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debugging

‘/Examine shaders executing in
1 parallel

‘/Identify issues with conditional
breakpoints

NVIDIA Parallel Nsight for Graphics & Compute

o0 MangledMe

Graphics Inspector
‘/Real-time inspection of Direct3D API calls

Investigate GPU pipeline state

‘/See contributing fragments with Pixel
History

‘/Profile frames to find GPU bottlenecks

Free Licensel!
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System Analysis

‘/View CPU & GPU events on a single timeline
Examine workload dependencies

‘/CUDA, Direct3D, and OpenGL API Trace

‘/Profile CUDA kernels using performance
counters



Parallel Nsight for Compute Developers

“With the advent of Parallel Nsight and CUDA support for debugging, the [CUDA] development
process now more closely resembles that of traditional parallel CPU code”

Jacques du Toit - Scientific Computing




CUDA Build System

Visual Studio 2008 SP1 and 2010 SP1
CUDA project wizard

Project setting extensions

Visual C++ and .NET project integration

Mew Project
Recent Templates | .MET Framework 4 ~ | Sort by: | Default

Installed Templates _
Type: CUDA

k2 CUDA 4.0 Runtime CUDA

CUDA 4.1 Runtime CUDA

General

_ A project that uses the CUDA 4.0 runtime
MFC d

Database
MWVIDIA

Test Projects

Online Templates




Parallel Nsight CUDA Debugging

= Native GPU debugging with mixed CUDA-C/PTX/SASS assembly
= Debugger attach to running process

= Conditional breakpoint with program variables

= GPU memory views and data breakpoints

= CUDA expression engine and stack frame support

= Massively-threaded GPU kernels navigation

= CUDA memory checker

= CUDA system information
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1.4 % [18] applyStencil...
Streams

Stream 1

Stream 2

Stream 3

Stream 4

Stream 5

=

4 Row Information Actions| Address Module Mame

1.4 % [18] applystencillD [CUDA Device Function Call Row] 0=x00D8CERASE nveuda.dll

0x10003E35 cudart3d_41 15.411

A Cursor Infarmation

0xl10021CES cudart3Z_41 15.411

4A— applystencillD [CUDA Launch]

0=013884AC stencilld.exze

@

4— culaunchKernel [CUDA Function Call]

0m01381E2€ stencilld.exe

B 1 [Context] 0x01281E4C stencilld.exe

B 4564 [Thread] 0x01381CE3 stencilld.exe

Stack Trace 0=01381711 stencilld.exe

0m01385CED stencilld.exe

P applyStencillD [CUDA Kemel]

0xTeFS3€T7 kernel32.dll
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Functicn

culaunchkeme

enum cudaError
_ device_stub__ 714applyStencillDiPKPS1_(int int float const * float * float *)

_ cdec| applyStencillD{int,int float const * float * float *)

_ cdec!| cudalaunch<char=(char *)

void _ cdecl

vaoid

gpu_overiap
main

_ tmainCRTStartup

File Mame

ch\program files\nvidia gpu compauting toolkityc
chusersymstrengert.nvidia.com\appdatahlocalite
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Parallel Nsight CUDA Profiling

CUDA profiler with live counter reconfiguration

Unlimited experiments on live kernels

Advanced profiling experiments
* Achieved occupancy

 Instruction throughput

Kernel profiling filtering




o0 Nsight CUDA Samples_vc100 - Microsoft Visual Studio (Administ
File Edit Miew Project Build Debug Team MNsight Data Tools Test Window Help
Pl - S @4 B9 - -5 b [Debug | wini -| | 3% |DEBUG || A 5 BIEL - .

Solution Explorer » [ FXWIRNGETSE S matrixhMul_kernel.cu matrixMul.cu

EISIE L

; Solution 'Msight CUDA Samples_vcl00" (3
4 [7] matrixMul Kernel Selection
> g Bxemnal Dependencies Kernels to Profile: matrixiiu
> [dinc
a |7 src Profile Options
|| matrixMul.cu
¢ matrixMul_gold.cpp
| g matrixMul_kernel.cu [] Non-Overlapping Input/Output Buffers

::3 matrixhulDre [ Kernel Capture Limit Kemnels:
;’3 simpleStreams

Print Progress Output to Console

¥0Q|00] . JRi0(dx3 1anas e

Experiment Configuration

Experiments to Run: Custom

Raw Counters - Fermi Architecture Experiment

Instruction Statistics
Achieved Ccoupancy Achieved Occupancy
Provides key metrics to evaluate the efficiency to execute the kemel's
instruction on the target device, including instructiens per clock cycle (IPC),

instruction serialization, 3M activity, as well as instructions per warp (IPW).

Achieved Flops

Instruction Statistics

Instruction Statistics Memory Statistics - Global
Issue Efficiency L
Memary Statistics - Local If the executed IPC is low and the serialization high, the kernel likely has poor

memory access patterns to shared/global memeory.

Branch Statistics
Memary Statistics - Atomics

Memaory Statistics - Global

Memary Statistics - Shared If the executed IPC is low and the serialization low, the kernel may executs a

large number of high latency operations, such as double instructions,
transcendentals, or memory operations.

Memory Statistics - Local

Memary Statistics - Atomics Memary Statistics - Texture

Memaory Statistics - Shared Memaory Statistics - Caches

COOCOQOO0Q 0|

If the executed IPC is low and the achieved occupancy is low, the kerel

lanmch faile #n conrraccfulhs hida latanms

Memaory Statistics - Texture

000000000

Memaory Statistics - Buffers

Connection Status Application Control Capture Control
g

Available Devices: Open Report on Stop
Quadro 6000 (GF100}

[ Summary Page

B Find R
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Fully Featured Configurations...

v" Application and system trace

v WDDM driver v CUDA profiling

v Tesla Compute Cluster driver v CUDA debugger
v" CUDA memory checker




Partially Featured Configuration...

v" Application and system trace
v WDDM driver v CUDA profiling

Single GPU




New in Parallel Nsight 2.1

* CUDA Toolkit 4.1 support

® Support for CUDA C/C++ debugging on Optimus

* New CUDA and system information page

® CUDA parallel warp watch view

® GPU break on assert

* Debugging asynchronous kernel launches

* New CUDA profiling experiments SNVIDIA.
* Flow control efficiency and branch divergence OPTIMUS'
* Memory coalescing and cache efficiency
® Statistics on issue dependencies and stall reasons Available Q4 2011

¢ OpenCL 1.1 API trace support RC2 available now!
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CUDA WarpWatch 1

MName # range_tmax

Type float

1] le+08

1 1le+08

2 1e+08

3 le+08

4 le+08

5 le+0&

il 1le+08

7 1e+08

a8 le+08

9 le+08

10 065046233
11 065088439
12 0.65130764
13 065173221
14 0.65215802
15 0652584597
16 065301317
17 065344268
18 0.65387332
19 0.65430528
20 065473861
21 0.65517306
22 0.65560901
23 0.65604557
24 065648431
25 1le+08

26 1le+08

27 le+08

28

29

30

Ll
[

¢ ray_inv.x
focal_ fioat CUDA info page
-1.451002
—* e
CUDA Info 1 > [ X
| Warps "'” = |\u’ Filter: | Viewing 128/128
Current | blockddx Warp Index | PC Active Mask | Status Exception | File Name -
. { @, 8, B8) @ 9x@d3eladd @xFfFFfFE@ () Breakpoint MNons rt_render.cu
{ @, 8, B8) 1 9x@d3eladd Gxffffffo@ () Breakpoint MNons rt_render.cu
{ @, 8, B8) 2 @wed3el5TE  Gufffffces MNone MNone rt_render.cu
{ @, @, @) 3 @x@@3el29E  GwfffFfooe Maone Mone rt_render.cu
{1, @, @) @ 2x@@32@538  BuFfFFfFff Maone Mone rt_render.cu
=1 {1, @, @) 1 9x@9321298 Gwe7coe@0@ () Breakpoint MNons rt_render.cu
{1, @, ) 2 9x@@3e1298 GwefE0e00@ (J) Breakpoint Mone rt_render.cu
{1, @, ) 3 9x@@3e1298  Gx3fooeeoe (J) Breakpoint Mone rt_render.cu
{2z, @, ) B 9xB23defBd Buffffffff Hone Hone rt_render.cu
{2z, @, ) 1 2xe@3dfc?d  Ouffffffff Hone Hone rt_render.cu
{2z, @, ) 2 9xP23dfB48  Ouffffffff Hone Hone rt_render.cu
{2z, @, ) 3 9xB@3ededd  OuFfFFffff Hone Hone ci_include.h
{3, @, ) @ 9xB23edba® BufTfIffff Hone Hone rt_render.cu
(3, @, ) 1 2x223ealld Ouffffffff Mone Mone vector_functic
(3, @, ) 2 2xP23dfe4n  Ouffffffff Mone Hone rt_render.cu
(3, @, ) 3 @xe@3df3bE  OuffFFffef Mone Hone rt_render.cu
{ 4, g, 2} @ 2xe23elB838 GuffAIffef Mone Mone utils.h
-1.4456245
-1.4453811
-1.4451382
-1.44484952
-1.4446/523

-1.4444059

CUDA warp watch view




Function Mame ?

1  BlackScholesGPU [ 1 12977667432 4,903,508 0.67 5 0 0 36 47579136 PREFER_SHARED {480, 1, 1} {128, 1,1) 139
2  BlackScholesGPU [ 1 24,784 756.196 4512544 0.67 25 0 0 72 48365568 PREFER_SHARED {480,1, 1} {128, 1, 1} 143
1 il
4 BlackScholesGPU [CUDA Launch] ) ) — e c
View By: | Size hd Mame ota Per Warp Per Seconc
B BlackScholesGPU [CUDA Kemel]
+ Globa
4 Experiment Results
Requests 625,000.00 325.52 250,765,700.00
CUPA ecupangy £23.00 kRe 76.25 MB Loads 375,000.00 185.31 150,459,400.00
CUDA Instruction Statistics
Stores 250,000.00 130.21 100,306,300.00
CUDA Branch Statistics
5.00 MReg 73242 MB 0.008 Transactions £25,000.00 32552 250,765,700.00
CUDA Issue Efficiency
L1 Cache 748.04 MB Loads 375,000.00 13531 150,455,400.00
CUDA Achieved Flops 15.9 %
e . 0.00 Re 0006 Stores 250,000.00 13001 100,306, 300.00
| CUDA Memory Statistics | L ATOMs = - 2L
) L2 Cache Size 7629 MB 40,659 kB 259.8%9 GB/s
270% _
0.00 Reg E 0.00 B Loads 4578 MB 2441 kB 17.54 GB/s
Stores 30.52 MB 16.28 kB 11.96 GB/s

n c Replay Overhead 246 %
0.00 R 0.00 B 546.93 MB
e Shared LR chared Memory —_—
g + Local
0.00 Re | o008 | 0008 | Requests 6,000,000.00 3,125.00 2,407 351,000.00
Loads 3,000,000.00 1,562.50 1,203,676,000.00

Stores 3,000,000.00 1,562.50 1,203,676,000.00
Cwverview | Global | Local | Atomics | Shared | Tewture | Caches | Buffers




Demo - CUDA

» Similar experience as CPU debugging
» Debug the ‘parallel’
= PTX/SASS

* Memory
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Edit View Project Build Debug Tearm hsight Dats Tools Test fnabre Wndow Help
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stdafs

utils.h
render.cu
render.h
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B voxelpipe_demo_well - 3
File Edit View Project Build Debug Team MNsight Data Tocls Test Analyze Window .

Pl S d | R v » w7 5 | P |Debug
Solution Explorer

@ 2
.; Solution ‘voxelpipe_demo_vcl0' (1 p =
4 -,-| voxelpipe_demo
@l Bxdernal Dependencies
L3 glm
.l Header Files
_d nih
4 ¥ Source Files
€4 envmap.cpp
irradiance_filter.cu
] irradiance filter.h
€4 main.cpp
_h] mormal_packing.h
_ | photon_splat.cu
] photon_splat.h
point_tree.cu

¥0q|oo] .. J20|dig BaEg ﬁ

h] point_treeh

i) power_packing.h

h] render_defs.h
rt_render.cu

.h] rt_render.h

& stdafr.cpp

] utilsh
vowel_render.cu

] vonel_render.h

voelizer.cu

nl voxelizer.h

B Code Definition Window B Output
Ready



a0 voxelpipe_demo_vc10 (Debugging) - Microsoft Visual Studio (Administrator) = a
File Edit View Project Build Debug Team Nsight Data Tools Test Analyze Window Help

aArGdd | b LR - -E 5 b [om I I e o S e
! Process: | [5032) voxelpipe_demo.exe ~| Thread: | [38977232] <No Name> - W v Stack Frame: ‘CUmoduIeO-lchOfO-[2]trace-Line151 vi=

Solution Explorer * 0 X Call Stack Watch 1 Locals rt_render.cu

N YRR B {} voxelpipe_demourtrender

;] Solution 'voxelpipe_de // leaf intersec

4 7] voxelpipe_demo const uint32 leaf index = node.get_index();
@ Exernal Depen const Bvh_leaf leaf geometry. m_bvh_leaves[ leaf index ];
- gim const uint32 leaf end leaf. get_index() + leaf.get_size();

— Header Files const uint32 leaf begin = leaf. get_index();
- nih

4 . Source Files

% for (uint32 tri_index = leaf begin; tri_index < leaf_end; ++tri_index)
€ envmap.cp| {
irradiance_f
h] irradiance_f| =
¢4 main.cpp
1] normal_pac
photon_spli
n] photon_spli
point_tree.c float tri_t;
_l_n] point_tree.l float tri_u, tri_V,
h] power_pach
] render_defs bool intersected = intersect_triangle(v0, v1, v2,
__ rt_render.cL ray_org,
] rt_renderh ray_dir,
@ staf.cpp range_tmin,
4] utils.h range_tmax,
voxel_rende tri_t,
h) \.:oxef_rende 3 tri_u,
i — \ tri_v)
] Solution... [ EFRVIN

const intd triangle = geometry.m_triangles[ leaf begin 1:
const floatd v0 = geometry.m_vertices[ triangle.x ];
const floatd vl = geometry.m_vertices[ triangle.y ];
const floatd v2 = geometry.m vertices[ triangle.z ];

B3 Autos & Threads Modules B Output
Ready




Jel !'-‘v. AICroso Ft ‘«:.. L"T‘" Administr
Build Debug Team Nsight Data Tools Test Analyze Window Help
Padrcdri g d | #ad - O - Sv | B |Debug 54 F ) R G R b
~| Thread: | [3915504] <No Name> - ¥ v Stack Frame: | CUmodule 045900 - [2] trace - Line151 ~| =

! Process: [4988] voxelpipe_demo.exe

Solution Explorer v B X Call Stack rt_render.cu X
2@ D5
A Solution 'voxelpipe_de
a ;‘Jvoxdpipe_demo
wd External Depen: v
Ld gim

(23 Header Files for (uint32 tri_index = leaf begin; tri_index < leaf end: ++tri_index)
. nih {

{} voxelpipe_demosrtrender -I W trace(const float3 ray_org, const float3 ray_dir, const RTGeometry geometry, const float range_tn ~
const Bvh_leat leat geometry. m_bvh_leaves| lear_index J,

const uint32 leaf_end leaf. get_index() + leaf.get_size();
const uint32 leaf begin = leaf.get_index();

4 L Source Files const intd triangle = geometry.m_triangles[ leaf begin ]:

= geometry. m_vertlces[ triangle.x |:
= geometry.m_verti ® @ geometry.m vertices 0:0000000209520000 {x = 094606733, y = -0.54272401, z = -0.23955093, w = 0} =

= geometry.m_vertices[ triangle.z ];

€+ envmap.cpy const floatd v0
__ imadiance_f const floatd vl

4] iradiance f = const floatd v2

¢+ main.cpp

] normal_pac float tri_t;

hoton_spl g «
P s float tri_u, tri_v;

h] photon_spl:
point_tree.c . . .
l\] point trees bool intersected = intersect_triangle(v0, vl, v2,

h] power_pach ray_org,

) render_defs ray_dir,
rt_render.cL range_tmin,

] rt_renderh range_tmax,

¢+ stdafx.cpp
ﬂ utils.h
voxel_rende

tri_t,
tri_u,
tri_v);

n] voxel_rende

__ voxelizer.cu ~ if (intersected)
< m ’ {
& Solution... L= eEERN

B2 Autos ¥ Threads BE Modules B Output CUDAInfol
Ready




50 voxelpipe_demo vcll (Debugging) - Microsoft Visual Studio (Administrator)
File Edit View Project Builld Debug Team MNsight Data Tools Testjf‘}ﬁmalyze Window Help

eI Al - -] b e % RS G RE
! Process: | [5032] voxelpipe_demo.exe = | Thread: | [38977232] <No Name> - ¥ Stack Frame: | CUmodule 04fc90f0 - [2] trace - Line151 =) -

Solution Explorer = 0 X Call Stack Watch 1 Locals rt_render.cu X

g = "" N |5 { } voxelpipe_demo:rtrender -i % trace(const float3 ray_org, const float3 ray_dir, const RTGeometry geometry, const float range_t -

. Solution 'voxelpipe_de ~ const Bvh_leaf leaf = geometry. m_bvh_leaves| leaf_index ]; +

4 [ voxelpipe_demo const uint32 leaf end = leaf.get index() + leaf. get sizel):
zd External Depen const uint32 leaf kegin = leaf. get_index():
_d gim
- Header Files for (uint32 tri index = leaf begin: tri index < leaf end: ++tri index)
- nih {

o s e const intd triangle = geometry.m_triangles[ leaf begin J;

const floatd +0 = geometry.m_vertices[ triangle.x ];
const floatd +1 = geometry.m_vertices[ triangle.v ];
const floatd +2 = geometry.m_vertices[ triangle.z ];

€] envmap.cp|
irradiance_f

] irradiance_f|E

Rl e

&4 main.cpp

] normal_pac
float tri t;

photon_splh - :
float tri uw, tri_v;

] photon_spli
point_tree.c
h point_tree bool intersected = intersect_triangle(v0, v1, v2,
h] power_pack ray_oreg,
] render_defs ray_dir,
L] rt_render.cL range_tmin,
] rt_renderh range tmax,
£+ stdafi.cpp tri t,
] utils.h T
voxel_rende Iri:\f) ‘
] voxel_rende

1 t if (intersected)
L-;] Solution... [l SIaEEERIN

B Autos B Threads B Modules B Output
Ready




o0 voxelpipe_demo_vcl0 (Debugging) - Microsoft Visual Studio (Administrator)

File Edit View Project Build Debug Team Nsight Data Tools Test Analyze Window Help
MESEE R4 = RIF TEE Rbe Y A IER <A aE YN BT e e T e L B S
i Process: | [4620) voxelpipe_demo.exe * | Thread: 3[33275600] <No Name> «| W % Stack Frame: | CUmodule 0439010 - [2] trace - Line151 ~| -

Solution Explorer * § X Call Stack Watch 1 Breakpoints Locals rt_render.cu X

= @ DA {} voxelpipe_demo:rtrender

L

;] Solution 'voxelpipe_de »

e . // leaf intersection

4 ;| voxelpipe_demo ‘ 3 3 :

= External Depen: const uint32 leaf_index = node.get_index();
£

Gl gim const Bvh_leaf leaf = geometry.m_bvh_leaves[ leaf index ];
B Hender Files const uint32 leaf_end = leaf.get_index() + leaf.get_size();
=3 nih const uint32 leaf_begin = leaf. get_index();

4 L Source Files
¢4 envmap.cp for (uint32 tri_index = leaf _begin; tri_index < leaf_end; ++tri_index)
| irradiance_f {

1] irradiance_f| & const intd triangle = geometry.m_triangles[ leaf begin ];

€4 main.cpp const floatd v0 geometry. m_vertices[ triangle.x ];

] normal_pac const floatd vl = geometry.m vertices[ triangle.y ];

__ photon_spl; const floatd v2 geometry. m_vertices[ triangle.z ];

n] photon_spli
point_tree.c float tri t:

h] point tree.t float tri_u, tri_v;

h] power_pack

] render_defs

__ rt_render.cL

] rt_renderh

¢+ stdafx.cpp

] utils.h
voxel_rende ;

] voxel_rende tr}—t'

' tri_u,

< m )

~3 Solution... L REFEATM

bool intersected = intersect_triangle(v0, w1, v2,
ray_org,
ray_dir,
range_tmin,
range_tmax,

St we)

B® Autos B Memory1 B Threads B® Modules B Output
Ready




Demo - CUDA Trace




Demo - CUDA Profiling




How can | learn more about Parallel Nsight?

Download
— http://parallelnsight.nvidia.com/

Parallel Nsight documentation i
— Start - All Programs - NVIDIA Parallel Nsight 2.1 - User Guide == N

= P ight i . . . |
arallel Nsight instruction videos Feeoile CUDA

— http://www.gputechconf.com/object/gtc-express-webinar.hitml BY EXAMPLE

men An Introduction to General-Purpose
. > GPU Programming

CUDA books and references
— Programming Massively Parallel Processors
— CUDA by Example

JASON SANDERS
EDWARD KANDROT
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