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Full-Screen Pixel Shader

m m

SM = Streaming Multiprocessor
TEX = Texture unit

L2 = Level 2 cache
DRAM = physical video-memory unit
CROP = Color ROP

GOC
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Speed Of Light (SOL) Metrics

m m

“SOL%” = % of Peak Performance

Top SOL%s [ SM:95% | TEX:72% | L2:72% | DRAM:34% | CROP:5% ]

GOC 3 SANVIDIA.



Capturing a Frame from a DX App
Using Nsight Graphics 1.0

File Connection To

) Connect B connect to process
) Connect

Target Platform

2R Windows :
Device: localhost

Launch Attach

Application Executable:
Working Directory:
Command Line Arguments:
Environment:

Automatically Connect: Yes

¥ Frame Debugger is activity offi implified interface for generating C++ Captures of your frames for later

Ll Frame Profiler ana Multiple frames may be collected per n.
Supported APIs: D3D11, D3D12, OpenGL, Vulkan

&k Generate C++ Capture

» Additional Options

4 <ANVIDIA.
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&) NvIDIA HBAO+

Wan11 mhaos Wi 0.0

HARDVARE TITAN V
A0 Resa 10 840 = 2160
ZNear: le+006 ar: 0.0100002

GPU Times ptal:\1.28 Z {0.09, 0.12} AO {0.00, 0.69,
CPU Time ( reateRTs{2433} Renderd0{159}
Allocated Video

NVAPI Current)\N

11} Blur {014, 0.18)
v

L |

TS .. W W —— —

= O

Toggle full screenm
Toggle REF (F3)
Change device (F2)

s
» | Show HBAO#
B Debug Normals

» | GBuffer Normals

Sibenikamam v
1z NSk v

& X
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™ 3 ;

Radius nultiplier: 1.00

—_— |
Bias: 0.2

Seall-scale AO:

— |

Large-scale AO

S

Pover exponent

—_—

Blur sharpness

-

@ BLUR_DISABLED
@ BLUR_RADIUS_2
(O BLUR_RADIUS_4

(O FP16_VIEV_DEPTHS
@ FP32_VIEV_DEPTHS




2 HBAO+ - NVIDIA Nsight Graphics

File Connection C++ Caplure Toock Window

[E* Disconnect X Terminate

Project Explorer

HBAD+

Help
&' Generate C++ Capturs

x

&2 Viewer_2018_03_21_15_05_20.nsight-gfxcppeap

Qutput Image

Application Details

Application: Viewer.exe
Arguments:

Host Name: kocalhost

Capture Date: 3/21/2018 3:05 PM
GPU(s): GeForce GTX 1060

Driver Version: 391.1

Build

Tool Chain:  vs2017
Tools: Build
Build Log:

Run

Status: Not Yet Built

Options: + Reset state between frames

Run:

Open Folder

Capture Statistics
APL: D3D11.3

# Events: 757

# Actions: 9%

Comments



2 HBAO+ - NVIDIA Nsight Graphics
File Connection C++ Capture Tock Window Help
[ Disconnect X Terminate &' Generate C++ Capturs

%GB \Viewer 201E 03 21_ 15 05 D.nsight-ghecppecap X

Project Explorer

HBAD+
&2 Viewer_2018_03_21_15_05_20.nsight-gfxcppeap

Canture Chratictire

Annlicatinn Notaile

Build

Tool Chain:  vs2017
Tools: Build Open Folder

Build Log:



2 HBAO+ - NVIDIA Nsight Graphics

File Connection C++ Capture Tock Window Help

[E* Disconnect X Terminate

Project Explorer

HBAD+

&' Generate C++ Capturs

X *

Annlicatinn Notaile Cantura Gatictire

Build

Tool Chain:  vs2017

Tools: Build Clean Open Folder
Build Log:

LPELELLNE TLLIE AELEdSEZWLIEWET .« L0l0BEAT . LLUE YWUTNSULLESSTULDULIY .

Touching "Releasewwiewer__ .2626BEA9.tloghWiewer_ 2818 83_21 15 85_28.lastbuildstate”.
Done Building Project "C:WUsershlbavoll.NVIDIA.COM\Documents\NWVIDIA Nsight Graphics\HBAD+
WCpplfaptures\Wiewer_ 2818 _83_21_ 15 85_28\Wiewer_ 2818 _83_21_ 15 85_28 vs2817.vcxproj”
(default targets).

Done Building Project "C:WUsershlbavoil.WVIDIA.COMADocumentsWWVIDIA Nsight GraphicshWHBAD+
WCppCaptures'Wiewer_ 2818 _83_21_ 15 85 _28\Wiewer__ 2818_83_21_ 15 85 _28 vs2817.s1ln"
(Viewer__ 2818 83_21 15 85_28 target(s)).

Build succeeded.
g8 Warning(s)
8 Error(s)

Time Elapsed 88:88:86.66



* D & cut % x -I‘ ‘l ) New item ~ @ fig open - FH select all
= NSE Copy path 7] easy access ~ [ eat -] Select none
Pin to Quick Copy Paste Move Copy  Delete Rename New i

e [#] Paste shortat | "\ " 3 folder i o History 5 Invert selection

Clipboard Organize New Open Select
4 = > ThisPC > Documents > NVIDIA Nsight Graphics > HBAO+ DX11 > CppCaptures > Viewer_2018_03_13_13.56_32

~

Name
s Quick access
 Release

& OneDrive [7] databin
= ThisPC & databinrec
v |h] DataScopeh

G ¢ Frame0Part00.cop

¥ Network ¢ FrameReset00.cpp
?_‘j FrameSetup00.cpp
1 Helpers.cpp
(h] Helpersh
¢ Main.cpp
- PerfMarkersReset.cpp
¢ PerfMarkersSetup.cpp
£ ReadOnlyDatabase.cpp
|h] ReadOnlyDatabase.h
] ReplayProcedures.cpp
L':] ReplayProcedures.h
|n] Resourcesh
¢ Resources00.cpp

¥ screenshot_2018_3_13_13_56_34.bmp

¢ Threading.cpp
] Threadingh

[ viewer_2018_03_13_13_56_32.nvcapcpp
[ Viewer_2018_03_13_13_.56_32_vs2013.vc...
[ Viewer_2018_03_13_13_56_32_vs2015sln

1 Viewer_2018_03_13_13_56_32_vs2017.sin

¢ WinResourcesReset.cpp
¢ WinResourcesSetup.cpp

P TP

Date modified

3/13/2018 2:35 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM
3/13/2018 1:56 PM

Type

File folder

BIN File

VLC media file (rec)
C/C++ Header

C++ Source

C++ Source

C++ Source

C++ Source

C/C++ Header

C++ Source

C++ Source

C++ Source

C++ Source

C/C++ Header

C++ Source

C/C++ Header
C/C++ Header

C++ Source
IrfanView BMP File
C++ Source

C/C++ Header
NVCAPCPP File
Microsoft Visual St..
VC++ Project
Microsoft Visual St..
VC++ Project
Microsoft Visual St..
VC++ Project

C++ Source

C++ Source

Size

423,541 KB
3KB
6KB

94 KB
8KB
27 KB
15KB
5KB
5KB
1KB
1KB
19KB
11KB
3KB
1KB
9KB
89 KB
6,076 KB
8KB
5KB
675 KB
2KB
10KB
2KB
10KB
2KB
10KB
1KB
1K8

v O

Search Viewer__2018



Dq Viewer__2018_03_13_13_57_01_vs2015 - Microsoft Visual Studio Yn .'.—" Quick Launch (Ctrl+Q P .
Eile  Edit View Project PBuild Debug Team Jools Test Apalyze Window Help !

Q- -2 W™ - ~| Debug ~ Win32 = P Local Windows Debugger ~ | 5% = Y5 =2 N -
Solution Explorer -~ 1 FrameOPart00.cpp +* X RElE . Main.cpp
¥ Viewer_2018.0313_13.57.01 - (Global Scope) - | @ RunFrame0Part00()

p- - void-RunFrame@Partea()
R Solution Viewer_2018_03_13_13_57_01_vs2015' (1 {
4 % Viewer_2018.03_13_13.57.01 -+ - -BEGIN_DATA_SCOPE_FUNCTION();
b =8 References
= External Dependencies

DataScopeh
Frame0Part00.cpp
FrameReset00.cpp
FrameSetup00.cpp
Helpers.cpp
Helpersh cevoff+Clear-#1-[0...1]
Main.cpp -+« -pID3D11DeviceContext_uid_53->ClearDepthStencilView(pID3D11DepthStencilView uid_S62, ‘1u, -@.8f, -9);
PerfMarkersReset.cpp
PerfMarkersSetup.cpp -+ +-static-ID3D11RenderTargetView® - pID3D11RenderTargetView_temp_1[2]-=-{-NULL, -pID3D11RenderTargetView_uid_553-};
ReadCOnlyDatabase.cpp -+ - -pID3D11DeviceContext_uid_53->0MSetRenderTargets(2u, - pID3D11RenderTargetView_temp_1, -pID3D11DepthStencilView_uid_562);
ReadOnlyDatabase.h
ReplayProcedures.cpp
ReplayProcedures.h
Resources.h
Resources00.cpp
Threading.cpp

--static 11 _VIEWPORT-D3D11_VIEWPORT temp_1[1]-=-{ {@.8F,  0.8f, HexToFloat (@x45700008,/*3848.0F*/), - HexToF loat (@x45070008,/*2168.8f* /), - 8.8F, - HexToF loat (Bx3FB00800,/ *1.0F*/)}- };
- -pID3D11DeviceContext_uid_53-»RSSetViewports(1lu, -D3D11_VIEWPORT temp_1);

<off-Clear-#8-[0...1]
- static FLOAT- FLOAT temp_1[4] =-{ HexToFloat(@x3F800008,/*1.0F*/), -HexToFloat(@x3FB00008,/*1.0f* /), -HexToFloat (@x3F8e0008,/*1.8f*/) - };
- -pID3D11DeviceContext_uid_53->ClearRenderTargetView(pID3D11RenderTargetView_uid_558, -FLOAT temp_1);

- -pID3D11DeviceContext_uid_53->0MSetDepthStencilState(pID3D11DepthStencilState_uvid_86, -1u);

-static: FLOAT- FLOAT temp_2;
- -pID3D11DeviceContext_uid_53-3>0MSetBlendState(pID3D11BlendState_uid_84, -NULL, - @xFFFFFFFFu);

- -pID3D11DeviceContext_uid_53->RSSetState(pID3D11RasterizerState_uid_85);

Threading.h ... .pID3D11DeviceContext_uid_53->VSSetShader (pID3D11VertexShader_uid_98, -NULL, -Bu);

WinResourcesReset.cpp .- -pID3D11DeviceContext_uid_S53->PSSetShader (pID3D11PixelShader uid_91, -NULL,-@u);

WinResourcesSetup.cpp .-+ -pID3D11DeviceContext_uid_53->VSSetConstantBuffers(8u, -1u, -&pID3D11Buffer_uid_83);

- -pID3D11DeviceContext_uid_53-»PSSetConstantBuffers(@u, -1u, -&pID3D11Buffer_uid_83);

- -pID3D11DeviceContext_uid_53->UpdateSubresource(((ID3D11Resource® )pID3D11Buffer_uid_83),-Qu, -NULL,-NV_GET_RESOURCE(void*,-@),-@u,-8u);

--static-UINT-UINT _temp_1[1]-=-{-32u-};
<-static - UINT-UINT_temp_2[1]-=-{-0u-};
- -pID3D11DeviceContext_uid_53->IASetVertexBuffers(Ou, -1u, -&pID3D11Buffer_uid_93, -UINT_temp_1, -UINT_temp_2);

- -pID3D11DeviceContext_uid_53-»IASetIndexBuffer(pID3011Buffer_uid_94, -DXGI_FORMAT_R32_UINT, -@u);
- -pID3D11DeviceContext_uid_53->IASetInputlLayout(pID3D11Inputlayout_uid_8@);
- -pID3D11DeviceContext_uid_53->IASetPrimitiveTopelogy(D3D_PRIMITIVE_TOPOLOGY TRIANGLELIST);

--f/-Draw-#0-[0...89]
- -pID3D11DeviceContext_uid_53->Drawlndexed(234891u, -8u, -@);

- -pID3D11DeviceContext_uid_53-»Begin( ((ID2D11Asynchronous®)pID3011Query_uid_142));
100% ~ 4
Find Results 1
4
Solution Ex... S iew Resource Vi.. C# Interactive Call Hierarchy Error List JEREEVICRN Find Symbol Results

Ln 18 5 INS



File Connecticn C++ Capture

C Disconnect

Project Explorer

Test
&5 Viewer_2018 03.13_..

Took Window Help
X Terminate & Generate C++ Capture
b4 & Viewer_ 2018 03_13 13 56_32.nvcapcpp

Application Details

Application: Viewer.exe
Arguments:

Host Name: localhost
Capture Date: 3/13/2018 1:56 PM
GPU(s): TITAN V

Driver Version: 3911

Build

Tool Chain: vs2017

Run
Status:

Dptions:
Run:

Status: Built

Built

v Reset state betwesn frames

Execute

Options: v/ Reset state between frames

Run: Execute

Connect...

Connect...

Capture Statistics
APT: D3D11.3
# Events: 813

# Actions: 57

Comments



File Connecticn C++ Capture

C Disconnect

Project Explorer

Test
&5 Viewer_2018 03.13_..

Took Window Help
X Terminate & Generate C++ Capture
b4 & Viewer_ 2018 03_13 13 56_32.nvcapcpp

Application Details

Application: Viewer.exe
Arguments:

Host Name: localhost
Capture Date: 3/13/2018 1:56 PM
GPU(s): TITAN V

Driver Version: 3911

Build

Tool Chain: vs2017

Run
Status:

Dptions:
Run:

Status: Built

Built

v Reset state betwesn frames

Execute

Options: v/ Reset state between frames

Run: Execute

Connect...

Connect...

Capture Statistics
APT: D3D11.3
# Events: 813

# Actions: 57

Comments



. Test - NVIDIA Nsight Graphics

File Connecticn C++ Capture Took Window Help

(& Disconnect X 1 =
et Exorer » 2 Connect to process

& Target Platform
iewer_2018 03_13_... = Windows

Dewvice: localhost - +

Launch Attach

Application Executable: 2115 05 20/RelessefWiewer 2018 03_21 15 05 Xexe ¥
Working Directory: \O+fCppCaptures/Viewer 2018 03 21 15 05 X0/Release ¥

Command Line Arguments: -
Environment: —
Automatically Connect: Yes v

Activity

{it Frame Debugger Profile an application frame to view low level parformance metrics and timings of individual events and

4! Frame Profiler user annotated ranges. Also includes real-time signaks graphs and shader performance statistics.

& Generate C++ Capture Supported APIs: D3D11, D3012, OpenGL

*  Additional Options

Cancel Launch

-, ., reman



[ Nvda.Replayer

s 34.8FPS, 28.76 ms/frame
: Active shaders: Uriginal
Hit CtrhZ for HID 160
FUUD r 0100002

GPU Tines {ne) 4 Tote 28 7 {0\ 0.69, 0.11} Blur {0.14, 0.

CPU Time (u eCri Ts{2307
Allocated V nor 0 ¥B

-

NVAPI Current NV §PP“Gr@@hics Cla

u‘

Toggle full screen
Toggle REF (F3)
Change device (F2)

B Shov Colors
)" Show HBAO+
@ Dual Layer A0
M Debug Normals

)| GBuffer Normals

iSibewile =~
1z MSAA v

Radius multiplier: 1.00

Small-scale 40: 1.00
7‘,7
Large-scale A40: 1.00

_,‘,

Pover exponent: 2. 00

Blur sharpness: 16 00
=

BLUR DISABLED
) BLUR_RADIUS 2
BLUR_RADIUS 4

STEP_COUNT_4
) STEP_COTNT_R




Profiler Result for the Whole Frame

API Statistics View x Range Profiler View X

& & &

v Summary 4 Accumulsted Event Times (ms} )0 0.20 0.40 0.60 050 1.00 120 140 160 180 2.00 220 240 2.60 2.80 3.00
Draws: BB Blits: 10 Misc. Data Update: 0 Total: 713 Actions (1 I | | | | L | L L I I D L]
Dispatches: 0 Presents: 1 Non-APL: 1
Clears: 2 Command List Exect 0  Other: 611 All Actions All Actions (3,15 ms - 100.0%)

Perf Markers

E:63 - E:63 (0.4 ms - 13.9 | E:85 - x4 { | E:98 - E:10 | Ex113 - 21 E:145- E:1| E:161- E:1 E:186 - E:195 (0.49 ms - 15.5% t]]

API Call Count™ Avg CP = Pipelined Actions
i - E:121 - E:1 E:137 - E:l E:153 - E:1 E:169 - E: 178 (0.
ID3D1 1 DeviceContext3:P55etShaderResources() &5 e - - - - -
ID2D1 1 DeviceContextZzDraw() 87 = < K
YT
ID2D1 1DeviceContex ASetPrimitiveT opology() =] <
ID2D1 1 DeviceContext2:IASet InputLayout() &8 = i I Range Info - [All Actions] All Actions (3.15 ms - 100.0%) I Summary ¥
ID3D11DeviceContext2:IASetVertexBuffers() &6 <
ID2D11DeviceContext3:Map() 4 < ( i P l l I I . ° 3 1 5 86 | Dispatch Call Count 0
ID3D1 1 DeviceContext3=zUnmap() &4 < | ral I le ] I I le ] [ I I lS 5.7 | Threads (Total/Avg) 0/00
o . . .0 | Instructions {Awg Per Dispatch/Avg Per Thread) 0.0/ 0.0

— x  Measured using D3D timestamp queries

= View:  Hierarchical - L1 3F Arguments:  Varisble + Value v + pipeline Overview Summary -

Event: 712 n | Select a predefined fiter +

Event + Description =
Top S0Ls SM:64.4% | TEX:58.4% | L2:45.5% | DRAM:44.1% | CROP:25.5%
* S Start of Capture =
. ) ) GPU Idle 0.0% | Wait For Idle Count 7
1 ¥ | ResetInitialFrameState - D2DPERF_BeginEvent(D3IDCOLOR ool
i TSL2 Stall Cycles 0,1% | Pixel Shader Barrier Count &
X ID3D1 1 DeviceContext3: CSSetConstant Buffers{UINT StartSlot =
3 ID3ZD1 1 DeviceContext3: CSSetSamplers{UINT StartSlot = [, UINT
SM Active 92.5% | SM Active Threads Per Instruction Executed 99.:4%
4 ID2D1 1 DeviceContext3:CSSetShader{ID3D11ComputeShader® pt X .
SM Active Min/Max Delta 0.7% | SM Warp Stall Long Scoreboard 31.0%
5 ID3D1 1 DeviceContext3: CSSetShaderRes ces(UINT StartSlot =
Suicetante e ————— SM Issue Utilzation Per Active Cycle 9.6% | 5M Warp Stall Barrier 0.0%
g e e SM Occupancy (Active Warps Per Active Cyde) 43,3 | SM Warp Stall Drin £.8%
7 ID3D1 1 DeviceContext3:IASetIndexBuffer{ID3D11Buffer* pInde:
] ID2 D11 DeviceContextZ:LASetInputLayout{ID3D11Inputlayout®
9 ID3D1 1 DeviceContext3:IASetP rimitiveTopology(D3D11_PRIMIT
hli] ID3D11DeviceContextZ:IASetVertexBuffers{UINT StariSlot = 0, ¥ Memory Summary R
11 ID2D1 1 DeviceContext3:VSSetConstant Buffers{UINT StartSlot =
1z ID2D1 1 DeviceContext2:VSSetSamplers{UINT StartSlot = [, UINT L2 S0L 46.5% | FB Read Utilization 28.8%
13 ID3D1 1 DeviceContext3:VSSetShader(ID3D11VertexShader pVeri L2 Hit Rate 80.5% | FB Wirite Utilization 15.3%
L]
‘ NOTE: The prof
able =
-

B Viewrsr M2 0 71 1C OIC W eve (18I0




Profiler Result for the Whole Frame

API Statistics View X Range Profiler View
~ Summary - Accumulsted Event Times (ms) PD D.IID D.IZO 0.|3D 0.71-0 D.IS!D O.F»D D.III 0.?0 0.?0 l.PD l.llﬂ l.IZO l.?D 1.:1-0 l.ISD l.nl':pﬂ l.ITD 1.1|§D l.ISD Z.PD Z.IID Z.IZO 2.?0 2.11-0 Z.ISO 2.”.»0 2.?0 Z.PD 2.|9D 3.1)0 3.|10
Draws: 85 Blits: 10 Misc. Data Update: 0 Total: 713 Actions [ | | | [ | | | | | | | | [ N S u

sy s L . k\\\\\\\\\\\\\\\\\\\\\\(@ﬁ&i&(\\\{\\\\\\\\\\\\\\\\\\

HBAC+ (2.55 ms - 80.9%)
" . Perf Markers  Drawili | DrawDein| DraveCoarseAOPS (157 ms - 49.3%)  DraviReint | DravBlurxPS | | DravBluryes | |
i i@ e : : ; £:63 - E:63 (0.4 ms - 13.99 | Ex05 - Ex94 ( | Exom - Eran [ Evan3 - | 129 - E:1 145 - £ 1161 - 21 Er186 - E:195 (049 ms - 15.5%

ID3D1 1 DeviceContext3:P55et5ShaderResources() =
- .=

Accumulated Event Times (ms) ID'D D.Ilﬂ ﬂ.‘l'!ﬂ ﬂ.iﬂ] ﬂ.-:H] D.:il] ﬂ.'FuD ﬂ.?‘ﬂ H.Fﬂ D.'IEH] I.PD le l.JI'J_"IJ l.iﬂ! l.'I’I-D 1.:51] 1.15-1] 1.?!] I.Fﬂ 1.'|9EI Z.Pﬂ 2.|11] 2."'-_’1] Z.T'H] 2.-|1-ﬂ 2.:51] E.Fﬂ Z.I?'ﬂ Z.IIEI 2.'|9D 3.13]

Actions [ [ [ [ ] [

Al Actons \&\‘m‘m‘m‘m‘m‘m

HEAOH (2.55 ms - 80.9%])

Perf Markers

E:129 - E:1 E:145 - E:1
E:121 - E:1 E:137 - E:1 E:153 - E:1

RTV 63 (1.57 ms - 49.9%)

E:l16l - E: 1

Pipelined Actions

Render Target Ranges . DSV 1 (044 ms - 13.59%) - RTY

Program Ranges . VertexShader 3, PoelShade -

:: = “DrawCoarseAOPS” = 49.9% of the frame

e [ e

VertexShader 4, GeometryShader 1, PixelShader 26 (1.57 ms - 49.9%)

| B8 ID32D1 1 DeviceContaxt3:IASetInputlayout(ID3D11InputLayout*
SM Active 52.5% | SM Active Threads Per Instruction Executed 59.4%
| 9 ID3D1 1 DeviceContaxt3:IASetP rimitive Topology(D3D11_PRIMIT
SM Active Min/Max Delta 0,7% | SM Warp Stall Long Scoreboard 31.0%
I 10 ID32D11DeviceContaxt3:IASatVertexBuffers(UINT StartSlot = 0, e i i
i SM Issue Utilization Per Active Cycle £9.5% | SM Warp Stall Barrier 0.0%
11 ID2D1 1 DeviceContaxt3:VSSetConstantBuffers(UINT StartSlot = = pancy {Active Warps Per Active ) 453 | SM Warp Stall Drain ce
I 1z ID2D1 1 DeviceContaxt3nVSSatSamplers(UINT StartSlot = 0, UINT
I ID2D1 1 DeviceContaxt3:VSSetShader(ID3D11VertexShader® pVert
I 12 ID3D1 1 DeviceContaxt3:VSSetShaderResources({UINT StartShot =
I 1= TN2N1 1 NevicaCantaxt e HSSAH nnctantRuffars| TNT StarGiat = [T *  Memory | Summary -
1 ]

- Viewssr W12 0T 71 1C OC W1 ews [1RICET



Profiling a PerfMarker Range... =275

API Statistics View x Range Profiler View *
P
] 5 &
¥ Summary end Accumulated Event Times {ms)
Draws: 28 Blits: 10  Misc. Data Update: 0 Total: 713 Actions
Dispatch 1] Pr ts: 1 Hon-APT: 1
Clears: 2  Command List Exect 0 Other: 611 All Actions All Actions (3.15 ms - 100.0%)

e — oot e I HEAG+ (2.55 ms - 80.3%
E:145- Eil

Filter:  Enter = filter

API Call Count ™ Avg CP & Pipelined Actions —
ID2D01 1 DeviceContext2:PSSetShaderResources() ] = = 2
ID2D11DeviceContext3:Draw() 7 = Render Targst Ranges RTV 63 (1.57 ms - 49.9%) RTV &1 (0. _ RTV 2 {0.24 m= R
ID3D1 1 DeviceContext3:TASetP rimitiveTopology() (=] = Program Ranges VertexShader 4, GeometryShader 1, PoceiShader 26 (1.57 ms - 49.9%) VertexShat _ ]
ID3D1 1 DeviceContext3:TASetInputlayout() &5 < T
ID3D1 1 DeviceContext3:TASetVertexBuffers() &6 <
IDZD11DeviceContext3:Map() [ =
IDZD11DeviceContext2:Unmap() (=1 = = 4 [
-
Events View x - -
* Range Info - [All Actions] All Actions (3.15 ms - 100.0%) Summary -
@ View: Hierarchical ~| L3 3F Arguments: Warizble + Value -
e 3 Draw Call Count 88 | Dispatch Call Count [i]
Ewent: 712 Filter: Enter a fitter or szlect 2 predefin | Select a predefin r T | |8
API Primitives (Total/ Avg F9702 [ 905.7 otal{Avg ofoo
P P Y Threads
Event « Description - Shaded Peeels (TotalfAvg) 6.1112e+7 [ £34455.0 | Instructions (Avg Per Dispetch/Avg Per Thread) 0.0 f 0.0
* [/ Start of Capture
I 1 ¥ | ResetInitialFrameState - D2 DPERF_BeginEvent{D3DO0OLOR col ~ Pipeline Overview [o— —
I 2 IDZD1 1 DeviceContext2: CSSetConstantBuffers{UINT StartSlot =
| 3 ID2D1 1 DeviceContext2:CSS5etSamplers{UINT StartSlot = 0, UINT
I 4 ID3D1 1 DeviceContext3:CS5etShade r{ID3011ComputeShader® pt
I s ID3D11DeviceContext3:CSSetShaderResources{UINT StartShot = TEpIels SR | TR Rk R | 2RI | R e || SRR
GPU Idle 0.0% | Wait For Idle Count 7
(I ID3D11DeviceContext3::CSSetUnorderedAccessViews(UINT Sta A er un
TSL2 Stall les 0.1% | Pixel Shader Barrier Count 6
I 7 ID3D1 1 DeviceContext3:TASetIndexBuffer(ID3D11Buffer® pInde: Cye
| ] IDZD1 1 DeviceContext3:IASet InputLayout{ID3D11Inputlaycut®
SM Active 52.5% | SM Active Threads Per Instruction Executed 35.4%
| 9 ID3D1 1 DeviceContext2:1ASetP rimitive Topology(D3D11_PRIMIT
SM Active Min/Max Delta 0.7% | SM Warp Stall Long Scoreboard 31.0%
I 10 ID3D1 1 DeviceContext3:TASetVertexBuffers{UINT StariShkot = 0, e . B
SM Issue Uilization Per Active Cydle £9.6% | SM Wanp Stall Barrier 0.0%
I 1 ID2D11DeviceContext3:\VSS5etConstantBuffers(UINT StartSlot = SM Occupancy (Active Warps Per Active Cydl) 49.3 | SM Warp Stall Drain cT
| 12 ID3D1 1 DeviceContext2:VSSetSamplers{UINT StartSlot = 0, UINT
I 13 ID3D1 1 DeviceContext3:V55etShade r{ID3D11VertexShader® pVert
| 14 ID2D11DeviceContext2:VSsSetShade rResources{UINT StartSlot =
I 15 TNANT 1 NeviceCnntext 3 HSSpH nnatant Ruffera | TNT StarSiat = ¥ ~ Memory Summary -
1 [
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HBAO+ - NVI

File Connecticn

Frame Debugger
[E* Disconnect X Terminate

API Statistics View
[®

* Summary

Blits: 10
Presents: 1
Command List Exece 0

Draws: 58
Dispatches: 0
Clears: 2 Other:
* Details

Filter: Ent:

APT Call
ID3D11DeviceContex

=PSSetShaderResources()
=Draw()

ID2D11DeviceContex

ID3D1 1 DeviceContext3:TASetP rimitiveTopology()

ID3D11Devi xt3:TASet InputLayout()

ID3D1 1 DeviceContext3:TASetVertexBuffers()
ID2D1 1 DeviceContex

IDZD1 1 DeviceContex

Events View

2 Wiew: | Hierarchical *  Ls ar  Arguments:

Ewent: 712 Filter: E

Event « Description
®[fF Start of Capture

i -

2 IDZD1 1 DeviceContex

ID3D11Dey

IDZD11DeviceContex

o B

IDZD11D

-l

Misc. Data Update: 0
Hon-APL: 1

ceContext3:CSSetSamplers(UINT StartSlot =

viceContext3:CSSetUnorderedAcce

Took Window Help

[ NextFrame [> Resume é; Export as C++ Capture £ Refrech Event Timings LUl Profile Current Event & Profile Frame @ @

*

Totak: 713

611

g
]
El
a4

Avg CP &~

A S
A

Variable + Value

n | Select a predefined fiter -

ResetInitialFrameState - DZDPERF_BeginEvent{D3IDCOLOR col

= CSSetConstantBuffers{UINT StartSlot =

» UINT

ID3D1 1 DeviceContext3:CS5etShade r{ID3011ComputeShader® pt
CSSetShaderResources{UINT StariSlet =

ID3D1 1 DeviceContext3:TASetIndexBuffer(ID3D11Buffer® pInde:

] IDZD1 1 DeviceContext3:IASet InputLayout{ID3D11Inputlaycut®

9 ID3D1 1 DeviceContext2:1ASetP rimitive Topology(D3D11_PRIMIT

10 ID3D1 1 DeviceContext3:TASetVertexBuffers{UINT StartSlot =

11 ID2D11DeviceContex

12 ID3D1 1 DeviceContext2:VSSetSamplers(UINT StartShot =

13

14 ID2D11DeviceContexts

. - WHE T 3 1C NC W) smem [1EI0S]

VSSetConstantBuffers{UINT StartSlot =

» UINT

wt3:V5SetShade r{ID3D11VertexShader® pVert
VSSetShaderResources{UINT StartSlot =

15 TN2NT 1 NeviceCnntert 2= HSSaH nnstant Buffers| TNT SariSiat = 7
[

Range Profiler View

o5 e

Accumulsted Event Times (ms) 20 0.20 0.40 0.60 0.50 100 120 140 160 180 2.00 220 2.40 2.60 250 3.00
Acki . I ! ! | ] | | I I | | I I I |
ans [ [ [ | [ [ —1
All Actions A1l Acbions (3.15 ms - 100.0%)
Perf Markers —
L N
| OrvCosmAOPSUEms-S2%)
4 »
* Range Info - [Perf Markers] DrawCoarseAOPS (1.57 ms - 49.9%0) Summary -
Draw Call Count 1§ | Dispatch Call Count 0
APT Primitives (Total/Awg) 16 { 1.0 | Threads (Total/Avg) of0.0
Shaded Pixek (Total/Avg) £.2%44e+6 [ 518400.0 | Instructions (Avg Per Dispatch/Avg Per Thread) 0.0/ 0.0
~ Pipeline Overview Summary -
Top 50Ls SM:94.8% | TEX:72.1% | L2:71.5% | DRAM:34.3% | CROP:5.4%
GPU Idle 0.0% | Wait For Idle Count 3
TSL2 Stall Cycles 0.1% | Pixel Shader Barrier Count [i]
SM Active 55.1% | SM Active Threads Per Instruction Executed 39.8%
EM Active Min/Max Delta 0.3% | SM Warp Stall Long Scoreboard 16.4%
SM Issue Utilization Per Active Cydle 95.6% | SM Wanp Stall Barrier 0.0%
M Ocoupancy (Active Warps Per Active Cycle) 46,4 | SM Warp Stall Drain 0.0%
*  Memory Summary -
L2 S0l 71.9% | FE Read Utilization 32.5%
L2 Hit Rate B1.5% | FB Write Utilzation 1.8%
Tex Hit Rate B3.9%

Graphics Range Table -

Transposse



The Top SOL Units = - o

Top SOLs SM:94,8% | TEX:72.1% | L2:71.9% | DRAM:34.3% | CROP:5.4%
GPU Idle 0.0%
T5L2 Stall Cycles 0.1%
M Active 99.1%
SM Active Min/Max Delta 0.3%
SM Issue WHilzation Per Active Cycle 95.6%%
SM Occupancy (Adtive Warps Per Active Cycle) 45,4




The Peak-Perf% Analysis Method

For each “Top SOL%” unit:

If SOL% > 80% =» (A) try removing work from this unit
If SM: By opportunistically skipping instructions using branches (or early depth test)
If SM: By moving math instructions to lookup tables
If TEX: By moving structured-buffer loads to constant-buffer loads, etc.
If SOL% < 60% =» (B) try increasing the SOL% of this unit
By removing “idle cycles” (GPU unit is not doing any work for a % of the time)
By removing “stall cycles” (GPU unit has internal inefficiencies)

By avoiding “slow paths” if possible (e.g. 32-bit index buffers, and FP32x4 textures)
If SOL% in [60,80], do both (A) and (B)

GOC 21 <INVIDIA.



Range Profiling & Async Compute

For DX12, Nsight Frame Captures flatten all async COMPUTE queues
to the main DIRECT queue

For understanding overlaps of async compute work with graphics
work, Nsight GPU Trace can be used

GOC 22 <INVIDIA.



Example DX11 Workload:

Voxelization using UAV Atomics

GPU: GTX 1080




] ] te [ ] #Frame [ Resume &, Export as C++ Capture = Refresh Event Timings L. Profile Current Event  [£3 Profile Frame B m

APT Statistics View

&=

* Summary
Draws: 70 Presents: 1 Other: 3716
Dispatches: 47 Command List Executes 0  Total: 403
Clears: 19 Misc. Data Update: /]
Blits: 44 Non-APIL: 1
* Details
Filter: te
Events View
[#) Wiew: | Hierarchical v L3 3F Arguments: |Variable +Value ¥

Ewvent: 4097 Fitter:

Select 2 predefined filter

Event + Description

20
21

- e MVEE

/f Start of Capture

{BOOL* pFullscreen =
{UINT StartSlot =
{UINT StartSlot =
{UINT StartSlot =
{UINT StartSlot =
{UINT StartSlet =
{UINT StartSket =
{UINT StartSkot =
{UINT StartSlet =
{UINT StartSlot = 0, UINT |
{UINT StartSlet = 0, UINT |
{UINT StartSket = 0, L

{UINT Starl
{ID3D11PelShader® pPicelst
{ID3D11VertexShader® pVerte
(ID3D11GeometryShader® ps
{ID3D11HulIShader® pHuliShs
{ID3D11DomainShader® pDo
{ID3D11ComputeShader® pC

*

{ID3D11Inputlayout® g
-

mnem (1072407

Range Profiler View x
=

o5

Accumulated Event Times {ms) Im O-ISQ 1--?0 1--|50 1-?0 1-:50 3-?0 3-|50 4.?3 4.|50 5.?0 5.|50 6.?0 6.|50 }'.?0 ?.:50 5.?3 S.IS!: :
At ce . ‘. [/l I ¥ _______ _I§if [ [ ||

I 1 I Em [ ] h i (1] I

All Actions All Actions {8.57 ms - 100.09%)
Perf Markers Sample: G-Buffe Tracing: Area Lights (3.24 ms - 37.8%) T Tracing: Area Light Interpolstion (1.86 ms - Tracing: Area Light 5=

. T T L = | cov commmoow [ cemso oo cas]  sams-casnimsm-zsw (]| B
IpEhine: ons
TN === T | =

Pamdor Tt Bammas m MYCL 1 [ £Q e 0TV 3 0TV I NC DT C 0TV E 11,01 e - 31 1040 BTW I MNO) me-@  BTURINA ot
L] L]
sasaes
* Range Info - [Perf Markers] Combined Voxelization (0.68 ms - 8.0040) Summary v
Draw Call Count 100 | Dispatch Call Count [i]
APT Primitives {Total/Avg) 264165 [ 2641.7 | Threads (Total/Avg) 0/00
Shaded Pieels (TotalfAvg) 1.17541e+6 [ 112%4.1 | Instructions (Avg Per Dispatch/Avg Per Thread) 0.0/ 0.0

* Pipeline Overview Summary v
Toocols NPC2E00 | 2L sk | 22060 | DRAN;S.S% | PDII2N,
GPU Idle 0.0% | Wit For Idle Count 103
0.1% | Pixel Shader Barrier Count [}

GPU Idle: 0.0%

v . . (0} 55.5% | SM Active Threads Per Instruction Executed 75.3%
ctive ) = o Q 14.3% | SM Warp Stzll Long Scoreboard 9.3%

iuemtrmu l] m ] ted at a l l 35.5% | SM Warp Stall Barrier 0.0%

SM Occupancy {Adctive Warps Per Active Cycle) 10.3 | SM Warp Stall Drain 1.4%
* Memory Summary -
L2 SOL 20.6% | FB Read Utilization 9.1%
L2 Hit Rate 95.7% | FE Write Utilization 0.4%
Tex Hit Rate 76.9%
*  User Metrics Graphics Range Table



I O p S O LS Mext Frame [ Resume &, Export as C++ Capture = Refresh Event Timings LU Profie Current Event 24 Profile Frame B m

API Statistics View x Range Profiler View x
= oo &
* Summary - Accumulzted Event Times (ms) Im O-ISQ 1--?0 1--|50 1-?0 1-:50 3-?0 3-|50 4.?3 4.|50 5.?0 5.|50 6.?0 6.|50 :.?0 ;.:50 5.?3 S.IS!:
Draws: 270 Presents: 1 Other: 3715 Acti ce . ‘. [/l I ¥ _______ _I§if [ [ ||
s I I =m ] p e 1} .

Dispatches: 47 Command List Executes 0  Total: 403
Clears: 19 Misc. Data Update: 0 All Actions
Blits: e LEReE U Perf Markers Tl Sample: G-Buffe Tracing: Arsa Lights (3.24 ms - 37.89%) T Tracing: Ares Light Interpolation (L85 ms - Tracing: Area Light S=

SRR
[ oo G (s ziow) |ceens ean o |cowncas | Eases s seme-aiom) ][] B
I =

All Actions (8.57 ms - 100.0%)

¥ Details N imsiiinel | B
., [— e e I jm 1 EZEom

Pamdor Tt Bammas m MYCL 1 [ £Q e 0TV 3 0TV I NC DT C 0TV E 11,01 e - 31 1040 BTW I MNO) me-@  BTURINA ot
Events View = 1 L4
[#) Wiew: | Hierarchical v L3 3F Arguments: |Variable +Value ¥ .
* Range Info - [Perf Markers] Combined Voxelization (0.68 ms - 8.0040) Summary v
Ewvent: 4097 Fitter: Enter = filter or select 2 predefi | Select a predefined filter
B Draw Call Count 100 | Di h Call Count (i}
Event =« Description = = “n spatc n
Sp— A [ 7 r e 10,
*  Jf Start of Capture APT Primitives {Total/Avg) 264165 [ 2641.7 | Threads (Total/Avg) 0/00
X Shaded Pieels (TotalfAvg) 1.17541e+6 [ 112%4.1 | Instructions (Avg Per Dispatch/Avg Per Thread) 0.0/ 0.0
1 {BOOL* pFullscreen =
2 {UINT StartSlot =
3 {UINT Sta Bipeline Overview Summary b
(] L] L] (] o
5 NT StartShket =
= HmrEEEri= Top S0Ls VPC:25.0% | SM:21.1% | L2:20.6% | DRAM:9.5% | PD:3.2%
i T EEER = Lmu-_ pomwb it For Idle Count 103
£ (UINT Starislot = TSL2 Stall Cycles 0.1% | Pisel Shader Barrier Count 0
9 {UINT StartSlet =
10 {UINT StartSkot = 0, UINT | SM Active 55.5% | SM Active Threads Per Instruction Executed 75.3%
11 (UINT StartSlot = 0, UINT | SM Active Min/Max Delta 14.3% | SM Warp Stzll Long Scoreboard 9.3%
iz {UINT StartSket = 0, L SM Issue Utilization Per Active Cydle 35.5% | SM Warp Stall Barrier 0.0%
13 SM Occupancy {Adctive Warps Per Active Cycle) 10.3 | SM Warp Stall Drain 1.4%
14 {UINT Starl
15 {ID3D11PelShader® pPicelst
16 []D3D11\."ertax5hader" pVerts
. * Memory Summary -
VPC = ViewPort Cullmg unit . Sy TE—

Rate 55.7% | FE Wirite Utilization 0.4%

SM = Streaming Multiprocessor .
L2 = Level 2 Cache

. e FVEE meem [10TANT

Metrics Graphics Range Table



[ ]
“ SM A t ?
C ] Ve 4 Mest Frame [ Resume &, Export as C++ Capture = Refrezh Event Timings LU Profie Current Event 24 Profile Frame B m

API Statistics View x Range Profiler View x
[ oo &

* Summary - Accumulzted Event Times (ms) Im O-ISQ 1--?0 1--|50 1-?0 1-:50 3-?0 3-|50 4.?3 4.|50 5.?0 5.|50 6.?0 6.|50 :.?0 ;.:50 5.?3 S.IS!:
T 770 Presents: 1 Other 3716 A llﬂﬂr:ll--lh—llhlll-l_l_l—- T '"hhr__ l-l
Dispatches: 47 Command List Executes 0  Total: 403
Clears: 19 Misc. Data Update: 0 All Actions Al Actions (8.57 ms - 100.0%)
= e LERE U perf Markers ey Sample: G-Buffe Tracing: Ares Lights (3.24 ms - 37.8%) T Tracing: Ares Light Interpolztion (1.85 ms - Tracing: Ares Light 5=

RN
¥ Details R il | ¥
., [— e e I jm 1 EZEom

E:2346 - E:2371 (L85 ms - 21.6%) E:2413 - E:2438 (0. | E:2980 - E225 [ ||| | E:2ee7 - E:2 E3
| =

Pamdor Tt Bammas m MYCL 1 [ £Q e 0TV 3 0TV I NC DT C 0TV E 11,01 e - 31 1040 BTW I MNO) me-@  BTURINA ot
Events View = 1 L4
[#) Wiew: | Hierarchical v L3 3F Arguments: |Variable +Value ¥ .
* Range Info - [Perf Markers] Combined Voxelization (0.68 ms - 8.0040) Summary v
Ewvent: 4097 Fitter: Enter = filter or select 2 predefi | Select a predefined filter
B Draw Call Count 100 | Di h Call Count (i}
Event =« Description = = H spatc o
Sp— A [ 7 r e 10,
*  Jf Start of Capture APT Primitives {Total/Avg) 264165 [ 2641.7 | Threads (Total/Avg) 0/00
X Shaded Pieels (TotalfAvg) 1.17541e+6 [ 112%4.1 | Instructions (Avg Per Dispatch/Avg Per Thread) 0.0/ 0.0
1 {BOOL* pFullscreen =
2 {UINT StartSlot =
3 {UINT StartSict = * Pipeline Overview Summary v
4 {UINT StartSlot =
5 {UINT StartSlot =
= HmrEEEri= Top S0Ls VPC:35.0% | SM:21.1% | L2:20.6% | DRAM:3.5% | PD:3.2%
i T EEER = PU I . 0.0% | Wit For Idle Count 103
. _ .
£ (UINT Starislot = i Actlve . 0.1% | Pisel Shader Barrier Count 0
9 {UINT StartSlet =
10 {UINT StartSkot = 0, UINT | SM Active 55.5% | SM Active Threads Per Instruction Executed 75.3%
11 (UINT StartSlot = 0, UINT | TPE TN, =X 13370 | SM Warp Stall Long Scoreboard 9.3%
iz {UINT StartSket = 0, L SM Issue Utilization Per Active Cydle 35.5% | SM Warp Stall Barrier 0.0%
13 SM Occupancy {Adctive Warps Per Active Cycle) 10.3 | SM Warp Stall Drain 1.4%
14 {UINT Starl
15 {ID3D11PelShader® pPicelst
16 {ID3D11VertexShader® pVerte
X * Memory Summary -
17 {ID3D11GeometryShader® ps
18
° ° °
{3 . O 5.1%
: ctive o O e Cycles with at teast one active warp
° 0.4%
20
p3l (ID3D11InputLayout® p - -
-
4 »
*  User Metrics Graphics Range Table
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2 Voxelization - NVIDIA N

File Connection Frame Debugger Took Window Help

[ Disconnect X Terminate 4 Mest Frame [ Resume &, Export as C++ Capture = Refresh Event Timings LM Profie Current Event 24 Profile Frame B m
API Statistics View x Range Profiler View x
= oo &
* Summary — Accumulated Event Times {ms) Im '3-|50 1--?0 1--|50 1-?0 1-:50 3-?0 3-|50 4-?3 4-|50 5-P0 5-|50 '5-?0 '5-|50 :.?0 :.:50 5-?3 5-|5’3
Draws: 170 Presents: 1 Other: 3715 e o o o o o ] N N || S | S O S — 1 ¢ I — -
I 1 I Em [ ] h i (1] I

Dispatches: 47 Command List Executes 0  Total: 403
Clears: 13 Misc. Data Update: 0 All Actions

Blits: 44 Non-APL: 1 perf Markers Sample: G-Buffe Tracing: Ares Lights (3.24 ms - 37.8%) T Tracing: Ares Light Interpolztion (1.85 ms - Tracing: Ares Light 5=

- Detats N T L] W= o camamm mow oo com oo s | o casnasm-am ]| B
Pipelined Actions
Fiter: E filter . I "I. II I E n II | @

All Actions (8.57 ms - 100.0%)

Pamdor Tt Bammas m MYCL 1 [ £Q e 0TV 3 0TV I NC DT C 0TV E 11,01 e - 31 1040 BTW I MNO) me-@  BTURINA ot
Events View = 1 L4
sasaes
[#) Wiew: | Hierarchical v L3 3F Arguments: |Variable +Value ¥ .
‘Draw-Call-Count:»100- R
L]
Ewvent: 4097 Filter: E filter or i Select a predefined fiter ¥
B Draw Call Count 100|D' h Call Count (i}
Event =« Description = I v 0 spatc n
APT Primitives | Totzl A 264165 [ 2641.7 | Threads {Total/Ax 0/00
*  Jf Start of Caplure E——— v : : A= ) :
X Shaded Pieels (TotalfAvg) 1.17541e+6 [ 112%4.1 | Instructions (Avg Per Dispatch/Avg Per Thread) 0.0/ 0.0
1 {BOOL* pFullscreen =
2 {UINT StartSlot =
3 [UINT StartShot = * Pipeline Overview Summary -
4 {UINT StartSlot =
Ld
: - Wait For Idle (WFI) Count:
. [ ]
= HmrEEEri= Top S0Ls VPC:35.0% | SM:21.1% | L2:20.6% | DRAM:3.5% | PD:3.2%
i T EEER = GPU Idle 0.09 | watt For Idle Count 103 I
£ (UINT Starislot = TSL2 Stall Cycles 0.1% | Pesel Shader Barrier Count 0
9 {UINT StartSlet =
10 {UINT StartSkot = 0, UINT | SM Active 55.5% | SM Active Threads Per Instruction Executed 75.3%
11 (UINT StartSlot = 0, UINT | SM Active Min/Max Delta 14.3% | SM Warp Stzll Long Scoreboard 9.3%
iz {UINT StartSket = 0, L SM Issue Utilization Per Active Cydle 35.5% | SM Warp Stall Barrier 0.0%
13 SM Occupancy {Adctive Warps Per Active Cycle) 10.3 | SM Warp Stall Drain 1.4%
14 {UINT Starl
15 {ID3D11PelShader® pPicelst
16 {ID3D11VertexShader® pVerte
X * Memory Summary -
17 {ID3D11GeometryShader® ps
18 {ID3D11HulIShader® pHuliShs
. . L2 SOL 20.6% | FB Read Utilization 9.1%
1% {ID3D11DomainShader® pDo
X L2 Hit Rate 95.7% | FE Write Utilization 0.4%
20 {ID3D11ComputeShader® pC
i Tex Hit Rate 76.9%
21 (ID3D11Inputlayout® p
-
4 »
*  User Metrics Graphics Range Table
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DX11 Driver Behavior

By default: Serialize Draw calls with bound UAV in common

GPU Wait For Idle (WFI)

GOC 28 <INVIDIA.



DX11 Driver Behavior

Optimized: Concurrent Draw Calls

NVAPI_D3D11 BeginUAVOverlap NVAPI_D3D11 EndUAVOverlap

GOC 29 SINVIDIA.



UAV-Overlap Optimization

Add NvAPI_D3D11_{Begin,End}UAVOverlap

WFI Count 103 3
VPC:25.0% VPC:52.3% VPC: 2.1x
Top SOLs SM:21.1% SM:44.3% SM: 2.1x
L2:20.6% L2:42.6% L2: 2.1x
SM Active% 59.1% 95.1% 1.6Xx

GPU Elapsed Time 0.69 ms 0.38 ms 1.8x Gain




The Peak-Perf% Analysis Method

BEFORE: Top SOLs: [ VPC:25.0% | SM:21.1% | L2:20.6% ]
AFTER: Top SOLs: [ VPC:52.3% | SM:44.3% | L2:42.6% ]
For each “Top SOL%” unit:

1. 1f SOL% > 80% = (A) try removing work from this unit
2. If SOL% < 60% =» (B) try increasing the SOL% of this unit

By removing “idle cycles” (GPU unit is not doing any work for a % of the time)

By removing “stall cycles” (GPU unit has internal inefficiencies)

By avoiding “slow paths” if possible (e.g. avoiding 32-bit index buffers, and avoiding
FP32x4 texture formats).

3. If SOL% in [60,80], do both (A) and (B)
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Example Workload:

Drawing Tiny Triangles

GPU: GTX 1080




_
Index Buffer Format = R32_UINT
With all indices >= USHORT MAX replaced with 0 il (& Prote e |8/

*
oo &
> 5 nary Accum d Event Times (ms) L zl. 4|: El: El: ::I: :El: :-}: _EIZ :E;: E:IZ EEIZ E-}:
Draws: 20458 Command List Executes 0 Actions
Dispatches: 108 Misc. Data Update: 0
Clears: 12 Non-APT: i All Actions ot 254,43 ms - 1
Blits: 43541 Other: 231875 D DraveGBuffer
Presents: 1 Total: 235044 DraweGBuffer mic em
- 1 DraviSpotOrPointShad rectio
1zEL Perf Markers - = -
D6.1 DrawSpotOrPointShado 1 DrawSpotOrPointShad rectio
paL . . . o
API Primitive Count: 22,657,500
| .
Shaded.Pixels:.0
| - L]aud ar er‘l]&. navrtascade 2 (5.09 ms - 2.0040) Summary ¥
Draw Call ¢ 4
APT Primiti T 2.2657 5 130215.2 T
aded Pocels (T ct Per Dispatc Per Thread) 0.0 [ 0.0
Ex *
= . ) § Faoa
i Vies Higrarchica Laoar o o 0 Summzry
" Top SOLs [ PD:64.1% | VPC:46.7% | DRAM: 36. 24]
Event Description Top SOLs PD:64.1% | VPC:46.7% | DRAM:3 L2:18.0% | SM:8.5%% | =M Issue Utilization Per Elapsed Cyde
GPUT D n Per Cy
1 Wait For Idle Count ct s Per Act
2 3 Ae=b ¥ . (y 35.3%
f GPU Idte: 0.0%
3 T5L2 Stall Cycles % 0.0% | SM Active Min/Max Delta 1.39
4 SM Active Threads Per Instruction Executed 31.7
5

*  Memory

DRAM Read Utilization: 35.9%

18.0% | FB Read Utilization
L2 Hit Rat

PD = Pr1m1t1ve Dlstnbutor unit
VPC = ViewPort Culling unit

“DRAM Read Utilization”: % of cycles that a DRAM read request is active

Range

32.5% [ Fo wviie Ui

ResourcelockCount




Index-Buffer Format Optimization
32->16 bits per index

PD:64.1% PD:80.5% PD:1.3x
Top SOLs VPC:46.7% VPC:58.7% VPC:1.3x
DRAM:36.2% DRAM:28.5% DRAM: 0.8x
DRAM Read Utilization 36% 28% 0.78x

GPU Elapsed Time 5.09 ms 2.37 ms 2.1x Gain




The Peak-Perf% Analysis Method

BEFORE: Top SOLs: [ PD:64.1% | VPC:46.7% | DRAM:36.2% ]
AFTER: Top SOLs: [ PD:80.5% | VPC:58.7% | DRAM:28.5% ]

For each “Top SOL%” unit:
If SOL% > 80% =» (A) try removing work from this unit
If SOL% < 60% =» (B) try increasing the SOL% of this unit

By removing “idle cycles” (GPU unit is not doing any work for a % of the time)

By removing “stall cycles” (GPU unit has internal inefficiencies)

By avoiding “slow paths” if possible (e.g. 32-bit index buffers, and FP32x4 textures)

If SOL% in [60,80], do both (A) and (B)
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Example Workload:

Light-Tile Culling Compute Shader

GPU: GTX 1080




Light Tile Culling CS N |
Thread-group size = 64 -

“SM Issue Utilization” < 60% AND “SM Warp Stall Barrier” > 20%
= SM perf is limited by synchronization stalls from
GroupMemoryBarrierWithGroupSync() instructions

Top SOLs [ SM: | TEX:3.4% | L2:1.8% 1"
SMIssue Utilization: 5% | 54 v it omg
SM Warp Stall Barrier:

SM Issue Utilization: The % of SM active cycles a SM scheduler issued at least one instruction
SM Warp Stall Barrier: % of active warps that were stalled waiting for sibling warps at a CTA barrier



Elapsed
Cycles

GOC

BEFORE: 2-Warp Thread Groups

1 Warp (32 Threads) 1 Warp (32 Threads)

GroupMemoryBarrierWithGroupSync() GroupMemoryBarrierWithGroupSync()

for (uint i = groupIndex; for (uint i = groupIndex;
i < lightCount; 1< llghtCognt;
i += groupSize ) i += groupSize )..

CullLight(i,..) GroupMemoryBarrierWithGroupSync()

GroupMemoryBarrierWithGroupSync()

40 <4 NVIDIA.



AFTER: 1-Warp Thread Groups

1 Warp (32 Threads)

GroupMemoryBarrierWithGroupSync()

for (uint i = grouplndex;
i < lightCount;
i += groupSize )

CullLight(i,..)

Elapsed GroupMemoryBarrierWithGroupSync()
Cycles
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AFTER: 1-Warp Thread Groups

1 Warp (32 Threads)

GroupMemoryBarrierWithGroupSync()

for (uint i = grouplndex;
i < lightCount;
i += groupSize )

CullLight(i,..)

Elapsed GroupMemoryBarrierWithGroupSync()
Cycles

For single-warp thread groups, barrier instructions are free on NVIDIA GPUs.
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Thread-Group Size Reduction:
64 threads -> 32 threads

Top SOL SM:41.9% SM:73.7% SM:1.76x
SM Issue Utilization 42.6% 76.6% 1.80x
SM Occupancy

(Active Warps) 34.3 31.2 0.91x

GPU Elapsed Time 1.10 ms 0.33ms 3.3x Gain




The Peak-Perf% Analysis Method

BEFORE: Top SOLs: [ SM:41.9% | TEX:3.4% | L2:1.8% ]
AFTER: Top SOLs: [ SM:73.7% | TEX:4.9% | L2:4.2% ]

For each “Top SOL%” unit (from high to low SOL%):
1. 1f SOL% > 80% = (A) try removing work from this unit
2. If SOL% < 60% =» (B) try increasing the SOL% of this unit

By removing “idle cycles” (GPU unit is not doing any work for a % of the time)

By removing “stall cycles”: SM Warp Stalls on Shared-Memory Barriers

By avoiding “slow paths” if possible (e.g. 32-bit index buffers, and FP32x4 textures)
3. If SOL% in [60,80], do both (A) and (B)
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Example Workload:
Ray-Marched SSAO



Full-Screen Pixel Shader
with per-pixel jittering of ray directions

&

1214Op, 8 rays per pixel, stride=4 pixels

GPU: GTX 1080




Ray-Marched SSAQO

Full-Screen Pixel Shad
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Ray-Marched SSAQO

Full-Screen Pixel Shad

¥ Summary
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Dispatches: 0 Command List Executes 0 Total: 798
Clears: 2 Misc. Data Update: 0
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* Details
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API Call Count Avg C
a1
a0
a0
79
77
76
Events View
= Hierarchical L1 ar Arguments: Variable + Value
Event: 797 Filter: Select a predefined filter
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Ray - Ma rC h ed SSAO Resume &k Export as C++ Capture & Refresh Event Timings Lil Profile Current Evert |3 Profie Frame  [A) [8)
Full-Screen Pixel Shader .

= =
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“SM Warp Stall Long Scoreboard”:

% of active warps that were stalled waiting for a scoreboard dependency on a TEX operation
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Our Solution:
“Interleaved Rendering”

Render each sampling pattern separately,
using downsampled input textures




Assumption:

Interleaved Sampling Patterns

NxN sampling patterns
interleaved on screen

Typical sampling strategy for SSAO,
SSDO, SSR, etc.

Per-pixel jitter seed fetched from a
tiled “jitter texture”




MARCH 25-289, 2013 GDCONF.COM

STEP 1: Deinterleave Input

1 Draw call
with 4xMRTs

=)

Full-Resolution Half-Resolution
Input Texture 2D Texture Array
Width = W Width = iDivUp(W,2)

Height = H Height = iDivUp(H,2)




STEP 2: Jitter-Free Sampling

Input: Texture Array A (slices 0,1,2,3)

il Drawlv 1 Draw ‘v

Output: Texture Array B (slices 0,1,2,3)




MARCH 25-29, 2013 GDCONF.COM

STEP 3: Interleave Results

1 Draw call

N

With 1 Tex2DArray
fetch per pixel




Full-Screen Pixel Shader
AO GPU Time: 6.77 ms




Interleaved Rendering (3 Steps)
AO GPU Time: 0.10 + 5.04 + 0.08 = 5.22 ms




Interleaved Rendering Optimization

L2:80.3% L2:11.3% L2:0.14x
Top SOLs SM:56.0% SM:78.8% SM:1.4x

TEX:37.0% TEX:32.4% TEX:0.9x
SM Issue Utilization 56% 73% 1.3X
SM Warp Stall 489 28% 0.6x

Long Scoreboard



2x Partial Loop Unrolling

do

{
// Calculate RayXYZ_1
// Advance Ray

} while (

)s

do
{

// Calculate RayXYZ_1
// Advance Ray

// Calculate RayXYZ_2
// Advance Ray

} while (

)s

GOC
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2x Partial Loop Unrolling

SM:78.8% SM:88.6% SM:1.1x
Top SOLs TEX:32.4% TEX:37.4% TEX:1.2x
L2:11.3% | L2:9.9% | L2:0.9x
SM Issue Utilization 73% 84% 1.15x
SM Occupancy
(Active Warps) 39.0 33.8 0.87x

GPU Elapsed Time 5.04 ms 4.53 ms 11% Gain




The Peak-Perf% Analysis Method

BEFORE: Top SOLs: [ L2:80.3% | SM:56.0% | TEX:37.0% ]
AFTER: Top SOLs: [ L2:9.9% | SM:88.6% | TEX:37.4% ]

For each “Top SOL%” unit:
1. 1f SOL% > 80% = (A) try removing work from this unit

Reduce the number of TEX->L2 requests by improving the TEX hit rate
2. If SOL% < 60% =» (B) try increasing the SOL% of this unit

By removing “idle cycles” (GPU unit is not doing any work for a % of the time)

By removing “stall cycles” (GPU unit has internal inefficiencies)

By avoiding “slow paths” if possible (e.g. 32-bit index buffers, and FP32x4 textures)
3. If SOL% in [60,80], do both (A) and (B)
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The Peak-Perf% Analysis Method

BEFORE: Top SOLs: [ L2:80.3% | SM:56.0% | TEX:37.0% ]
AFTER: Top SOLs: [ L2:9.9% | SM:88.6% | TEX:37.4% ]

For each “Top SOL%” unit:

1. If SOL% > 80% =» (A) try removing work from this unit
2. If SOL% < 60% =» (B) try increasing the SOL% of this unit

By removing “idle cycles” (GPU unit is not doing any work for a % of the time)

By removing “stall cycles”: SM Warp Stalls on TEX dependencies

By avoiding “slow paths” if possible (e.g. 32-bit index buffers, and FP32x4 textures)
3. If SOL% in [60,80], do both (A) and (B)
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DX12 Advanced Topic:

Binding SRV Descriptors

GPU: GTX 1080




The TSL1 & TSL2 Caches

SRV Slot + If SRV desc or If SRV desc or
Sampler Slot + sampler desc sampler desc
Tex Coords not in TEX/L1 not in TSL2

ST

SRV descriptor contains texture metadata (type, dimensions, format, etc)
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2 BindlessTex - NVIDIA Nsight Graphics

File Connection

Frame Debugger
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Typical DX12 SRV Binding Pattern

Draw call 1

Draw call 2

2 Draw Calls with same Root Signature
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Typical DX12 SRV Binding Pattern

SetGraphicsRootDescriptorTable

CopyDescriptorsSimple

e [O] SRV 1
[1] SRV 2
[2] SRV 3
[3] SRV 1

[4] SRV 7
[5] SRV 3

Non-Shader-Visible Shader-Visible
SRV Descriptor Heap SRV Descriptor Heap
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The Problem: Redundant Heap Entries

SetGraphicsRootDescriptorTable
CopyDescriptorsSimple

=  [0] SRV 1 >
[1] SRV 2
[2] SRV 3
[3] SRV 1

v

[4] SRV 7
[5] SRV 3

TSL1 & TSL2 caches use heap indices as tags

coc =» Redundant entries in the shader-visible heap = TSL1 & TSL2 cache thrashing ® .
70 <4 NVIDIA.



Solution #1: Split SRV Ranges

SetGraphicsRootDescriptorTable

CopyDescriptorsSimple
— [0] SRV 1

[1] SRV 2

[2] SRV 3

[3] SRV 7
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Solution #2: Shader SRV Indexing

SetGraphicsRootDescriptorTable

+ Dynamically index SRV descriptor in shaders

Shader-Visible : . s :
SO Nee Using per-draw-call indices stored in a Root CBV
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Split SRV Ranges vs Shader SRV Indexing

Shader SRV Indexing
© Unique SRVs in shader-visible descriptor heap
© No CopyDescriptorsSimple calls used

@ Slight SM overhead (extra registers & instructions injected by driver)

Split SRV Ranges
@ CopyDescriptorsSimple CPU overhead
@ SetGraphicsRootDescriptorTable CPU & GPU overhead
© Can use the same shader byte code on DX12 & DX11
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DX12 Advanced Topic:

Pixel Shader Barriers

GPU: GTX 1080




GOC

Pixel Shader Barriers (PSBs)

PSB == lightweight WFI (Wait For Idle) for PS-to-PS dependencies.

Hardware command available on Maxwell and beyond.

Used automatically by our driver on DX11.

On DX12, used in ResourceBarrier Transition calls with:
StateBefore = D3D12_RESOURCE_STATE_RENDER_TARGET
StateAfter = D3D12_RESOURCE_STATE_PIXEL_SHADER_RESOURCE

All other transitions map to full-pipeline WFls.

76

NVIDIA.



File Connection
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ResourceBarrier Flag Optimization

TEX:35.4% TEX:40.5% TEX:1.1x
Top SOLs L2:33.3% L2:38.3% L2:1.2x

SM:29.9% DRAM:36.1% DRAM:1.2x
Wait For Idle 44 13

Count

GPU Elapsed Time 0.39 ms 0.29 ms 26% Gain




Conclusion

Nsight Graphics 1.0
Makes it easier to export frames to C++ and build them as EXE

Exposes powerful hardware metrics in the Range Profiler

Blog post for more details:

Demo of Nsight Graphics at NVIDIA Expo Booth
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https://devblogs.nvidia.com/the-peak-performance-analysis-method-for-optimizing-any-gpu-workload/
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