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DirectX 11 Basics

New API from Microsoft
— Released alongside Windows ® 7
— Runs on Windows Vista® as well

Supports downlevel hardware

— DirectX9, DirectX10, DirectX11-class HW supported
— Exposed features depend on GPU

Allows the use of the same API for multiple
generations of GPUs

— However Windows Vista/Windows 7 required
Lots of new features...

AMD
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What is DirectCompute?

* DirectCompute brings GPGPU to DirectX

» DirectCompute Is both separate from and
Integrated with the DirectX graphics
pipeline
— Compute Shader
— Compute features in Pixel Shader

» Potential applications (Iit: FH %7 £7)
— Physics
— Al

— Image processin
AMDZL A9E P J
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DirectCompute — part of DirectX

* DirectX 11 helps efficiently combine Compute
work with graphics
— Sharing of buffers is trivial
— Work graph is scheduled efficiently by the driver

>
Input Vertex : Geometry : Pixel
Compute
Shader

AMD
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DirectCompute Features

« Scattered writes

« Atomic operations

« Append/consume buffer

« Shared memory (local data share)
« Structured buffers

* Double precision (if supported)

AMD
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DirectCompute by Example

* Order Independent Transparency (OIT)
— Atomic operations
— Scattered writes
— Append buffer feature

« Bullet Cloth Simulation
— Shared memory
— Shared compute and graphics buffers

AMD
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Order Independent Transparency

AMD
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Transparency Problem

» Classic problem in computer graphics

« Correct rendering of semi-transparent geometry requires sorting —
blending is an order dependent operation

FHERAGMEDIEREGL T TIEENTENDRSATUT VDR A
NoDERHETDY— B E
« Sometimes sorting triangles is enough but not always
LOLRSA 7T ILDY—bTIER+RGEEELHS
— Difficult to sort: Multiple meshes interacting (many draw calls)
— Impossible to sort: Intersecting triangles (must sort fragments)

AMD
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Background

A-buffer — Carpenter ‘84
— CPU side linked list per-pixel for anti-aliasing
Fixed array per-pixel

— F-buffer, stencil routed A-buffer, Z3 buffer, and k-buffer, Slice
map, bucket depth peeling

Multi-pass
— Depth peeling methods for transparency

Recent
— Freepipe, PreCalc [DirectX11 SDK]

AMD
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OIT using Per-Pixel Linked Lists

* Fast creation of linked lists of arbitrary size
on the GPU using D3D11
— Computes correct transparency
ELWFFEBROIEE A A e

 Integration into the standard graphics pipeline
— Demonstrates compute from rasterized data
— DirectCompute features in Pixel Shader
— Works with depth and stencil testing
— Works with and without MSAA

« Example of programmable blend

AMD
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Linked List Construction

« Two Buffers
— Head pointer buffer

« addresses/offsets
* Initialized to end-of-list (EOL) value (e.g., -1)

— Node buffer

 arbitrary payload data + “next pointer”
EBDT—RERDT—E~DRAS

« Each shader thread

1.

2.

AMD

The future is fusion

Retrieve and increment global counter value
Ja—nNILDAIE—FERYHL. 124K

Atomic exchange into head pointer buffer
NYRDRAV BNV TFETREIVITVAFIOD

Add new entry into the node buffer at location from step 1
FLWT—2EXTYT1ITOGEMIZEEAD




Algorithm Overview

0. Render opague scene objects
1. Render transparent scene objects

2. Screen guad resolves and composites
fragment lists

AMD
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Step 0 — Render Opagque

* Render all opaque geometry normally
A ERDADIREZZERIZITOD

Render Target

<
N

AMD
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Algorithm Overview

0. Render opaque scene objects
1. Render transparent scene objects

e LN NOY T

— All fragments are stored using per-pixel linked
lists

ETCDITFZITAMIEIEILZED) D) A RE
LTEZAENS

— Store fragment’s: color, alpha, & depth

2. Screen quad resolves and composites

fragment lists
AMD1
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Setup

Two buffers
— Screen sized head pointer buffer
ROV =2HP AL ZXDANYRRARINY T T
— Node buffer — large enough to handle all fragments
J—FN\YI7(ETDITZT AUEERNT HDIZTHRIERES)

* Render as usual
T BRI EEEICTEE
« Disable render target writes
LA —R—YhANDEZIAATEMNL
 Insert render target data into linked list
FERMAEDT—EEI D) AMNEETAH

AMD

The future is fusion




Step 1 — Create Linked List

Head Pointer Buffer

Render Target

Counter=0

Node Buffer
0 1 2 3 4 5 6

AMD
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Step 1 — Create Linked List

Head Pointer Buffer

Render Target

ender Targe a4 l-1]l-12l1]-1]-1
1 a1 l-1]l-12l1]-1]-1
v a4 l-1]l-12l1]-1]-1

Counter=0

Node Buffer
0 1 2 3 4 5 6

AMD
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Step 1 — Create Linked List

Head Pointer Buffer

Render Target
L1111 -1 1 -1 | IncrementCounter()
LW E— -1 -1 -1 -1 =L -1
\/ A1 -1]-1]-1](-1

Counter=1

Node Buffer
0 1 2 3 4 5 6

AMD
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Step 1 — Create Linked List

Head Pointer Buffer
InterlockedExchange() 101111 -1]-1

Render Target rH IR
:7 A -1f-1f-1|-1]-1
4 1l-1]-1]-1f-1]1

Counter=1

Node Buffer
0 1 2 3 4 5 6

AMD
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Step 1 — Create Linked List

Head Pointer Buffer

Render Target

\——

V Ak laf-2f1]1

Scatter Write
Node Buffer
1 2 3 4 5 6

0.87

Counter=1

AMD
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Step 1 — Create Linked List

Head Pointer Buffer

Render Target

Counter =3

Node Buffer
0 1 2 3 4 5 6

0.87 | 0.89 | 0.90

Culled due to existing
scene geometry depth.

AMD
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Step 1 — Create Linked List

Head Pointer Buffer

=+ 3 4 | -1]|-1]-1

1111 -1f-1(-14|-1
Render Target T IEE T ER

11 -11-11 1 2 | -1
- -

Counter =5

Node Buffer

o 1 2 34 5 6
0.87 ] 0.89 | 0.90 | 0.65 | 0.65
-1 1 -1 0 1
A

AMD

The future is fusion




Step 1 — Create Linked List

Head Pointer Buffer
1 1-11-11-11-11|-1

=+ b 4 1) -1 ] -1
Al ]1]-1]-1]1
Render Target PR
_A 1|l plal1]2]1
S5 [ R T [ I |

Counter =6

Node Buffer
0 1 2 3 4 6

0.87 1 0.89 | 090 | 0.65 | 0.65 | 0.71
-1 -1 1 0 g 3
A A

AMD
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Node Buffer Counter

« Counter allocated in GPU memory (i.e. a buffer)
— Atomic updates
— Contention issues

« DirectX11 Append feature
— Compacted linear writes to a buffer
— Implicit writes
* Append()
— Explicit writes
* IncrementCounter()
« Standard memory operations
— Up to 60% faster than memory counters

AMD
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Code Example

RWStructuredBuffer RWStructuredCounter;
RWTexture2D<int> tRWFragmentListHead;
RWTexture2D<float4d> tRWFragmentColor;
RWTexture2D<int2> tRWFragmentDepthAndLink;
[earlydepthstencil]

void PS( PsInput input )

{
floatd4d vFragment = ComputeFragmentColor (input) ;
int?2 vScreenAddress = int2 (input.vPositionSS.xy);

// Get counter value and increment
int nNewFragmentAddress = RWStructuredCountey.IncrementCounter () ;
if ( nNewFragmentAddress == FRAGMENT LIST NU ;

// Update head buffer

IR AR R 2YAN LA kS ess;
|InterlockedExchange]tRWFragmentListHead[chreenAddress], nNewHeadAddress,

cadalaAdlUrLcss )y

// Write the fragment attributes to the node buffer
int2 vAddress = GetAddregss ( pNewFragmentAddress ) ;

tRWFragmentColor [vAddress] = vFradment;
tRWFragmentDepthAndLink [vAddress]

int2 (
.z2))*0xT7fffffff), nOldFragmentAddress );

return;

AMD\
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Algorithm Overview

0. Render opaque scene objects
1. Render transparent scene objects

2. Screen quad resolves and composites
fragment lists

AMD
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Single pass

Pixel shader sorts associated linked list (e.g., insertion sort)
Composite fragments in sorted order with background
Output final fragment




Step 2 — Render Fragments

Head Pointer Buffer

Render Target

11-1]1-1]1-1]-1]-1

Node Buffer
0 1 2 3 4 5 6
I
(O;O)'>(1,1): 0.87 0.89 0.90 0.65 0.65 0.71
Fetch Head Pointer: -1 1 | 1] o1 0 il 3

-1 indicates no fragment
to render




Step 2 — Render Fragments

Head Pointer Buffer

111111 -1)-1]-1
=2 5 4 | -1 -11 -1
q 1Ll -10-19]-1]-1
Render Target
I 1Ll -10-19]-1]-1
I - 1 L] -1 1 2 -1
1Ll -10-1)-1] -1
Node Buffer
0 1 2 3 4 6
(1,1): I
Fetch Head Pointer' 5 0.87 0.89 0.90 0.65 0.65 0.71
' il il 1 0 =i 3
Fetch Node Data (5) A ry
Walk the list and store in
temp array
0.71 0.65 | 0.87




Step 2 — Render Fragments

Head Pointer Buffer

Render Target

11-1]1-1]1-1]-1]-1

Node Buffer
o 1 2 3 4 5 6
(111): 0.87 1 0.89 1 0.90 | 0.65 | 0.65 | 0.71
Sort temp array 1 | 1 | 2] o] a]3

Blend colors and write out

0.65 | 0.71 | 0.87




Step 2 — Render Fragments

Head Pointer Buffer

Render Target

-: Node Buffer

0 1 2 3 4 5 6

0.87 1 0.89 1 0.90 | 0.65 | 0.65 | 0.71




Anti-Aliasing

» Store coverage information in the linked
list

* Resolve per-sample
— Execute a shader at each sample location
— Use MSAA hardware

* Resolve per-pixel
— Execute a shader at each pixel location

— Average all sample contributions within the
shader

AMD
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Mecha Demo

« 602K scene triangles
— 254K transparent triangles

AMD

The future is fusion




frames per second (fps)

50

time (sec)

— Alpha Blending
—64 Layers
——32 Layers
——16 Layers
——8 Layers
—4 Layers

2 Layers

O Layers

AMD
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Frames per Second (fps)

Time (sec)

100 /4 A v N =~
’ h
o ) - J A -
\/ S/ \_/
0 T
8] 20 40 (18] 20 100 120

HD 5870

HD 5770
HD 5670
—GTX 480

AMD
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Future Work

 Memory allocation
« Sort on insert

» Other linked list applications
— Indirect illumination
— Motion blur
— Shadows

 More complex data structures

AMD
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Bullet Cloth Simulation

AMD
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¥EZE Overview

s HIDUZaL—23xv[ZDLVT
« 2DMDfEE
— 7\ FYJLs\(Batched Solver)
— SIMD/\wFJL/\(SIMD Batched Solver)

« ZLTEL—D
- T—RNDGPULTOHEREDIE—(GPU Copy)

AMD
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DirectCompute for physics

* DirectCompute in the Bullet physics SDK
— DAL —ar BN
— An Introduction to cloth simulation
— DirectCompute TOXERED TV TR

— Some tips for implementation in
DirectCompute

AMD
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Cloth simulation

« Large number of particles
— Appropriate for parallel processing

— Force from each spring constraint applied to both
connected particles
« RED/IN—T4UIL
— A5 (IZ@EL TS
— ENENDNRZTEDESN—T4 7 IVIZHREHZE A
BREDRE

CE /8. AFFHIERESSOH LEOHEEDFH RESLKRE
VELTRDLBND

4 | |

o O Y OV

Aa
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Cloth simulation

« Large number of particles
— Appropriate for parallel processing

— Force from each spring constraint applied to both
connected particles

« RED/IN—T49JL
— A 51| 02 | g
- ZTNnNZNno

H R L% A
KE-T-IKEE

Rest length of spring

The future is fusion




Cloth simulation steps

* For each simulation iteration:
— Compute forces in each link based on its

length
— Correct positions of masses/vertices from
forces
— Compute new vertex positions
R DR
N HFBEREHEOE CEOREROHE  RIorKkE
VELTRHONS

The future is fusion




Cloth simulation steps

 For each simulation iteration:

— Compute forces in each link based on its
length

— Correct positions of masses/vertices from
forces

— Compute new vertex positions
REDRKE
#% AL IR 1B NFBERESSOE EEOBERORE  RIof-KE
VELTROBND

G

DU RSN
AMDY o/

The future is fusion




Cloth simulation steps

* For each simulation iteration:
— Compute forces in each link based on its

length
— Correct positions of masses/vertices from
forces
— Compute new vertex positions
R DRAE
#o LR B NFHIERENSOH HLEOBEROHE  REof-KiE
VELTHRODNS
| &

oo AIN
AMD1 N/ Q
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Springs and masses

* Two or three main types of springs

— Structural/shearing #&& 7\ 1%
— Bending B lF/\%

AMD

The future is fusion




Springs and masses

* Two or three main types of springs

— Structural/shearing f&i& /7 \ 1~
— Bending BT /\ %

AMD
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CPU approach to simulation

* One link at a time

» )2 —279 DS AN —)
* Perform updates in place

» TLTHEZRZEHN )
« “Gauss-Seidel” style
o« HIORYFATILE AN
» Conserves momentum | » <

* |terate n times

AMD
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CPU approach to simulation

* One link at a time
« Y —D29 DfEL

* Perform updates in place

o TLTHEEEZEH )
« “Gauss-Seidel” style | NN
« HYZRFATILiA AN NN
» Conserves momentum ) )

* |terate n times

AMD

The future is fusion




CPU approach to simulation

* One link at a time

o 1)97—’3‘5”)%’:(. - Q%Q -
* Perform updates in place

o TLTHEEEZEH Do P S
« “Gauss-Seidel” style | NN
« HYZRFATILiA AN NN
» Conserves momentum ) )

* |terate n times

AMD
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CPU approach to simulation

* One link at a time

» YU —D29 DfiE< @ w, R

. Perform updates In place

. “Gauss-SeldeI style
» HORY AT Ik AU Y
* Conserves momentum | ) U

* |terate n times

AMD
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CPU approach to simulation

* One link at a time
+ V=29 DfE< A

: ./
* Perform updates in place —

. ZUCEAZE TS »

« “Gauss-Seidel” style
« NORAYATILiE

. Conserve§ momentum | . /U
e [terate n times

AMD
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CPU approach to simulation

* One link at a time
» =29 DfiE< W
» Perform updates in place
« TLTEZRZEF

« “Gauss-Seidel” style

¢ HORYFATIVE

e Conserves momentum

e |terate n times

AMD

The future is fusion
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Moving to the GPU: The pixel shader approach

 Offers full parallelism
o« SEELISIE

« One vertex per work-ite%u v/
* All vertices together i N -
° é—cd)]ﬁ:m%_x‘~ﬁ¢<

« No scattered writes N

» Poor convergence &/

o UREMENELVSEBIRENHS

AMDZ
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Moving to the GPU: The pixel shader approach

 Offers full parallelism
o« SEELISIE

* One vertex per work-ite%d ./
 All vertices together i N (N
° é—cld)]-ﬁn\\é_xlﬁﬁ*(

» No scattered writes U

SRS
. Poor convergence &/

e INEMNEWELSEIENDD

AMDZY
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Can DirectCompute help?

e Offers scattered writes as a feature as we
saw earlier

 The GPU implementation could be more
like the CPU
— Solver per-link rather than per-vertex

— Leads to races between links that update the
same vertex

AMD
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Execute independent subsets in parallel

* All'links act at bothends |, W

 Batch links

— No two links in a given </ e W \J
batch share a vertex

— No data races NP O O

AMD
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Execute independent subsets in parallel

* Alllinks actat bothends | == )| =
* Batch links

— No two links in a given ﬁd \ﬁ\)

batch share a vertex

— No data races ﬁ\/ W

AMD
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Execute independent subsets in parallel

* Alllinks actat bothends |, )

 Batch links

— No two links in a given </ W \/
batch share a vertex

— No data races D e

W/ 'J‘/ "/

AMD
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Execute independent subsets in parallel

« All links act at both ends |
» Batch links T
W/

— No two links in a given
batch share a vertex

— No data races T r T \“)

AMD
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Execute independent subsets in parallel

* All links act at both ends |
e Batch links T
\/

— No two links in a given
batch share a vertex

— No data races T 7 T Y
N T

AMD
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On a real cloth mesh we need many batches

« Create independent subsets of links through graph
coloring.

« Synchronize between batches

« EEDTDAVLATIEIZLDN\YFHNE
— J3TN5—) THIAGY T EORENDH S
— ENETNDN\YFZHEEICREANDBE

(IS

X

3
|
N
- o <

X » %
4 1

. 4 "
4

C _ C _ C _
CCTL

AMD
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On a real cloth mesh we need many batches

« Create independent subsets of links through graph
coloring.

« Synchronize between batches

« EREDHDAYLATIEZLD/INYTFHLBHE

— J5h5—) 0 THRIALGY T yh a5 ENH D
— TNETND/NYFEEEIZE LN E

.
»

1st batch

C (=

d J
_w,’_ f.
AMD T D
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On a real cloth mesh we need many batches

« Create independent subsets of links through graph
coloring.
« Synchronize between batches
« EEDTDAVLATIEIZLDN\YFHNE
— J3TN5—) THIAGY T EORENDH S
— ENETNDN\YFZHESEICREANBE
o< N

2nd batch

X

X=X

(K ﬂ\{
CRTCR
e ¢

B

AMD
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On a real cloth mesh we need many batches

« Create independent subsets of links through graph
coloring.

« Synchronize between batches

« EREDHDAYLATIEZLD/INYTFHLBHE
— J37h5—N2U THIAGY Ty h ek ELHDH
— %*L%*LOD/\J%%%(FEEH [EEA AV AR

&W
%\./ 4

3rd batch

AMD
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On a real cloth mesh we need many batches

« Create independent subsets of links through graph
coloring.

« Synchronize between batches

« EREDHDAYLATIEZLD/INYTFHLBHE
— J37h5—N2U THIAGY Ty h ek ELHDH
— ENETNDN\YFZHESEICREANDE

NN N

r( (r

»

“‘ |/

AMDZY g/ q—u )

The future is fusion
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Driving batches and synchronizing

Iteration O
Batch O // Execute the kernel
\ context->CSSetShader (
solvePositionsFromLinksKernel .kernel, NULL, 0 );
Batch 1
‘ int numBlocks =
(constBuffer.numLinks + (blockSize-1)) / blockSize;
‘ BatCh 2 context->Dispatch( numBlocks , 1, 1 );
Batch 3
|
Batch 4
\4

AMD
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Packing for higher efficiency

« Can create clusters of
links
— The cloth is fixed-structure
— Can be preprocessed

* Apply a group per
DirectCompute “thread”

group

AMD
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Driving batches and synchronizing

* The next feature of DirectCompute:
shared memory

Simulation step

lteration

Batch 0 < Load data

Inner batch O

Inner batch 1
Store data
Batch 1 < Load data

‘ \ Inner batch O
AMDH A\ 4 < Store data

The future is fusion




Solving in shared memory

groupshared float4 positionSharedData[VERTS_ PER GROUP] ;

[numthreads (GROUP_SIZE, 1, 1)]

void

SolvePositionsFromLinksKernel ( .. uint3 DTid : SV_DispatchThreadID, uint3 GTid
SV_GroupThreadID .. )

{
for( int vertex = laneInWavefront; vertex < verticesUsedByWave; vertex+=GROUP_SIZE )
{
int vertexAddress = g vertexAddressesPerWavefront[groupID*VERTS PER GROUP + vertex];

positionSharedData[vertex] = g _vertexPositions[vertexAddress];

// Perform computation in shared buffer
for( int vertex = GTid.x; vertex < verticesUsedByWave; vertex+=GROUP_SIZE )
{

int vertexAddress = g vertexAddressesPerWavefront[groupID*VERTS PER GROUP + vertex];

g_vertexPositions|[vertexAddress] = positionSharedData[vertex];

C CC

AMD
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Solving in shared memory

groupshared float4 positionSharedData[VERTS PER GROUP] ;

[numthreads (GROUP_SIZE, 1
void
SolvePositionsFromLinksKernel ( .\
SV_GroupThreadID .. )

{

uint3 DTid : SV_DispatchThreadID, uint3 GTid

for( int vertex = lanelInWavefront; ver < verticesUsedByWave; vertex+=GROUP SIZE

{

int vertexAddress = g _vertexAddressesPerWavefront|

Define a “groupshared” buffer for

positionSharedData[vertex] = g_vertexPositions[ver

shared data storage

// Perform computation in shared buffer
for( int vertex = GTid.x; vertex < verticesUsedByWave; vertex+=GROUP_SIZE )
{

int vertexAddress = g vertexAddressesPerWavefront[groupID*VERTS PER GROUP + vertex];

g_vertexPositions|[vertexAddress] = positionSharedData[vertex];

C CC

AMD

The future is fusion

C




Solving in shared memory

groupshared float4 positionSharedData[VERTS_ PER GROUP] ;

[numthreads (GROUP_SIZE, 1, 1)]
void

SolvePositionsFromLinksKern
SV_GroupThreadID .. )

{

. uint3 DTid : SV_DispatchThreadID, uint3 GTid :

for( int vertex = laneInWavefront; ver

{

int vertexAddress = g vertexAddressesPerWavefront|

Data will be shared across a group

positionSharedData[vertex] = g_vertexPositions[ve

of threads with these dimensions

// Perform computation in shared buffer
for( int vertex = GTid.x; vertex < verticesUsedByWave; vertex+=GROUP_SIZE )
{

int vertexAddress = g vertexAddressesPerWavefront[groupID*VERTS PER GROUP + vertex];

g_vertexPositions|[vertexAddress] = positionSharedData[vertex];

C CC

AMD
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Solving in shared memory

groupshared float4 positionSharedData[VERTS_ PER GROUP] ;

[numthreads (GROUP_SIZE, 1, 1)]
void
SolvePositionsFromLinksKernel ( .. uint3 DTid : SV_DispatchThreadID, uint3 GTid
SV_GroupThreadID .. )
{

for( int vertex = laneInWavefront; vertex < verticesUsedByWave; vertex+=GROUP_SIZE )

{

int vertexAddress = g vertexAddressesPerWavefront[groupID*VERTS PER GROUP + vertex];

positionSharedData[vertex] = g vertexPositions[vertexAddress];

// Perform computation\in shared buffer
for( int vertex = GTid.x; ver\ex < verticesUsedByWave; vertex+=GROUP_SIZE )
{

int vertexAddress = g vertexAddressesPerWavefront[groupID*VERTS PER GROUP + vertex];

g_vertexPositions[vertexAddress]

¥ Load data from global buffers into

the shared region

AMD
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Solving in shared memory

groupshared float4 positionSharedData[VERTS_ PER GROUP] ;

[numthreads (GROUP_SIZE, 1, 1)]
void
SolvePositionsFromLinksKernel ( .. uint3 DTid : SV_DispatchThreadID, uint3 GTid
SV_GroupThreadID .. )
{
for( int vertex = laneInWavefront; vertex < verticesUsedByWave; vertex+=GROUP_SIZE )

{

int vertexAddress = g_vertexAddressesPerWave

positionSharedData[vertex] = g_verjexPositig

Write back to the global buffer after

computation
hared buffer

// Perform computation in
for( int vertex = GTid.x;/vertex < verticesUsedByWave; vertex+=GROUP_SIZE )
{

int vertexAddress g_vertexAddressesPerWavefront [groupID*VERTS PER GROUP + vertex];

g_vertexPositions[vertexAddress] = positionSharedData[vertex];

C CC

AMD
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Group execution

* The sequence of inner batch operations for
the first cluster is:

s TNENDISARATHILG/ Ny FYLEE
573
- N\yFEIMNIARDKLIITED

Cc C CC
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Group execution

* The sequence of inner batch operations for
the first cluster is:

s TNENDISARATHILG/ Ny FYLEE
573
- IN\YFEIMIBRDKOIZEDS m
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Group execution

* The sequence of inner batch operations for
the first cluster is:

s TNENDITREINTHILIGE/NNYFEYEEE
X

— I\YFEYrIERD LSIZHES
Lo E

¢

B %\)
TN

v iiv U

C C CC

SRS

AMD
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Group execution

* The sequence of inner batch operations for
the first cluster is:

s TNENDISARATHILG/ Ny FYLEE
573
- IN\YFEYMIBRDKOIZEDS

// load
AllMemoryBarrierWithGroupSync() ;

for( each subgroup ) {
// Process a subgroup
AllMemoryBarrierWithGroupSync() ;

>
| "
— I

// Store

ANNNNN

AMD
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Why Is this an improvement?

In-cluster batches now in-shader loop

On

— N\ IVERIEZ RS TSRS oT=

70
STENISAZINDOREAZITTED

y 4 shader dispatches: less overhead

MEDRL. S 1—H BT CEC A, DENA—
IN—A\ YR

Barrier synchronization is still slow
DSRAZRADN)TZEo=RIEAIEXFIEL
Lol

AMD
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Exploiting the SIMD architecture

« Hardware executes 64- or 32-wide SIMD
e AMDMD/\—F™17(X64SIMDTZE1T

« Sequentially consistent at the SIMD level
— So clusters can run on SIMDs, not groups

» Synchronization is now implicit

+ TDEOEVIRAZTOAAL YN EIL LI
NIEXRIEAZBRARAIIZEALLGSTHLERLY

AMD
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Driving batches and synchronizing

Simulation step

lteration

Batch O

Inner batch O

Inner batch 1

Batch 1

\ Inner batch 0 J
\ 4

AMD
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One more thing...

 Remember the tight pipeline integration?

>
Input Vertex : Geometry : Pixel
‘I!!!!l!!!ll II!!!!!!III IHHHHHHHHHI\ II!!!!!!III ||HHHHHI%HI\ II!!!!!!II'

Compute
Shader

* How can we use this to our advantage?

* Write directly to vertex buffer!

« AVEA—hT—HZFES>TGPULDHDIER
F—AEHELTOADTEEN—T IR/
q?l:%%tﬂ’:tb‘ﬁ{ﬁ%

AMD¢
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One more thing...

 Remember the tight pipeline integration?

>
Input Vertex : Geometry : Pixel
‘I!!!!l!!!ll II!!!!!!III IHHHHHHHHHI\ II!!!!!!III ||HHHHHI%HI\ II!!!!!!II'

Compute
Shader

* How can we use this to our advantage?

* Write directly to vertex buffer!

« AVEA—hT—HZFES>TGPULDHDIER
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Create a vertex buffer

Il Create a vertex buffer with unordered access support
D3D11 BUFFER_DESC bd;

bd.Usage = D3D11_USAGE_DEFAULT;

bd.ByteWidth = vertexBufferSize * 32;

bd.BindFlags =
p—
D3D11 BIND_VERTEX BUFFER | Vertex buffer also bound for
D3D11 BIND UNORDERED_ACCESS unordered access.
bd.CPUAccessFlags = 0; Scattered writes!

bd.MiscFlags = 0;
bd.StructureByteStride = 32;
hr = m_d3dDevice->CreateBuffer(&bd, NULL, &m_Buffer);

I/l Create an unordered access view of the buffer to allow writing

D3D11 UNORDERED_ACCESS VIEW_DESC uavbuffer_desc;

ud.Format = DirectXGl_FORMAT_UNKNOWN;

ud.ViewDimension = D3D11_ UAV_DIMENSION_BUFFER,;

ud.Buffer.NumElements = vertexBufferSize;
AMlbﬁ_deDevice->CreateUnorderedAccessView(m_Buffer, &ud, &m_UAV);
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Performance gains

 For 90,000 links:

— Rendering and copy only 2.98 ms/frame
— INYFV)LIN

(Batched solver) 3.84 ms/frame
— SIMD/\NWFY LN

(SIMD batched solver) 3.22 ms/frame
— SIMD/\YFYIL/NEGPULETOHOOE—

(SIMD with GPU copy) 0.617 ms/frame

« 3.5x Improvement in solver alone

AMDa Based on internal numbers
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Thanks

 Justin Hensley

* Holger Grin

* Nicholas Thibieroz
* Erwin Coumans
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