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REAL TIME RAY TRACING

A Technological Revolution

1979 2018
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DEVELOPER TOOLS

We work to solve developer problems to make your lives better

GEFORCE’

RTX
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PROFESSIONAL TOOLS FOR RAY TRACING

Improving development to drive innovation and create amazing graphics

Nsight Systems Nsight Graphics Nsight Aftermat
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https://developer.nvidia.com/nsight-systems
https://developer.nvidia.com/nsight-graphics
https://developer.nvidia.com/nsight-aftermath
https://developer.nvidia.com/nsight-perf

PERFORMANCE TRIAGE WORKFLOW

To help save you time and frustration
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No No Finished
(for now)

Start Here

Yes

Rendering Fixed
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CPU (12)

Copy

VSYNC (0)

SM Warp Occupancy

PClIe Bandwidth

Graphics_1 CPU Queue »*

Thread activity &
samples

DX12 API Command Creati & .~

v '7108] Omni Async Rent ~ ;

NVTX
Developer
Annotation

DX12 API

Microsoft-Windows-DxagKr

NSIGHT SYSTEMS

Useful for investigating CPU/GPU Interactions

Executes on GPU

Travels through
PCle

Command Lists created on
multiple threads

[FiunLoop: rendéring_Oj Update Events [é83.978 ms]
RixHydraEngine::render [16.626 ms]
Execute [6.113 ms] |postSync [1.3...] RixHydraEngine::renderInternal [8.499 ms]

OmniHydraDelegate::Sync [3.898 ms] ...||Parallel Rprim ... || Renderer::renderViews [8.481 ms]

applyRariﬁge 0. | éonte...[ RenderGraph::execute [6.393 ms]

|Gra... |

Threads — Algorithms — APIs — Drivers/0S — HW

Check out "ORCHESTRATING NEXT-GEN GRAPHICS WITH NSIGHT SYSTEMS" presented by Uri Shomroni

ograryToMmorco T ey
Render

Signal (Monitored Fence)
Render

Signal (Monitored Fence)
Render

Signal (Monitored Fence)
Render

Signal (Monitored Fence)
Render

Signal (Monitored Fence)

Render

Queued in WDDM

_i Renderer::endFrame [2.945 ms] d r-lver

Command
Lists

<A NVIDIA.



Debugging:

C++ Frame Serialization
Resource Viewer

Pixel History

APl inspection

GPU Crashes

Profiling:
Range Profiler
GPU Trace
Shader Profiler

NSIGHT GRAPHICS

Powerful debugging and profiling for advanced 3d graphics

File Connection FrameDebugger Tools Window Help
i ) Connect @ Disconnect X Terminate ' '

All Resources Shader Profiler
6 B = &

A\ One or more shaders have changed, profiling data may be out-of-date.

© 00 CaptureforLive Analvsis - D NextFrame [> Resume &% Export as C++ Capture & Refresh Event Timings L Profile Current Event & Profile Frame (& ProfileShaders B B
M ox
0x000002a8eb4d1ea8 - RAYGEN
SLSL (Debug) + Main* v £ Edit Shader Compile Shader T Promote Shader Compile Tool: Glslang

® Drawable(3) = Im Ray Tracing Pipeline: 0x000002a8ed2d42f8 Stage: Ray Generation Shader Module: 0x000002a8eb4d1ea8
Summary Source Session Info : T = e z
Filter: Enter a filter or se 1 #Hversion 46€ 275 vecd cylNormal = tnor.y
Function Summary Group By: Shader ~ StallReasons: Top ~ 2 Hextension GL_EXT_ray_tracing : require 276 //hitValues += cylNorma
3 Hextension GL_EXT_nonuniform_qualifier : enable 277 }
R ;. o= : Search... 4 Hextension GL_GOOGLE_include_directive : enable 278 }
G S > » ~ = 5 #include "raycommon.glsl" 279
S e A (T Type . Pipeline Shader Shader Type Correlation File Name Samples 5 230 oS e e S S Bt
— DrdH ¥, Session u . - N - 1e0% 01 7 layout(binding = 8, set = 8) uniform accelerationStruc 281 hitValues /&~ maxLensSamples;
Ni':n-e_ o Shader 0x000002a8ed2d42f8 Internal Ray Tracing ORI 87% [N 8 layout(binding = 1, set = 8, rgba32f) uniform image2D 282
Revisioi: 0 ® Unattributed - T = - = 12% Ji 9 283 // Tonemap the color.
Size: 03¢ Shader 0x000002a8ed2d42f8 0x000002a8eb4d14e8 Miss @ GLSL ol - 1%\ i‘; layout(binding = 3, set = 1) uniform sampler2D texture g:g //hitValues = tonemap(hitValues
Dimension: 192 i :
UL LI S SR R IR ® N/A < 1% 12  layout(location = B) rayPayloadEXT hitPayload prd; 286 //hitValues = sqrt(hitValues):
Acceleration Structure Shader 0x000002a8ed2d42f8 0x000002a8eb4d1348 Miss @ GLSL ? < 1% \ 13 287 float gamma = 2.2f;
Shader 0x000002a8ed2d42f8 Internal Ray Tracing @ N/A < 1% ! 14 layout(binding = 8, set = 1) uniform CameraProperties E 288 hitValues = pow(hitValues, vec3(
Events : - == 15 { : 289
@ View: Hierarchical . . . 16 nat4 view; 290 if (pushC.weatherType = 1)
Hot Spots Type: HL = 17 naté4 proj; 291 {
Event: 20 Filter: Enfe jtem File Source Samples TopStall#1  TopStall#  TopStall# = ig B ":e“_’im’:: :z ggg / ‘?"i:?iéii”sza"aua’_‘ (‘?VUCE’”
. - maté n s vec?2 = vecZ2(1nUV.Xx,
©  0x000002a8eb4d1348 » prd... 0.04% B BG6SB  71% |SELECT 10% |WAIT 8% 5 _ o6 e e b e i e
Evont ~ Descrip . : : cam; vec? rainTcFar = vec2(inUV.x +
0x000002a8eb4d1348 N/A 0.03% | WAIT 49% |SELECT 23% SHRTSB 10% 29 206 vec3 painColorFar = texture(tex
12 //Pr  0x000002a8eb4d1348 » N/A 0.01% NOINST 33% |SELECT 29% |WAIT 28% 23 layout(push_constant) uniform Constants 297
13 vkBe 0x000002a8eb4d1348 2 vecd..< 0.01% WAIT 50% |SELECT 26% NOINST 14% 24 { 298 Float depthFactor = 1.8 - exp(
vkep  0x000002a8eb4d1348 » if (_.“< 0.01% WAIT 68% |SELECT 17% NOTSEL 9% 25 vec4 clearColor: 299
- vkCrl Shader Event Usage ?é x.'i.er_‘.o }}g'hti’osnl(_)n; 300 rainColor = rainColorClose + ra
ansity; v 301
l 16 ~ IR Eent  Marker Description GPU Duration v o = 4 ¢ 1
I 17 vk( » ¥ Ray Trace void vkCmdTraceRaysKHR('0x000002a8ee3a8170", { .deviceAddress = 0x000000e0185¢e.. 46.79 ms AR
il 18 vk( » Post void ykCmdDraw('0x000002a8ee3a8170%, 3,1, 0, 0) 58.62 us
» void vkCmdDrawindexed('0x000002a8ee3a8170°, 48, 1,0,0,0 8.00 us 'ment Name
g 19 vk(
B void vkCmdDrawlndexed("0x000002a8e338170, 8751, 1, 48,0, 0 ; g 0 "
[« ( : s
21 i uffers
vkCn Element Descriptor Type Uniform Type Name
23.30 p 0 UNIFORM_BUFFER struct cam
31 vkCmdBindindexBufi
32 vkCmdBindVeriexBul
33 vkCmdBindPipeline(\ e g -~ = e, 2 Name Range Data
5 B SN T ushC.clearColor 16 (0.49,0.82,1.00,1.00
Event Count: 45 ‘“‘ gushc 0 E ) SEEGELGALY,

Events Linked Programs
Scrubber
Mode: Event ID - Unit Scale v
Event. -
B arev.. [ R
Perf ...
Rende... [
com.. M

pushC.lightPosition 12 (-83.30,41.66,85.70)

o Ao e

Mouseover ~ X: Y: ¢l J® Configure

+ Resource Info (2 revisions)

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Type: Toxtiire e I I | : | . I | | | | | | | _| , | ' |
Name: 0x00000228ft 1 e | | ] | [ ] | .. |
Revision: 1 I ost (0.06 ms - 0.1%)

Memory Pool: ol K | _

Size: 37.50 MB . 0x000002a8ff1a1d28 (0.07 ms-0.2%)

Dimension: 1920x 1181 x 1 000002 8170 (46.89 00.0%

Image Type: 2D 0x000002a8ee3a8170 (46.89 ms-100.0%)

Format: R32G32B32A3.. '~

== vkra

Windows
Linux
Android
LuminQOS

xX64

ARM (Coming Soon!)

D3D+11/12, DXR
Vulkan 1.2, VRT
OpenGL 4.6

<A NVIDIA.



RAY TRACING CONCEPTS

From concept to tool

shadow ray
pixel samples

diffuse box

. diffuse box

https://blogs.nvidia.com/blog/2018/03/19/whats-difference-between-ray-tracing-rasterization/
https://youtu.be/gBPNO6ruevk <A NVIDIA



Ray Generation Shader

|

traceRayExt()/DigpatchRays()
|

A4

No

Miss S

hader

7

N

”

RAY TRACING CONCEPTS

And How They Map To The Tools

- T = e

-

\~-_—

|

-

—~

~

-

-

\
—
|
|

/
-

~ Rayiracing

Create Fla
Pipeline
Shaders

——

Index = Sh
00
T Ox
2 Ox
30

40
5 O:gl
Rayiracing ‘

Group ~ Tyj
0 GE
1 GE

Summary Source

Function Summary

Search...

Type

v Session

@ Unattributed
Closest Hit Shader

v

@ Instance

% Instance

» Miss Shader

» Ray Tracing Shader

» Miss Shader
Callable Shader
Callable Shader

Session Info

‘Name
Session
Samples

Oxcef2d7d55189bd36
0x27b0c030897eca7f

Internal

'Hash

Oxcef2d7d55189bd36 @ GLSL

0x0000025f9d932d70 - main 0x7720444ce7e37799 &) None

Correlation

0x27b0c030897eca7f @ GLSL
0x0000025f9d931e90 - main Oxd4e3ea8f5c18cfdc @ GLSL

® N/A

0x0000025f9d932050 - main 0x79c9f10bas5f2cd9d &) None
0x0000025f9d932ad0 - main 0x65b2ac9fcc94dobd @ GLSL
0x0000025f9d933390 - main 0x61286¢3165d58157 &) None

File Name

ass A
I ely
rayius
1:_i‘[_;.
L :J o

Top Level Acceleration Structure (TLAS)

Acceleration Structure Visualization
fpearch... RECIEY
Name ~ #Prims. ‘Surface Area  Size
> ¥ & Tlas 2823566 26520 13.125KB
» « - instance[0] 18296 5290 -
» - instance[l] 22870 6760 -
» « - instance[2] 23548 8230 -
» - instance[3] 20780 11400 -
» « - instance[4] 18680 13150 -
» - instance[5] 21432 12640 -
» « - instance6] 113782 64475 -
» - instance[7] 114824 8860 -
» « - instance[8] 82986 117375 -
» « - instance[9] 82612 13692.5 -
» « - instance[10] 90704 15827.5 -
» - instance[11] 106888 15425 -
» « - instance[12] 146166 77175 -
» « - instance[13] 140722 9700 -
» « - instance[14] 100106 12345 -
» - instance[15] 108286 14430 -
» « - instance[16] 95950 16537.5 -
» « - instance[17] 83024 18885 -
» « - instance[18] 163082 8762.5 -
» « - instance[19] 181442 11170 -
~ - instance[20] 92644 14087.5 -
~ ¢ < Blas20 92644 14087.5 6.183 MB :
» « - instance[21] 120716 16732.5 - L
» « - instance[22] 113624 19092.5 -
» « - instance[23] 108742 230125 -
» « - instance[24] 116292 9920 -
» « - instance[25] 115414 12640 -
» « - instance[26] 98902 17440 -
» « - instance[27] 96398 20460 -
» « - instance[28] 77760 214375 -
» « - instance[29] 146894 25680 -
Ell
Triangles: triangles[0]
Flags OPAQUE
VertexCount 277932
Vertex Buffer  veriex 20 0 0B~
Vertex Stride 44
Vertex Format  R32G32B32_FLOAT

Camera Controls
Position (X): = -86.787
Position (Y): ——— 18.134
Position (Z): —— 10.797
Direction (X): ——— 0.118
Direction (Y): —— -0.208
Direction (2): 00971
Near Plane: —— 0.100
Far Plane: e 08 10000.000
FOV: - 45.000
Speed: B 1.000
| Up Direction: Y Axis
§ Coordinates: LHS
| Reset Camera
B Higniignt
Opaque Non-Opaque
Cull Disabled Front CCW
Fast Build Fast Trace
Low Memory Allow Update

Rendering Options
Shading Mode: 'Flat Shading
Color By: 'Random Per Geometry
Disable Cull Show Wireframe
AFE" v Show Geometry Show AABBS
* Bookmarks

Allow Compaction

No Duplicate Any Hit Invocation

<A NVIDIA.



BVH ANALYSIS

Instance Heatmap

oo R i i e i e i e o e

Search...

S

= v $ ILAS 1beebblON0 4586494

o X instance[2501] 3¢
v Tl instance[3] 29541

v Ty instance|878)
v LI} instance[8/9)
v LI instance[901)
v L1 instance[902]
v Th instance[027]
B3 instance[023]

24297
24297
24297
24297
24279
24279

Ly instance[v3a) 24279
v LIy instance[1147] 24279
v LI instance[1148] 24270
v LX instance[1149] 24279
5 instance[1150] 24279
v Xy instance[1151] 24279
v L3y instance[1152) 24279
« Lt instance[1153] 24279
v LI instance[1154] 24279
v Lh instance[1155] 24279
B3 instance[1156]) 24279
v L1y instance[1157] 24279
v L3y instance[1158] 24279
v LI instance[1156] 24279
v LI instance[840] 23512

v B} instance[841]
v 1 instance]891)
v LIy instancel910]
v LIy instance[911)
v LX instance[540]
v X instance[549)
v B instance[550)
v L1 instance[854]
L3y instance(8s9)

""""""""""""""""-_

23512
23512
23512
23012
23440
23446
23446
23446
23416

2.00622E+12
8.03%94L+07

s I 4 ?.‘\(( Lo

AU ‘\- i

VIRL.Y
1.27T741F+07
374434
126576
123002
121177
114550
1755483
164886
165020
116876
157564
151079
113369
139323
143545
161917
135617
113363
148607
120212
125626
117945
135594
137154
108474
1319949
159755
126344
110316
136514
103565
11033

-08_19_17.nghcbvh X  HellbladeGame-Win64-Shipping exe_20220222084316730.ngfx-gputrace X

.
~d

Size
111 M8

—
i

Viswlzaion

L]

@

-~

m

2176.253

725979

20234.133

0.329

- 0.717

= .615

) 17.733

™ 7733176.000

]

45.000

87.817

v

r;?ﬁm

Cull Disabded
Fast Build
Low Memory

~

Allow Compaction
: No Duplicate Any Hil Invocation
Color By:

Instance AABB Mode:

() ——

AABB Heatmap Threshold: 16.000

Mask

Instance Custom Index 1401
sk oboono1011

Instance Offset
Flags

———

- 56
FRONT_CCW

o

BLAS 101670000

1.000, 0.000, 0.000, 0.000
0.000, 1.000, 0.000, 0.000
0.000, 0.000, 1.000, 0.000

e R

Instarice Overlaps... Instance lleatmap...

SUNPULESS SUSE U S LSOO B |

Pt

-

z
‘I

Anti-aliasing Mode:

v Disable Back Face Cull Show Wirehiames
v Show Geomelry

v Show Axes

v Show Non-Opaque Transparency

e

<A NVIDIA



SHADER TIMING HEATMAP

Ray Tracing Hotspot Analysis

g
| filj-li,,l

@ NVIDIA Nsight Graphics Pro - endeavort e
file  Comnection Tools Window  Help
i; S Connect [ Disconnest X Terminate g
18 1-nomalbeatmapngix-hmap X & 2-exts-shadow-samples.ngbx-hmap X 8 3-exiia-shadov-samples-and-dol.nghchmap X 18 1ain-nomalngtx-hmap X n-exhia. x-hrr a :T, € 3-rain-shadows-dol.ngbx-hmap X ‘
APl Heatmap
Cvent: woid vkCmdTraceRayokiIR() » ®@ @& @ ¥ X0 Y0 W 1920 H: 1080 Z 0 Pixels: 2073600 3=
Dimensions: 1920 x 1080 x 1 ‘
Overlay
‘nable Overlay .'
Opacity: e
RayGen Time b —
234,380 1.66 ms | |
113/, 904,0 1.65 ms
212,18,0 1.63 ms
220,4,0 1.63 ms
220,50 1.63 ms
222,1,0 1.63 ms ] _
92/,985,0 1.61 ms : _ 5 ! : S IR L S i e
216,31,0 1.68 ms - &3 ‘ G :

251,1019,0 1.66 ms
280, 1002,0 1.66 ms.

231,350 1.59 ms
231,38,0 1.59 ms
231,330 1.59 ms

258, 1016,0 1.59 ms
1170,928,0 1.59 ms
230,250 1.58 ms
1039, 937,0 1.58 ms
1162, 927,0 1.57 ms
1069,911,0 1.56 ms

232, 37,0 1.55 ms

219,0,0 1.55 ms

189, 1027,0 1.55 ms o
181, 1028,0 1.55 ms ! -

31,988,0 1.54 ms ' i 1000 w3
234, 40,0 1.54 ms y

1163, 929,0 1.54 ms S00us
237, 60,0 1.54 ms

1919,848,0 1.54 ms , o
225,16,0 1.54 ms

12/9,3/7,0 1.54 ms

227,190 1.54 ms

226,10,0 1.54 ms

1277,37,0 1.54 ms

1276,37.0 1.54 ms

281,9/6,0 1.5 ms

1276,34.0 1.53 ms

1276, 36,0 1.53 ms

1277,32,0 1.53 ms

1279,34,0 1.53 ms

1276,35,0 1.53 ms

1277,35,0 1.53 ms

1278,35,0 1.53 ms

1276,32,0 1.55 ms

1278,37.0 1.53 ms

1278, 36,0 1.53 ms

1278,32,0 1.53 ms

1279,36,0 1.53 ms

1277,36,0 1.55 ms

1279,32,0 1.53 ms

1279,393,0 1.53 ms

1278,33,0 1.53 ms

1278,34,0 1.53 ms

12/6,33,0 1.55 ms

1277.34,0 1.53 ms

1274,35,0 1.53 ms

272,1003,0 1.53 ms =
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GPU TRACE

Low-level Metrics Graph Profiler

Ruler Relative: Capture ~ @ Bxport.. O trace Analysis... [ Trace Compare... Overlay Barriers Flat Queue Rows Aggregate Frames Start 1.04ms * End: 6.52ms * 3 ResetZoom ¢ Zoom To Selection & @
Time i Syl 2.66172ms M 338515msAt-0723436ms A 4eme B TR 5 20035ms (NS S Co e O summary | Metrics  Capture Information
) : Start:  2.66ms Duration:  0.72 ms
¥ queueGC| (Vulkan Graphics Q:0) Fnd: 339ms Rangex: User Range
Synchronization
—— Unit Throughpats Throughpat % ™|
_ . p
e — QueeSubmit 0 (1) (7.44ms) B PCle Thioughput 14.9% B
Actions — CommandBufter O (7.44ms) B VRAM Throughput 13.7% §
TraceRays 0 (7.37ms) B PROP Throughput 12.3% §
‘ — ‘ B 12 Throughpul 7.9% §
B |  icpe— o
i | B L1 Throughput 3.6% |
I SM Thioughput 2.7% |
¥ MMU Throughput (Pro) 2.2% |
B RASTER Thioughput 1.9% |
. B PES+VPC Throughput <0.1% |
SM Throughput VAF Throughput <0.1% |
M PD Throughput <0.1% |
L1 Throughput W ZROP 1hroughput 0%
RTCORL Throughput (Pro)
VAF Throughput SM Occupancy (TPC View) Throughput % ~ Avg Avg Warps per Cycle
M (dle SM Unused Warp Slots 82.2% D 794860191 76.9
MMU Throughput (Pro) W Active SM Unused Warp Slots~ 8.3% | A017538.0 8.0
L2 Throughput ~ Pixel Warps 5.4% | §5212915.5 5.2
VRAM Throughput B Compute Waips A1% | 3975725.3 3.9
Verlex/Tess/Geomelry Waips <0.1% | 2619.6 0.0
PCle Thioughpul
PD Throughput
PESH+VPC Throughpast
RASTER Throughput
PROP Throughput
ZROP Throughput
CROP Throughput ‘h‘ uh .

P Compute In Flight

P Draw/Dispatch Stan

P SM Occupancy (1PC View)

Warps Eligible
P FE Stalls
P FE Pipeline Stalling Commands
P> SM Register Usage (Occupancy |imiter)

Type: Ml;liml A Top Metncs Only Visible Only  Search... o select a predefined one on the right V
Name = Path Type Start End Duration Frame SM L RTCORE VAF MMU L2 VRAM PCle PD PESHVPC RASTER PROP ZROP CROP SM Issue SM ALY SM FMAL SM TMAH SM SFU
Post Marker 743ms 7.47ms 0.04ms (0%) 0 23.7% 21.3% 0.0% 0.0% 0.9% 30.7% 01.3% 142% 0.0% 0.3% 8.3% N7% 2.9% 31.3% 0.9% 0.0% 3.5% 0.8% 23.7%
Ray Trace Marker 0.04ms 7.41ms 7.37ms (97%) 0 204% 97% 81.9% 0.0% 1.2% 15.2% 11.5%  140% 0.0% 0.0% 0.1% 1.2% 0.0% 1.2% 20.4% 17.5% 3.8% 91% 2.9%

_ _ —— e —
___1i
) ————

- | :
.
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GPU TRACE

Trace Analysis

jate frames o Skip GPU-idle gaps for frame gain -~ v Show analysis colors only for leaf markers Fxport.., search... O:=1nfo @Q-.0 © =% Frame Gain Start: 26.15ms + End: 28.80ms T [JResetZoom 3 ZoomToSelection @ ©&
ms % Frame gain Tt 26, 2ms 2t 26 9497ms ¥ms 26, tl:ms Zb.bms . 96.8055ms 209ms 2/ims 2/ms 2/2ms 2/.3ms 2/ A4ms 27.5ms 2/.6ms 2/./ms 2/8ms 2/9ms 28ms 281ms 28.2ms 28.3ms 28.4ms 28.5ms 28.6ms 28./m3 28.5
he 0 42.68 100.0% = - R - :
& Upload Buif.ar Nata 0.00 0% N/A Other Processes
+ @) RiXRendering 1634 38.3% I 42.8%
) SceneDb: Skinning 0.00 0% N/A ¥ Direct3D Direct Q:0 .
@ SceneDb: GPU Normals 0.00 0% N/A R1X Rendering {16.24ms)
+ @) Scenebb: flushBufferUpdates 0.03 <0.1%| 0.3% : ! - : Ry D ' > R P
o e G - % uet ( 5 Cache ' {... GButfer RT (0.31ms) She s (0.90ms Deferred I TC Lighting R B0ms)
© Ujdiate SATInstance-RlockNata 003 <0.1% | 0.3% askere | Idea!e (‘PIJ Qc eneDb AccelStruct (0. 7m ) I Flow { Butfer RT (0.31ms) hadows (0.90ms) ferred ITC Lighting RT (1.60r
@ #Prepare GPU Scene Instance Data 0.0? <0.1%| 0.0% b@bufjd@j@rhs) NN “ Shadow K1 (0... Shadow Denoiser (0.65ms)
~ @) Update GPU SceneDb Instances 0.01 =01% | 0.1%
@ Tianslate Instance position 0.0 <01%| 0.1%
+ {) update GPU Scenebb AccelStruct 047 1.1%| 3.9%
) TLAS rebuild 046 1.1% 3.8% .
@ Cached PT ClearNew 010 2% 0.1% P Unit Throughputs
* @) ow 0.09 0.2%| 0.4%
@ sparsecs 001 <0.1%| 0.1%
@ FRayMarchUpdateColormapCs 0.01 <01%| 0.1%
© SparseCs 0.01 «<0.1%| 0.1% P SM Occupancy (TPC Vie-..
@ cBuffer R1 031 0.7%| 0.2%
* @ Shadows 0.90 2.1%| 5.9%
© shadow RT 0.16  0.4%| 0.4% User Ranges Use Shift + Drag to make new user ganges
@ shadow Spatial Filter 0.08 0.2%)| 0.2%
* @) Shadow Denoiser 065 1.5%] 3.6%
© NVRID Preparelnput 0.072 <0.1% | 0.1%
© NVRTD ComplexMask 001 <0.1%]| 0.1%
© NVRTD PenumbiaMask 0.03 <0.1%| 0.1%
© NVRID PenumbraMask 002 <01%| 0.1%
© NVRTD AvgMinDist <001 <0.1%| 0.0%
© NVRID AvgMinDist <0.01 <0.1%| 0.0% e
: mgg gmqse gg: 2 g':: f gg: B - Range: "RTX Rendering/Update GPU SceneDb AccelStruct/TLAS rebuild” Duration: 0.46ms
CNoise A8 <0.1% | : L .
NVRTD Denoise 0.03 <0.1%] 0.2% -t - - - -
: ity G eias o Range, REXRéndering/Update GPU SceneDb AccelStuct/TL AS rebi © overview [0.0%] € SMWarp Occupancy [3.7%] @ SM Warp Latency [0.0%] @ Graphics/Compute Idle [0.0%] @ L1 12 Traffic [0.0%] @ CopyEngines @ L1L2HitRates @ L112Sectors @ L1 Latency
: WRTD 3.‘1:22"‘":‘1;- pl an 1 01 i 0 © overview[0.0%] | € SMWarmp Occupancy [36%] @ Cof - Analysis Results (click on each entry for details): Copy to Clipboard
mpleSimple 01 <9, :
@ Dcferred LTC Lighting RT 1.60 38%| 0.4% Analysis Results (click on each entry for details): Copy to Clipboar Value Description
Texture To Buffer Co 0.02 <0.1% 0.1% - T i
: Texture To Buller Cog: 003 <01% : 0.0% Name Value Descripti gt . . .
o 0’ S22 /' B as ]0'9 N. 2 = 0 °M ru“y ldle Idle SM Unused Warp Slots [%] 88.1% mw cumulative number of idle warp slots on idle SMs
Uyl i e ¢ SM Unused Warp Slots [%]  88.2% Engine Active Copy Sync 0 Number of elapsed cycles where a synchronous Copy Engine is active (Copy in a DIRECT or COMPUTE queue)
_ vaPNPd tangf' %nmilm lactor  A.51 Engine Active Copy Async 0 Number of elapsed cycles where an asynchronous Copy Engine is active (Copy in a COPY queue)
Ruler Relative: Capture ~ @ boport.. () Trace Analysis... ([ Trace Compare... Overlay Bl  projected range gain 0.41ms Projected range speedup factor 8.40 Estimation of the ratio between the current GPU time for the range divided by the projected GPU time for the range (2.0 means the range may get 2x faste
P AexACCN e o 3.8% Projected range gain 0.40ms The potential reduction in time for the range (based on the projected range speedup factor)
Time 1.5ms 2ms [@ SM Warp Occupancy [%] Projected frame gain 3.7% Projected frame Gain in % based on the speedup factor of the current range, and the % of the GPU frame time that this range is taking (1.0% means the fr}
— — L e @ Warp Launch Stalled by CS Register Count

V¥ queueGC| (Vulkan Graphics Q:0)

Synchronization
Actions

Markers

P GPU Active

< ‘i yoay . Y
AN P - ; AL
- n
1 :
PN A S = R Na 2 29

anation
entage of the cycles where an SM has all of its warp slot;
may be due to the "Tail Effect’, that is the warp occupang
ion
at the SM Warp Occupancy metric graph in GPU Trace. |
* See if a DX12 ResourceBarrier command can be remoJ
* assuming that the current and next workloads are in tf
* If high, and resource dependencies permit, then:

¢ If this workload is a Compute Shader, then it may be a
e If this wnrklaad is Granhirs then it mav he a nnnd can|

© Warp Launch Stalled by CS Shared-Memory Size
© Wwarp Launch Stalled by CS Thread-Group Slots
@) warp Launch Stalled by Reasons [Cycles]

»
»
»
»
»

.
I!
.
.

Suggestion

* If high, and resource dependencies permit, then:

® See also:

Percentage of the cycles where an SM has all of its warp slots empty (SM is fully idle).
This may be due to the "Tail Effect’, that is the warp occupancy going down at the end of a SM workload before a Wait For Idle.

Look at the SM Warp Occupancy metric graph in GPU Trace. If a significant tail is there, then:
* See if a DX12 ResourceBarrier command can be removed at the end of the current workload, to let it execute concurrently with the next one,
* assuming that the current and next workloads are in the same subchannel (Graphics or Compute).

* |f this workload is a Compute Shader, then it may be a good candidate for being moved to an async-compute queue.
¢ |f this workload is Graphics, then it may be a good candidate to be overlapped with async-compute work.




GPU TRACE

Trace Compare

Pocuments

7 Reset Zoom align selected markers

1st: kitexe 20220301172916155.ngfx gputrace

Time

V¥ DirectaD Direct Q:0
Synchronization

Actions

P Unit Throughputs

P Compute In Flight
P Draw/Dispatch Start

P SM Occupancy (TPC View)

Warps Cligible

2nd: kil.exe_20220308224036325.nglx-gpulrace
lime
Frames

Qiher Processes

¥ Directad Direct 0:0

kil.
1
1
Delete Files
Kename ke 1
Remaove Files
Open Containing Folders
Copy Paths
Trace Compa

P SM Occupancy (1PC View)

il exe_20220308224036325.nglx-gputrace X Comp.ngfx-gputrace comp X

Frame No. 0: Frame Duration 12.68ms

26.149ms 42.484ms =

Lol
. :
L. I

bxecuteCommandLists 26 (1) (0.60.

ExecuteComm...
Commandl ist 13 (0.60ms) Co...

DispatchRays 4 (0.50ms)
SRR N N m'x RLMCU"Q (\15_,34}(!5?

D e e e T T S

ExecuteComman... EX

6 (0.47ms)

Commandl ist 17 (1.19ms)

DispatchRays 6 (0.86ms)

Commarnd! is!

DispatchRays b {0.43ms)

Command! ist 11 ... Commandl ist ...

Indirect Diffuse RT (0.86ms)

Tt : e g
S 7 | e N

Frame No. 0: Frarne Duration 43.27ms

‘%33'5'“9

ExecuteCommand..

Lxec... CxecuteCommandList... ExecuteC...

ExecuteCommandLists 32 (.. ExecuteCommandLists 3.

Commandlist 17 (1.24m...

DispatchRays 6 (0.90ms)

13(04.. Corrunarnn... Commandlist 16 (0.49ms)

DispatchRays b (0.46ms)

Commandlist 171 { Cormmandlis

DispatchRa..

DispatchRays 4 ...
SONREX Rendeing { TaBARIS) N NN

;_“

Indirect Diffuse RT (0.90..

; J 7y

Induect Diffuse RT: Fill PS...

-
- ‘_: ‘ ‘ ' » 2 .

Metrics
Start:  26.15ms
Lk Fnd: 4248 ms
Start:  26.33ms
At Fnd: 4293ms
Search,.,
' Ihread Groups in $M (Occupancy Lin
I Active Thicad Croups in SM
Compute In Flight

B Sync Compute In Flight
B Async Compute In Flight

Draw/Dispatch Start

B Uraw Started
B Dispatch Started

FF Pipeline Stalling Commands
M Go ldle Sync

- Subchannel Switch Sync

B Pixel Shader Barriers

Go Idle Async

Subchannel Switch Async

FE Stalls
FE Stalled Sync
I FE Stalled Async

GPU Active
B Sync Copy Engine Actlive
B GPU Active
M GR Active
B Async Copy Fngine Active

L1 Hit Rate
L1 Hit Rate
L1 LSU Throughputs _
B | 1 Surtace Data-S1age Throughput

B L1 Local+Global Data-Stage Thro...
B 11 Shared+Attrihute Data-Stage ...

L1 Throughputs
L1 lexture Filter-Stage | hroughput
B L1 Texture Writeback-Stage Thro...
Il L1 LSU Data-Stage | hroughput
L1 Texture Data-Stage Throughput
L1 LSU Writeback-Stage T'hrough...

L1.5 Hit Rates (Pro)
© 11.5 Hit Rate for Instiuctions (Pro)
B L1.5 Hit Rate (Pro)
B 1 1.5 Hit Rate [or Constants (Pro)
B L1.5 Hit Rate for Texture/Sample_

11.5 Miss Tiafhc (Pro)
B 1.5 Miss Traffic for Texture/Sa..,
B L1.5 Miss Traffic for Constants (...
~ 11.5 Miss Traffic for Instructions ...
L2 Bandwidth (Destination)
I L2 Bandwidth to PCle+Peer
1.2 Bandwidih 1o VRAM

1.2 Bandwidth (Source)

..... - q
Duration; 1634 ms
Range:  Selected
Duration;  16.64 ms
Range:  Selected
Istcapture  2ndcapture  Ratio ¥ *
12.6% 12.0% 0.96x
Istcaptwre  2nd caplure  Ratio ~
69.0% 60.8% 0.97x
0.4% 0.3% 0.97x
Istcapure  2ndcapture  Ratio ~
10 0.0 1.94x
156.0 156.0 1.00x
1stcapture  2ndd capture  Ratio ¥
367.0 361.0 1.07x
182.0 190.0 1.04x
1.0 1.0 1.00x
0.0 0.0 0.00x
0.0 0.0 0.00x
Istcapture  2ndcapture  Ratio ~
64.1% 60.6% 0.94x
0.0% 0.0% 0.00x
1€t capture 2nd capture  Ratio *
0.6% 0.7% 1.09x
86.9% 86.1% 0.99x
86.6% 85.7% 0.99x
0.0% 0.0% 0.00x
Istcapture  2ndcapture  Ratio ™
62./% 01./% 0.98x
Istcapiuwre  2ndcaplure  Ralio ¥
0.6% 0.6% 1.03x
3.1% 3.0% 0.98x
3.72% 3.0% 0.94x
1st capture 2nd capture  Ratio ~
4.9% 4.8% 0.98x
49% 4.0% 0.98x
0.9% 0./% 0.9/x
6.6% 0.4% 0.90x
4.2% 4.0% 0.94x
1stcapture  2ndcapture  Ratio ~
69.9% 73.1% '1.05x
1A% J7A.6% 1.04x
81.9% 82.4% 1.00x
15.3% 15.3% 1.00x
Ist captwe  2nd caplure  Ratio ~
0.0% 0.0% 0.98x
0.1% 0.1% 0.91x
1.3% 0.8% 0.59%
Istcapture  2ndcapture  Ratio ~
0.1% 0.2% 1.10x
19.1% 19.0% 1.00x
1stcapture  2ndcapture  Ratio ~

]
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v

16
11
12
13
14
15
16
17
18
19

20 // Generate a random unsigned int in [8, 2°24) given the previous RNG sfa

21
22
23
24
25
26
27
28
29
30
31
32
33
34

39

Source Code

for(uint n = G; n < 16; n++)

{

s@ += Ox9e3779b9;

vO += ((vl << 4) + Oxa2éiiloc) A (vl + sB) A ((vl > 5) + oxce
((vB << 4) + Bxad98777d) A (v + s@) ~ ((vD > 5) + Bx7e

vl +=

}

return vO;

Hy

// using the Numerical Recipes linear congruential generator
vint lcg(inout uint prev)
.[
uvint LCG_A =
uint LCG_C

prev =

16645250

= 1013904223u;

(LCG_A * prev + LCG6_C);
return prev & Ox00FFFFFF;

¥

// Generate a random float in [0, 1) given the previous RNG state
float rnd(inout uint prev)
{
return (float(lcg(prev)) / float(BxD1860088)):
}

uJ

@______

5

=

1

¥

Stalls

< 0.01%

O 0 3 O O N Gl N -
5

T Y = N T = S T
O O DN NN = DD
1 1 1 2 g g

17 e
18 ..
19 .
20 .
21
22 ..

24 .
25
26
&l
2
T
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SHADER PROFILER

Instruction Stalls as an indicator to optimal shader efficiency

Stall

SASS Dependencies
SHF.R.U32.HI R3, RZ, c[rus][tmva]; R;; a.ﬂrK
ULDC.64 URS, cl8x31[0x1d0] | : 6:.09%
LOP3.LUT R2, R23, c[0x31[6x78]1, Rd, Gxco, !F < 9.01% |
I2FP.F32.U32 R12, cl[ox3][8xlc] : : < 9:91%':
[2FP.F32.U32 R6B, R2 I, < 6.01% I
IMAD R®, R3, clox3]1[0x1c), R? : : < e:.m% :
MUFU.RCP R15, R12 . “ < 6.01% |
I2FP.F32.U32 R61, R3 : : < e:.elx :
MOV R16, 0Ox40680088 | < 8,.01% |
[ADD3 R6, RO, -Oxa88898F, RZ : | Bl 03%
[ADD3 R7, RO, -0x6c510Fd6, RZ : : < 9:.01% :
LEA RO, R6, Oxad90777d, Ox4 I < 6.01% |
LEA.HI R18, R6, 6x7e95761e, RZ, --::x";o : < B:.Bl% :
LOP3.LUT R, R18, RO, R7, Bx96, !AT | 6.02% i
FMUL.FTZ R6O, R&B, R15 : : . < 6:.01% :
LEA R7, RO, Bxa341316c, Ox4 | < 8.81% |i
IADD3 R18, RO, Ox3céef372, RZ : | < 6.81%::
LEA.HI R11, R8, Oxc8813ea4, RZ, Oxjb : < 8.01% |
LOP3.LUT R7, R18, R11, R7, 8x96, #PT| < 8.01% |!
[MAD. IADD R7, R6, Ox1, R7 : : < 0:.01%|:
LEA R6, R7, 0xad90777d, Ox4 1, 6. 01% |}
IADD3 R11, R7, Ox3céef372, RZ : : < 9:.01% :
LEA.HI R18, R7, ©x7e9576le, RZ, OxLb | < §.01% |
LOP3.LUT R11, R18, R6, R11, 6x96, :!Pl: < e:.m%l:
IMAD.IADD R11, RO, 6x1, R11 . < a|.01%||
LEA R8, R11, Bxa341316c, OX4 : | < 0.81% |:
IADD3 R13, R11, -8x255992d5, RZ | : < 9:.01% :
LEA.HI R6, R11, BOxcB8813ea4, RZ, 0xkb | < 6.01% |
LOP3.LUT RO, R13, R6, RO, B0x96, !i%I : < e:.m%l:

_— e MANLTAND DAL DL I e B e e e ] e o o o o o o o o = B n%x |

Stalls

99% MATHTH < 1% uors:.:t: < 1%

94% |NOINST 4% SELEGT] < 1%
SELECT  91% NOTSEL 4% nATMIH: 3%
NOTSEL  33% MATHTH  29% WAIT, | 19%
NOTSEL  44% [MATHTH  48% SELEAT! 10%
SELECT 100% ::
SELECT  99% MIOT < 1% ]
SELECT 100% ::
WAIT 47% SELECT  44% NOINSTI 4%
WOTSEL  50% BATHTH  47% sem%r: 2%
SELECT  52% WAIT 45% NOTSHL; 2%
WAIT 48% SELECT  46% NOTSEIL: 3%
WAIT 53% SELECT  44% NOTSEL, 1%
MATHTH  44% INOTSEL  44% WAITI| 9%
SELECT  92% SHRTSB 6% NOTSI%L: 3%
NOTSEL  48% [MATHTH  39% WAITI | 14%
SELECT  50% WAIT  46% NOTSI’iL: 2%
WAIT  48% SELECT  46% NOTSHL 3%
INOTSEL ~ 38% |MATHTH  38% WAIT!! 18%
WAIT  74% SELECT  17% |Nmsr:t: 6%
IMATHTH  48% [NOTSEL  39% WAIT!! 17%
SELECT  49% WAIT  48% nATHfH: 2%
SELECT  56% WAIT  47% NOTSHLl 2%
NOTSEL  40% [MATHTH  39% wAIT: : 15%
WATT 64% SELECT  16% NOINSTI 8%
NOTSEL  38% [MATHTH  36% Aw_AU: : 21%
WAIT 51% SELECT  44% NOTSEL 2%
WAIT 49% SELECT  46% _NOTS%L: 5%
NOTSEL  36% MATHTH  35% WAIT, | 23%
AT L A _ Rl Err 19 untedr | s

Live
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SIGHT PERF SDK

Understand performance more effectively

It's a library (& API) that enables games to Collect GPU Performance Counters
Very Low CPU and GPU Overhead
In-Application Integration via an intuitive API

Ble Comnection Took Window beb

) Connect
 FROM_APIC_xE4.exe. gfagot X
Ruder Refative: Captre ~ L JReset Zoom  Trace Compere...

Time

Markers

P Uit Theoughputs

P Gru Active
P Compute tn Fight
P Draw/Dispatch Start

P s Ocapancy (TPC View)

SM Instructions

SM Warp Can't Launch
LITEX Throughput
LITEX LSU Traffic

12 Trafiic

L2 Read Ht Rates
VRAM Bandwidth

Y'YV ¥V YV

DR

Arnotatiors

Markers View: Merarchesl

Namne
Rended/RTX-Trace
Rended/Scene
* Rendet/L-Gl
Render/L-GI/RTX-Denoise
Render/L-Gl/accum
* Rendet/Shade/Forward
Render/Forward
* Render/sun-smap/2
procedurals

oms

{

.
¥ |

Regme Vew: Top

Start End Duration

10.03ms 17.94ms
151ms  6.42ms
25.70ms 29.73ens
26.29ms
25.70ms
31.08ms 35.00ms
31.08ms 35.00ms
20.02ms 22.18ms
20.74ms 22.14ens

W LITEX Throughput

B L2 Throughput

H VRAM Theoughput
SM Through

e MO .

PO Throughput

VAF Throughput
PES+VPC Throughput
RASTER Throughput
PROP Throughput
ZROP Throughput

B CROP Throughput

L

Top Unit 22 Top Une 23 Top Unit 24
Baxz B vaxwam] 3% M

4% LTl %M 0% sSMell
Q0% M Qox Mgl 06 sl
525%™ 4525 sMEl

ok 2 W
9% RaSTH
i 9% RASTH 9
%9% Ml «2x swill o0 LTl

¥ TopMetncOwpley: CokrBars = MumTopMetcs: § v

* Queve  Frame Top Unit #1
7.91ms 0 o 394% LTl
4.91ms 0 0 444% resEl
4.03ms 0 o 2% il
J44ms ] 0 4705 LTHR
0.50ms ] o z6k% (N
192me 0 0 &54% ZROP
3.92ms ] 0  854% ZROP
2.16ms 0 0 &00% M
1.40ms 0 0 &5.7% SM

&5.7% SEM  se% Ml 5% LTEl

A

0%
0%
0%
A i S

A ———
0% S VT |

- —

A

PP I—— SN - - -

o NPT TN, S R SRS . st e nl | | b e RN /Ao D,

PR S— Y.

Top Unit 25
37% M|
26.0% smull
284% veanll
s B
222% sMFj
104% ProP |
104% PROP |
265% SMS.
31.2% VAF

sight Graphi

GPU Trace

Summery  Metrcs  Captwe Information  Annotations

Start:  0.00ms Duration: 37,40 ms
End  Y.A0ms Range: Al Wisble
Unit Throughout v vVake
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NSIGHT AFTERMATH

Multiple ways to use it

m File  Edit View Git Project Build Debug fest Analyze Tools Extensions Window  Help Search (Ctrl+Q P vkAftermathTest (&‘ = O
5 - - BB ebugN - x - ocal Windows Debugger ~ 2 afs - = arget: Default _ I = " A AN _ > Live Share 3
NVIDIA NSIght Aftermath Mon|tor €] 0 bad B DebugN 64 P Local Wind Debugg [ Gl gfsdk =] = NX Target: Default © = & A = I_QL St 2
§ GFSDK_Aftermath GpuCrashDump.h & NsightAftermathGpuCrashTracker.cpp 8 & X o2 gf
i [*| vkAftermathTest ~ =» GpuCrashTracker ~ @ |nitialize(const MarkerMap & markerMap, fs:path crashDumpDataDir, fs:path crashDumpJsonDir, fs:path sh: = == §
] . % // The DeferDebugInfoCallbacks flag enables caching of shader debug information data i §
General 4 Aﬁermath pnvacy ; // in memory. If the flag is set, ShaderDebugInfoCallback will be called only | 2
% // in the event of a crash, right before GpuCrashDumpCallback. If the flag is not set, =:
: : // ShaderDebugInfoCallback will be called for every shader that is compiled. Tz
Af'[el'math mOde: Dlsabled AFTERMATH_CHECK_ERROR(FFSDK_VAftrermath_EnableruCrashDumps|( 3
GFSDK_Aftermath Version API, 3
: GFSDK_Aftermath_GpuCrashDumpWatchedApiFlags Vulkan, . %
Generate Shader Debug 'nformatlon. NO GFSDK_Aftermath_GpuCrashDumpFeatureFlags_DeferDebugInfoCallbacks, // Let the Nsight Aftermath library cache shader debug information. :
GpuCrashDumpCallback, // Register callback for GPU crash dumps.
- - ShaderDebugInfoCallback, // Register callback for shader debug information.
Enab|e Resource TraCkIng' NO CrashDumpDescriptionCallback, // Register callback for GPU crash dump description.
nullptr, // Register callback for resolving application-managed markers.
- 2 this)); // Set the GpuCrashTracker object as user data for the above callbacks.
Enable Call Stack Capturing: No ) i )
m_initialized = true;
Whitelist .
// Handler for GPU crash dump callbacks from Nsight Aftermath .
e . Evoid GpuCrashTracker: :0nCrashDump(const void* pGpuCrashDump, const uint32 t gpuCrashDumpSize)
Add Edit emove :
// Make sure only one thread at a time...
std: :lock guard<std::mutex> lock(m_mutex);
ﬂ Modification of those settings requires administrator rights and valid credentials might need to be entered. SESTK Artermsth CratrDien =t ATre L C At S e i R
' Additionally, they will be persisted system wide even after the monitor is shut down.This may impact application AFTERMATH_CHECK_ERROR (GFSDK_Aftermath_GetCrashDumpStatus (&status));
performance If they are nOt dlsabled' CHECK_AFTERMATH MATCH(status == GFSDK_Aftermath_CrashDump Status InvokingCallback);
= if (status != GFSDK_Aftermath_CrashDump_Status_InvokingCallback)
EERET -
Reset to Default N R, w— e
Output + 0 X
Show output from: General = *a

Nsight Aftermath Monitor Nsight Aftermath SDK

Automatically save GPU crash dumps Full control over GPU crash dump serialization
No code changes necessary Fine grained setup

Control over settings, paths, etc. User markers to narrow down faulting workload
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WE'RE HIRING!

www.nvidia.com/en-us/about-nvidia/careers
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GPU Debugging Tools Engineering Manager
GPU Debugging Tools Engineer

Game Console Developer Tools Engineer
GPU Profiling Tools Engineer

Shader Tools Engineer

Senior UX Designer

Product Manager

...and more!
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