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Computational Graphics Enabled >

NVIDIA

* Problem: Complexity of Computation Graphics
¢ Solution: Kepler with Maximus™ & CUDA® 5.0
* How To: NVIDIA® Nsight™ Visual Studio Edition
® Questions?




Complexity of Computational Graphics N>

NVIDIA

Real-World Physics Real-World Materials
During Interactive Design During Interactive Design
v Mechanical Dynamics v’ Physical Properties

v" Fluid Dynamics v' Photorealism

v’ Light Simulation v’ Global Lighting




Complexity of Computational Graphics N>

NVIDIA

1 0alB | B
~{ oevepers P+

~ Menoce]

Real-World Physics in High-Performance
Scene Design Parallel Processing
v’ Smoke v’ Color Correction

v" Fluid Dynamics v’ Effects

v’ Light Simulation v GPU Rendering

Smoke effects created on NVIDIA Maximus for MIB3 courtesy Sony Pictures Real-time rendering on NVIDIA Maximus for GDC courtesy Dawnrunner Prod.



Complexity of Computational Graphics N>

NVIDIA

Traditional
Workstation

L)[j‘;JJL_jJJfJ‘/'ArJ';J[j‘lJJJ;

NVIDIA® Maximus™
Workstation




Solution: Kepler, Maximus & CUDA 5.0 <3

nvIDIA
...tamed by Nsight
* Kepler Architecture
® SMX, Dynamic Parallelism, Bindless Textures, Quadro K5000
FXAA/TXAA, PCle Gen3, HW H.264 encode, 4 displays RisLatization
* Maximus +
® Quadro runs graphics (OpenGL/Direct3D) Tesla K20

Computation

® Teslahandles computation

® Seamlessly supported by over 22 professional
applications

* CUDAS.0 *
® Dynamic Parallelism
* RDMA for GPUDirect <A NVIDIA

® GPU Library Object Linking CUDA @



Complexity of Computational Graphics N>

NVIDIA.

Computational Workflow




Complexity of Computational Graphics N>

NVIDIA.

Memory Transfers




NVIDIA® Nsight™ Visual Studio Edition <3

NVIDIA

Visual Studio integrated development for GPU and CPU

Build Debug  Profile

PARTNER




Microsoft® ((D]
= |

NVIDIA Nsight® @1 Visual Studio Edition

GPU Debugger Frame Debugger System Analysis

GPU native Compute and Graphics debugging Real-time inspection of Graphics APIs View CPU & GPU events on a single timeline

GPU breakpoints including complex conditionals Investigate GPU pipeline state Examine workload dependencies/memory transfers

GPU memory views and exception reporting See contributing fragments with Pixel History CPU/OS, File I/0, Compute, Graphics API Trace
Profile frames to find GPU bottlenecks Capture call stack and jump to source

Dynamic Shader Editing

Free and Integrated into Visual Studio 2008 and 2010




NVIDIA Nsight 3.0 — CUDA Features <3

NVIDIA

)

Maximus support - debug CUDA and Graphics
CUDA 5.0
Advanced CUDA Profiling

® Source correlated profiling

¢ Dynamic kernels and memory transfer tracing
View interop surfaces while debugging CUDA
Debug and trace dynamic kernels
CUDA library usage

)

-

)

»

-




NVIDIA Nsight 3.0 — Graphics Features <3

* Single GPU Debugging for Graphics
¢ Support for OpenGL

C

0

0

0

G

C

NVIDIA

All new GUI

GLSL Shader Debugging
Frame Debugger

Frame Profiler

Pixel History

Starting with 4.2 Core functions, more to come...




Demo Application: FluidsGL .f,?zm

¢ Developed by Cliff Woolley & Nolan Goodnight geesrmmrrsrrrrm—
¢ Compute the fluid simulation on one GPU . ﬂ

¢ Simple fluids solver for the Navier-Stokes
equations for incompressible flow

® Jos Stam’s FFT-based stable fluids system

¢ Render the results in OpenGL on second GPU

¢ Diffuse texture & normal map

¢ Samplein UV space & screen space then
blend

® Gives look that there is a 2"d draw call in
the background

"‘ A . oMt "
: 2 i ” 'g: \ g 'm'{'\
sl

sy gg e = 2 I
g d i
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Demo: Setup your CUDA project

Type: CUDA

t that uses the CUD: ) runtime

2l CUDA S0 Runtime

Ad

Online Templates

Lacation:

Solution:

I Selution nam: <En n | Create direc

- Cageel

CUDA Toolkit Custom
m path to the CU




Demo: Launching...

Start Nsight Monitor

Music
Computer
Control Panel

Devices and Printers

Default Programs

Help and Support

Configure Parallel Nsight Project Settings

@

NVIDIA

Window Help
3 | | [# |Pop
Start GPU Debugging

Start GPU Debugging

Enable CU

&num_|

wrce));

tPitch);




[ ) [/
.- . ' ) X ) . ) )

»
fluidsGL vs2010 (Debugging) - Microseft Visual Studio (Administrator) - Experimental Insta o
File Edit View Project Build Debug Team MNsight Data Tools Test Analyze Window Help
] EERAr=A = - RN R -5 & | Pop - L sg.
fluidsGL_kemels.cu X
2 (Global Scope) o -
5 77 Ty field and time step. Tha a‘ FluidsGLexe
E advectParticles_k(cData *part, cData *v, int dx, int - . .
7, fleat de, int 16, size ¢ picch) % 3 This program has encountered a GPU exception
int gtidw = blockIdx.x * blockDim.x + threadIdx.x
it gfl‘“’ = blockTdx.y * (Ib * blockDim.y) + thre The CUDA kernel launch is currently suspended.
// gtidx is the domain location in x for this thr
cData pterm, vterm;
if (gtidx < dx) { i . .
L i ) e . <» Continue execution
it i = gtidy £ ps : Resume the GPU and report errors to the application,
if (i <dy) {
int fj = fi * dx + gtidx;
pterm = part[F§]; . .
e (i) Cpterm * b)) 2 Debug the application
= ((int)(pterm.y * dy)): S . _
) L T Suspend the application until Visual Studio attaches.
+= dt * wterm.x;
= pterm.x - (int)pterm.x;
+= 1.f; B 1 ] r
= pterm.x - (int)pterm.x; = C_lOSE' t "IE' appllcatlﬂ -'I
+= dt * vterm.y; - . - - - - -
- pterm.y - (int)ptern.y; Exit the application immediately, without saving any werk.
+= 1.7; L
= pterm.y - (int)pterm.y;
part[fj] = pterm;
} 7/ If this thr side the domain in ¥ w | View Details
} // If this nside the domain in X
’ Don't ask me again ~N
/ These are the external function calls necessary foggs —
extern "C"
Svoid addForces(cData *v, int dx, int dy, int spx, int spy, float fx, float fy, int r)
{
dim3 tids(2*r+l, 2%r+l); SRR
Nsight Debug *
addForces k<<<1, tids>>>(v, dx, dv, spx, spv, fx, fv, r, tPitch); Memaory Checker detected 96 access
100% ~ < violations.
errer = access vielation on lead (global
DA Info memory) -
e |2 @ |7 i #he  Symbolics Status — Blockidx- 000) -t
= - P S o B N N .- address = 0x00000000 K1)
cubalnfo 1 [ERUEE = B A = & Find d Symbol R A Warp Bf shaders Breke . e accessSize = 4

Please see the CUDA Info Warps page or the
output window for details.
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Demo: CUDA Kernel Debugging .-

fluidsGl_vs2010 (Debugging) - Microsoft Visual Studio (Administrator) - Experimental Instance
File Edit View Project Build Debug Team Msight Data Tools Test Analyze Window Help

= IR b 3 | sdvectParticles_k = R B -

fluidsGL_kernels.cu >
(Global Scope) ~| “% advectParticles_k(cData * part, cData * v, int dx, int dy, float dt, int Ib, size_t pitch)

J210jdhq UoNN|OS it

121214 51304 s21ydeig

_ global__ void
advectParticles k(cData
= float

{

int gtidx = blockIdx.
int gtidy - blockTdx.y *
int p;

/ gtid,

, vterm;

if (gridx < dx) {
for (p = @ p < 1lbs
[f T the domain in y this thread
int fi = gtidy + p;

if (i< dy) {
int F§ = fi * dx + gtidx;
pterm = part[fjl;

int xvi = ((int)(pterm.x * dx));

int yvi = ((int)(pterm.y * dy));

wterm = *{{rNata *\({rhar *\w 4 wui * nitrh) 4+ owvuids
W% =~ <

CUDAInfo1 CUDA WarpWatch 1

Warps 7 Filter Viewing 448/448
— Name |# gtich

= _— . Name : Type |int

OxB42af: 1 Mone Fluidsgl

@) o None None Fluidsgl
a) g ox £ None None fluidsgl
a) @x042af128 f (@ Breakpoint None fluidsegl
a) @x042af128 ax & Breakpoint None Fluidsgl
a) x0842af128 Ox f (@ Breakpoint None fluidsgl
a) @xB42af128 fHFFFff () Breakpoint None fluidsgl
a) BxB42af128 @ Breakpoint None fluidsgl
8) @x842af128 Ox None Nane fluidsgl
) @x842af128 Ox £ MNone Nane fluidsgl
a) OxB42afl28 @x J Breakpoint None Fluidsgl
a) @x042af128 J Breakpoint None fluidsgl
a) @x842af128 ax f (@ Breakpoint None fluidsgl
a) @x042af128 J Breakpoint None fluidsegl
arearain=and 1a7 ay OvPAIRFIIR O W Breaknnint Nans Fluidsal e 0000000

0000000
00000
0000000

BB NS B WK D

CUDAInfol Modules B Memoryl BEf Autos [ Watchl B Find Results1 & Find Symbol Results

Ready
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emo OpenGL Shader Debugging

fluidsGl_vs2010 (Debugging) - Microsoft Visual Studio (Administrator) - Experimental Instance
Eile Edit View Project Build Debug Team Nsight Data Tools Test Apalyze Window Help

i =N 3 # | sdvectParticles_k R B e B B < "

,‘ _shader9826.glsl & > J{MlERE, HINT] Graphics Focus Picker
g

layout(binding=8) uniform sampler2D Diffuse; Ssﬁur:m:?jnman Y - Pixels
layout(binding=1) uniferm sampler2D NormalMap;
layout(binding=2) uniform sampler2D Height \ Vertices (3D View) |RTO - 512:6512 - (BBGBRAX8_ UNCRM) v |

Show the pausad vertices in a 30 view eV

J210/dxg uonn|

uniform vec3 LightPos; Vertices (Table View)
Show the paused vertices in a table view

in block

vec2 TexCoord;

b Ins Pixels
Show the pausad picels on the current

d
layout(lecation = @, index = @) out veg render

=lvoid main()

{

vec2 screenspg gLl _Frag
vecd fragbg PP rragCoord.x /
veca de Exture(Diffuse, In.TexCoord);
ve Map = texture(NormalMap, screenSpaceCoord);

decalMapHere = texture(Diffuse, screenSpaceCoord):
vec3 lightDir = vec3(LightPos.x - fragPos.x, LightPes.y - fragPes.y, LightPos.z - fragPos.z);
vec3 viewDir - normalize(vec3(- fragPos.x, - fragPos.y, 16.87));
vec3 v = normalize(viewdir);

vecd heightVec = texture(HeightMap, In.TexCoord):
float height = length(heightvec.xyz);

/ Convert mal to -1,1

vec3 normal = normalize(normalMap.xyz * 2.8 - 1.8);

vec2 newTexCoord = In.TexCoord.st + (height *

~ 1 X Locals
Name . Type
¢ v y z normalMap =0.2842 , vecd
T @ viewDir ) decalMapHere vecd
lightDir 5 Y 7 vecd
viewDir vec?

v vecd
heightVec y , w=1} vecd
height 0 float
normal 0 0782, 3 1} vec3
newTexCoord vec2
h 5 . vecd
nDotlL & 7 float
nDotH 0 07 float
power float
ambient . > vecd
diffuse 7 vecd
specular 02629 0 ] vecd
totalLight vecd
@pixel 1125, y=438. Pixel Coc
@gpucoordinate

CUDA Infol Modules B Memory1 g B Watch1l B Find Results1 & Find Symbol Results CUDA WarpWatch 1 Rl

Ready




emo: OpenGL Frame Debugger nf,TD.A

fluidsGL_vs2010 {Running) - Microsoft Wisual Studio (Administrator) - Experimental Instance
Eile Edit View Project Build Debug Team Nsight Data Tools Test Apalyze Window Help
% # | advectParticles_k

Action
Dependencies
PerfMarkers

J210/dxg uoynjog
13314 sn204 saiydeig

APllInspector X

Call Description

Vix Spec
wvoid glDrawArrays(GLenum mode = 0x00000000, GLint first = 0:00000000, GLsizei count = 0x00010000) [

Vs

Default Framebuffer Drawables

Width Height Color Fermat Depth Format

GL FRONT LEFT & 512 512 GL_RGES GL_DEPTH24_STENCIL
GL BACK LEFT & 512 512 GL_RGES GL_DEPTH24_STENCILE

void glCleal itfield mask = 0x00004000) Mame

TES
GS
Geometry Shader

XFB

Raster

FS

FB

void gl Textures
void gl
void gll Buffers
void gl
Program

Misc

~ I X Locals

Autos
L § A S | T
CUDAInfol R . . CUDA WarpWatch 1 Shaders M -

Ready




emo: FluidsGL Analysis 2

NVIDIA

o fluidsGL_vs2010 - Micresoft Visual Studie (Administrator) - Experimental Instans
Eile Edit View Project Build Debug Team Nsight Data Tools Test Apalyze Window Help
il S| 4 b |Debug -| [ winaz2

«| | | |advectParticles_k - ol = G 4 e Bl B e - <

FluidsGL120807_008...pture_000.nvreport <

(imeine

Row Filters [
e gET
= Processes
=  FluidsGlL.exe [3'
= Thread 73. =
Thread State

Function Calls

Tools Extensi... SimulateFluids

Thread 3.4% [4...
Thread State
CUDA
Context 0
Context 1 [0]
Context 2 [1]

OpenGL

Render 4 of 4
[0]
Render Cont... 604
Render Cont...
Device Con...
Transfers
Draw Calls [...
= System
= CPU Usage

Core0

Corel
= CPU Process Allo...
Core0

Corel

Function Calls [Function Calls Row]

4 Cursor Information (@) 0x011EB0ES Flui exe  void _cded display(void) vtools\nexusisandoorfluidsgl.demaotfluidsglifiuidsglepp 232
4 Arrays [OpenGL Draw Call Function]

0% '28 [OpenGL Device Context]

0x10000 [OpenGL Render Context]

604 [Thread]

| Stack Trace

Find Results 1

Ready




NVIDIA

Demo: OptiX Fracture Demo Analysis N>

=3 SampleViewer 9.4 fps
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Demo: OptiX Fracture Demo Analysis

e: | Relative to Capture
0.0138200785 . 7 . . . . -

#  VSyncs
= GPU Driver Stats
= AdEDtEI - OxFFFFFABODE2F5040 Active Process || m\'wm\llmlmmu IIIHIIH“I ekl W_I T Al AL 1T ¥ Y Y | AL |l Ll Il d ol 1 O Y N O O [ W | i I\M [T - i l-

GPU Queue Active Context L L AN LN L e e i L
csrss.exe [540] - DXGK Device OXFFFFFBA..  Active Process [ AT 1 | 1 M B [ T A L
csrss.exe [540] - DXGK Device OXFFFFFBA..  Active Process L. LU I I Il [ I I [ [ [ | | L L
devenv.exe [384] - DXGK Device OxFFFFF Active Process 11 Il |
firefox.exe [3064] - DXGK Device OxFFFFF Active Process |
SampleViewer.exe [1364] - DXGK Device 0...  Active Process
Sampleviewer.exe [1364] - DXGK Device 0...  Active Procsss LTI RN U Y Y Y O r | ||
SampleViewer.exe [1364] - DXGK Device 0...  Active Process I m

-
wmplayer.exe [4952] - DXGK Device 0xFF Active Process | R RO N OO OO RO TG e pm g nmnn LI

LRI R WL BT W LT L O T O L O T VLU OO L I U U I B L

Timeline ~ | -

| Target Process: wmplayer.exe [4957] Clear
Raw Fillarsﬂ

= Processes
wmplayer.exe [4952]

=  System \
+ CPU Usage

CPU Process Allocation

Time  F O 0.0138200785

o sbabddchdolobdobobbaded  Mhdudnid o ha dd dimiad A Lid LiAdlAiindihlihlihiinkahbhl mndhidbndbli. RAKLInALL Lim i

e |IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\IIIIII\IIIIIIIIIIIII\IIIIIII\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIII|
1048851

GPU Driver Stats
= Adapter - OXFFFFFABOOE2FS040 Active Process AR 0 l L | Ll
GPU Queue Active Context AL bt s L AL N0 i L
csrss.exe [540] - DXGK Device OxFFFFFBA_.  Active Process IR PR e e E e et L L T R [ I O I T
csrss.exe [540] - DXGK Device OXFFFFFBA..  Active Process LLLL /YA (] I I I Il [ (I [ [ Il | | L |
devenv.exe [384] - DXGK Device OxFFFFF...  Active Process n Il |
firefox.exe [3064] - DXGK Device OxFFFFF Active Process |
SampleViewer.exe [1364] - DXGK Device 0 Active Process m |
SampleViewer.exe [1364] - DXGK Device 0...  Active Process ([
SampleViewer.exe [1364] - DXGK Device 0...  Active Process
wmplayer.exe [4952] - DXGK Device OxFF.. Active Process
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Demo: OptiX Fracture Demo Analysis

‘ Timeline j | -

Target Process: SampleViewer.exe [1364] Clear
Fow Filiers ﬂ

= Processes
= SampleViewer.exe [1364]
¥  Thread 81.9% [2632]
- CUDA
+  Context 0
= Context 1 [0]
Runtime API NN DN N N | NN S N S S S S . .
Driver API
Mermory [ (L 1y U (T 1 N (1 A 1 (IR

Compute L S I 1 1 O T I VI SV N 1AM Ll LIl LI
Counters

= Context 2 [0]
Runtime API [ IR DN AN UREE RN A R (I I m ] | I m | | ml | | | | | L}
Driver APT [T SRS TSR VT T ST ST ST ST TS T ST TS T~ ST AT AT S TS I [ it 1 il 111 [} [} Il i 1]
Memory |1l T I R AN B Y BN S SN 00T T AT T o T o 1w YA I o 1] 1] (0 [ 1] 11 (AL L] | I [ Il
#  Compute 1 N ] ol 0 W vl O oo W oo v v v O oo O VI v N N I o N N
+ Counters
= OpenGL
# Render Context 0x0
= Render Context 0x10000

! L: 3952542505
Time g5 sseriioe

#  Device Context 0xFE0110D9 A g 1T 1 Y o T e 77
- L e e N R
Transfers ColE T T T e [ [ [
Draw Calls [GPU 0] 0 s e I
= System
CPU Usage
CPU Process Allocation

GPU Usages Y
:ll

prY W W' ¥ ¥ ¥ Al -4
VSyncs ipasma
1048851

GPU Driver Stats
Adapter - DxFFFFFASO0EZF5040 Active Process I ||l g e el R e e o e e e ol o o o T 18— i Ll i ek L ek i I ST i

GPU Queue s Contoct L |1 AL 10 T L 1l 1 1 1 1 11 . 115 |
csrss.exe [540] - DXGK Device DxFFFFF8A Active Process | A N | [ 11 | | | |
csrss.exe [540] - DXGK Device OxFFFFFSA .
devenv.exe [384] - DXGK Device OxFFFFF..
firefox.exe [3064] - DXGK Device OxFFFFF..  Active Process
SampleViewer.exe [1364] - DXGK Device 0 Active Process LLIN]
SampleViewer.exe [1364] - DXGK Device 0 Active Process | | || || |

SampleViewer.exe [1364] - DXGK De... | Active Procsss | L BNl U 00 T § N [ O ¥ /it | K | I I | N |

L] Il
wmplayer.exe [4952] - DXGK Device OXFF...  Actve Process [ [LLI[ 10 LHR 000 DM ERNENEONRORNRIERNE & (0 R0 00 W Qi @ we iene vanen o fn L 11 ni (1] L] LN Y] L} [} i |

LLUN LA L LRI LR




Demo: OptiX Fracture Demo Analysis N>

NVIDIA

7%
7 14"



Source Correlated Profiling

Tessellation120801...apture_000.nvreport <

@ | CUDA Source View v|| -

Izl tesselateMURBSPatches_Kernel Grid Dim: {100, 1, 1}

nurbstessellationd.cu * | View: Source and SASS * | Kemel: tesselateMURBSPatches_Kemne

r

if pfEnots [i+p] 1=pfEnots[i] 122000 14000 115

= ComputeCoefficient( pfEnots,

= ComputeCoefficient | pfEnots,

C1l - pfEmn

piKnots [i+p+ s[i+l] 2 16800 138

= ComputeCoefficient | pfEnots,

ComputeCoefficient [ pfEncts,
i

14000
14000
14000
14000

14000
14000
14000
14000
24400
24400
24400

4 tesselatelde

{0

\

o o o o e o
=R =T - =T - =1

=1

=

Generic, Global

Generic, Global

Generic, Global

Generic, Global

Li

CUDA Divergent Branch

™
NVIDIA




Supported Configurations: Desktop

v' CUDA & Graphics Analysis :
v CUDA & Graphics Profiling Single GPU
v" CUDA & Graphics Debugging 2 GPUs
v CUDA Memory Checker Tesla®+GPU
v" Graphics Frame Debugger ~

v" Graphics Pixel History

7
R ] 3 N“.

Multi-OS

Remote PC

>

NVIDIA




Supported Configuration: Laptop <3

NVIDIA

v CUDA Analysis

v CUDA Profiling

v' CUDA Debugging

v' CUDA Memory Checker

;
SANVIDIA.
OPTIMUS

Optimus ™ Laptop




erfKit returns to Linux!

s 60.0195 FPS

slickedit 2011 (16.0.
3.0) 555608

"©©G kjin@kjin1T: ~/test/NVPerfSDK/samples/bin/release_linux_x86_64

File Edit View Search Terminal Help 3
uPMTriggerCount = 2

uPMTriggerCount = 14

uPMTriggerCount = @

uPMTriggerCount = 2

uPMTriggerCount = 22

uPMTriggerCount = @
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount
uPMTriggerCount

L L L [ [ (| [ T 1 1}

M OGL Performance Exp...

™

NVIDIA.




Recap: Nsight Tames Computational Graphics >

NVIDIA

-

Maximus & CUDA 5.0 support

Simultaneous CUDA & Graphics Debugging
Single GPU Debugging for Graphics and CUDA
OpenGL Frame Debugger and Profiler

Tracing CPU & GPU workloads and memory transfers on all APIs
® Source correlated performance information

L)

»

-

L)

)‘[“.‘ &
S



Thank you...questions?

® Join our Registered Developer Program
¢ Grab latest version from
http://developer.nvidia.com/nsight




GTC 2013 | March 18-21 | San Jose, CA
The Smartest People. The Best Ideas. The Biggest Opportunities.

Showcase Your Work Among the Elite of GPU Computing!
Call for Submissions

- Call for Sessions: August 2012
- Call for Posters: October 2012

As a speaker you'll receive many benefits that include:

. A complimentary Full Conference pass

. Discounted passes for your colleagues

. Access to exclusive speaker-only on-site amenities

. Audio capture and hosting of your session

. A unique opportunity to promote your name, your expertise, and

your company

Learn more at www.gputechconf.com ETETHINS SERIES



