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Intel® Graphics Performance Analyzers
(Intel® GPA)
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Intel® GPA Framework
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Basic profiling workflow

CPU bound

.....

he metrcey access pattams 10 constants and
tharinta

GPU bound
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https://software.intel.com/en-us/videos/how-to-fix-performance-woes

Cross-tool Performance Analysis

Using Graphics Frame and Trace Analyzer’s to gain deeper insight

Intel GameDev BOOST



Modern graphics profiling challenges

Intel Gen9 Architecture Intel Xe Architecture
Render Passes Render Passes
Graphic Events Graphic Events

100% EU Utilization 100% EU Utilization

_ e m

Performance profiling becomes more challenging as GPU evolves
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Frame Analyzer & Trace Analyzer

Partners in performance analysis
Trace Analyzer Frame Analyzer

Accurate application execution telemetry In-depth frame analysis & experimenting

Use both tools to get a comprehensive insight on performance problems

Intel GameDev BOOST (intel') l 7



Hardware: KabyLake (Intel® HD 630)

Frame structure analysis
Unity 3D Game Kit

Reflections: 14ms Render Shadow Map: 16ms PostProcessing+Overlay: 20.5ms

i cor

Copy {
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“Reflections” in Trace Analyzer

Parallel Execution
3DGameKitGPA.exe (13196)

EU FPUO Pipe Active (%)
System (4)

EU FPU1 Pipe Active (%)
System (4)

EU Stall (%) System (4)

EU Thread Occupancy (%)
System (4)

Intel GameDev BOOST

Reflections: 14ms




“Reflections” in Trace Analyzer

QS

Parallel Execution

o |

e Calls are executed in parallel
* Max EU thread saturation
* Calls potentially have memory bottleneck

3DGameKitGPA exe (13196)

EU FPUO Pipe Active (%)
System (4)

EU FPU1 Pipe Active (%)
System (4)

EU Stall (%) System (4)

'ﬁ'ﬂ MName v  Average Value

EU Thread Occupancy (%)
System (4)

EU Thread Occupancy 95.61
f, Name ~  Average Value Track Count N EU Stall EE?D

EU Thread Occupancy 9561 < EU Thread Occupancy - System (4) LE]

EU Stall 2670 < EU Stall - System (4) 43 f— " .

EU FPU1 Pipe Active 6139 <© EUFPU1 Pipe Active - System (4) 43 | E U FPU1 PI pE A‘Ctlve 61 '39
EU FPUO Pipe Active 4537 < EUFPUO Pipe Active - System (4) 43

F;elected Items Packages Regions Markers v Metrics - EU FPUD Pip'E' ACti"H"E‘ 45r3?
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“Reflections” in Frame Analyzer

1Cop...f-RenderDeferred DefauitReflection— fas |rende..- o ! M et r'i CS p ane ! S h OWS |_3 b Ott I enec k

+
8
209 224 225 226 227 ‘ 228
h LLC/EDRAM/DRAM
Q o Pixel Back-End
: . . . Out 3D Compute Current Full
X . ; Pipeli Pipeline Selection Frame .
T:1213 (SRV) SEG SH:3 T:1269 (RTV) ipeline P Shader Exchtlon
Show All Resources

& = [ © T1269.. RI6GI6B16A16_FLOAT 2560x1440 R DR
Serib pode v [ cirrers vie: s th X i Pixel Back-End Thread Dispatch L3
N 8 Y 3 ? (i \ Shader Execution

4 o .

e ¢ 2% - i TR & Setup Back-End Sampler

= ’-&,»' = o i &= :\ f ‘ , = j Setup Back-End Sampler
= b k- 5 i FO - > | i j‘ : =
£ : ] e Early Depth / Stencil
S > A e . Rasterization
Geometry Transformation Rastenzatlon
X - Geometry Transformation
h B K X

X:1893 Y: 1355 R: 0.006 G: 0.006 B:0.002 A: 1.000 24%
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“Reflections” in Frame Analyzer

Each call has >90% EU Thread Occupancy

Intel GameDev BOOST (intel') l 12



“Reflections” in Frame Analyzer

Each call Has L3 or DRAM bottleneck

Intel GameDev BOOST (intel') l 13



“Reflections” in Frame Analyzer

Each call has a sampler usage inefficiency

Intel GameDev BOOST intel) | 4
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“Reflections” in Frame Analyzer

 Each call has the same shader
* ‘Shader Profiler’ detects that sampling
from 5 textures takes 65% of time

: --
- out L
i

TESER) s S TRAES)  TEREW
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"Render Shadow Map" in Trace Analyzer

Render Shadow Map: 16ms

Parallel Execution oo
3DGameKitGPA.exe (13196) |||I||||I||

EU FPUO Pipe Active (%)
System (4)

EU FPU1 Pipe Active (%)
System (4)

EU Stall (%) System (4)

EU Thread Occupancy (%)
System (4)

Intel GameDev BOOST (intel, l 16



"Render Shadow Map“ in Trace Analyzer

Type filter expre: Q Ab Ek
- Parallel Execution &
3DGameKitGPA exe (13196)

* There is some parallel execution, but it
could be better

EU FPUO Pipe Active (%) | .
System (4)

[ J

EU FPU1 Pipe Active (%) | |
System (4)

EU Stall (%) System (4) |

EU Thread Occupancy (%) ||

System (4)
" Name v Average Value Track Count
5 EU Thread Occupancy o 4076 EU Thread Occupancy - System (4) -
3 EU Stall ol 3238  EU Stall - System (4) 4
7 EU FPU1 Pipe Active o 3133 EU FPU1 Pipe Active - System (4) 4
8 EU FPUO Pipe Active o 2165 EU FPUO Pipe Active - System (4) 4
Selected Items Packages Regions Markers Vv Metrics
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"Render Shadow Map“ in Trace Analyzer

Type filter expre: Q Ab :k

U * There is some parallel execution, but it
could be better

B[] TIWE (IO n |

W 1 E3I II

EU FPUO Pipe Active (%) | | H .

System (4)

-
\.

EU FPU1 Pipe Active (%) | |
System (4)

EU Stall (%) System (4) ||

* Not enough threads being submitted to EUs

EU Thread Occupancy (%) | |

System (8 £, Name - Average Value

#, Name - Average Value Track Count 5 EU Thre-ad DOCI..IPEII‘IC}' O 4{)_?6
5 EU Thread Occupancy o 40,76  EU Thread Occupancy - System (4) 49

5 EUsall o 3238 EUStall - System (4) 49 G EU Stall < 3238
7 EU FPUT Pipe Active o 3133 EUFPUT Pipe Active - System (4) 49

8 EU FPUO Pipe Active o 2165 EU FPUO Pipe Active - System (4) 49 ri EU FPU1 Pi pe Active O 3133
Selected Items Packages Regions Markers V¥ Metn

. 8 EU FPUO Pipe Active o 2165
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"Render Shadow Map" in Frame Analyzer

PRt et el
F1 1 1:“,1:5.1&..1']:[5““,,.1: 15J5ha..- Y G eom et ry b Ott I enec k .

Shadows.RenderShadowMap: Shadows.RenderShadow...
Sh...7Sh..15...15...7Sh...15... Sh...1Sh..75..15...1Sh..15..
wrDeferred Refle... sn,.{sn&su. 15,..{5?\.,‘1 5. Sh,,.15h,..15,“15...15hm:{5,“
N I T A ! +
h i i 8
[ I
[ 1" -
[ 1
[ i
' [ i
-I h b s
241 261 297 338 361 374 409 491 536 572
-l._.h__-—-
z I m—_—
3
. . il Ot 3D Compute Current Full
T:142 (SRV) State SH:13 T:7082 (6 Vs) Pipeline Pipeline Selection Frame
Show All Resources
LLC/EDRAM/DRAM
HH Geometry -
Pixel Back-End
", Event Id ~  Preview Stage Topology Sl Eeariam
Thread Dispatch L3
&~
611 - I Triangle list Setup Back-End Sampler
Early Depth / Stencil
Rasterization @
612 - Triangle list
[ Geometry Transformation
@ Bottleneck: The primary bottleneck is in
geometry transformation stages. To resolve,

613 - Triangle list optimize shaders, reduce the number of off-
screen polygons generated from shading, and
reduce unnecessary state changes between
draws. C

614 \"& - Toanglelis

B o R X
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* 368 meshes

Geometry Transformation

Bottleneck: The primary bottleneck is in
geometry transformation stages. To resolve,
optimize shaders, reduce the number of off-
screen polygons generated from shading, and
reduce unnecessary state changes between
draws. [/ i

=
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"Render Shadow Map" in Frame Analyzer

Shadows.RenderShadowMap

Sh...1Sh..75..15...7Sh...1S... h...
rDeferred Refle... Sh...{sh...{S...{S...{Sh...{s...
" I [ [

| 1 1 {::::1:2'.12::1:1:@233::1: {ﬂm e Geomet ry bottleneck:
* 368 meshes

Shadows.RenderShadow... Shadcws.RenderShadcwMaE
Sh...1Sh...75..15..1Sh...7S... S,
Sh...{Sh...1S...{S...{Sh...:[S... S.
' I [ I

1 @+

241 o1 27 s e a4 ass 479 491 53 572 ° 10.9M Vertices (78% Of frame)

Q 9o
3D Compute Current Full _- Pﬂlygﬂn Data REEdy’ % 54.2 54.2
T:142 (SRV) State SH:13 T:7082 (6 Vs) Geometry:1 Pipeline Pipeline Selection Frame
Show All R
ow All Resources S - Vertex Count 10.9M 10.9M
- Geometry - 7 x
Pixel Back-End
#, Eventld 4 Preview Stage Topology Shader Execution

Thread Dispatch L3

E
611 ‘% - Triangle list Setup Back-End Sampler

Geometry Transformation

Early Depth / Stencil

612 - Triangle list Ra:terzation @ Bottleneck: The Prlma r_",f bottleneck is in

: Geomety Transtornation geometry transformation stages. To resolve,
. - e e oo oo v optimize shaders, reduce the number of off-
riangle li optimize shaders, reduce the number of off- -
. Sren polygons generted from shadig,ad screen polygons generated from shading, and
reduce unnecessary state changes between
draus reduce unnecessary state changes between

614 v Triangle list
‘mt‘ (] ’ , B RX draws.
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"*Post-processing + Overlay” in Trace

Analyzer

Parallel Execution

3DGameKitGPA.exe (13196)

EU FPUO Pipe Active (%)
System (4)

EU FPU1 Pipe Active (%)
System (4)

EU Stall (%) System (4)

EU Thread Occupancy (%)
System (4)

Intel GameDev BOOST

PostProcessing+Overlay: 20.5ms
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[ Clear (6-




"Post-processing” in Trace Analyzer

e 24 Calls, all are serialized!

Intel GameDev BOOST (intel') f 22



"Post-processing” in Frame Analyzer

* Render target changes after each draw and there are input/output dependencies
between calls
 Dispatch/Draw transition

=2 b X: Constant - no metric v Y:GPU Duration v Group by: Debug Regions w Chart regions: Render Targets v Color by: Event Types v t h m

<22 EJN ]T: 14768<[T: 1531QIT: 15379]T: 15427<[T: 15467IT: 15507]T: 15547<[T: 15587IT: 15627]T: 15667'[T: 15707IT: 15678‘T: 15638'[T: 15598TT: 15558‘T: 15518'[T: 1547BIT: 15438‘T: 15390]—T: 15330—\T: 15978~[T: 149,...]-
1 1

5000 -
4000 -
3000 -

: 1 | 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1

1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1

| : : : : : : : : : : : : : : : : : : : : : :

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1

1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2000 : ! : : ! ! : ! : : : : : : : i : : : : :

1 I, 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1

1000+ | :-: : : : : : : : : : : : : : : : : : : :

- : — ! : ) : : : : : ) : : ) : : ) —— ' :
| 46 647 648 650

651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669

1 © +

(Each dash line here is a Render Target change)
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“Overlay” in Trace Analyzer

* Two Copy calls take 2.7ms!

[
Millisecands 3356 3358

Intel GameDev BOOST (intel') f 24



“Overlay” in Frame Analyzer

‘Resource History’ shows dependencies
between Copies and subsequent Draws!

Intel GameDev BOOST intel) | 25
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Multiframe Analysis

Using Graphics Frame Analyzer to capture multiframe game streams

Intel GameDev BOOST (intel') l 26



Multiframe Analysis
What is it?

Capture unbound stream of graphics API calls

Intel GameDev BOOST (intel') l 27



Multiframe Analysis
What is it?
Capture unbound stream of graphics API calls

Intel GameDev BOOST o™ e : (intel” l 28



Multiframe Analysis
Why?

* Virtually impossible for
single frame capture:

* Intermittent glitches
* ‘Random’ hitches
* Multiframe algorithms

Intel GameDev BOOST (intel') f 29



Multiframe Analysis
Why?

* Virtually impossible for
single frame capture:

* Intermittent glitches
* ‘Random’ hitches
* Multiframe algorithms

Intel GameDev BOOST (intel') l 30



Intel® GPA Framework

e |ntel® GPA’s multiframe analysis backend Vukan®  DirectX 11°  Directx 12-
e Standalone utilities to capture, playback and
analyze multiframe streams
* Cross-platform, cross-API layer mechanism
 C++ and Python interfaces

Capture and playback

Intel® Graphics Performance Analyzers Framework (Intel” GPA Framework) e

eeeeeeee

Release Notes
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Automated Performance Reporting

Using Intel® GPA Framework to generate performance reports

Intel GameDev BOOST (intel') l 32



Performance profiling vs awareness

Performance Profiling

Time consuming

Requires domain knowledge
Subset of engineers involved
Profiling can be hard to do
throughout dev cycle

“Premature optimization is the root
of all evil”

Intel GameDev BOOST



Performance profiling vs awareness

Intel GameDev BOOST

Performance Awareness

Being conscious about performance at
content creation

Whole team effort

Can alleviate profiling at end of dev cycle
Cl/CD workflow

Not trivial and time consuming (capture,
playback, analyze, create reports, etc.)



Performance profiling vs awareness

Intel® GPA Framework can help with this and more!

Intel GameDev BOOST (intel”) l 35



Automated Performance Reporting

Sample available in Intel® DevMesh!

Intel GameDev BOOS1

@ Intel(R) GPA Framework Perform: X

& > C Y © localhostB080/7run=4

Intel® GPA
Framework

Perf Report Runs
Run 1 r
Run 2 ;
Run 3 [

g

Run5 _————

+

Stream S-Curve

GPU Duration Breakdown

e

Stream Info

Graphics API: Direct3D 11.0.0

GPU Name: UHD Graphics 630 (Desktop)
Driver Version: 26.20.100.7584
Resolution: 1280x720

# Frames: 3003

# API Calls: 23164955

Debug Regions

WEiRoot
BaWaitForRenderJobs
BaCustomRenderTextures.Update
“WEEMeshSkinning.SkinOnGPU
22ComputeskinningDispatch
“WEiMeshSkinning.SkinOnGPU
EaComputeSkinningDispatch
“WiiEMeshSkinning.SkinOnGPU
BaComputeSkinningDispatch
“WiiEMeshSkinning SkinOnGPU
BaComputeSkinningDispatch
“WEiEMeshSkinning.SkinOnGPU
BaComputeSkinningDispatch
WEiEMeshSkinning.SkinOnGPU
B2 ComputeSkinningDispatch
“WEEMeshSkinning.SkinOnGPU
22ComputeskinningDispatch
22ReflectionProbes.Update
WEiCamera.Render
WEiDrawing
WiiiRender.OpaqueGeometry
WEiRenderDeferred.GBuffer

GPU Events

Type

Clears
CopyResources
Dispatches
Draws
Executelndirects
GpuSyncs

Texture Statistics

= o

¥ @) incognito

25
103
18
740

75

X

36



Cl Workflow

10k feet view

Someone forgot
to create an LOD

for their asset!

Intel GameDev BOOST (intelg l37



Cl Workflow

Automated Playthrough

Reproducible scenario

 Benchmark

* Custom scene

* Gameplay unit test system (Gamedriver.io)

Intel GameDev BOOST (intel”) l 38



Cl Workflow

Automated Playthrough

Reproducible scenario

 Benchmark

* Custom scene

* Gameplay unit test system (Gamedriver.io)
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Cl Workflow

Automated Playthrough

Reproducible scenario
 Benchmark

* Custom scene

* Gameplay unit test system (Gamedriver.io)

Intel GameDev BOOST



Cl Workflow

Automated Performance Analysis

e Extract performance information,
how do we do this?
e Custom layer
e C++ Interface
* Python Interface

Intel GameDev BOOST (intelg l41



Cl Workflow

Automated Performance Analysis

e Custom layer
* ‘Manual’ approach
* Intercept relevant calls
* No ability to repeat ranges and
experiments
e Layer can be used in runtime
and playback

Intel GameDev BOOST (intel') l 42



Cl Workflow

Automated Performance Analysis

* C++/Python Interfaces
* Playback only
* Finer playback control
* Leverage Framework constructs

Intel GameDev BOOST (intel') l 43



Intel® GPA Framework

Python Interface

» Basic sample: Print APl log from 20% to 40% of stream

1
p.
3
4
5
6
7
8
9

10
11

import GPA
import sys

stream_path = sys.argv[1]

stream = GPA.open_stream(stream_path)
range stream.get range(0.2, 0.4)

for ¢ in range.callables() :
print(c.name())

Intel GameDev BOOST



Intel® GPA Framework

C++ Interface

* Basic sample: Print API log from frame 100

Stream stream;
stream.OpenDataSource([path_to stream]));

ApiLog apiLog(&stream);
CallableCache cache = apilLog.Range(100);

cache.EnumerateCallables([](Callable* callable, uinté4 t callableIndex) {
std::cout << callable->Name() << std::endl;

W 00 < o vl B W N
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Intel® GPA Framework

You don’t need to start from scratch!

Docs » Samples

* Print APl Log .» samples

» ‘Helloworld’ Simple Layer

* ‘Helloworld’ Generated Layer i
* Range Player |
« Buffer/Texture/Shader Extractor
* Metadata Extractor

* Disable Call in Range

* Metrics Collection

* Highlighting Experiment
* Pipeline Experiment PR
« Texture Replacement Experiments | frasieble Samples

Print API Log

¢ Ad Va. n C e d St re a m P lay b a C k 4l H e To use the apiteg class to extract API log information from previously caplured siream da

To build samples, execute the following command

Intel GameDev BOOST




Automated Performance Analysis

* Print APl Log

« Metadata Extractor

 Metrics Collection

Intel GameDev BOOST

@ Intel(R) GPA Framework Perform: X

+

€ > C % O localhost8080/run=5

Intel® GPA
Framework

Perf Report Runs

Run 1 r
Run 2 7
Run 3 [
Run4

>Run5 ——

Stream S-Curve

Id

GPU Duration Breakdown

Stream Info

Graphics API: Direct3D 11.00

GPU Name: UHD Graphics 630 (Desktop)
Driver Version: 26.20.100.7584
Resolution: 1280x720

# Frames: 6353

# API Calls: 85173361

Debug Regions

VilliRoot
EwaitForRenderJobs
I CustomRenderTextures.Update
¥imMeshskinning.SkinOnGPU
>WMeshskinning.SkinOnGPU
>WMeshskinning.SkinOnGPU
>WMeshskinning SkinOnGPU
WMeshskinning SkinOnGPU
¥ WMeshSkinning.SkinOnGPU
¥WMeshSkinning.SkinOnGPU
¥*WVMeshSkinning.SkinOnGPU
¥mMeshSkinning.SkinOnGPU
¥mMeshskinning.SkinOnGPU
¥ilmMeshskinning.SkinOnGPU
EiReflectionProbes.Update
¥MCamera Render
MCamera Render

>MUGUIRendering.RenderOverlays

HMGUIRepaint
KGUITexture Draw
KPlayerEndOfframe

— a
¥ @ incognito
GPU Events
Type #
Clears 25
CopyResources 103
Dispatches 2
Draws 1055
Executelndirects 0
GpusSyncs 7
Texture Statistics
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Automated Performance Analysis
Using built-in utilities

gpa-stream-analyzer provides capture time frame times of stream
gpa-stream-info reports information from stream header

Perf Report Runs Stream S-Curve Stream Info
Run 1 160
.0 Graphics API: Direct3D 11.0.0
Run 2 120 GPU Name: UHD Graphics 630 (Desktop)
100 . .
Run 3 - Drniver Version: 26.20.100.7584
L Resolution: 1280x720
Y
Run 4 - # Frames: 6353
0 .
> Run b5 00 01 02 03 04 O5 08 07 08 08 10 # APl Calls: 85173361

Intel GameDev BOOST



Automated Performance Analysis

Using sample: Print API Log

1 DebugRegion tree;

2 cache.EnumerateCallables([](Callable* callable, uint64 t callableIndex)
3

4 if (callable->GetCategory() & CallableType::
5 {

3 / New child, add to DebugRegion tree

7 }

8

9 // Handle EndUserRegion
10 // Collect stats on other categories
11
12
13 std::cout << callable->Name() << std::endl;
14}

Intel GameDev BOOST

Query ‘callable types’ to construct debug regions hierarchy tree
Generate GPU event statistics like number of draws, clears, etc.

BeginUserRegion)

iff Root

28 WaitForRenderJobs



Automated Performance Analysis

Using sample: Metrics Collection

* Query GPU duration per debug region !

» Store other metrics for later analysis

GPU Duration Breakdown

Driver

\ 4
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Automated Performance Analysis

Using sample: Metadata Extractor

* Query frames for used Textures/PSOs,
etc.

* Generate statistical data and flag
problematic usage (big textures,
uncompressed formats, etc.)

Texture Statistics

Driver
—

Intel GameDev BOOST (intel') l 51




Automated Performance Analysis

Using sample: Texture replacement experiment

» Detect problematic textures (large,
uncompressed, etc.)

* Apply Texture 2x2 experiment

* Replay and gather metrics

* Report performance difference

Driver

\ 4

Texture 2x2
Disable Event

Simple Frag Shader

\

Wireframe

}

Intel GameDev BOOST



Automated Performance Reporting

Sample available in Intel® DevMesh!

Intel GameDev BOOS1

@ Intel(R) GPA Framework Perform: X

& > C Y © localhostB080/7run=4

Intel® GPA
Framework

Perf Report Runs
Run 1 r
Run 2 ;
Run 3 [

g

Run5 _————

+

Stream S-Curve

GPU Duration Breakdown

e

Stream Info

Graphics API: Direct3D 11.0.0

GPU Name: UHD Graphics 630 (Desktop)
Driver Version: 26.20.100.7584
Resolution: 1280x720

# Frames: 3003

# API Calls: 23164955

Debug Regions

WEiRoot
BaWaitForRenderJobs
BaCustomRenderTextures.Update
“WEEMeshSkinning.SkinOnGPU
22ComputeskinningDispatch
“WEiMeshSkinning.SkinOnGPU
EaComputeSkinningDispatch
“WiiEMeshSkinning.SkinOnGPU
BaComputeSkinningDispatch
“WiiEMeshSkinning SkinOnGPU
BaComputeSkinningDispatch
“WEiEMeshSkinning.SkinOnGPU
BaComputeSkinningDispatch
WEiEMeshSkinning.SkinOnGPU
B2 ComputeSkinningDispatch
“WEEMeshSkinning.SkinOnGPU
22ComputeskinningDispatch
22ReflectionProbes.Update
WEiCamera.Render
WEiDrawing
WiiiRender.OpaqueGeometry
WEiRenderDeferred.GBuffer

GPU Events

Type

Clears
CopyResources
Dispatches
Draws
Executelndirects
GpuSyncs

Texture Statistics

= o

¥ @) incognito

25
103
18
740

75

X
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Summary

* Performance awareness is everyone’s responsibility
* Intel® GPA is more than just Frame Analyzer

* Synergy of tools can help you gain more insight on your game’s
performance

* Multiframe Analysis opens up new possibilities for optimization
« CI/CD profiling usage of Intel® GPA Framework just the tip of the iceberg

* Twitter: @carlosadc
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What's next?

Grab Intel® GPA for free

Intel® GPA Documentation:

* Developer and Optimization Guide for Intel® Processor Graphics Gen11 API:

Intel® Graphics Performance Analyzers Cookbook:
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https://software.intel.com/en-us/gpa
https://software.intel.com/en-us/gpa/documentation/view-all
https://software.intel.com/en-us/articles/developer-and-optimization-guide-for-intel-processor-graphics-gen11-api
https://software.intel.com/en-us/gpa-cookbook
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Questions?



