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Local - Radeon Developer Panel v2.12.0.20
p
‘ APPLICATIONS

My_Game_DX12.exe Global workflow: Profiling

|
= HybridShadows_DX12d.... Profiling Device Clocks

D | P I atus: Offlii

eve D p e r a n e D3D12nBodyGravity.exe Capture profile
D3D12Multithreading.exe Hotkey Ctrl+Alt+C G ®
computenbody.exe Enable instruction tracing (can affect performance)

Collect counters
[] Delay capture

Recently collected profiles
Path: C:\User\your_name\Documents\rgp_profiles

Name Size Date Modified
My Game_DX12-20240202-184353.rgp 88.072 MB 2/2/2024 6:43 PM
D3D12nBodyGravity-20240202-184237.rgp 81.794 MB 2/2/2024 6:42 PM
computenbody-20240202-183945.rgp 4.728 MB 2/2/2024 6:39 PM
My Game_DX12-20240202-183410.rgp 301.190 MB 2/2/2024 6:34 PM
D3D12Multithreading-20240202-185151.rgp 7.409 MB 12/1/2020 6:51 PM
D3D12Multithreading-20240202-185043.rgp 6.869 MB 12/1/2020 6:50 PM

Open
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= a X

o DXR_Game_7900_xbergp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - ¥2.0.0.19
File Help
‘ « EVENTS

‘Wavefront occupancy Event timing Pipeline state Instruction timing
I
% k=) Views 2 2 2058 DispatchRays<Indirect>(2535, 1426, 1) g
= E 0 ck 5,000,000 dk 10,000,000 dk. 15,000,000 dk 20,000,000 ck 25,000,000 dk 30,000,000 dk 35,000,000 ck Launched from Direct queue %
E_ HHIIHIHIHHH‘IHHHH‘HHIIHIlHIHHHlIHHHH‘HHIIHI‘HIHHH‘HHIIHI‘HIHHH‘IHHHH‘HHIIHIHIHHHlIHHHH‘HHIIHI‘HHH %
G P U P f . I X Wavefront occupancy § . N | o [100% Start time 14,343,071 clk
rotier 4 Color by 4P shacer stage i AT (0 ARCARCAARCTOOD 0RO [l 0] ool 175 | Enaime 19,920,449 ok
T I 1 AR AR (L e | o
Wy W& ] T 1111111118 i O R O O | v rston 5577378 ce
HS & DS % oo Hardware context 0
. ©s § 505 | APIshader hash
| ] zz .g 759% | RT: 0352FB60D7A7442816 [%)
1009

API PSO hash
0xAB4FOG6DCD5BEBI0 ﬂ

X Cache counters

& M an L0 cache hit
|Z Instruction cache hit |Z L1 cache hit
[ scalar cache hit 12 cache hit J{—“L\_J

X Ray tracing counters

& M an
|Z Ray box tests
[ Ray triangle tests

Driver internal pipeline hash
0xFDD78081B3F0300C151826F56306D036 |:|

‘Wavefronts

RDNA wavefront distribution:

X Event timeline Budy LS+HS wavefronts
Color by queue I e 7 N ] SR ot (A | ES+GS wavefronts
e e BRIl 11 HE ) lesos—ssoot— { e g ) s voverots :
Overlay “! 5496'\ II‘ |‘|I} " }‘}I}I“l II‘ ' ! ‘ 2 FD?“ I [ ‘H I ! ‘i‘ cs wavefmnts 113,169 (100.00%)
| 4 i 2060 ! } wavefronts 3 .
- 1l H f R | t I | Total wavefronts 113,169
Filter nts. } | ‘ | H H} ‘ | | Total threads 3,621,408
I I
Ml P marker I | ! ! “H' fass ! .
T r T ‘ I ‘ ‘ RDHNA shader stage timeline
Graphics queue | | il
Compute queue i | T !
Application barrier | |
Driver barrier ‘ ‘ | H
B Application layout transition { } APIShader VGPR  SGPR DS Occupancy
W oriver layout transition [ } } | Vs
HS
| N
I It oS
| Il G
i+ W os
I s
2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:- 39,040,953 dk R 1201200 102(128) 2048 12/76
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@) Radeon GPU Analyzer - OpenCL Project - BinarySearch - X
File Edit Bulld Help
Project name:
) Address

BinarySearch_Kernels.cl =
One instance of this kernel call is a thread. x002500

Each thresd Finds cut the segment in which it should lock for the slement.

after that, it checks if the element is between the lower bound and upper bound

of its segment. Tf yes, then this segment becomes the total searchspace for the next pass.

binarySearch

I binarySearch_mulkeys
y: 2
= binarySear...sConcurrent

GPU Analyzer oo BN

[2 Create fie

Buid settings

]

To achieve this, it writes the lower bound and upper bound to the output array. ar ‘Etji
In case the element at the left end (lower bound) matches the element we are looking for, SERET
That is marked in the output and we no longer need to look any further.

Bx80252C

__kernel void

binarysearch( __global uint4 * outputArray,
__const __global uint2 * sortedArray,
const  unsigned int finde)

)

-
)

unsigned int tid = get global id(@);

)

)
Seenee

) . . . ox
/ we t ts r this thr / -
Then we find the elements for this thread global_load_bse

uint2 element = sortedArray[tid]; o & aitont
/* If the clement to be found docs not lic between them, then nothing left to do in this threac || 22 ve
. o : i oxae 58 v
if( (element.x > FindMe) || (element.y < FindMe)) B S S
N Bx@025 instide(SALU_CYCL
’ ©x002588
else Bx@8253C
t = 0x082598
/* However, if the element does lie between the lower and upper bounds of this thread's sez ||2X992398
we need to narrow down the search further in this search space e .
, #x025A8 va, s2
Bx@825A8 2, s@
/* The search space for this thread is marked in the output as being the total search space f’fff;:f V3, 56
outputArray[8].x = tid; t;“”‘ e
outputarray[e].w = 1; ox0025C0 < nop o o
Bx@025C4 s_sendms, sendmsg(MSG_DEALLOC_VGPRS =]
) _ g g (6. 2
Bx@825C8 s_endpgm 8

_ kernel veid

/ 106 | LDS: 0 / 64KB | Scratch memao

Build output

Building OpenCL project "240202-145€13" for gfzll03

-145€13\0utput\Clone0\livereg. txt" —-line-numbers —-analysis
\Users\zpunodak\AppData\Roaming\RadecnCPUknalyzer\rga-

rga.exe -s opencl ——isa "C:\Users daky, TAnal \Brojects\240202-145€13\Output\Clonel\disassem txt" —-parse-isa —-livereg "C:\Users\apumodak\Documents\RadeonGFURnalyzer\Projects\:
\Users dak\] A 1 \Projects’ 13\Output\Cloned\resourcelUsage.csv” —b "C:\Usexs' dak\] \ 1 \Projects’ -145€13\Output\Cloned\codeck) .bin™
40202-145543_log" —-session-metadata "C:\Users dak\] \ lyzer\Projects\240202-145613\Outputh\Clone0\gfx1103_clilnvocation xml" —-asic gfz1103 "C:/amk/BinarySearch Kernels el"

eli

Target CPU detected:

g£x1103

OM Graphics
AMD Radeon 760M Graphics
BMD Radeon 780M Graphics

Building for gfxl103.. . succesded.
Extracting ISA for gfxl103... succesded.
Performing live vgpr analysis for g£xll03 for kernel binarySearch... succeeded.

Performing live wgpr analysis for gfxl103 for kernel binarySearch milkeys .. succeeded.
Performing live vgpr analysis for gfx1103 for kernel bi | milkeysC
Extracting statistics... succeeded.

Build succeeded
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Memory Visualizer

TIMELINE

‘Snapshot timeline
Right-click on the timeline below to generate a snapshot at that moment in time.

Resource usage size Compare snapshats §<

o dk 500,000,000 ck 1,000,000,000 ck 1,500,000,000 ck 2,000,000,000 ck 2,500,000,000 dk 3,000,000,000 ck 3,500,000,000 ck 4,000,000,000 ck 4,500,000,000 ck 5,000,000,000 ckk|

Wevent [ shader pipeine [l Descriptors command buffer [ mternal [l vepth stenci texture [l render target [l Texture  [uav [l Acceleration structre [l Buffer Unbound Selaction: - | 52,340,975 ck

Snapshot name Timestamp  Virtual allocations Resources

Total virtual memory Bound virtual memon Unbound virtual memory Committed local memory Committed invisible memory Committed host memory

Snapshot 0

776.00 KiB

Snapshot count: 1

AMD PUBLIC
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© C:\RadeonDeveloper\ExampleTraces\city.rdf - Radeon Raytracing Analyzer - V1.0.0.0 X
Fie Help

Raytracing Analyzer

Viewer BLAS list Properties

Geometry Coloring: v Unique BLAS BVH Coloring:

Volume Type Traversal Counters: “ Loop count Rendering controls ~ @

Culing mode
None

(@) Render traversal counters

Counter range Sider upper fimit:{1000 =]
o 446

Camera controls

Copy camera params Paste camera params
Control Style
€AD

Coordinate system
(D Tnvert Vertical
o z @ Invert Horizontal
Camera position

0.1094466  [=| |-12.5815792 |5 [4.4920208 =

Field of view

Near plane

Movement speed

Mouse Left Button Rotate camera
Mouse Right Button Pan camera
Mouse Wheel Zoom
W, A S, D Move Forward, Left, Back, Right
Eand Q Mave Up, Down
Arrowr Keys Look Up, Left, Down, Right
ctrl, Shift 10x Slower, Faster Movement
o U] Racat ramara ¥
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0O
X

| My_Game_DX12-20231116-170357-case22.txt - Notepad -
I Eile Edit Format View Help
~

—
: offending VA: ex237bb2eee

. Resource timeline
GPU Detective

<> denotes paired resources: in certain cases, a resource (heap or buffer) is created implicitly with another resource by the runtime or the driver. Wwhen the tool detects this situation, th
Timestamp format: HH:MM:SS.clk cycles (clk cycles per second: 10,000,000)

Timestamp Event type Resource type Resource identifier Resource size Resource name

00:00:00.3670688 Create <Heap, Buffer> <0x7c62d7b6000PO151, ©x285183e100000152> 671088640 (640.08 MB) StaticBufferPoolDX12: :m_pSysMemBuffer
00:00:00,3698656 Bind <Heap, Buffer> <@x7c62d7b600000151, ©x285183e100000152> 671088640 (640.00 MB) StaticBufferPoolDX12::m_pSysMemBuffer
00:00:00.3698656 Make Resident  <Heap, Buffer> <@x7c62d7b60000A151, ©Xx285183e100000152> 671088640 (640.0@ MB) staticBufferpPoolDX12::m_pSysMemBuffer
00:00:008.8157920 Destroy <Heap, Buffer> <@x7c62d7b6000ORO151, ©x285183e100000152> 671088640 (640.08 MB) StaticBufferPoolDX12: :m_pSysMemBuffer
00:00:02.,2023168 Create <Heap, Image> <@xf13ab31800000a7e, ©x326ad6T600000a7f> 16810352 (16.03 MB) Temporary texture released before use
00:00:02.2026624 Bind <Heap, Image> <oxf13ab318e0e00a7e, Ox326ad6f600000a7f> 16810352 (16.03 MB) Temporary texture released before use
00:00:02.2026624 Make Resident  <Heap, Image> <oxf13ab31800000a7e, 0x326ad6f600000a7f> 16810352 (16.03 MB) Temporary texture released before use
00:00:02,2044443 Destroy <Heap, Image> <@xf13ab31800000a7e, ©x326ad6T600000a7f> 16810352 (16.03 MB) Temporary texture released before use

Associated resources

Resource id:
Type: <Heap, Buffer>
Name: StaticBufferPoolDX12::m_pSysMemBuffer
Virtual address:
@x236bcooee [size: 671088640 (640.00 MB), parent address + offset: @x236bceeee + ox@, preferred heap: Host (CPU memory)]
Commit type: COMMITTED
Attributes (Buffer)
Create flags: None
Usage flags: None
Resource timeline:
00:00:00.3670688 Create
00:00:00.3698656 : Bind into ex236bceeee
00:00:00,3698656 Make Resident into @x236bceeee
00:00:00.8157920 : Destroy

Resource id: <oxfl3ab31800e00a7e, ©x326ad6T600000a7f> v

< >
Ln1, Col1 100%  Windows (CRLF) UTF-8
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WHAT’S NEW?

2)

s

RRA 1.2

Ul Improvements to traversal view er,

RGP 1.16
ISA disassembly view improvements
Quiality of life improvements

Command Buffer ID: @x1@7c

RRA 1.3
Ray Visualization feature
Persistent Ul state

RGD 1.1
Vulkan® Support

RRA 1.4

BLAStab, TLAS view er pane, and traversal

mode view er

RMV 1.6

Improved history resource table

RGP 1.15
G DC 2023 Redesigned ISA disassembly view

Initial w ork graph support

March April  May

RMV 1.7
Aliased Resource improvements
Loading of RGD crash dump files
Resource name and implicit buffer fixes

Command Buffer ex1e7¢

]
Fx

Fx1
Fx1
Fx1
Fix1

RGD 1.0
DirectX® 12 Support

June July Aug

Sept

RGA 2.8
Support for AMD Radeon™ RX
7800/7700 XT
VGPR pressure GUI
AMD offline LLVMpipeline
compiler

RGP 2.0
Redesigned Wavefront occupancy Ul
Dark mode support
Raytracing pipeline thread divergence

RMV 1.8
Improvements to Resource
Usage size timeline

RGA 2.9
Analyze pre-compiled Code
Object binaries.

GDC 2024

Analyze pre-compiled HIP binaries
for the MI-200 architecture

Oct Nov

Dec

AMD PUBLIC GDC 2024

AMD GPU DEVELOPER TOOLS

March 2024
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PREVIEW. AMD RADEON DEVELOPER PANEL 3.0

0 Local - Radeon Developer Panel v3.0.0.2

Redesigned user interface offers

CAPTURE

» Improved experience for new users

v Available features

Raytracing

« Simplified user workflows for setting
capture options

Crash Analysis

v Application filters

Auto connect: | Existing applications ~

APT: Vulkan >

» Persistence of all settings across
invocations of the panel

The panel will automatically connect to an application that
exists in the application list and is using Vulkan.

v Applications

» Support for new features
without increasing complexity

Add

sample.exe

> Blocklist [Windows]

AMD PUBLIC GDC 2024

Profiling Memory Trace

-

Status: Ready
sample.exe PID: 16844
v Capture
Capture target:
Vulkan (connection 3290)

Capture profile

Hotkey Ctrl+Alt+C G ©
Delay capture
Enable instruction tracing

v Collect counters

v SQTT

SQTT buffer size:
Default v

v Compute capture

Auto capture mode:

None >
Dispatch count: 10 <
-
System Information Output log
Source: |All v | PID:
Timestamp Level Source PID
12:00:.. INFO DDTo0lC.. N/A
12:00:.. INFO RDP N/B
12:00:.. INFO DDToolC.. N/A
12:00:.. INFO RDP N/A
12:00:.. INFO DDToolC.. N/A
12:00:.. INFO RDP N/A

AMD GPU DEVELOPER TOOLS

Device Clocks

Profiling output path

C:\Users\developer\Documents\rgp_profiles\sample

Recently collected profiles

Name

sample-20240123-120506.rgp

All

Message

Ignoring
Ignoring
Ignoring
Ignoring
Ignoring
Ignoring

the driver connection to the process:

client:

the driver connection to the process:

client:

the driver connection to the process:

client:

— O X
o % 2
Size Date Modified
2.218 MB 1/23/2024 12:05 PM
= Open log file location

Radeonsoftware.exe [DirectxX 12]
RadeonSoftware.exe [DirectX 12]

RadeonSoftware.exe [DirectX 12]

March 2024

cncemd.exe

because i..

RadeonSoftw.

because i..

RadeonsSoftw.

because i..

a
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RGP 1.16 WAVEFRONT OCCUPANCY LAYOUT

Previous layout

* Ul controls above each

row

* Legends below each
row

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V1.16.0.17

File Help

‘ Wavefront occupancy Event timing Pipeline state Instruction Timing

Color by API shader stage RDNA shader stages I

2 2

ajNAWoD JUASY

35,000,000 dk

0clk 000,000 ik 10,000,000 dk 15,000,000 ck 20,000,000 clk 25,000,000 ck 30,000,000 ck
o I\\I\\IH‘\H\IHI\‘\HIHHI‘HHIHH‘IHH\IH'\HHI\H‘IHH\IH'\H\\I\I\‘H\I\\IH'\H\\I\I\‘H\IHIH‘\HHHH \I\H\\|\|H|\\iHI‘H\HHH'HIHI
E -
8 . §le 1 I
§ { LI R [T
a 1 ol ol ] I i A |

Ih.d o, MM ol A

o .
e RS, A e

100%
75%
50%
25%
0%
25%
50%
75%
100%

\
l.vs Hs&ns [llcs [lles s l=r |

/' Cache counters

TR
I

L

M Instruction cache hit [l Scalar cache hit [l L0 cache hit ll L1 cache hit [l L2 cache hit
Ray tracing counters

. Ray box tests . Ray triangle tests
Color by queue Event filter Overlay Duration ﬂlterl—l
1 2
WhH: {12595 1997 H {2067 20720 ) ke 1
| A s et I | s (|
i ses— 4 FIEE A AT T T RO 2070, | il H—
Hil R 2060 I+ HI =i
il HE L =il [l il {
tl 1/ | Il I
fiHI [ S0 foss \ I |
1l LIL LI L 1
.CP marker Graphics queue Compute queue

2058 DispatchRays<Indirect>(25... Selection duration:-

Application barrier Driver barrier .Applicatian layout transition .Driver layout transition

39,075,689 dk

2058 DispatchRays<Indirect>(2535, 1426, 1)
Launched from Direct queue

Start time 14,343,071 dk
End time 19,920,449 clk
Duration 5,577,378 clk

Work duration 5,577,378 clk

Hardware context 0

API shader hash
RT: 0x52FB60D7A7442816 [4)

API PSO hash
0xAB4F066DCD5B6BI0 |:|

Driver internal pipeline hash
0xFDD78081B3F0300C151826F56306D036 |:|

Wavefronts

RDNA wavefront distribution:

LS+HS wavefronts

ES+GS wavefronts

VS wavefronts

PS wavefronts -

CS wavefronts 113,169 (100.00%)
Total wavefronts 113,169
Total threads 3,621,408

RDNA shader stage timeline

API Shader VGPR SGPR LDS Occupancy
Vs
HS
Ds
GS
PS
cs
RT 120 (120)

102 (128) 2048 12/16
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RGP 2.0 WAVEFRONT OCCUPANCY LAYOUT

_Game_7900_xtx.rgp - = i ing: b > iler - V2.0.0. -
'0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19 o X
New layout
i U I C O ntro IS and / Wavefront occupancy Event"min Pipeline state Instruction timing
o Views 2 2 i i z
L e ge nds are move d to ‘;: ck 5,000,000 clk 10,000,000 ck 15,000,000 ck 20,000,000 ck 25,000,000 ck 30,000,000 clk 35,000,000 ck f:;ii:zz;ﬁh;:y;;::::m>(2535' 14261 g
E HHHHH\H\HI‘IH\H\H‘IIIH\H\‘\H\IIIH‘H\H\III‘\H\H\H|II\H\H\‘\HI\HH‘H\HIII\‘\HHHH'H\HHH\IIIH\H‘HHIIH\‘HHHIII'HHH g
the left of each row T Waveront ? | . -
3 Wavefront occupancy by 100%| Start time 14,343,071 ¢
lor b had o " 1 1 o "
NS ii W (U URRIURRN innnin | ALY |1 I g s
. = I | o 77,
. More vertical screen - | AN, W 0T T I g
HS 805 o 0 AN R A L s, | ercore coment 0
| tat ” t dt Mo 3 API shader hash
re a es a e a O Ca e O Hrs g ?Z: RT: osxSaZF:;o;:MMmls B
. cs o
the data V|eWS W rT 8 :Z:z/n g:;ggs;;zgsssﬁgo ©
X Cache counters I o L
Al L0 cache hit Driver internal pipeline hash .
Instruction cache hit L1 cache hit 0xFDD78081B3F0300C151826F56306D036
Scalar cache hit L2 cache hit Wavefronts
X Ray tracing counters RDNA wavefront distribution:
All
Ray box IE;StS LS+HS wavefronts
Ray triangle tests IES+GS wavefronts
VS wavefronts
Event timeline PS wavefronts -
T oy e BB 1 ses s gy o 2o S (]| | 5 e 13,169 C100.00%)
i L 1 LI ligggl Ll LI I I I 1T | fi
E‘\’z:a?t” ‘i‘ H+|\}ii‘;z:} : I H “}IH ” \:\HH\E% 998 \} 1] Ii‘ L Lﬂm 2069 o3 \} !\ mir W I}‘} 1 i}l}‘ || }g::l ‘t’l"::‘égdr:"ts ;’1632"}:5:08
I—I ‘I‘ ‘“H } } ‘ ‘ Ui ‘ ‘} L5 ! } ‘ : | | RDNA shader stage timeline
Y e | -
B P marker : ‘ ‘ ‘ ‘I\ boss !
Graphics queue | HIH i i
Compute queue ‘ ) i I APIShader VGPR  SGPR  LDS Occupancy
Application barrier : } Vs
Driver barrier | HS
. Application layout transition ‘ ‘ } DS
\ . Driver layout transition ‘ ‘ ‘ } } Gs
‘ o
| (I "
TR Lo
I [ RT 120 (120) 102(128) 2048 12/16
2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:- 39,043,015 dk orkload y
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RGP 2.0 WAVEFRONT OCCUPANCY LAYOUT

New layout

* The new left hand side
panel can be hidden

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

File Help

Wavefront occupancy Event timing Pipeline state Instruction timing
g © W Views 2 2 2058 DispatchRays<Indirect>(2535, 1426, 1) ;i
= 0 ¢k 5,000,000 ck 10,000,000 ck 15,000,000 ck 20,000,000 ck 25,000,000 ck 30,000,000 ck 35,000,000 ck Launched from Direct queue g
‘g \IHI\IHHI\I\\I\lHHIHH‘HIHHH‘I\I\\I\I\‘I\\I\I\\I‘IHI\IHI‘\I\IHIH'\H\I\H\lHIHHH‘HHHH\‘HHH\HIHI\IHI‘H\IHI\I‘\I\IHI\I‘\IHH ctart ¢ 14343, 071 ck %
X I L " . al _ime 343, c
@ o L LI, [ LA - AR R | ]/ S et s
I 1 ANl J LIMURAUAMGHUIGMII MgGnIOGHianiioh LML Dl o cureton 577,378 ck
|| L 2 I — TR 11 AR RO RO RO 80N RS, | e conten 0
API shader hash
| RT: 0x52FB60D7A7442816 [
API PSO hash
‘ 0xAB4F066DCD5B6BI0 m
} X Driver internal pipeline hash
| (-I-) 0xFDD78081B3F0300C151826F56306D036 ﬂ
Wavefronts
X h RDNA wavefront distribution:
@ LS+HS wavefronts
ES+GS wavefronts
IVS wavegruntls
) PS wavefronts -
X | H‘ ‘uu\ 1) ‘ Hl\ I \l ‘ Il 1995 1997 I |2()67 2072 | ‘\ I 2156 I I ||| ‘ CS wavefronts 113,169 (100.00%)
<& ‘494 .| [ |H‘ I | I} \I\I\‘illggﬁ i90g-lt Ll L 1 } 2069 2o7—H |\‘HI\I:II pisz] e i \”\‘ I Total wavefronts 113,169
| \:\:u}\} ‘I'IQS 1 I ” W}:H 1l le u”| T T \} I u} T L b \‘ :\ M= T M :|} ‘ H} |‘ Total threads 3,621,408
\} : H ‘ I ‘ | “ “ 2060 1 H } ‘ ‘ RDNA shader stage timeline
| TR | (FT
fl | tHili| poss I
i | I‘ ] ! } } APIShader VGPR  SGPR  LDS Occupancy
1 ‘ | Vs
! f e
H DS
| | It ‘
B | e
m | \
‘ i \ cs
[IEL I [ RT 120 (120) 102(128) 2048 12/16
{ 2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:- 392,063 dk orkload y
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RGP - CUSTOMIZE WAVEFRONT OCCUPANCY LAYOUT

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

New layout

i I nd i Vi d ual rOWS C a n be Wavefront occupancy Event timing Pipeline state Instruction timing

. " ]
hl dde n g° Views L £ 2058 DispatchRays<Indirect>(2535, 1426, 1)

T 0ck 5,000,000 ck 10,000,000 ck 15,000,000 ck 20,000,000 ck 25,000,000 ck 30,000,000 ck 35,000,000 ck Launched from Direct queue
ri RTERTEAR] ANRERRENA INNRNNRENA RRURTRRNTRINNRRRNTNA RRTRNURT] NRRRTURRARRNRRNRANA KNTRATRAR] SRTRUNANA INURRUREN IRUURTRRNTA INNRNRRUNA ARRNRARRATA AR ARAARNARARARANN

X I 1

® o L LI, [ T0aumuaaminne. - ionmaninniii. | dl ll 5.
I 1 ANl O A 1T

R o RRURRNRUER 11 N RO OO S T

S11239P 9PIH

Start time 14,343,071 clk
I End time 19,920,449 clk
i Ii “l Duration 5,577,378 dk

Work duration 5,577,378 dk
I |IIII Hardware context 0
API shader hash
RT: 0x52FB60D7A7442816 [

API PSO hash
0xAB4F066DCD5B6B90 m

Driver internal pipeline hash
0xFDD78081B3F0300C151826F56306D036 ﬂ

Wavefronts

RDNA wavefront distribution:

LS+HS wavefronts

ES+GS wavefronts

VS wavefronts

PS wavefronts -
”l ‘ I CS wavefronts 113,169 (100.00%)
Il

‘Il bl 1Al 2995 ez ! o 20720 HEHIEER | |
| I

|
I
FULK \ Ll TITINT N | LLLpL L L
H|1996 AO08-—T—T1 it \I‘ T | 2069 ;2073 T T \?157\ T I‘
I
I
T

X
$ WL ]

I ‘ Total wavefronts 113,169

‘ m } H ” } 3058 an ‘ ‘ Total threads 3,621,408

| i ‘ 2060 1 ‘ ‘ RDNA shader stage timeline
] T

1 poss .

} API Shader VGPR SGPR LDS Occupancy
Vs

HS

DS

U GS
I -

[ cs
i
il I Iy RT 120 (120) 102(128) 2048 12/16

{ 2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:- 129,905 clk orkload d
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RGP - CUSTOMIZE WAVEFRONT OCCUPANCY LAYOUT

New layout

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19 - o X

File Help

I nd i Vi d ua.l rOWS C an be Wavefront occupancy Event timing Pipeline state Instruction timing

hidden

Raytracing counters

hidden

E © W Views 2 2 2058 DispatchRays<Indirect>(2535, 1426, 1) ;i
7 0 ck 5,000,000 clk 10,000,000 ck 15,000,000 dk 20,000,000 ck 25,000,000 ck 30,000,000 dk 35,000,000 dk Launched from Direct queue E
@ mmm\umm|\mmu\umm\\lmum\Humu\mmm\mmm|mmm|mmm\mmm\mmmmmm\uumu\uumu\\mn g
i % , . Start time 14,343,071 ck g
% ' | Lo TR R A [ 1 A ACCCARCACENON - OCCCACHCHN 00 OO 1 alll ok End tme s
T i <SG J LATAURAATCHCROR AT CHCHCACRAR 0 S | LA 0l O Tl o corton 5,577,578 ok
| o T - |I|I||||||||||||||||||||||||. 0 AR RO RO AR LT L e cortent 0
API shader hash
| RT: 0x52FB60D7A7442816 [4)
API PSO hash

0xAB4F066DCD5B6B90 m

Driver internal pipeline hash
0xFDD78081B3F0300C151826F56306D036 ﬂ

Wavefronts

RDNA wavefront distribution:

[T v\I\ . I

“H\” ‘H‘ Hl HI\I I‘ L L TR TN

0 | (101 A B ose st |
T

‘%*X

| 2067 2072 | ff 2156 | ]
1
I

A
I A
25 PW?' ‘ H”: }?157‘ } }Hl I‘ I H‘ || LS+HS wavefronts
2058 5070 | { H
| l
L
T

‘ ES+GS wavefronts
‘ 2060 ‘ ‘ VS wavefronts
PS wavefronts -
| ‘ | H CS wavefronts 113,169 (100.00%)
I

} 2085 ! Total wavefronts 113,169
Total threads 3,621,408

RDNA shader stage timeline

| ‘ ‘ API Shader VGPR SGPR LDS Occupancy
Vs
HS

T Ds
GS
Ps
cs
RT 120 (120) 102 (128) 2048 12/16

{ 2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:- 25,409,589 dk orkload
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New layout

Individual rows can be

hidden

Raytracing counters

hidden

Hidden rows can be

shown again

RGP - CUSTOMIZE WAVEFRONT OCCUPANCY LAYOUT

File Help

r
0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

- (m]

Wavefront occupancy vent timing Pipeline state Instruction timing
0 ) I
g O A Views 2 2058 DispatchRays<Indirect>(2535, 1426, 1) z
= Wavefront occupancy ilnnm ck 10,000,000 ck 15,000,000 ck 25,000,000 ck 35,000,000 ck Launched from Direct queue S
ug- EEZChE:;:m:DrZMHS IHH‘HIHHI\‘I\IHI\I\‘IHIH\\I‘IHI\IHI‘\I\IHIH|HHIHH|HHH\I\‘HHHH\‘HHH\HIHI\IHI‘H\IHI\I‘\HIHHI‘\IHH n%
X e Ev‘e’nt tlmegllne & N Start _time 14,343,071 ck
N\ . ML [ LA - AR R dl ll 1 e s
I 1 .. S A 1 LIMURUARMMIGNIGN iawiinioniiino I HEIMR 11 . Viork duration 5,577,378 dik
ol . - I INIRIRRIRIRIAN 11 AR RO RO RO L bl e ———— 0
API shader hash
RT: 0x52FB60D7A7442816 [
API PSO hash
0xAB4F066DCD5B6BI0 m
Driver internal pipeline hash
0xFDD78081B3F0300C151826F56306D036 ﬂ
Wavefronts
X X RDNA wavefront distribution:
& I IHH T 1 1R ) %95 1997 l fpo67 216
OLLL A Ir Al ) [T I Ll | Ll H\III I L Ll
‘:‘:H}‘}‘I i\ I:Z: 1 Ih I‘H uu}“ H le “Hliggﬁ 998 \} 11} u}\ L b 25 e :}I}‘,lﬂ ,Il g:gga:g{ggi
RO H b wavfrons :
! I } |‘ ‘” “‘ } | €S wavefronts 113,169 (100.00%)
! i ‘ | | ” ‘} 2085 Total wavefronts 113,169
} ‘ I | : ‘ ‘ Total threads 3,621,408
i } ‘ i ‘ ‘ RDNA shader stage timeline
T T
| H
l
| | “ API Shader VGPR SGPR LDS Occupancy
\ || } ‘ \ v
i | \ Hs
AR :
[T I =
il [l Iy
il [l Il ©
| |1 I RT 120 (120) 102(128) 2048 12/16
{ 2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:- 1,792,701 clk orkload y
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New layout

* The position of
individual rows can be

changed

RGP - CUSTOMIZE WAVEFRONT OCCUPANCY LAYOUT

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

File Help

Wavefront occupancy Event timing

? h=) Views

2 2

bk 5,000,000 ck

25,000,000 ck

30,000,000 ck 35,000,000 ck

X I

® o L LI,
T ANl
ol 1 ——— S

& X

Drag view

e

-

BuidH
HHIEH  44HEHE 3 ] 0%
LIl "IﬂL |1 A 1y I\IH\:“

2067
I 2

207200 A-HeTsaR |
2o TN T == S T ST

¢ X

IP{Hﬂ

2058 DispatchRays<Indirect>(2535, 1426, 1)

Selection duration:-

25,981 dk

2058 DispatchRays<Indirect>(2535, 1426, 1)
Launched from Direct queue

Start time 14,343,071 clk
End time 19,920,449 clk
Duration 5,577,378 dk
Work duration 5,577,378 dk
Hardware context 0

API shader hash
RT: 0x52FB60D7A7442816 [

API PSO hash

0xAB4F066DCD5B6BI0 m
3

river internal pipeline hash
xFDD78081B3F0300C151826F56306D036 ﬂ

avefronts

DNA wavefront distribution:

LS+HS wavefronts

ES+GS wavefronts

VS wavefronts

PS wavefronts -

CS wavefronts 113,169 (100.00%)
Total wavefronts 113,169
Total threads 3,621,408

RDNA shader stage timeline

API Shader VGPR SGPR LDS Occupancy
Vs

HS

DS

GS

Ps

cs

RT 120 (120) 102 (128) 2048 12/16

orkload
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RGP - CUSTOMIZE WAVEFRONT OCCUPANCY LAYOUT

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

New layout

I | Ie po S I tl O I I o I Wavefront occupancy Event timing Pipeline state Instruction timing
£ £ 2058 DispatchRays<Indirect>(2535, 1426, 1)

. . . o
I 7o Views
I nd I VI d ua‘ rOWS C an be 2 0 ck 5,000,000 ck 10,000,000 ck 15,000,000 ck 20,000,000 ck 25,000,000 ck 30,000,000 ck 35,000,000 ck Launched from Direct queue

[}
Q
fi [NNRNEN N \\I\IHI\lHHHH\‘HIHHH‘I\I\\I\I\‘IHI\I\\I‘IHI\IHI‘HHHIH|HHI\H\l\\I\H\I\‘HHHH\‘HHH\H IHI\IHI‘H\IHI\I‘\HIHHI‘HHH

S11239P 9PIH

C hange d & x \ . Start time 14,343,071 ck

. ) @ ' | UMMM, [ UORARCRACRARIR RO O s 1 dl g ot | Seeme s

* Click and drag a view to T i [N AT |||||||||||||||||||||||||||||||||||||||||||| B0 ILR T Tl | o orton 557,375 ok
ol T - |I||||||||||||||||||||||||||. 01 TARASTATRCCR AAARRARCATARRACASTCROAORRL BTN AN, | e ot 0

API shader hash

I’e pOS |t| O n |t RT: 0x52FB60D7A7442816 [%]

i MM“

0xAB4F066DCD5B6B90 m
1L u ! ‘ Hl\ 1 | ‘ :ng% 1997 ” |2()67 2072 |

X
$\\I\\\\I\ }
I A 80 e s | me s
BEIt— AT — poro |
| 260 |
I
!

Driver internal pipeline hash
0xFDD78081B3F0300C151826F56306D036 ﬂ

Wavefronts

RDNA wavefront distribution:

i I 1l
Wil \2156 o }‘I}\“ ] \”\l |
L] \?157 T \Hl I‘ I H! 1 LS+HS wavefronts
‘ hi ‘ ES+GS wavefronts
L ‘ ‘ VS wavefronts
! PS wavefronts -
CS wavefronts 113,169 (100.00%)

Total wavefronts 113,169
Total threads 3,621,408

1 poss .

RDNA shader stage timeline

( SGPR LDS Occupancy
\
|
| | ] 120 (120) 102 (128) 2048 12/16
'L 7058 !lsgafcﬁﬂaysz ndirect>(25355, 1420, 1) selection duration:- 0 dk orkload
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RGP - CUSTOMIZE WAVEFRONT OCCUPANCY LAYOUT

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

File Help

New layout
* The position of

Wavefront occupancy Event timing Pipeline state Instruction timing
. . . [7) . z
7o Views JC) J<) . . =
I nd I VI d ua‘l rOWS C an be ; 0 ck 5,000,000 ck 10,000,000 ck 15,000,000 ck 20,000,000 ck 25,000,000 ck 30,000,000 ck 35,000,000 ck f:;ii:zzﬁh;;y;;::::m>(2535, 126 1) g
2 g
Changed ‘{ix \IHI\IH\\I\I\\I\lHHIHH‘HIHHH‘I\IHI\I\‘I\\:7\I\\I‘IHI\IHI‘\IHHIH|\H\I\H\l\\I\H\I\‘HHHH\‘HHH\HIHI\IHI‘.H\IHI\I‘\I\IHHI‘HH:\ Stadrt-time 14’343r071c::: F
. _ @ o L i, [ LSO - AR R 11T T i -
* Click and drag a view to : | i [ I LAMURUARMMIGMGN iawiininiiino I L g Tl o rcon 577,378 ck
O _ R . —— I INIRIRRIRIRIAN 11 AR RO RO RO 80N RS, | e conten 0
re posm on it API shader hash
RT: 0x52FB60D7A7442816 [%]
o iti n e ne | API PSO hash
D p It I th W 0xAB4F066DCD5B6BI0 m
", . ‘ T I ‘ | |‘ | ‘l ‘ 111995 T I |Z()67 S | “ I a1ss | ”| ‘ Driver internal pipeline hash
pOS Itl O n m u‘ 1 ‘494 4 I |} | I\I\‘llggﬁ 1998ttt LI \II‘\ 2069 73] i 1571 A R T ]| 0xFDD78081B3F0300C151826F 563060036 [
] (LT S T T T f 2 H tHHHR =il |‘ It 4
s 4 ST S VA — t [@= oz [i M || wavefronts
il HiW i 2060 | Hi =l A
| | ‘ | } H } ‘ ‘ ‘ RDNA wavefront distribution:
‘ | i [
| HI oss '
H {l— HIH]| | 2GR ot
Hi | Il IVS wavefronts
4l ! PS wavefronts -
I ‘ I CS wavefronts 113,169 (100.00%)
I } Total wavefronts 113,169
| | ‘ } Total threads 3,621,408
| ‘ ‘ RDNA shader stage timeline
|
| l

AMD PUBLIC

2058 DispatchRays<Indirect>(2535, 1426, 1)

Selection duration:-

22,967,358 dk

API Shader VGPR SGPR LDS Occupancy
Vs
HS
DS
GS
Ps
cs
RT 120 (120)

102(128) 2048 12/16

orkload

GDC 2024

AMD GPU DEVELOPER TOOLS

March 2024




RGP - CUSTOMIZE WAVEFRONT OCCUPANCY LAYOUT

New layout

 The default view can be

restored

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

File Help

Wavefront occupancy

Event timing

Pipeline state

Instruction timing

% V-iews 2 2 2058 DispatchRays<Indirect>(2535, 1426, 1)
; 5,000,000 ck 10,000,000 ck 15,000,000 ck 20,000,000 ck 25,000,000 ck 30,000,000 ck 35,000,000 ck Launched from Direct queue
8 Rlestore‘todefaL‘lt IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Ia- P T ' . . Start time 14,343,071 clk
@ ' I LA, [ LA - AR R {1 T T g s
I 1 i AN L LAAAHARRAAQIE- ARG I L g Tl o rcon 577,378 ck
a1 - I NINEATATA 11 N RO OO 80N RS, | e conten 0
API shader hash
RT: 0x52FB60D7A7442816 [%]
API PSO hash
0xAB4F066DCD5B6BI0 m
I i IR s 1997 | poe7 2] S I 1 1] | ormorsoe:mwrostocisisaracioooass (]
© il | 1 poos B00S——H  fHH | o s Rl .
s £ ST S A — { [@= oz [i M || wavefronts
il HiW i 2060 | HI =il
| | ‘ ‘ } II } ‘ ‘ ‘ RDNA wavefront distribution:
I | i [N —
l I I II I 2065 I LS+HS wavefronts
+GS wavefronts
} | HIFHI ES+GS wavefront:
I I | LI IIIS waveionts .
I ‘ CS wavefronts 113,169 (100.00%)
11 Total wavefronts 113,169
| | " I } Total threads 3,621,408
‘ I| } I ‘ RDNA shader stage timeline
m | I
11— [
I I ‘ ‘ I‘ I API Shader VGPR SGPR LDS Occupancy
il [l I I v
d I II Il Hs
DS
|II'I I I III EW '.’1IlI| ‘IP"”'I-?O garadi] “ .-“ h I‘ GS
r II 1 | I I " ' ‘ .| S
I cs
I'II RT 120 (120) 102 (128) 2048 12/16
2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:- 1,117,190 clk orkload
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RGP - CUSTOMIZE WAVEFRONT OCCUPANCY LAYOUT

New layout

e The default view can be

restored

0 DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

File Help

Wavefront occupancy Event timing Pipeline state Instruction timing

? h=) Views
E]

2 2

0 ck 5,000,000 ck 10,000,000 ck 15,000,000 ck 20,000,000 ck 25,000,000 ck 30,000,000 ck

pu=ba|

35,000,000 ck

X I 1

® o L LI, [ T0aumuaaminne. - ionmaninniii. |
T ANl O A

R ——— 11 N RO OO

¢ X

¢ X

1% 1| i aoss ez ! fpos7 w72 |
| 1

[ ltiose wose——H  fHH {2089 por—H
I } | {2058 2070 |

I I I
| 2060 1
1

[ 2085

Lo T
1 I Il 2156 [
T

LLLpL L L
T \?157\ L I‘

[IEL I [
2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:-

3,611,383 clk

2058 DispatchRays<Indirect>(2535, 1426, 1)
Launched from Direct queue

Start time 14,343,071 clk
End time 19,920,449 clk
Duration 5,577,378 dk
Work duration 5,577,378 dk
Hardware context 0

API shader hash

RT: 0x52FB60D7A7442816 [
API PSO hash
0xAB4F066DCD5B6BI0 m

Driver internal pipeline hash
0xFDD78081B3F0300C151826F56306D036 ﬂ

Wavefronts

RDNA wavefront distribution:

LS+HS wavefronts
ES+GS wavefronts
VS wavefronts
PS wavefronts

CS wavefronts 113,169 (100.00%)

Total wavefronts 113,169
Total threads 3,621,408

RDNA shader stage timeline

API Shader VGPR SGPR LDS Occupancy
Vs

HS

DS

GS

Ps

cs

RT 120 (120) 102 (128) 2048 12/16

orkload

S11239P 9PIH
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RGP - DARK MODE

P’ DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

* RGP can be setto use
Dark Mode or Light <

d Wavefront occupancy Event timing ‘ Pipeline state ‘ Instruction timing

O v Views = » 2058 DispatchRays<Indirect>(2535, 1426, 1)

0 ck 5,000,000 ck 10,000,000 ck 15,000,000 ck 20,000,000 ck 25,000,000 ck 30,000,000 ck 35,000,000 ck o) e e

511239P 9PIH

puebe| moys

|\IHI\IH HI\IHI\lHHIHH HIHHI\‘I\IHI\I\‘IHI\IHI‘IHHIHI \I\IHI\IlHHIHH LILLLrlnl HHHH\‘HHH\H‘IHI\IHI‘H\IHI\I‘\HIHHI‘HHH
Start time 14,343,071 clk

 Oritcan be setto x T - I w |
= : VAT o I T End e Lo
follow the host Il Uil Al o

.I I Work duration 5,577,378 dk
operating system -5 A o HAFA R AR TR A AL e contene 0

API shader hash
RT: 0x52FB60D7A7442816 [

API PSO hash
OxAB4F066DCD5B6BI0 [

Driver internal pipeline hash
OxFDD78081B3F0300C151826F56306D036 [7]

Wavefronts

RDNA wavefront distribution:

LS +HS wavefronts
ES+GS wavefronts
VS wavefronts
PS wavefronts

BuidR )
X I I M CS wavefronts 113,169 (100.00%)

< MHEUR -+ R =72 2067 | o2 (g 26 LR |
o Fs TR - F—1 T e il | { | Totalwavelronts 11369
At BT~ W = 67— F oI HE—Hf ol hreads i
+ H II | Wll:llmlu I _I 'l‘l' _I RDNA shader stage timeline
Il |I H] i 1 ||I [

“H API Shader VGPR SGPR LDS Occupancy

Vs
HS
DS

GS

|,
|,
|,
L

120 (120) 102 (128) 2048 12/16

<
2058 DispatchRays<Indirect>(2535, 1426, 1) Selection duration:- 39,049,705 dk

AMDZ1
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RGP - DARK MODE

P’ DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19

* RGP can be setto use
Dark Mode or Light < sermmcs

General Hardware shader stages ES VS pPs
mode e — — surfs
Keyboard shorteuts Vulkan shader stages Vs TES Fs
. DirectX12 shader stages Vs DS PS
Or it can be set to s
Hardware contexts 0 2l 5
follow the host ———
. Shader engines 0 2 3 n 5 g _—< OxFFE81123
ope rati ng system passes Raytrace ; T —

Synchronization Wait

« Other cp App layout transitions
Use the new “Color

Theme” setting on the A~ ColorTheme oo
“Themes and Colors”
page Restore default settings

Restore default palette

AMDZ1
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RGP: RAY TRACING THREAD DIVERGENCE

Wavefront occupancy Event timing Pipeline state Instruction tii

* Learn aboutthread

Collapse tree Group by pass

divergence in your ray ¥ Ry a0 —

1 DispatchRays <Indirect>(1280, 720, 1)

tracing pipelines

* RGP reports the average R genron
. 2.47% 20.34%

number of active lanes
upon entry of each
function in the ray tracing
pipeline ]

Closest hit

Shader Table - 11 shaders, 11 with a non-zero call count.

6 Allocated resources are driven by the shader table entries with the highest pressure on each resource, regardless of the call count.

Shader types

Average active lanes JAPI shader hash Internal pipeline hash

Export name Type VGPRs Stack size (B) LDS (B) Scratch memory (B) Total latency (clks) * Instruction cost (%) * Instruction hit count * Call count
(out of 32) *

MylntersectionShader_Signed... Intersection 51 32 0 0 15,701,751 5248 2,219,685 232 27 7CABEC6DC4155968 0x807CBF57869AF98B7C4BECEDC4 155968
MyintersectionShader Volume... Intersection 71 112 0 0 5,760,362 19.25 742,394 100 27 PxAD6C277E07951C2A 0x20EFE18BD3FD21CEAD6C277E07951C2A
TraceRaysAmdinternal Traversal 98 48 2,048 0 4,392,794 14.68 258,680 355 31 XAAATCCC200000000AGFDAAT1210E42BF  0x57261DF21A060DB5A6FD4AT1210E42BF
TraceRaysAmdinternal Traversal 95 16 2048 0 1,692,551 5.66 117,017 223 31 PXAAATCCC200000000A6FDAAT1210E42BF  OxOAFFTAFCFFO2418AAGF DAAT 1210E428F
MyClosestHitShader_Triangle  Closest hit 114 9 0 0 980371 328 77,392 154 31 IXE7B94036D2CF8376 0x175D171A3BA7024AE7B94036D2CF8376
MyRaygenShader Ray generation 93 0 0 0 738241 247 29,260 190 32 DF28A3CEBBFBB390 0x0EB3408COEICIB73DF28A3CEBBFBB3I0
MylntersectionShader_Analytic.. Intersection 52 48 0 0 252,504 084 16,511 7 29 X63085375E261EECE 0x11BB3F0B118221FC63085375E26 1EECE
MyClosestHitShader AABB Closest hit 109 80 0 0 165,976 0.55 17,822 75 30 IXEIAFA48C68997711 0x97BFCDBEF1F6A31BE9AFA48C68997711

Miss 18 0 0 0 111,369 037 2,686 158 32 XE34D387960B3078F 0x69BD4E7D46E555BDE34D38796083078F
_amdgpu_cs_main N/A 3 0 0 0 107,775 036 4,750 190 N/A PxBBB2CCC300000000AA81A2357E090250  0xSB3CB696867FCATABBE1AG0DEES1736D
MyMissShader_ShadowRay Miss 14 0 0 0 13,796 005 3,150 210 32 XB5CIA0T8BBB84494 OX6E35BEEBIB2CB2E485CIAD]

* These are sampled values from the analyzed wavefronts in the instruction timing data.
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RGP: RAY TRACING THREAD DIVERGENCE

Wavefront occupancy Event timing Pipeline state Instruction timing

* Learn aboutthread
divergence in your ray e | | s

1 DispatchRays<Indirect>(1280, 720, 1)

tracing pipelines

Ray generation Closest hit

* New column reports the
average number of active
lanes upon entry of each
function in the ray tracing
pipeline -

2.47% 20.34% 3.83%

Shader Table - 11 shaders, 11 with a non-zero call count.

o HIStO g ral I I S hOWS the o Allocated resources are driven by the shader table entries with the highest pressure on each resource, regardless of the call count.

Shader types

. - . Export name Type VGPRs Stack size (B) LDS (B) Scratch memory (B) Total latency (clks) * In: struction cost (%) * Instruction hit count * Call count * (vera?e a;:tjve lanes API shader hash Internal pipeline hash
distribut Il i
I S rl u IO n aC ro S S a MylntersectionShader_Signed... Intersection 51 32 0 0 15,701,751 5248 2,219,685 232 21 0x7CABEC6DC4155968 0x807CBFS7869AF98B7CABECEDCA 155068
- . MylntersectionShader_Volume... Intersection 7 112 0 0 5,760,362 19.25 742,394 100 21 0x20EFE18BD3FD21CEAD6C277E07951C2A
I nVO C atl 0 nS TraceRaysAmdintemal Traversal %8 48 2048 0 4392,794 14.68 258,680 355 31 F | 0x57261DF21A060DBSAGFD4AT1210E42BF
TraceRaysAmdinteral Traversal 95 16 2048 0 1,692,551 566 17017 223 31 F | OXOAFF7AFCFF02418AAGFD4AT1210E42BF
MyClosestHitShader Triangle  Closest hit 114 96 0 0 980,371 328 77,392 154 31 0x175D171A3BA7024AE7B94036D2CF8376
MyRaygenShader Ray generation 93 0 0 0 738,241 247 29,260 190 2 Ox0EB3408C0E9ICIB73DF28A3CEBBFBB3I0
MylntersectionShader_Analytic... Interseetion 52 48 0 0 252,504 084 16511 7 29 0x11BB3FOB118221FC63085375E26 1EECE
MyClosestHitShader AABB Closest hit 109 80 0 0 165,976 0.55 17,822 75 30 0x97BFCDBEF1F6A3 1BEOAFA48C68997711
MyMissShader Miss. 18 0 0 0 111,369 037 2,686 158 32 32 1 0x69BD4E7D46ESS5BDE34D387960B3078F
_amdgpu_cs_main N/A 3 0 0 0 107,775 036 4750 190 N/A 0 ) 0x5B3C8606867FCATABB81A0D6EI1736D
MyMissShader_ShadowRay Miss. 14 0 0 0 13,796 0.05 3,150 210 0x85C9A078BBB84494 0x6E35BEE8IB2CB2EAB5CIAD

* These are sampled values from the analyzed wavefronts in the instruction timing data.
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RGP: RAY TRACING THREAD DIVERGENCE - RDP SUPPORT

0 Local - Radeon Developer Panel v2.12.0.20 - a X

 “Enable shader
instrumentation” checkbox My applcations ‘
In R D P My workflows Memory Trace profiing @D Device Clocks @D

Blocked applications

Workflow: Profiling

Raytracing

° May add extra Ove rheard s st Ay Directory to store your profiles:

C:\Users\developer\Dacuments\rgp_profiles\$(APP_NAME)
System information

which can affect runtime Configuration
p e rfO rm anC e SQTT buffer size Default

© Graphics (Vulkan/Directx 12) () Compute (HIP/OpencL)

[JJ Enable shader instrumentation (DirectX 12 only, can affect performance)

All target applications will be profiled when the capture button is clicked.
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e RGP’s event lists show
individual sub-
dispatches

* Shows how the work is
broken down during
graph execution

AMD PUBLIC

RGP: WORK GRAPHS

r
o D3D12SimpleClassify-20240130-151424.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 1 - Radeon GPU Prafiler - V2.1.0.1019

| File Help

Wavefront occupancy Event timing Pipeline state

Collapse tree Group by pass

9,675.000 s

8 InitGraphBackingStore() 16
9 InitGraphBackingStore()

10 InitGraphBackingStore()

1,311.236 ps

Instruction timing

Color by queue

9,712.500 pis 9,750.000 s 9,787.500 ps 9,825.000 ps

9,862.500 ps

Ol PP

9,900.000 jis

9,937.500 ps

9,9;

ndnd oo HHIH‘HIHlI\II‘\HIH‘H nihmnnnhoornhoonohonnnh I‘ HHI‘HII\‘IHI|HHI‘HI
1,316.509 ps

6,681.459 s T

15 SubDispatch(1536, 1
16 SubDispatch(1, 1

Spatd
29 SubDispatch(1, 1, 15|

41 SubDispatch(1, 1, 1

44 SubD

45 SubDisg

46

40 Colry Rt o4

.CP marker Graphics queue Compute queue

Application barrier

10.710 ps
3.148 s
6.455 s
2318 s
6.460 ps.
3.256 s
2.684 s
2.492 s
2823 ps
2.549 s
2.651 s
2.688 ps
6.307 s
2.537 s
2.713 ps
2772 s
2513 ps
2.858 s
2.558 s
2.583 s
2.606 s
2.740 s
2.596 s
6.223 s
2.260 s
2058 ps
1.881 ps
1.925 s
1.901 ps
1.863 ps
W 2.620 ps
|7 2.567 ps
6.162 s
2.764 s
1.536 s
— 2 633 e

15 SubDispatch(1536, 1, 1)

Driver barrier .App\ ication layout transition . Driver layout transition

Selection duration: 6.455 ps

9,981.404 ps

15 SubDispatch(1536, 1, 1)
Launched from Compute queue

Start time

End time

Duration

Work duration
Hardware context
API shader hash
NA [

API PSO hash
A [

Driver internal pipeline hash

N/A [

Wavefronts

RDNA wavefront distribution:

LS+HS wavefronts
ES+GS wavefronts
VS wavefronts
PS wavefronts
CS wavefronts

Total wavefronts
Total threads

RDNA shader stage

API Shader VGPR
Vs

HS

DS

GS

PS

c 48

RT

S|1e3ap BPIH

9,724.927 ps
9,731.382 ps
6.455 ps
6.455 us

0

3,072 (100.00%)

3,072

98,304
timeline
SGPR LDS Occupancy
128 512 16/16

GDC 2024

AMD GPU DEVELOPER TOOLS




RGP: WORK GRAPHS

r
o D3D12SimpleClassify-20240130-151424.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 1 - Radeon GPU Profiler - v2.1.0.1019

* RGP’s eventlists show
individual sub-dispatches

. Wavefront occupancy Event timing Pipeline state Instruction timing
» Shows how the work is Fo v ven PO PP
broken down during graph 3 L P b oL B e b Do L s
. Wavefront occupan 5 100%:
eXe C utlo n é Color by eventp ” g’ 75%
RDNA shader stages 50%
° C O IO rl ng by eve nt S hOWS Generated unique colors per event. . I"I""I"III III"IIIII iz;/u
which waves come from L HHHHHIII' e
which graph sub- i _ o
. Cache counters e - A ~
d |SpatCheS <>{.<»IZ Al M weacheit = —TT T e
[¥] Instruction cache hit M L1 cache hit T S I . . ¢
» More info on GPUOpen: o i Y , 5 e
https://gpuopen.com/learn/r | & v @erre= " — —

Event filter

q D -WO rk'q rap hS/ Overlay

jeo)

Generated unique colors per event.

15 SubDispatch(1536, 1, 1) Selection duration:- 9,729.683 ps

15 SubDispatch(1536, 1, 1)
Launched from Compute queue

Start time 9,724.927 ps
End time 9,731.382 ps
Duration 6.455 ps
Work duration 6.455 ps
Hardware context 0

API shader hash

N/A 4

API PSO hash

/A [

Driver internal pipeline hash
N/A ]

Wavefronts

RDNA wavefront distribution:

LS+HS wavefronts
ES+GS wavefronts
VS wavefronts
PS wavefronts

CS wavefronts 3,072 (100.00%)

Total wavefronts 3,072
Total threads 98,304

RDNA shader stage timeline

API Shader VGPR SGPR LDS Occupancy
VS

HS

DS

GS

Ps

c 48 128 512 16 /16

RT

Workload

al

site3ap apIH
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https://gpuopen.com/learn/rgp-work-graphs/
https://gpuopen.com/learn/rgp-work-graphs/

AMD
RADEZON

GPU Analyzer
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AMD RADEON™ GPU ANALYZER

New mode

(A)
. . START SETTINGS
Binary Analysis T

Hello, welcome to the Radeon GPU Analyzer!

Start
Load Code Object Binary

Recent

No recent sessions
Open .rga file from explorer...

Help

About RGA
Help manual
Getting started guide

LX Mode: Binary Analysis ~
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RGA BINARY ANALYSIS MODE

o Radeon GPU Analyzer - Binary Analysis
File Edit Build Help

» Drag & drop any pre-

compiled AMD GPU

* Unlike other RGA
modes, here we start
with a pre-compiled
Code Object binary file  swant

Load Code Object Binary

Hello, welcome to the Radeon GPU Analyzer!

Recent

Mo recent sessions
Open .rga file from explorer...

Help

About RGA

Help manual

Getting started guide
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RGA BINARY ANALYSIS MODE

« Shaders and kernels °

appear on the left  preE

A v sure (use: cated:32/256)
p an e ofx1103_Pa...raw_Binary.bin f«ddr VGPR pressure (used:24, allocated:32/256)

DX12_Vertex ox
DX12_Geometry
DX12_Pixel

Opcode

oo

o

PO OO D
®
DD D

DO D

s_cbranch_sccl

s m b

DD ODODOD

WOOUUVUNHELEELLPERREPLPERELERELESS

_waitent
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RGA BINARY ANALYSIS MODE

 Shaders and kernels °

appear on the left
pane

* Binary gets
disassembled

Project name: 240205-135211 V' ofx1103 (RDNA3) | V' Columns

gfx1103_Pa...raw_Binary.bin

»

‘ Addr Opcode Operands VGPR pressure (used:24, allocated:32/256)

DX12_Vertex ‘ X
DX12_Geometry
DX12_Pixel

o o®a

@

©

DO D C

o00
@D

x
[V ]

C s
® s_cbranch_sccl
4 s

PDOOO D

)

0x000054

00058

1gkmcnt(e)

WOOUUVUVNHELELEELPERELREEERLELLE

_waitent
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RGA BINARY ANALYSIS MODE

« Shaders and kernels °

appear on the left

p an e gfx1103_Pa...raw_Binary.bin ‘ VGPR pressure (used:24, allocated:32/256)

+ Binary gets B i
disassembled 5
* VGPR pressure - .
visualized :

o - - o R |-

OO DO

«©

2x0000A0 vment(2) 12
- 5, -1.9, v8 13

©xe00080

vment(1) 12
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RGA BINARY ANALYSIS MODE

« RGA will detect o
modified binaries and
reload the contents
automatically

gfx11_matr...ult_kernel.bin

Project name: 240301-095051

| _Z9mmmKern..4EES1_S1_jj

* You can continue to
use your normal
workflows to edit and
compile binaries —
RGA will always show
the latest updates

AMD PUBLIC

GDC 2024

/' gfx1100 (RDNA3)

Address

0x001900
0x001904
0x00190C
0x001914
0x00191C
0x001924
0x001928
0x00192C
0x001934
0x001938
0x001940
0x001948
0x00194C
0x001950
0x001954
0x001958
0x00195C
0x001960
0x001964
0x001968
0x001970
0x001978
0x001980
0x001984
0x00198C
0x001990
0x001994
0x00199C
0x0019A0
0x0019A8

' Columns

Opcode

s_clause
s_load_b32
s_load b256
v_bfe u32
v_and_b32_e32
s_waitcent
s_lshr_b32
s_and_b32
s_mul_i32
v_mad_u6d_u32
v_add_lshl_u32
s_lshr_b32
s_cmp_lg u32
s_delay_alu
v_or_b32_e32
v_or_b32_e32
v_or_b32_e

Operands

ax1

s8, s[@:1], @x2c
s[@:7], s[@:1], null
vl, v@, 10, 10

ve, Ox3ff, ve
lgkment (@)

s9, s8, 16

s8, s8, Oxffff

s15, s15, s9

v[40:41], null, s14, s8, v[@:1]
v51, s15, vl, 2

s7, s7, 2

sb, @

instid@(VALU_DEP_1)

v55, 1, v51

w56, 2, w5l

s_cbranch] ) Reload file X
s_lshr_b32

v_dual moy I D:/test/matmul/output/gfx11_matrixmult_kernel.bin
v_mul _lo y &=

v dual mov This file has been modified by another program.
s_delay_al RGA will reload it. instidl(VALU_DEP_4
v_mul_lo u

v_or_b32 g
v_or_b32 e -

v_mul_lo u32 va7, s9, vl

v_or_b32_e32 w52, 3, v5l

v_dual_mov_b32 vd, vA2 :: v_dual_add_nc_u32 v45, s9, v4dl

v_mov_b32 e32

v5, v42

Resource usage | VGPRs: 71 [ 256 | SGPRs: 18 / 106 | LDS: 0 / 64 KB | Scratch memory: 0B |

AMD GPU DEVELOPER TOOLS

March 2024

VGPR pressure (used:68, allocatec”™

18
18
18
19
19
19
19
19
19
21
22
22
22
22
23
24
25
25




PREVIEW. RGP/RGA INTEROP

Q) DXR_Game_7900_xx.rgp - DID12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.0.0.19 - a X

File Help

01011010
Wavefront occupancy Event timing Pipeline state Instruction timing 4 10 1 10 100
Collapse tree Group by pass lloolool

2044 Executelndirect()

~ Color pass 7
2046 Drawindexedinstanced(3, 1,0, 0, 0)

v Compute pass 14
2049 Executelndin

2051 Executelndirect() Information  1SA

Shader ISA

@ Radeon GPU Analyzer - Binary Analysis Project - 240130-112037 N = o X
Viewing Options

2053 Executeindirect() Mo results.

File Edit Build Help |
~ Raytrace pass 3

2056 DispatchRays<Indirect>(1011, 1187, e J il [l Project nam

2058 DispatchRays<Indirect>(2535, 1426, E ' ‘ DXR_Game_7...C09830B5B1.elf ;:;;;:_C VGPR;;““
2060 DispatchRays <Indirect>(2535, 1426, 5 // secalar isters 3 4) DX1 fertex @X@@@S‘ff‘ 33
. " andgpu_pa_main DX12.Pixel x80092C 3
2062 DispatchRays<Indirect=(812, 781, 1 =_varsion bl | 35
o sat_inst_prefatoh_distance 0x3 x00093C 36
 Compute pass 15 » gecpo be al0:1] 0x000944 37
2064 Dispatch(317, 179, 1) - SR D 0x00094C 38
12 mov b32 s13, 20 6x000954 E 39
13 ETETEeY 214, 0x1000 x80095C  s_clause 39
2067 Dispatch(317, 171 14 ov_b32 s15, 0x2003dfas ‘ 60 image_sample_1z 1, s[0:3] dmask:@x1 dim:SQ_RSRC_IMG_. 8
s a04:51, a[12:15], 0x18 0x00006C  image_sample_lz 3], s[0:3] dmask:0x1 dim:SQ_RSRC_ING 2
2069 Dispatch(317, 175, 1) ot bekment () 0x000978  image_sample_lz 3], 5[0:3] dmask:0xl dim:SQ RSRC_IMG.. 39
Tu inaeid0 (vawy_DE 1) | instskip(sxip 4] | inseidl (vaLy oep 2) 0x000984  image_sample_lz 3], s[0:3] dnask:ex1 dim:5Q_RSRC_ING 38
o = o ~ per | x800990  image_sample 1z , 5[0:3] dmask:@x1 dim:SQ RSRC_ING_2D 37

2072 Dispatch317, 179, 1) 20, =4, 1 x800008  image_sample 1z 3], s[0:3] dmask:0x1 dim:SQ_RSRC_ING E
i, 2.0, v2 0x000074  image_sample_lz , 5[0:3] dmask:@x1 dim:5Q_RSRC_TMG_2D 35
a4, =2, oxl0001 0xB009AC  image_sample 1z ] 3], s[0:3] dmask:0x1 dim:SQ RSRC_ING.. E)
2075 Dispatch(317, 179, 1) I v2, 2.0, v3 0x000988 , v39], 3], s[6:3] dmask:0x1 dim:SQ_RSRC_ING 33
= = | _d ox0009Ca 16, s66, s74 33

o v
‘ K8 | Scratch memory:

\Users\chesik\Documents\RadeonGPUAnalyzer\Projects\240130-112037\0utput\CloneO\rga-temp-gpu_cliTnvocation.xml" —-co "C: N
\Users\chesik\Documents\rop_exported pipeline_binaries\DXR_Game_7900_xtx.rgp_O0x64D6A052012B580632E03CC09830B5B1. eL1En
Target GPU detected:
gEX1100 (RDNA3)
AMD Radeon PRO W7800
AMD Radeon PRO W7900
AMD Radeon RX 7500 XT
AMD Radeon RX 7900 XTX
AMD Radeon (M) Graphics
Excracting ISA for gfx1100... succeeded.
Performing live vopr analysis for gfxl1100...
succesded. v
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PREVIEW. RGP/RGA INTEROP

| o DXR_Game_7900_xtx.rgp - D3D12 - Instruction tracing: Full frame, limited to Shader Engine 0 - Radeon GPU Profiler - V2.1.0.14 - [m] X

» Any pipeline available in .. ...
RGP can be
automatically extracted Wavefront occupancy  Eventtiming | Pipelinestate | Instruction timing
and analyzed in RGA Collapse tree | Group by pess :

1991 DrawlndexedInstanced(18, 1, (
1992 Drawlndexedinstanced(150, 1,

* Use the new “Analyze
pipeline in Radeon GPU  «rewscepmz o
Analyzer” menu item 1995 Dty 2535

~ Compute pass 13
1997 Dispatch(317, 179, 1)

Information ISA
| 1999 Dispatch(317, 179, 1)

| Shader ISA
Viewing Options Go to S| No results
r 2002 Dispatch(317, 179, 1) PC address Opcode
| [ Binary representation Operands
| 2005 Dispatch(317, 179, 1) PCaddress  Opcode Operands
BBEFO_4

ENa ONANNNNNNCAT s _clause 0x3

AL IDE R 1) View in Overview 3 image_sample lz v[24:26

w7, w13], s[52:59], s[44:47] dmask:0x7 dim:SQ RSRC_IMG 2D

1, I
. image sample 1z v[27:29], [vl4, v16], s[52:59], s[44:47] dmask:0x7 dim:SQ RSRC IMG 2D
2009 Dispatch(159, 90, 1) erw n anEfrFmT oceupancy | image_sami:le_lz v[30:32], [vl5, v17], s[52:59], s[44:47] dmask:0x7 dim:SQ RSRC IMG 2D
View in Event timing \ image sample lz v[33:35], [v20, v18], s[52:59], s[44:47] dmask:0x7 dim:SQ RSRC_IMG 2D
| 2011 Dispatch(159, 90, 1) View in Instruction timing s_clause 0x3 - - T
Analyze pipeline in Radeon GPU Analyzer ‘ image_sa_mple_lz w19, [v7, v13], s[28:35], s[44:47] dmask:0x1l di_m:SQ_MRE_IMB_2D
| 013 Dispatch(t. 1, 1) — e image sample lz v21, [v14, v16], s[28:35], s[44:47] dmask:0xl dim:SQ RSRC_IMG 2D
| st v T image sample lz v22, [v15, v17], s[28:35], s[44:47] dmask:0xl dim:SQ RSRC IMG 2D
- €13 000000000CSE image sample lz w23, [v20, v18], s[28:35], s[44:47] dmask:0xl dim:SQ RSRC_IMG 2D
2015 Dispatch(159, 90, 1) €14 000000000CAS s clause 0x3 -
€15 000000000CAS image sample 1z w37, [v7, v36], s[28:35], s[44:47] dmask:0xl dim:SQ RSRC IMG 2D |
2017 Dispatch(1, 1, 1) €16 000000000CB4 image sample lz w52, [v38, vl6], s[28:35], s[44:47] dmask:0x1 dim:SQ RSRC IMG 2D
€17 000000000CCO image sample lz v53, [v38, v17], s[2B:35], s[44:47] dmask:0xl dim:SQ RSRC IMG 2D
2019 Dispatch(317, 179, 1) €18 000000000CCT image sample lz V55, [v20, v54], s[28:35], s[44:47] dmask:0xl dim:SQ RSRC IMG 2D
€19 000000000CDB s clause 0x3
€20 000000000CDC image sample lz v[56:58], [v7, v36], s[52:59], s[44:47] dmask:0x7 dim:SQ RSRC IMG 2D
€21 00000000OCES image sample lz v[59:61], [v38, v16], s[52:59], s[44:47] dmask:0x7 dim:SQ RSRC IMG 2D
2022 Executelndirect() €22 000000000CF4 image sample lz v[62:64], [v39, v1T], s[52:59], s[44:47] dmask:0x7 dim:SQ RSRC IMG 2D
€23 000000000D00 image sample 1z v[65:67]1, [v20, v54], s[52:59], s[44:47] dmask:0x7 dim:5Q RSRC IMG 2D
2024 Executelndirect() | €24 000000000DOC s clause 0x2
€25 000000000D10 image sample lz v[40:43], [v7, v13], s[36:43], s[44:47] dmask:0xf dim:SQ RSRC IMG 2D
e . £24 000000000010 __image samnle 1z ¥[44:471. [¥14. w16]. s[36:431. s[44:47] dmask:0xf dim:SO RSRC_IMG 21
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PREVIEW. RGP/RGA INTEROP

Q Radeon GPU Analyzer - Binary Analysis Project - 240301-123414

* The selected pipeline

Edit Build Help

WI II be extracted Project name: - 1-123414
DXR_Game_7...738EE4F3AE.clf Address Opcade
. 0x000C98 image_sample_lz
[ ] R GA | I b I h d DX12_Compute Ox000CAL s_clause
WI e aunC e 4 | ‘ Ox00ACAS image_sample_lz
0x000CB4 image_sample_lz
and the eXtraCted 0x008CCo image_sample_lz
0x880CCC image_sample_lz
H H M 9x00aCD8 s_clause
pipeline will be loaded
OxBRACES image_sample_lz
0x00aCF4 image_sample_lz
and analyzed | 0x000D00 image_sample_lz
0x800D68C s_clause
0x000D10 image_sample_lz
9x000D1C image_sample_lz
0x000D28 image_sample_lz
0x000D34 s_clause
0x00aD38 image_sample_lz
0x000D44 image_sample_lz
0x600D50 image_sample_lz
0x080D5C image_sample_lz
0x000D68 image_sample_lz
0x000D74 image_sample_lz
0x00aD30 s_load_b256
@x00aD88 s_bu load_b128
0x008D90 s_buffer_load_b128
0x600D98 s_waitcnt
0x000D3C image_sample_lz
Ox00ADAS s_setprio
Ox0BADAC
0x00aDB4
@x88aDBC
0x080aDC4
rce usage | VGPRs: 104 / 256 | SGPRs: 100 / 106 | LDS:
Target GPU detected:
gfx1100 (RDNA3)
EMD Radeon PRO W7800
AMD Radeon PRO W7900
BMD Radeon RX 7500 XT
BMD Radeon RX 7900 XTX
BMD Radeon (TM) Graphics
Extracting ISA for gfx1100... succeeded.
Performing live vgpr analysis for gfx1100...
succeeded.

Operands

v23, [v20, v18], s[28:35], s[44:47] dmask:0x1 dim:SQ RSRC_IMG_2D
0x3

v37, [v7, v36], s[28:35], s[44:47] dmask:0x1 dim:SQ _RSRC_IMG_2D

[

v52, [v38, v16], s[28:35], s[44:47] dmask:@8x1 dim:SQ_RSRC_IMG_2D

v53, [v39, v17], s[28:35], s[44:47] dmask:8x1 dim:SQ_RSRC_IMG_2D

v55, [v20, v54], s[28:35], s[44:47] dmask:0x1 dim:SQ_RSRC_IMG_2D

ox3

v36], s[52:59], s[44:47] dmask:0x7 dim:SQ_RSRC_IMG_2D
v16], s[52:59], s[44:47] dmask:0x7 dim:SQ_RSRC_IMG_2D

, v17], s[52:59], s[44:47] dmask:0x7 dim:SQ RSRC_IMG_2D

[S
v54], s[52:59], s[44:47] dmask:0x7 dim:SQ _RSRC_IMG_2D

, v13], s[36:43], s[44:47] dmask:O@xf dim:SQ_RSRC_IMG_2D
, v16], s[36:43], s[44:47] dmask:0xf dim:SQ_RSRC_IMG_2D
v17], s[36:43], s[44:47] dmask:0xf dim:SQ RSRC_IMG_2D

v18], s[36:43], s[44:47] dmask:0xf dim:SQ RSRC_IMG_2D
ve], s[36:43], s[44:47] dmask:@xf dim:SQ_RSRC_IMG_2D

v36], s[36:43], s[44:47] dmask:@xf dim:SQ_RSRC_IMG_2D
, v16], s[36:43], s[44:47] dmask:0xf dim:SQ_RSRC_IMG_2D
v17], s[36:43], s[44:47] dmask:0xf dim:SQ RSRC_IMG_2D
, v54], s[36:43], s[44:47] dmask:0xf dim:5Q RSRC_IMG_2D

1, 9xa@
, 0x350
:19], 0x346

1gkmecnt (@)
v[92:94], [v2, v@], s[28:35], s[44:47] dmask:0x7 dim:SQ_RSRC_IMG_2D
2]
528,
530,
s32,

s34,

0/ 64 KB | Scratch memory: 0 B |

VGPR pressure (used:101, allocated:112/256)
40
40
41
42

43
44
44
47
50
53

56
56
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PREVIEW:. RGA DX12 SINGLE SHADER COMPILATION

« Currently RGA works with complete pipelines
* For graphics, that means you would need at least the following:
Vertex shader
Pixel shader
Graphics pipeline state object
Root signature

« Whatif you don't have a complete pipeline?
* You are missing one of the shaders
* Missing the graphics pipeline state object
« Missing the root signature

RGA will have a new mode that can autogenerate the missing pieces of the pipeline!
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PREVIEW:. RGA DX12 SINGLE SHADER COMPILATION

* Let's consider an
example:

= classic_ps.hlsl X

* You have a Single pixel : > RGA-2.9.1 > dxc > single_shaders > £ classic_ps.hlsl
shader, but do not have 1 struct VsOutput
a vertex shader, a root
signature or a graphics
pipeline state object

: SV_Position;
tex_coord : TEXCOORD®;

Texture2D<float4> texture® : register(te);
SamplerState sampler® : register(se);

float4 PsMain(VsOutput i) : SV_Target
{

return texture®.Sample(sampler®, i.tex_coord);

}

AMDZ1
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PREVIEW:. RGA DX12 SINGLE SHADER COMPILATION

» Compiling as usual in DX12
mode, providing only the _
. . Windows PowerShell
p|Xe| Shader as an |npUt Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

2 Windows PowerShell

PS C:\RGA-2.9.1> .\rga.exe dx12 gfx1100

Building for gfx1100...

Auto-generating root signature using reflection into C:\RGA-2.9.1\Generated ... success.

Auto-generating graphics pipeline state using reflection into C:\RGA-2.9.1\Generated ... success.

Auto-generating vertex shader using reflection into C:\RGA-2.9.1\Generated ... success.

Performing front-end compilation of vertex shader through DXC...

Front-end compilation success.

Performing front-end compilation of pixel shader through DXC...

Front-end compilation success.

Compiling graphics pipeline...

Compiling root signature defined in HLSL file C:\RGA-2.9.1\Generated\rga_autogen_20240131_105240_.rootsig in macro named
RGA_ROOT_SIGNATURE. ..

Compiling root signature defined in HLSL file C:\RGA-2.9.1\Generated\rga_autogen_20240131_105240_.rootsig in macro named
RGA_ROOT_SIGNATURE. ..

Extracting vertex shader disassembly...

vertex shader disassembly extracted successfully.

Extracting pixel shader disassembly...

pixel shader disassembly extracted successfully.

succeeded.

PS C:\RGA-2.9.1>

AMDZ1
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PREVIEW:. RGA DX12 SINGLE SHADER COMPILATION

« The vertex shaderis R e T
auto generated ga_autogen_20240305_111334_vs.hlsl

struct VsInput
{

float4 attribute®: POSITION®;
¥

struct VsOutput

4 attributee: SV_POSITION;
> attributel: TEXCOORD®;

void main(VsInput input, out VsOutput output)

float4 result = float4(e.06, 6.6, .8, 0.9);
result += float4(input.attribute®.xyzw);
output.attributee = floatd(result.xyzw);
output.attributel = float2(result.xy);
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PREVIEW:. RGA DX12 SINGLE SHADER COMPILATION

* The root signature is [ VR Y e

auto g en erated = rga_autogen_20240131_105240_.rootsig

1 // Auto-generated with Radeon GPU Analyzer (RGA).

#define RGA_ROOT_SIGNATURE \
"RootFlags( ALLOW_INPUT_ASSEMBLER_INPUT_LAYOUT | DENY_HULL_SHADER_ROOT_ACCESS " \

"| DENY_DOMAIN_SHADER_ROOT ACCESS | DENY_GEOMETRY_SHADER_ROOT ACCESS ), ™ \
"DescriptorTable(Sampler(s@), visibility=SHADER_VISIBILITY_PIXEL), " \
"DescriptorTable(SRV(t@), visibility=SHADER_VISIBILITY_PIXEL)"
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PREVIEW:. RGA DX12 SINGLE SHADER COMPILATION

= rga_autogen 20240305 111334 .gpso X

£ rga_autogen_20240305_111334_gpso
1 # Auto-generated with Radeon GPU Analyzer (RGA).

schemaVersion
.e

InputLayoutNumElements (the number of D3D12_INPUT_ELEMENT_DESC elements in the D3D12_INPUT_LAYOUT_DESC structure - must match the following "InputLayout" section)

InputLayout ( {SemanticName, SemanticIndex, Format, InputSlot, AlignedByteOffset, InputSlotClass, InstanceDataStepRate } )
"POSITION", ©, DXGI_FORMAT_R32G32B32A32_FLOAT, ©, ©, D3D12_INPUT_CLASSIFICATION_PER_VERTEX_DATA, © }

# PrimitiveTopologyType (the D3D12_PRIMITIVE_TOPOLOGY_TYPE value to be used when creating the PSO)
D3D12_PRIMITIVE_TOPOLOGY_TYPE_TRIANGLE

# NumRenderTargets (the number of formats in the upcoming RTVFormats section)

1

# RTVFormats (an array of DXGI_FORMAT-typed values for the render target formats - the number of items in the array should match the above NumRenderTargets section)
{ DXGI_FORMAT_R8G8BSA8_UNORM }

» The graphics pipeline state object is auto generated
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PREVIEW:. RGA DX12 SINGLE SHADER COMPILATION

* RGA will output the = 1100 Ot i

£ gfx1100_Out_pixel.isa

p|Xe| Shad er’s 1 ; D3D12 Shader Hash @xa63e3e834124e93ee28366887a8926af

. 53 API PSO Hash exdd7fefs8f79875691
dlsassembly ; Driver Internal Pipeline Hash @x2774d5f37b5943ae

H Disassembly

shader main
asic(GFX11)
type(PS)
sgpr_count(14)
vgpr_count(8)
wave_size(64)

// s_ps_state in s@

s_version UC_VERSION_GFX1l | UC_VERSION_W64_BIT // ©00900000000: BO302006
s_set_inst_prefetch_distance ©xeee3 // eoeoe0e00004: BF840003
s_mov_b32 me, s4 // ©00000000008: BEFDE@04
s_mov_b64 s[12:13], exec // ©eeooo00008C: BESCO17E
s_wqm_b64 exec, exec // ©e6000000010: BEFE1D7E
s_getpc_b64 s[@:1] // ©000PPERE014: BESE4730
lds_param_load v2, attr@.x wait_vdst:e 1/ 18: CE 2
lds_param_load v3, attr@.y wait_vdst:e // ©eeooo000001C: CEPBe1e3
s_mov_b32 s4, s3 // ©©0000000020: BE3400603
v_interp_pile_f32 v4, v2, ve, v2 wait_exp:1 // ©eee00000024: CDeeeled e40A0102
v_interp_pil@_f32 v@, v3, v@, v3 wait_exp:@ /7 2C: CD B40E0103
s_mov_b32 s5, s1 // ©eeeo00e8034: BE850601
s_mov_b32 s, s2 /! 38: BES! 2
s_delay alu instide(VALU DEP_2) | instskip(SKIP_1) | instid1(VALU_DEP_2) // oeeeeeeeee3C: BF870122

v_interp_p2_f32 v2, v2, vi, v4 wait_exp:7 // ©eeeoo0000040: CDE18702 84120302
s_load b256 s[4:11], s[4:5], null // ©0PEPP000048: F49CO102 F8088800
v_interp_p2_f32 ve@, v3, vl, ve wait_exp:7 // ©eeoooeee050: CDele70e 84020303
s_load_b128 s[e:3], s[e:1], null 1/ 58: F4 F
s_and_b64 exec, exec, s[12:13] // ©eee00000060: B8BFEBCT7E
s_waitcnt lgkment(@) // ©eeeeeee8e64: BFBIFCO7
image_sample v[©:3], [v2,v@], s[4:11], s[@:3] dmask:0xf dim:SQ RSRC_IMG_2D // ©00000000068: FOECOFOS 00010002 806060
s_waitcnt vment (@) // ©eeeeeee8a74: BF89B3F7
v_cvt_pk_rtz_f16_f32 ve, ve, vi // ©00000000078: SELER300
v_cvt_pk_rtz_f16_f32 v2, v2, v3 // ©9Pe0eee87C: SER48702
s_mov_b64 exec, s[12:13] // ©00000000088: BEFE©10C

mrte, ve, v2, off, off done 1/ B 800080200

AMDZ1
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PREVIEW:. RGA DX12 SINGLE SHADER COMPILATION

RGA .
Output files

\
VS.hisl

. ISA disassembly
AMD

Root
signature
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AMD
RADEON

Raytracing Analyzer
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RRA 1.3 - NEW RAY FEATURES

* New ability to capture
raytracing dispatches

« Captured through RDP
by enabling "Collect ray
dispatch data" option

A buffer size option is
needed to ensure all the
data can be captured

AMD PUBLIC

APPLICATIONS

rt_ew(periment.ene [Vulkan PID: 345320] Global workflow: Raytracing

Raytracing Device Clocks

Status: Online

Capture scene
Hotkey Backspace C ©
[J Delay capture

Collect ray dispatch data @

Recently collected scenes
Path: C:\RadeonDeveloper\rra_scenes\rt_experiment

Name Size Date Modified
rt_experiment-20240203-155%44.rra 6.885 MB 2/5/2024 3:39 PM

GDC 2024 AMD GPU DEVELOPER TOOLS

March 2024



RRA 1.3 - NEW RAY FEATURES

APPLICATIONS o ! 2

* New ability to capture pm— s

Raytracing Device Clocks

raytracing dispatches

Capture scene

« Captured through RDP S
by enabling "Collect ray
dispatch data" option

rt_experiment-20240229-102225.rra 6.875 MB 2/29/2024 10:22 AM

Recently collected scenes

- A buffer size option is .
needed to ensure all the : — o % 7

Workflow: Raytracing

data can be captured
p My workflows Memory Trace Raytracing @D Device Clocks @D
Blocked applications Raytracing
Directory to store yo :
Modules Crash Analysis
C:\RadeonDeveloper\rra_scenes\${APP_NAME) -
System information All

Ray dispatch buffer size: righ -

Open
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RRA 1.3 - DISPATCH

- Dispatch can be visualized — Ii—" -

into heatmap of various O T cakayo1520, 100, 1)

t e S if th e d iS atC h S ha e Dispatch counters Color heatmap by traversal loop count Heatmap as Temperature
yp p p Rays per pixel 458
H 2 D 3 D Total ray count 9,488,832
IS O r Traversal loop count per ray 2377

Instance intersections per ray 241

« Can also be mapped from
1D dispatches, mustnotbe — *™"™, i e

loop count intersections  invocations [ ]
Sparse 0 0 0 1 6 1 )
0 1 0 1 6 1 0
0 2 0 1 6 1 0
+ Allows for exact traversal M S, P S .
costanalysis since all the N
0 5 0 1 6 1 ]
shadow and reflectionrays R S R S
. . 0 7 0 1 3 1 [
will be included o & w & w4 s
0 9 0 1 6 1 0
| LIV |II H H 0 10 0 1 6 1 )
» Selecta "pixel"to inspectit y
0 1 0 1 6 1 ]
0 12 0 1 3 1 [ ’:,..:‘7_
0 13 0 1 6 1 ] =
o 14 ] 1 6 1 0
0 15 ) 1 6 1 0
0 16 0 1 6 1 0
0 17 0 1 6 1 0o
0 18 0 1 6 1 ]
0 19 0 1 6 1 o
0 20 0 1 6 1 o
0 2 0 1 B 1 0 =
e
0 2 0 1 6 1 0 ; o
- - - - ° Select area: Left Mouse Drag  Select pixel: Left Mouse Click  Open pixel in inspector: Left Mouse Double  Pan: Middle Mouse Drag  Reset selection: Right Mouse Click (1437, 441)
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RRA 1.3 - RAY INSPECTOR

:
* View each ray for a

Dispatches Inspector C
g ven d IS patc h | nd ex Rays at dispatch 0 Instance mask fiter DDDE DO = o« Color BVH by volume type Color geometry by average SAH (BLAS) Heatmap 25 Grayscale  Rendering controls i
Coordinates 803, 643, 0
Rendering mode 8
Index Traversal Instance Any hit G
loop count tersections invocations O Geometry 5
° Q Traversal counter
ee the cost an o w2
@D show geometry
! u : ° @D stow axis aligned BVH
arguments for each ray ST s P
3 14 1 0 No culling
4 10 1 o
Camera controls
s 35 5 ]
FPS control style sl ]
5 ] 1 ]
Application 'up' axis Coordinate system
7 ] 1 ]
Ox (@) Invert vertical
Oy
Oz (@) Invert horizontal
Camera position aae¢
10.0239792 * L7714702 * 41490760 s
- . Field of £
Selected ray : j eld of view .
Aceeleration structure 0x206781c00
cull mask oxft Movement speed 1.000
SBT record offset 1
SBT record stride
Miss index
Trmin 0.0t
origin (9.92,1.71, 4.16)
Tmax inf
Direction (-0.84, -0.22, -0.48)
Flags
Ray result
Hit distance
Instance Index
Geometry index
Primitive index 351 Circle: Origih  Triangle: Direction  Plus: Hit Ray coloring: Selection outiine [l ray [l Accept first hit ray [ Zero mask ray

AMD PUBLIC GDC 2024 AMD GPU DEVELOPER TOOLS March 2024




RRA 1.4

* New ray directions —
fe at u re O n th e ray 0: vkCmdTraceRaysKHR(1920, 1080, 1)

Dispatch counters

dispatches

Total ray count 9,488,832

Color by ray direction

Traversal loop count per ray 2377

* Quickly find and identify s
ShadOW and Dispatch coordinates

. X Y Z  Raycount Traversal Instance Any hit
loop count intersections  invocations
reflection areas R
803 644 0 8 146 17 0
» Bugfixes and quality of o e
g q y 803 646 0 8 170 17 0
Ilfe u dates 803 647 0 8 144 14 0
p 803 648 0 8 144 15 0
803 649 0 8 145 14 ]
803 650 0 8 149 13 0
803 65 0 7 156 15 0
803 652 0 7 159 16 0
803 653 0 8 160 13 0
803 654 0 8 183 15 0
803 655 0 8 204 2 0
803 656 0 8 187 15 0
803 657 0 8 173 14 0
803 658 0 8 174 13 0
803 659 0 8 197 15 0
803 660 0 8 185 17 0
803 661 0 8 172 15 0
803 662 0 8 189 14 0
803 663 0 8 168 14 0
803 664 0 8 198 16 0
803 665 0 8 184 16 0 ¥ t
- - - — - 2 Select area: Left Mouse Drag  Select pixel: Left Mouse Click  Open pixel in inspector: Left Mouse Double  Pan: Middle Mouse Drag  Reset selection: Right Mouse Click (1070, 500)
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PREVIEW. RRA 1.5

* N h h
ew ray hierarchy in . g—
R ay I ns pe Cto r Rays at dispatch 0 Instance mask filter =oxii v Color BVH by volumetype v Color geometry by average SAH (BLAS)  Heatmap as Grayscale  Rendering controls
Coordinates 119, 60, 0 AR . Rendering mode
Index  Traversal Instance Any hit Hit | ¢ G
. . . loop count intersections invocations. s Q‘s’ﬂ gTeomemI/ "
. ki f mpl ; i S
Quickly verify samplin W s s omE
2 24 5 ° Q Show geometry
t d H I | 3 18 1 [ | @D show axis aligned BVH
rate and recursive calls it @ : o B @D son virefame
6 13 1 ) - i
7 13 1 0 v No culling
Camera controls
v FPS control style [z
Application 'up' axis Coordinate system
Ox @ Invert vertical
[o
Oz (@) Invert horizontal
Camera position ae
11.6442919 < 13.9224272 s
Fleld of view 45
1
Movement speed 3
Selected ray i
Acceleration structure 0x203601c00
Cull mask oxff
SBT record offset
SBT record stride
Miss index
Tmin 001
Origin (9.92, 1.71, 4.16)
Tmax inf
Direction (-0.36, -0.22, -0.91)
Flags
Ray result
Hit distance 5.07
Instance index 12
Geometry Index 0

Primitive index

AMD PUBLIC GDC 2024

4185 Circle: Orign  Triangle: Direction  Plus: Hit

Ray coloring:

AMD GPU DEVELOPER TOOLS

selection outline [l Ray [l Accept first it ray [l Zero mask ray
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AMD ¢
RADZON

Memory Visualizer
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RMV TIMELINE IMPROVEMENTS

* Better memory
visualization

* Unbound memoryis now
shown on timeline

» Usage sizes foraliased
resources properly
calculated

* Implicitresources filtered
from calculations

Snapshot timeline
Right-click on the timeline below to generate a snapshot at that moment in time.

Resource usage size Compare snapshots J&)

0k 10,000,000 ck 20,000,000 ck 30,000,000 ck 40,000,000 ck 50,000,000 dk 60,000,000 ck 70,000,000 ck 80,000,000 ck 90,000,000 ck

NIRRT AR AR AN AT RN AR A AN AR AN AR AR NN IIIIII\I\‘HI\IIIH|\IHI\IrI\|\IIIIIHI e b

BMulti-use buffer: 53,19 MiB

Unbound: 30,49 Mg

uffe 3
IRender target: 11,25 MiE
Other: 11.07 MB

. Event . Shader pipeline . Descriptors Command buffer . Internal . Depth stencil buffer . Render target .Texmre . UAv . Ray tracing Index buffer Vertex buffer . Multi-uge buffer . Heap Unbound Selection: - [ 53,361,531 ck

‘Sear-:h Jel ‘

Snapshot name I’lmstaAmp virtual allocations Resources Total virtual memory Bound virtual memory Unbound virtual memory Committed local memory Committed invisible memory Committed host memory

Snapshot 0 53,207,352 ck 277 516 150.25 MB 119.76 MB 30.49 MB 944.00 KiB 93.66 MB 73.82 MiB
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RMV RESOURCE OVERVIEW IMPROVEMENTS

* Usage sizes foraliased
resources properly
calculated and shown in
tooltip

“ Preferred heap * Resource usage [ “ Color by resource usage I “ Level 1: slice by preferred heap

Double-click a resource to view its details.
Total available size  Total allocated and bound  Total allocated and unbound ~ Allocations  Resources

3.86 GiB 3.82 GiB 38.81 MiB 232 2,517

* Named allocations
* Improved size range filter

Id: 11438375950887160856

Name: Aliasing test 5: Heap 5 buffer
Actual size: 64.06 MiB

Size after aliasing: 64.06 MiB
Offset: 0x2000000

Allocation Alizsing test 5: Heap &
Usage: Multi-use buffer

. Event .Shader pipeline . Descriptors Command buffer .Im:emal . Depth stencil buffer . Render target .Texmre .UAV .Ray tracing Index buffer

“ Level 2: slice by virtual allocation “ Level 3: slice by resource usage

Filter by size: l—l

0 bytes - 128 MiB

Vertex buffer .Mu\h-use buffer .Heap Unbound

Aliasing test 5: Heap 5 buffer 5

Resource ID 11438375950887160856 in allocation 'Aliasing test 5: Heap 5' Actual size Size after aliasing ~ Offset Usage

[ | 64,06 M 64,06 M ox2000000 Muitiuse buffer

0 Resource details

AMD PUBLIC GDC 2024 AMD GPU DEVELOPER TOOLS

March 2024




OTHER RMV IMPROVEMENTS

« Heap overview pane contains additional information

« Device configuration pane shows system memory and driver info
« Support added for file format which supports compression

* New time unit format

« Expanded history resource columns
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GPU Oetective
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AMD RADEON™ GPU DETECTIVE (RGD)

* Newest member of AMD Radeon™ Developer Tool Suite (https://gpuopen.com/tools/)

Overview:

« Tool for post-mortem analysis of GPU crashes

« Sets driver to Crash Analysis mode before reproducing crash
« Developers capture AMD GPU Crash Dump files upon crash

* Produces concise crash analysis report in Text/JSON formats
« Report helps narrow down the search for the crash root cause

AMD PUBLIC | GDC 2024 | AMD GPU DEVELOPER TOOLS | March 2024 61



https://gpuopen.com/tools/

AMD RADEON™ GPU DETECTIVE (RGD)

* Newest member of AMD Radeon™ Developer Tool Suite (https://gpuopen.com/tools/)

Requirements:

e OS:Windows10or 11

 GPU: AMD Radeon™ RX 7000 Series (RDNA™ 3) or AMD Radeon™ RX 6000 Series
(RDNA™ 2)

 Driver: AMD Software: Adrenalin Edition 23.12.1 or newer
« Graphics API used by the crashing application: DirectX 12 or Vulkan
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UNVEILING THE TOOL: WORKFLOW AND FUNCTIONAL INSIGHTS

Auto- generated (no action required)

P
@ — —
- Crashing application | comm=lp —

Crash dump Crash analysis
file summary
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UNVEILING THE TOOL: WORKFLOW AND FUNCTIONAL INSIGHTS

 Curious about the newest addition to our tool suite?
« Stay tuned for the next presentation

ﬁg';'h?rvil advance_ G Dc

POST-MORTEM GPU CRASH ANALYSIS
WITH
AMD RADEON™ GPU DETECTIVE (RGD)

ADAM SAWICKI (AMD)
AMIT MULAY (AMD)
MARCO BOUTERSE (NIXXES SOFTWARE)

AMD
GPUOpen
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DISCLAIMER

GENERAL DISCLAIMER

The information contained herein is for informational purposes only and is subject to change without notice. While every
Precautlon has been taken in the prcaoaratlon of this document, it may contain technical inaccuracies, omissions and

pographical errors, and AMD is under no obligation to update or otherwise correct this information. Advanced Micro

evices, Inc. makes no representations or warranties with respect to the accuracy or completeness of the contents of
this document, and assumes no liability of any kind, including the implied warranties of noninfringement, merchantability
or fitness for particular purposes, with respect to the operation or use of AMD hardware, software or other products _
described herein. No license, including implied or arising by estoppel, to any intellectual property rights is granted by this
document. Terms and limitations applicable to the purchase or use of AMD’s products are as set forth in a signed
agreement between the parties or in AMD's Standard Terms and Conditions of Sale. GD-18

© 2024 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo, Radeon and combinations thereof
are trademarks of Advanced Micro Devices, Inc. DirectX is a registered trademark of Microsoft Corporation in the US and
other jurisdictions. Linux is a registered trademark of Linus Torvalds. OpenCL is a trademark of Apple, Inc. used by
ermission from The Khronos Group. LLVM is a trademark of LLVM Foundation. SPIR, SPIR-V and the SPIR logo are
rademarks of the Khronos Group Inc. Vulkan and the Vulkan Iogo are reqistered trademarks of the Khronos Group Inc.
Windows is a registered trademark of Microsoft Corporation in the US and other jurisdictions. Other product names used
in this publication are for identification purposes only and may be trademarks of their respective companies.
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