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Windows Development Environment

GPU |
Languages B

N

i)

Edit
Compiler

Shader Debugger

GPU conrerence

Compute Debugger
Debug Compute Profiler

Graphics Debugger

Graphics Profiler
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GPU conrerence

... what developers really want

/ Visual Studio U;\

Profile

(
|

Platform Analysis
CPU = GPU

|

g I
GPU Code Browsing

L Intellisense
g I
CUDA Project
System
o J
g I

GPU Source and
L Graphics Debugger )

a )
GPU Performance

Tools
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NVIDIA Nexus

Enables Seamless Co-Processing Development

* Full-featured debugging on GPU
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 Platform-wide activity analysis

» Visual Studio 2008 integration




Nexus Overview
4

Build Debug Profile

CUDA C Project System Trace: OS,

CUDA, DirectX,
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Native GPU Debugging

* No emulation

* No arithmetic discrepancy

* GPU pauses at the breakpoint

* Inspect GPU state and memory
» Faster programmer productivity
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Kernel 1 global
R RN memory
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My Heterogeneous Computing Sample...

CPU GPU

GPU Gorrerence
Time

Patch of 3D
vertices

glDrawArray(...)
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Nexus C-CUDA Debugger Demo

O m % simpleGL_vc90_v2 (Debugging) - Microsoft Visual S mmlslmbor) [= B |
z I I I File Edit View Project Build Debug Nexus Tools Test Window Help
N RS =A== N~ A R 3\_-;.m.‘.;g._-$|>|gebug .||Wm32 .H@g,(:hecmender e B Bt e A |
T WL h o e T CDPREBEHR.
' ' Z Process: [3772] GPU - simpleGL.ex = Thread: [75972448] <MNo Name> - v Stack Frame: Module: 112636592 - [0] _71 - =
l I l O Memory 1 ~ & X || Solution Explorer - simpleGL ~ & X
Address: 0500110000 - {#) | Columns: Auto =N AR
I O 0x00110040 -1.8375000 0.0508E0503 -2.0000000 1.0000000 -1.9218750 0.051618080 -2.0000000 3 A - m Solution 'simpleGL_ved0_v2' (1 pn
0x001100: 1.0000000 -1.5082500 0.050274143 —-2.0000000 1.0000000 -1.8508250 0.047382056 B = 5ImPIE'G|_
0x00110078 —Z.0000000 1.0000000 -1.8750000 0.0439B0788 -Z.0000000 1.0000000 -1.8533750 a dercheck
0x00110054 0.041408714 -2.0000000 1.0000000 -1.84237500 0.040818271 -2.0000000 1.0000000 D T renderchec
0x001100B0 -1.8281250 0.041308238 -2.0000000 =1 5125000 0044731073 e - 0000000 E‘ b src
0x00110 1.0000000 -1.7988750 0.04B178635 - 0 NVIDIA Nexus - CUDA Focus Picker u 50785150 H . fﬁ_ﬂ simpleGL.cpp
0x00110 —2.0000000 1.0000000 -1.7858250 o3 — - 7500000 - - L ;imp\eGLﬁkeme\.cu
. Disassemblv’~ simpleGL_kernel.cu Dimensions - X “ 0] rgben
S/ Bparam data data in global memory Block: 0,00 1641 Details
FELEEEEIEETTELTEEAERT LRSS ETE i Eiriiirisiss .
Thread: 0,00 256,1,1 =
_ global__ void inic_array(float4 *g_data, unsigned i =
1 (i) Examples Device 0
< N = * N #129 for block index 129 .
unsigned int x blockIdz.x*blockDim.x + threadIdd B - Tin c:/ProgramData/NVIDIA Corporation/™MVIDIA GPU Computi
N N — N or coordinates 10,
o unsigned int ¥ = blockIdx.y*blockDim.y + threadIds 10, 5 for coordinates 10, 5 _710init_arrayP6floatdjS0_i<<<(1.64).(256.1.1), 0>>>
int idz = y*widthex: Warp Mask: 0x000000FF
e Active Mask: 0xFFFFFFFF, PC: 0x000D0098, simplegl_ket
._ for(int i=0;i<num_iterations;i++) 1 Active Mask: 0xFFFFFFFF, PC: 0x000D0098, simplegl_ke:
{ 1 Active Mask: 0xFFFFFFFF, PC: 0x000D0098. simplegl_ket
- g_dacta[idx].x += (*factor).x; // mon-coalesced on purpose, To burn E \Warp 3{96.0.0}! Active Mask: 0xFFFFFFFF, PC: 0x000D0098, simplegl_kei
i = (*® - - . . !
g_daca[:!.d.x] ¥ += (*factor).y; // non-coalesced on purpose, to burn = Wamp4{128.0.03! ive Mask: (xFEFFFFFF. PC: 0xD00D009E, simplegl_ker
g_data[idx].z += (*factor).z; // non-coalesced on purpose, to burn - . B i
g_daca[idx].w += (*factor).w: // nmon-coalesced on purpose, to burn & Waep 5 {160.0.031 - Aciive MasiciREEEEEESTSEEEIERIEES S S
} = Warp 6{192.0.0}! Active Mask: 0xFFFFFFFF, PC: 0x000D0098, simplegl_ke:
} = = Warp 7{224.0.0}! Active Mask: 0xFFFFFFFF, PC: 0x000D0098, si ket ] ] 3
< il 3 o & Block1{0.1.03! Warp Mask: 0x000000FF lSelution Explo.. Resource View
| Locals « & X ||Breakpoints > 1 x
| |Name |Va|ue |Type (| New~ | x |.'p %1 | & % | i
@ blockDim Ix =256, y=1,z=1} const dim N Cond Wit C
@ gridDim w=1y=64z=1} const dim ame codiicy iiSount
WX [1} unsigned () When '0x0011008¢' changes (4 bytes) (no condition) break always (currently 0)
@y w7 unsigned |= [*] simpleGL_kemnel.cu, line119 (no condition)  break always
@ idx ke int @ simpleGL_kernel.cu, line 29 (no condition) break always (currenthy 0]
@ g_data 0x00110000 {x =-2,y =-0.2528252,z=-2,w = 1} __device_
@ width 256 _ shared
il Fortos e n n n L A S
@Autos|@ Locals Watch 1 | &Call Stack|EBraakpomts |ﬂ] Object Test B... |D Command ... |E1mmediate |@ Output |E Pendmg e |

Ready
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Developing for Heterogeneous
Platforms

* CPU and GPU cooperation
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* PCI-E / memory transfers

 Latency
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Platform Analysis

* Collect platform activity

— OS - process, thread, thread switch, and module
events

— CPU API Trace - CUDA driver API, DirectX, OpenGL,
OpenCL, Cg2.2 and User Events

— GPU Task Trace - C-CUDA and OpenCL launches and
memory copies

* Display summary pages, timeline, API call logs,
and GPU task logs
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exus Platform Analysis Demo

O m ﬁ MexusGtcDeme - Micresoft Visual Studio (Administrate IEI&M
z ] I I File Edit View Build Debug MNexus Tools Test Window Help
'ﬂ'ﬁﬂﬁ‘f’; —j_‘}.l*’]'m"__ﬂ;‘b[)ebug - Win32 v||3runCuda '|@§@%ED';»‘D
I L () ~NexusGtcDemo09...re_000.nvreport | Activity | Start Page | nvShaderUtils:h &) simpleGL_kemel.cu &) simpleGL > X I
@« [
O z El I A G [y Timeline | <
O e 117306496 117326496 117346496 117366496 117386496 117426496 117446456 117466496 117486436 117506496 117526438 (& Solution NexusGtcDemor (L proj
Ll-l z Seconds A N L T T T Y L || B+ B NexusGtcDemo
I O 5 (| B Processes = |7 rendercheck
2 = nexusgtcdemo.exe [6112] \ﬂ nvShaderUtils.h
>§ =l Thread 60.0% [3596] { l’-};‘j rendercheck_gl.cpp
g_" = Functicn Calls { I----l cLEventSynchronize cuCh I I I-I \ﬂ rendercheck_gl.h
= = E’ src
=1 i €4 simpleGL.cpp
= UserEvents ; : | simpleGL_kernel.cu
Range 0 Compute Work GL Rendering
Range 1 ! memaryinitiali
Thread 9.0% [2792] Y |
Thread 0.1% [3632]
Thread 0.1% [5764]
Thread 0.0% [4776]
Thread 0.0% [4560] A
Thread 0.0% [4228] / 3
. Thread 0.0% [4440] d i B
—— o CUDA @Solution Explorer Igclass View
v 2 ContextO Properties - 1 x
Driver API
- = Context1[0] T
= Driver ART sl pARI=
Memary Start 11.7538016
5 Compute End 11.7538048
9.1% [21280] init_array Duration 2ps
0.7% [532] kernel B o FIR
0.5% [532] kemel_noise I e e
= Counters
100 Q@ Context ID 1
e 0 BAMAAAARRRRRRARIINI | | S
Heost to Device ‘ Function cuParamSety
G Return Value 0
Newira ta Nevica i
T

Output - I x|

Ell
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CUDA Profiling

» Kernel tuning basic
— Memory coalescing
— Branch divergence
— Instructions executed
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— Warp serialization
» Use of hardware performance counters
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Nexus CUDA Profiler

% MexusGtcDemo - Microsoft Visual Studio (Admini:

File Edit VYiew Build Debug MNexus Tools Test Window Help
- Win32

> | [# initialize_mem2

T =

- - 5 e | % G2 B9 - -85 | b Debug

T TEE T O e

Py B EBECLICLY S

W ~ 3 | Solution Explorer - Solutio.. » & X
g L
@ - ] Selution 'NexusGtcDeme' (1 project
gl ) NexusGtcDemo
=) STy (HlEiEris |5 rendercheck
Z ] ) Trace Hardh Count m nvshaderUtils.h
>§ @ Profile CUDA l'-}:ﬂ rendercheck_gl.cpp
é‘ Select up to 4 hardware counters to collect: m rendercheck_glh
g i * €+ simpleGL.
— - : w ] simpleGL.cpp
["] Branches Taken Global Memory Loads - Non-coalesced || Global Memory Load Total [] Global Memory Store Requests ] simpleGL_kermel.cu
["] Divergent Branches Global Memory Loads - Coalesced ["] Global Memory Stores - Non—coalesced [ | Global Memory Store Total
Instructions Executed [] Global Memary Loads - 32 byte ["] Global Memory Stores - Coalesced [] Local Memoy Loads
[ Warp Serialization [] Global Memoary Loads - 64 byte ["] Global Memory Stores - 32 byte [] Local Memory Stores
|| Thread Blocks Executed (Multiprocessor) | [ | Global Memory Loads - 128 byte || Global Memory Stores - 64 byte Thread Blocks Exscuted (TPC)
[] Global Memory Load Requests ["] Global Memory Stores - 128 byte L
4 UL} [4
T and Acti @Solution Explorer @ Class View ‘
Start Collection: [On Process Launch v] Time (seconds) Properties v I x
Stop Collection” | Manually ¥ Time 1 -
o
Open Report on Stop
Output - I x
Show output from: Build ~ ‘ 3 |ﬁ %l%l
1>simpleGL.cpp
[5] Output Epending Checkins E Find Results 1 |
Ready
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Nexus Build

» C++ project system
— Nexus options: launch, sync,...

\
) matrixhul - Microsoft Visual Studio (Administrator) - Experimental Hive R o[E] =

: File Edit View Project Build Debug Sandbox MNexus Tools Test Window Help
— vsprop files

CONFERENCE
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g Solution Explorer - matrcMul.. ~ I X matrixMul.cu - X @
g B[ sxtern Cv 3
3 . ’ global_ void «||I5
9 m Selution 'matrixMul’ (2 projects) — — @
] 9| 2 X matrixMul{ float* C, float* A, flecat® B, int wA, int wB) =3
e € matrixhul Device P o
[ ) I I I I | matrixMul.cu /7 Block index 1
(h] matrixMul.h int bx = blockIdx.x;
matrixMul.Host int by = blockIdx_y;
E matrixMul.Device Property Pages m
[ ) L] [ )
n Configuration: | Active(Debug) * | Platform: | Active(Win32) V] [ Configuration Manager... ]
a Common Properties B Build
General Additional include directories
Build Events GPU Architecture sm_11

Launch Keep Intermediate Files False

o
Synchn.)mzatmn X Mazx Registers Used 32
— a Configuration Properties Preprocessor definitions
Build
= B Debugging

Generate GPU Debug Information True
B PTX Assembly

— Debugger session

Additional include directories
Specifies additional directories to add to the include path; use a semi-colon delimited list if more
than one.

Ready
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GPU conrerence

Nexus Products

Nexus Standard

Nexus Professional

Price Free $349
Windows Vista SP1 Windows Vista SP1
Platforms . .
Windows 7 Windows 7
_ Visual Studio 2008 SP1 Standard | Visual Studio 2008 SP1 Standard
IDE Integration

and above and above
CUDA -C debugging and profiling v v
DirectCompute debugging and profiling J J
Remote Debugging J J
OpenCL Profiling J J
Memory Checker J J
Data breakpoints - J
Buffer Visualizer J
System Trace (CPU + GPU) v
Priority Ticket Support J

© 2009 NVIDIA CORPORATION
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Supported Operating Systems

32bit

e b4bit @
32-on-64 -

Windows Vista SP1 Windows 7

GPU conrerence
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System Requirements

Remote Debugging
Mobile
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System Requirements

Local Debugging
@ SLI Multi-OS Multi-GPU

GPU conrerence
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GPU Requirements

* CUDA 1.1 capable GPU

» GeForce 9 and GTX series

e QuadroFX x700 and x800 series

* Tesla C1060

~ +Fermi architecture-based products

* Non-NVIDIA DirectX 10 and 11 GPUs (with reduced
™ feature set)
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Roadmap and Schedule
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O g Beta1 Beta2 Release
=O October ‘09 January ‘10 Q1’10
: C-CUDA v v v
e DirectX 10 v v v
DirectCompute v v
DirectX 11 v v
OpenCL 1.0 Trace only Trace only
OpenGL 3.2/Cg2.2 Trace only Trace only Trace only
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Conclusion and Recap

 Revolutionizing GPU development
— GPU is now a first-class development target
— All Compute and Graphics languages and APls
* Co-Processing Development Solution
— Clear view of the overall platform activities
— Deep analysis of specific workloads

* Visual Studio 2008 SP1 Standard and Above
* Windows Vista SP1 and Windows 7
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Q&A
* 1-hour Nexus Labs @ Piedmont Room:
— Friday (2pm-5pm)
 Register for the Beta program today:
http://developer.nvidia.com/object/nexus.html

 For Linux - CUDA-gdb talk
— Friday, Gold Room at 2h30pm
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