4:7], s3 offset:32 glc

buffer_store b3z w3, off, s[4:7], 83 offset:36 glc
buffer store b3z w10, off, s[4:7], s3 offset:40 glc
buffer_store b3z wll, off, s[4:7], s3 offset:44 glc
. . buffer store b3z w20, off, s[4:7], s3 offset:48 glc
— Use as little pay|oad as possible! Vi, ofr, StaiT), 5 offeet.2 gic
- buffer store b3z w22, off, s[4:7], s3 offset:56 glc
buffer_store b3z w23, off, s[4:7], 83 offset:60 glc
buffer store b3z w24, off, s[4:7], s3 offset:64 glc
buffer_store b32 w25, off, s[4:7], s3 offset:68 glc
buffer store b3z w26, off, s[4:7], s3 offset:72 glc
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THE FUTURE OF THE GEOMETRY PIPELINE

The Past

Input Vertex Pixel

Assembler Shader iRl Shader

The Present

Amplification Mesh Pixel

Shader Shader Rasterizer Shader

The Future

? Rasterizer
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THE FUTURE OF THE GEOMETRY PIPELINE

Mesh Shaders are coming to GPU Work Graphs!

GBS Rasterizer
Shader
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THE FUTURE OF THE GEOMETRY PIPELINE

Mesh Shaders are coming to GPU Work Graphs!

Launch Mesh Shaders
from another Shader!

Mesh
Shader

Rasterizer

200
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THE FUTURE OF THE GEOMETRY PIPELINE

Mesh Shaders are coming to GPU Work Graphs!

Mesh

Shader Rasterizer

Multiple Amplifications

Node
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THE FUTURE OF THE GEOMETRY PIPELINE

Mesh Shaders are coming to GPU Work Graphs!

GBS Rasterizer
Shader

Classification
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THE FUTURE OF THE GEOMETRY PIPELINE

Mesh Shaders are coming to GPU Work Graphs!

Mesh :
Rasterizer

Shader

200
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THE FUTURE OF THE GEOMETRY PIPELINE

Mesh Shaders are coming to GPU Work Graphs!

Mesh Rasterizer Pixel
Shader ASEENIZe Shader
n Multiple PSOs

Mesh
= - Rasterizer
Shader -
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CONCLUSION

 Mesh shaders are a new way to process geometry
« Closerto the underlying hardware
* Allows for more control on how to use the hardware to process the geometry

« Cando things that were previously not possible
« More opportunities for compression

« Can process any type of primitives, e.g. quads
« Can procedurally generate geometry in an efficient way

« For good performance, pay attention to
* Meshlet generation
« Vertex and primitive export
» AS thread groups launching enough MS thread groups
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DISCLAIMER

The information contained herein is forinformational purposes only and is subjectto change without notice. While every prec aution has been
taken in the preparation of this document, it may contain technical inaccuracies, omissions and typographical errors, and AMD is under no
obligation to update or otherwise correctthis information. Advanced Micro Devices, Inc. makes no representations or warranties with respectto
the accuracy or completeness of the contents of this document, and assumes no Ilablllty of any kind, including the implied warranties of
noninfringement, merchantability or fitness for particular purposes, with respectto the operation or use of AMD hardware, so ftware or other
products described herein. No license, including implied or arising by estoppel, to any intellectual propertyrights is granted by this document.
Terms and limitations applicable to the purchase or use of AMD products are as set forth in a signed agreement between the parties orin AMD's
Standard Terms and Conditions of Sale. GD-18

THIS INFORMATIONIS PROVIDED 'AS1S." AMD MAKES NO REPRESENTATIONS OR WARRANTIESWITHRESPECTTO THE
CONTENTS HEREOF AND ASSUMES NO RESPONSIBILITY FOR ANY INACCURACIES, ERRORS, OR OMISSIONS THAT MAY APPEAR IN
THIS INFORMATION. AMD SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, OR
FITNESS FOR ANY PARTICULAR PURPOSE. IN NO EVENT WILLAMD BE LIABLE TO ANY PERSON FOR ANY RELIANCE, DIRECT,
INDIRECT, SPECIAL, OR OTHER CONSEQUENTIAL DAMAGES ARISING FROMTHE USE OF ANY INFORMATION CONTAINED HEREIN,
EVENIFAMD IS EXPRESSLY ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Performance testing (slides 23, 30, and 31) done on following system: AMD Ryzen™ 9 7950X, AMD Radeon™ RX 7900 XTX, Asus ROG
CROSSHAIR X670EHERO Motherboard, 128GB DDR5-6000 memory,4TB M.2 NVME SSD, Windows® 11 Pro 22H2, AMD Software:
Adrenalin Edition 23.40.14.01

Performance testing (slide 39) done on following system: AMD Ryzen™ 7 5800X, AMD Radeon™ RX 7900 XTX, AsusTeK TUF Gaming X570-
Plus, 32GB DDR4-3600, Windows 10 Home 22H2, AMD Software: Adrenalin Edition 24.2.1

© 2024 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo, Radeon, RDNA, and combinations thereof are trademarks
of Advanced Micro Devices, Inc.

Vulkan and the Vulkan logo are registered trademarks of the Khronos Group Inc.

DirectXis a registered trademark of Microsoft Corporation.

Other productnames used in this publication are for identification purposes only and may be
trademarks of their respective owners.
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