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Outline

Goals of this session
= Use cuda-memcheck to detect invalid memory accesses
= Use Nisght Eclipse Edition to debug a CUDA program
= Gain performance insight with NVIDIA Visual Profiler/nvprof
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Debugging Profiling
cuda-memcheck nvprof
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cuda-memcheck

Command-line memory access analyzer

= Memory error detector; similar to Valgrind’s memcheck
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cuda-memcheck

Command-line memory access analyzer

= Memory error detector; similar to Valgrind’s memcheck
= Has sub-tools, via cuda-memcheck --tool NAME:

= memcheck: Memory access checking (default)
= racecheck: Shared memory hazard checking
= Also: synccheck, initcheck
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cuda-memcheck

Command-line memory access analyzer

= Memory error detector; similar to Valgrind’s memcheck
= Has sub-tools, via cuda-memcheck --tool NAME:

= memcheck: Memory access checking (default)
= racecheck: Shared memory hazard checking
= Also: synccheck, initcheck

= Remember to compile your program with debug information: add -g (host) or -G
(device)
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cuda-memcheck

Command-line memory access analyzer X )
Compile options for nvcc

-g Debug info for host

. . code
= Memory error detector; similar to Valgrind’s memcheck .
. -G Debug info for
= Has sub-tools, via cuda-memcheck --tool NAME: device code
= memcheck: Memory access checking (default) -lineinfo Line number for

» racecheck: Shared memory hazard checking device code

= Also: synccheck, initcheck

= Remember to compile your program with debug information: add -g (host) or -G
(device)
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cuda-memcheck

Command-line memory access analyzer X )
Compile options for nvcc

-g Debug info for host

. . code
= Memory error detector; similar to Valgrind’s memcheck .
. -G Debug info for
= Has sub-tools, via cuda-memcheck --tool NAME: device code slow
= memcheck: Memory access checking (default) -lineinfo Line number for

» racecheck: Shared memory hazard checking device code

= Also: synccheck, initcheck

= Remember to compile your program with debug information: add -g (host) or -G
(device)
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cuda-memcheck

Command-line memory access analyzer X )
Compile options for nvcc

-g Debug info for host
.. . code
= Memory error detector; similar to Valgrind’s memcheck .
-G Debug info for

= Has sub-tools, via cuda-memcheck --tool NAME: device code slow

= memcheck: Memory access checking (default) -lineinfo Line number for
» racecheck: Shared memory hazard checking device code
= Also: synccheck, initcheck

= Remember to compile your program with debug information: add -g (host) or -G
(device)

— http://docs.nvidia.com/cuda/cuda-memcheck/
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Example
Launch: cuda-memcheck PROGRAM
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Example
Launch: cuda-memcheck PROGRAM

aherten@juronc04:~/NVAL/Courses/CUDA-Course-Apr-2017/Tools/1-Cuda-Memcheck$ cuda-memcheck ./set_vector
CUDA-MEMCHECK
Invalid __global__ write of size 4
at 0x00000218 in
/gpfs/homeb/zam/aherten/NVAL/Courses/CUDA-Course-Apr-2017/Tools/1-Cuda-Memcheck/set_vector.cu:20:set(int,
float*, float)
by thread (127,0,0) in block (3,0,0)
Address 0x110013e02dfc is out of bounds
Saved host backtrace up to driver entry point at kernel launch time
Host Frame:/usr/lib64/nvidia/libcuda.so.1 (cuLaunchKernel + 0x24c) [0x281bilc]
Host Frame:./set_vector [0xfd8c]
Host Frame:/1ib64/1libc.so0.6 (__libc_start_main + Oxc4) [0x24b74]

Invalid __global__ write of size 4
== at 0x00000218 in
/gpfs/homeb/zam/aherten/NVAL/Courses/CUDA-Course-Apr-2017/Tools/1-Cuda-Memcheck/set_vector.cu:20:set(int,
float*, float)

by thread (126,0,0) in block (3,0,0)
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cuda-gdb

Symbolic debugger

= Powerful symbolic debugger for
CUDA code

= Built on top of gdb
m Full usage: own course needed
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cuda-gdb

Symbolic debugger

= Powerful symbolic debugger for
CUDA code

= Built on top of gdb
m Full usage: own course needed
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cuda-gdb 101

run Starts application, give arguments with set
args 12 ..

break L Create breakpoint

continue Continue running
print i Print content of i
set variable i = 10 Set i to 10
info locals Print all currently set variables
info cuda threads Print current thread configuration

cuda thread N Switch context to thread number N

cheat sheet
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cuda-gdb

Symbolic debugger

= Powerful symbolic debugger for
CUDA code

= Built on top of gdb
m Full usage: own course needed

— http://docs.nvidia.com/
cuda/cuda-gdb/
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cuda-gdb 101

run Starts application, give arguments with set
args 12 ..

break L Create breakpoint

continue Continue running
print i Print content of i
set variable i = 10 Set i to 10
info locals Print all currently set variables
info cuda threads Print current thread configuration

cuda thread N Switch context to thread number N

cheat sheet
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cuda-gdb

Example

Launch: cuda-gdb app — run

aherten@juroncO4:~/NVAL/Courses/CUDA-Course-Apr-2018/Tools/2-Cuda-Gdb$ cuda-gdb gpu_print
NVIDIA (R) CUDA Debugger, 9.1 release

Portions Copyright (C) 2007-2017 NVIDIA Corporation

GNU gdb (GDB) 7.12

For help, type "help".

Reading symbols from gpu_print...done.

(cuda-gdb) run

Starting program: /gpfs/homeb/zam/aherten/NVAL/Courses/CUDA-Course-Apr-2018/Tools/2-Cuda-Gdb/gpu_print
[Thread debugging using libthread_db enabled]

Using host libthread_db library "/lib64/libthread_db.so.1".

[New Thread 0x10000755f190 (LWP 155595)]

blockIdx.x = 0, threadIdx.x = 0, i = 0

blockIdx.x = 0, threadIdx.x = 1, i = 0

blockIdx.x = 0, threadIdx.x 2, 1=0
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Nsight Eclipse Edition

The CUDA IDE

= Full-fledged IDE for CUDA development; based on Eclipse
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Nsight Eclipse Edition

The CUDA IDE

= Full-fledged IDE for CUDA development; based on Eclipse
= Source code editor with CUDA C / C++ highlighting
= Project / file management with integration of version control
Build system
Remote invocation capabilities
Graphical interface for debugging heterogeneous applications (cuda-gdb under the hood)
Integrated NVIDIA Visual Profiler
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Nsight Eclipse Edition

The CUDA IDE

= Full-fledged IDE for CUDA development; based on Eclipse

= Source code editor with CUDA C / C++ highlighting

= Project / file management with integration of version control

= Build system

= Remote invocation capabilities

= Graphical interface for debugging heterogeneous applications (cuda-gdb under the hood)
= Integrated NVIDIA Visual Profiler

= Also: Nsight Visual Studio Edition (only Windows)
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Nsight Eclipse Edition

The CUDA IDE

= Full-fledged IDE for CUDA development; based on Eclipse
= Source code editor with CUDA C / C++ highlighting
= Project / file management with integration of version control
= Build system
= Remote invocation capabilities
= Graphical interface for debugging heterogeneous applications (cuda-gdb under the hood)
= Integrated NVIDIA Visual Profiler

= Also: Nsight Visual Studio Edition (only Windows)

— https://developer.nvidia.com/nsight-eclipse-edition/
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ene || CfC++ - Tasksftask1-cuda-memcheck.cu - Nsight - /Users/herten/Documents/Coding/Nsight Workspace

[i5Project Explorer 2~ = B [§ task1-cuda-memcheck.cu 5% =0
E%v‘izmm»m = EERE 0% ¥
¥ STasks 48, = ThLs e chucks, PR Vol oF the CUB sl 1) ol etso] ]
¥ Lo task | - #define CUDA_CHECK \ # CUDA_CHECK RETURN()
| & Makefile 5 cudaError_t _m_cudaStat = \mlue, A, ° se!(cnm |n|. float* canst resti
9 if (_m_cudaStat != cudaSuccess) { N ® main():
10 Forintf(stderr, "Error %s at line %d in File Es\n', \
11 cudaGetErrorStringl_m_cudaStatd, __LINE__, __FILE_); N
12 exit(1); \
13 1t
14
15
16
175 __global__ void set(const int n, float* _restrict__ const a_d, const float value) {
18 int 1 = blockIdx. x*blockDim. x+threadldx. x;
19 ifFCi<n){
20 adl i+ 2%n ] = value;
21 +
22 }
23
2
zs‘« int main() {
int n - 1024;
Z?
28 CUDA_CHECK_RETURN(cudoSetDevice(8));
23
30 float *a_d = 8;
31 (UDLCN[(K_KETIEW(:udﬂl‘ulluc((vold") &a_d, n * sizeof(float)));
3z
33 float value - 3.14f;
34 set<n/256,2565>>(n, a_d, value);
35 ‘CUDA_CHECK_RETURN(cudaGetLastError());
5] Problems 1 Tasks & Console 3 [ Properties g-g-=a

No consoles to display at this time.




Debug CUDA Program with Nsight EE

Setup

Startnsight

[ NoX ] N/ C/C++ - Nsight
File Edit Souce Refactor Navigate Search Project Run Window Help

@8- (@ @ B-L-CG-%-0-% Q- OF -HEHH -F -we-o-
Quick Access B ||EeeH

(7 Project Explorer 52 = @ =0 EFoux'@va = 0
An outline is not available,

Im

21 Problems 5 Console v =g
0items
Description Resource Path Location | Type
(= | i
oo i
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Debug CUDA Program with Nsight EE

Setup

Configure debugging

[ NoX ] N/ C/C++ - Nsight
Fila Edt Souce Refactor Navigale Search Project JEN Window Help
N-HG&/ & -[®- w@- 6 - [ DB creFil g il & - 5l - B G - D -
+&, Debug Fi1
9. Profle A1 Quick Access [ |E& e+
(7 Project Explorer 52 = o 549 Attach... Shift+Ctri+F11 =8 EFuxr @M =A@
4 Debug Remote Application. An outline is not available,
- Profile History »
Profile As 3
Profile Configurations.
Run History 3
Run As »
Run Configurations...
Debug History »
Debug As »
Deug Configurations: |
® Toggle Breakpoint shiftsCri+8
@ Toggle Method Breakpoint
(22 Problems 52 { & Tongle Wetchpoint v =8
0items Skip All Breakpoints
Description 5% Remove All Breakpoints IPem |Lmaﬂcn |Type

Q. External Tools

»

|
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Debug CUDA Program with Nsight EE

Setup

Choose C/C++ Application

Cm-E®4d

[t Project Explor

b 2] C/C++ Application

# Launch Group

@

Member of the Helmholtz Association

Eile Ecit Soul create, manage, and run configurations @\

[] C/C++ Attach to Applic
# C/C++ Connect to Dek | =7

[£] C/C++ Remote Applice

Configure launch settings from this dialog:
= ~Press the ‘New’ button to create a configuration of the selected type. E E
L 3t available.
= - Press the ‘Duplicate’ button to copy the selected configuration.
3 - Press the ‘Delete’ button to remove the selected configuration.
¢ - Press the 'Filter' button to configure filtering options
C/C++ Postmortem De | - Edit or view an existing configuration by selecting it
Gonfigure launch settings from the ‘P ives' preference page.
= m

FE———

Filter matched 7 of 7 items

X Debug Configurations

v 4 Dobug

Close
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Debug CUDA Program with Nsight EE
Setup

Create New launch configuration

X Debug Configurations

L]
Eile Edit Soun Create, manage, and run configurations
@ 4

i L

e 4 Debug
Configure launch settings from this dialog:
~Press the ‘New’ button to create a configuration of the selected type. E E
3t avallable,

&P
O New fau

= - Press the ‘Duplicate’ button to copy the selected configuration.

3 - Press the 'Delete’ button to remove the selected configuration.

[E] C/C++ Attach to Applic
4 C/C++ Connect to Dek: | i - Press the 'Filter' button to configurs filtering options.

C/C++ Postmortem De
[£] C/C++ Remote Applice
# Launch Group

- Ediit or view an existing configuration by selecting it

settings from the ‘P ives' preference page.

Configure launch

FE———

Filter malched 7 of 7 tems |
® Close
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Setup

Insert path to executable

Debug CUDA Program with Nsight EE

8 August 2018

L ] X/ Debug Configurations
Eile Edit Soun Create, manage, and run configurations
T4+ B © @ o progmam not specilied ¢
y e 4 Debug
= 2 X[ B3~ Name: [New _configuration
[ Project Explor | - = = Ma = O
& || [l Main " 09~ Arguments| % Environment | %5 Debugger - Source| || ——
C/Ca+ Application: n
| New configuraion || |
[E] C/C++ Attach to Applic Variables... | Search Project.. ] Browse... |
& C/C++ Connect to Det ‘
Project:
ClCH+ Delf|
C/Ge+ Remote Applce || I
& Launch Group | Build (i required) before I g
Build configuration: Use Active |
Select configuration using 'C/C++ Application’
O Enable auto build O Disable auto build =
@ Use workspace seftinas Gonficure Workspace Settinas... =]
| = m
[ — i
|= ; Using CUDA GDB Create Process Launcher - Select other... Apply Revert
Filter matched 7 of 7 items = S
Type
S
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Debug CUDA Pro

Setup

Insert path to executable

Eile Edit Sou

Create, manage, and run configurations

@d

gram with Nsight EE

X Debug Configurations

p——
Filter matched 7 of 7 items

@

Member of the Helmholtz Association

Using CUDA GDB Create Process Launcher - Select other.. Apply.

2R (B3 - Name: [New _configuration
(&5 Project Explot - =
[5 Main 9= Arguments | 7% Environment | %5 Debugger| % Source =
C/C++ Application: M
[fhomeb: NVAL/Courses/CUDA-Course-Aug-20161ask2-cuda-gc]
[E] C/C++ Attach to Applic Variables... | Search Project. ‘ Browse... |
& C/C++ Connect to Dek ‘
Project
1 CICH+ De
C/G++ Remote Applice I M
& Launch Group Build (if required) before launching
Build configuration: Use Active |
Sslect configuration using 'C/C++ Application’
O Enable auto build O Disable auto build =
@ Use workspace seftinas Conficure Workspace Settings... L=

8 August 2018 Slide 9|23
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Debug CUDA Program with Nsight EE

Setup
[ ] X Debug Configurations
Eile Edit Soun Create, manage, and run configurations :
ol '
- 45 Debug
= \ SR B > Name: [New_configuration
(b5 Project Explof |7 1 = Ma = B8
(5 Main 9= A | 7% Environment | %7 Debugger - Source| —
| c/C++ Application: m
[ zam/ v /Courses/CUDA-C Aug cuda-gaf
G/ Atlachito Applla Variables... | SearchProject.. ] e |
& C/C++ Connect to Det ‘
| Project:
[E] CIC++ De
C/C++ Remote Applice |
& Launch Group Build (if required) before launching
Build configuration: Use Active I~|
Select configuration using 'C/C++ Application’
O Enable auto build O Disable auto build ]
@ Use workspace seftinas Gonficure Workspace Settinas... L=l
= m
1 — i
- ; Using CUDA GDB Create Process Launcher - Select other... Apply Revert
Filter matched 7 of 7 items 4 S
®@ Close
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Debug CUDA Program with Nsight EE
Usage

[ XaX ) \| Debug - /homeb/zam/aherten/NVAL/Courses/CUDA-Course-Aug-2016/task2-cuda-gdb.cu - Nsight
Fila Edit Souce Refactor Navigale Search Project Run Window Help

D-EEe R - um o cAE -
Quick Access | EEC/C+ |45 Dabug

45 Debug R # | % ¥ 3% ¥ = B (0 Varables R % Breakpoints s @ CUDA =\ Moculss = O
< [£] New_configuration [C/C++ Application] B &R

~ % Host Process [task2-cuda-gdb] [1800] [cores: 0] Naie |Type |vih.e |

< o Thread [1] 1800 [core: 0] (Suspended : Breakpoint) - _m_cudaStat | cudaError_t | cudaSuccess
= main() at task2-cuda-gdb.cu:24 0x402908 Lj

[ task2cuda-gdb.ou & = B8 5= Outline % = g
> i CUDA_CHECK_RETURN (cudaSstDavice (0) ) ; B 1'1: W \s ° %

P Print_test<<<z, 32555 () 7

CUDA_( K_RETURN (cudaGetLastkrror());
9 CUDA_CHECK_RETURN (cudaDevicsSynchronizs()) ;
[« e I}
B Console 53 & Tasks [£ Problems (2 Executal Memory BX% I BEISE 3 -0-=0
New_configuration [C/C++ Application] task2-cudageb
[l [+
s0 -
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Debug CUDA Program with Nsight EE
Usage

[ XaX ) X! Debug - fnomebjzam/aherten/NVAL /Courses/CUDA-Course-Aug-2016/task2-cuda-gdb.cu - Nsight
Fila Edit Souce Refactor Navigale Search Project Run Window Help

CD-EHGE /- 2w o EN DD S5 %0 0 -G - & 88 5 -wc-o

Quick Access B | EEc/c++ |45 Debug

45 Debug 52 # | % ¥ 3% ¥ = B (0 Variables R % Breakpoints !} Registers @ CUDA =\ Modules = O
< [£] New_configuration [C/C++ Application] BtBl&F Rt~
< ) print_test [0] [device 0 (GK210)] (Breakpoint) Name | Type [ T00080.00 |
(0,0,0) Block (0,0,0) =i | @register int io
print_test() at task2-cuda-gdb.cu:18 0x840500
[ taskzcuda-gdbou B T] cullemGetAttribute_v2() at oo0i = B £ Oulline % = o
. ) "
14 B R e %
15
16
17 __global__ void print_test() {
sl8 | int 1 = 0;
19 printf ("blockIdx.» = %d, threadldx.x = %d, 1 = %d\n", blockTdx.x, threadldx.x, i
) =
[ ||
B Console 8 7 Tasks (% Probl Executables [ Memory X% xHEE 28-0-=0
New_configuration [C/C++ Application] task2-cudageb
[ L]
[ witable Smart Inset 18+ 1
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Debug CUDA Program with Nsight EE
Usage

[ XaX ) \| Debug - /homeb/zam/aherten/NVAL/Courses/CUDA-Course-Aug-2016/task2-cuda-gdb.cu - Nsight
Fila Edit Souce Refactor Navigale Search Project Run Window Help

D-EBRe A - wpumMz o eBE RS-0 -6-Q-®5- 48 -G

Quick Access B & mc«,,W
& (- Variables ® Braakpoints 1tli Registers 53 ) CUDA = Modules % ol dld = - | =
# Name T(0,0,0)B(0,0,0) E‘ oz
2 0 &
in] ! 16776240 =
7 R2 0 -
R3 0 =R
i R4 67107888 (]
#RS 0 i}
50331648
[
[
0
[
[
[
0
0 (=
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Debug CUDA Program with Nsight EE
Usage

[ XaX ) \| Debug - /homeb/zam/aherten/NVAL/Courses/CUDA-Course-Aug-2016/task2-cuda-gdb.cu - Nsight
Fila Edit Souce Refactor Navigale Search Project Run Window Help

D-Ee& & - wp>amd oo B Q- Q@™ T A G

Quick Access B | EEc/c++ |45 Debug

& = Variables Breakpoints i R

ters @ CUDA 52 = Mod &-(+aF == =
% [@ m | [& Search CUDA Information &l =
5 < @ [0] print_test) <<<(2.1,1), (32 Device 0 (GK210) 18 2 blocks of 2 are running = =
] (0,00 SM 12 1 32 threads of 32 are running e
@ (00,0 Warp 0 Lane 0 task2-cuda-gob.cui 18 (0x840500) 2
@ (1,00 Warp 0 Lane 1 =) task2-cuda-gb. cu: 18 (0x840500) IR
@ (20,0 Warp 0 Lane 2 =) task2-cuda-gab.cu: 18 (0x840500) o
@ (30,0 Warp 0 Lane 3 - taskzuda-gob.cui 18 (0x840500) Il e
@ (4,0,0) Warp 0 Lane 4 = task2cuda-gdb.cu:18 (0x840500)
@ (50,0 Warp 0 Lane 5 | task2-cuda-grb.cu: 18 (0x840500) ‘
@ (6,00) Warp 0 Lans 6 task2-cuda-gab.cu:18 (0x840500)
@ (7,00 Warp 0 Lane 7 task2-cuda-gob cu; 18 (0x840500)
& (8,00) Warp 0 Lane 8 = task2-cuda-gdb.cu18 (0x840500)
@ (9,00 Warp 0 Lane 9 1=/ task2cuda-gab.cu: 18 (0x840500) |
@ (10,0,0) Warp 0 Lane 10 task2-cuda-gab.cu:18 (0x840500)
@ (11,00 Warp 0 Lane 11 task2-cuda-galb.cu: 18 (0x840500)
PP Worn 0 Lana 12 S bneled ik el 49 (0 ADEOD)
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Task 1

Use cuda-memcheck to identify error

= Location of code: 2-CUDA-Tools/exercises/tasks/taskl
m Steps (see also Instructions.md)
= Build:
make
= Run:
make run
= Fix!
Use cuda-memcheck to fix errorin task1-cuda-memcheck. cu; cuda-memcheck should
run without errors!
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Task 2

Debug with Nsight Eclipse Edition/cuda-gdb

= Location of code: 2-CUDA-Tools/exercises/tasks/task2
= Steps (see also Instructions.md)
= Build program:
make
= Start Nsight Eclipse Edition:
nsight
= Setup debug session:
See above
= Letthread 4 from first block print 42 (instead of 0)
Do not change the source code! Use the variable view.
= Alternative: Use cuda-gdb instead of Nsight EE
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Profiling
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Motivation for Measuring Performance

= Improvement possible only if program is measured

= |dentify:
Hotspots Which functions take most of the time?
Bottlenecks What are the limiters of performance?

= Manual timing possible, but tedious and error-prone
Feasible for small applications, impractical for complex ones
— Profiler
= |n-detail insights
= No code changes needed!
= Easy access to hardware counters
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nvprof

Command-line GPU profiler

= Profiles CUDA kernels and API calls; also CPU code!
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nvprof

Command-line GPU profiler

= Profiles CUDA kernels and API calls; also CPU code!
= Basic default profiling data, much more available with:
= --events E1,E2: Measure specific events
List available events via --query-events
= --metrics M1,M2: Measure combined metrics
List available metrics via --query-metrics
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nvprof

Command-line GPU profiler

= Profiles CUDA kernels and API calls; also CPU code!
= Basic default profiling data, much more available with:
= --events E1,E2: Measure specific events
List available events via --query-events
= --metrics M1,M2: Measure combined metrics
List available metrics via --query-metrics
= Further useful options
= --export-profile: Generate profiling data for Visual Profiler
= --print-gpu-trace: Show trace of function calls
= --unified-memory-profiling per-process-device: Printunified memory profiling
information
= --help: Forall therest...
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nvprof

Command-line GPU profiler

= Profiles CUDA kernels and API calls; also CPU code!
= Basic default profiling data, much more available with:
= --events E1,E2: Measure specific events
List available events via --query-events
= --metrics M1,M2: Measure combined metrics
List available metrics via --query-metrics
= Further useful options
= --export-profile: Generate profiling data for Visual Profiler
= --print-gpu-trace: Show trace of function calls
= --unified-memory-profiling per-process-device: Printunified memory profiling
information
= --help: Forall therest...

— http://docs.nvidia.com/cuda/profiler-users-guide/
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nvprof

Example |

Launch: nvprof PROGRAM
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nvprof

Example |

Launch: nvprof PROGRAM
o0 e

aherten@juroncO4:~/NVAL/Courses/CUDA-Course-Apr-2017/Tools/3-Scale-Vector$ nvprof ./scale_vector_um
==155639== NVPROF is profiling process 155639, command: ./scale_vector_um
==155639== Profiling result:
Type Time(%) Time Calls Avg Min Max Name
GPU activities: 100.00% 271.05us 1 271.05us 271.05us scale(float, floatx, floatx,
API calls: 97.43% 180.19ms 2 90.093ms 8.8760us cudaMallocManaged

1.36% 2.5067ms 360 6.9630us 256ns cuDeviceGetAttribute

0.83% 1.5355ms 4 383.87us 376.56us cuDeviceTotalMem

0.15% 274.34us 1 274.34us 274.34us cudaDeviceSynchronize

==155639== Unified Memory profiling result:
Device "Tesla P100-SXM2-16GB (0)"
Count Avg Size Min Size Max Size Total Size Total Time Name
9 113.78KB 64.000KB 256.00KB 1.000000MB 44.00000us Host To Device
13 157.54KB 64.000KB 896.00KB 2.000000MB 96.73600us Device To Host
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nvprof

Example Il

Launch: nvprof --metrics inst_execu[..] --cpu-profiling on PROGRAM
[ O

aherten@juroncO4:~/NVAL/Courses/CUDA-Course-Apr-2017/Tools/3-Scale-Vector$ nvprof --metrics
inst_executed,inst_issued,issued_ipc,flop_coun_sp,flop_count_dp --cpu-profiling on ./scale_vector_um

==155720== NVPROF is profiling process 155720, command: ./scale_vector_um

==155720== Some kernel(s) will be replayed on device 0 in order to collect all events/metrics.

Replaying kernel "scale(float, floatx, float*, int)" (done)

==155720== Profiling application: ./scale_vector_um

==155720== Metric result:

Invocations Metric Name Metric Description i Avg

Device "Tesla P100-SXM2-16GB (0)"

Kernel: scale(float, floatx, float*, int)

1 inst_executed Instructions Executed 134472 134472 134472
1 inst_issued Instructions Issued 138422 138422 138422
1 issued_ipc Issued IPC 0.952913 0.952913 0.952913

= = profiling result (bottom up)
Time(%) Time Name

69.09% .01lms  ---

66.36% .57ms | start_thread

66.36% .57ms | | clone
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Visual Profiler
The insight provider

Timeline view of all things GPU (API calls, kernels, memory)

View launch and run configurations

Guided and unguided analysis, with (among others):
= Performance limiters
= Kernel and execution properties
= Memory access patterns

NVIDIA Tools Extension NVTX (for annotation)

— https://developer.nvidia.com/nvidia-visual-profiler
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Visual Profiler

Example

Launch: nvvp — File — New Session

L] L ] X\ NVIDIA Visual Profiler
Flle View Window Run Help
MR WS- (R RF KR (E

o

© “NewSessiont 52 = @ [ Propeties 3 =a
os 0255 0ss 0755 main_42 gpu
El Pricoss s (8376) Start 650.921 ms ( —
= Thread 3222815158
O ah End [ 711159 ms ¢
L Profiling Overhead Duration 60.238 ms (€
= [0] Tesla K80 Grid Size. | [ 65535,1,1]
[= Context 1 (CUDA) Block Size [3241]
7 MemCpy (HioD) Registers/Thread 2
S Shared Memory/Block 7 ki
B Compue ared Memory/Block | 1.4
7 100.0% main_s2_gpu ~ Cccupancy |
= Streams Achieved 99.4%
et Theorstical 100%
< Shared Memory Configurati
J Shared Memory Request 112 KiB i)
[l Analysis 52 Setings “ =0
i Kernel Optimization Priorities i1
The following kemels ara ordered by optimization importance based on sxecution time and achieved occupancs
Optimization of higher ranked kerels (those that appear first n the lst)is more likely to improve performance comparec!
o lower ranked kemes.
The results on the right show your application’s —
kemels ordered by potential for performance. Rank | Description
improvement Starting with the kemels wih the :
highest ranking, you shouid sefect an eniy from the 106 [110 kefnel nstances | mald 42 god
{able anci then perform kemel analysis fo discover
additional optimization opportunities.
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Visual Profiler

Example

Launch: nvvp — File — New Session

1 NVINIA Visisal Brefilar

[l I

Details & Console

i Analysis &4 Setings

\
Elo_View Window Bun Heb Expert Analysis Timeline Selection Details
MREWSGS - (RRFKR(EEZE
§ “NewSessiont 5 =78 [ Propedies 12 =/n
os azss oss gt main 42 gpu
=] Process "spmv* (5316) Start £50.921 ms ( —
 Theads222015168
Driver AP End | 711159 ms (
* Profiling Overheod Duration £0.238 ms (€
= [0] Tesla K80 Grid Size. | [ 65535,1,1]
=l Block Size. [2241]
7 MemCpy (HioD) Registers/ 1 1read 2
7 MemGpy OBH)
5 Compuie - Shared Memory/Block | 1.047 KiB
7 100,0% main_42_gpu — ¥ Occupancy
= Streams Achieved 99.4%
* Steam13 | Theorstical 100%

< Shared Memory Configurati ‘
Shared Memory Request 112KIB | =]

i Kernel Optimization Priorities

The following kemels are ordered by optimization importas
Optimization of higher ranked! kernels (those that appear
10 lower ranked kemels.

“The results on the right show your application’s

Rank| Description

10 | 10 kemel instances ] main_42 gpu

kermels ordered by potential for performance
improvement Starting with the kernels with the
highest ranking, you shouid sefect an entry from the
table and then perform kerel analysis to discover
additonal optimization opportunities

based on execution time and achieved occupanc
in the lst) is more likely to improve performance compared
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Visual Profiler and nvprof
Interoperability

= nvprof can produce the input for Visual Profiler, options:

-0 f1 Write profile tofile f1
--analysis-metrics -o f2 Measure metrics needed for Visual Profiler’s guided
analysis, write to file f2

— Import to Visual Profiler (nvvp — File < Import... or Ctrl+)
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. eoce % NVIDIA Visual Profiler
VISLIG Eile View Window Help
¥ New Session Ctrl+N
Interope Open... Ctrl+0 -
Clone Sessfon. Shift+Ctrl+C B [ Properties 53 8
& Save Crrl+5
& saveas. select or highlight a single interval to see
&) save All Shifl+Crl+S properties
7 2d
— Im [ Analysis 32 T GPU Details El Console [ Settings W, = O
& | [, Export PDF Report sl

Member of the Helmholtz Association 8 August 2018 Slide 19123




Eile

.
V I s u a View Window Help

o0 X/ Import Nvprof Data

Interope|™ & &

(i Analysis 52 GPU Details

[, Export PDF Rep

Import Profile Data for Single Process

Select one nvprof profile file containing timeline data and zero or more
addition nvprof profile files containing event and metric values.

Profile Files | Timeline Options |

Connection; Local

[vl Manage connections. . |

Timeline data file; |fgpfsfhumeblzam!zhenEnINVAL]CuursEsICUD}\-Cuurse-:\pr-zul?f' Browse.
Event/Metric datafiles:

fgpfsihomeb fzam/aherten/NVAL/ Courses/ CUDA-Course- Apr-2017/Tools/3-Scale-Vect

Removi

q Use fixed width segments for Unified memory timeline

e interval to see

Number of segments lSpecify the number of segments for unified memory timelines [default 100]

<Back

Next > cancel Finish
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Other Profilers

Because there’s so much more

= Special measurement registers (performance counters) of GPU exposed to third-party
applications via CUPTI (CUDA Profiling Tools Interace)

— Enables professional profiling tools for GPU!
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Other Profilers

Because there’s so much more

= Special measurement registers (performance counters) of GPU exposed to third-party
applications via CUPTI (CUDA Profiling Tools Interace)

— Enables professional profiling tools for GPU!

PAPI API for measuring performance counters, also GPU
Forexample: cuda:::device:0:threads_launched

Score-P Measures CPU and GPU profile of program
Prefix nvcc compilation with scorep, set SCOREP_CUDA_ENABLE=yes, run
Cube Displays performance report from Score-P concisely
Vampir Display report form Score-P in timeline view, also multiple MPI ranks

JULICH
SUPERCOMPUTING
CENTRE

@) JULICH
Member of the Helmholtz Association 8 August 2018 Slide 20123 J

Forschungszentrum




Score-P
Analysis with Cube

0 0.00 Stall due to BR or CR
7.67e10 Stall due to BR or CR

8.38¢10 Stall due to Vector/Scalar
v [ 0.00 Stall due to Load/Store
v I 6.38¢8 Stall due to Deache Miss
v [ 0.00 Stall due to L2/L3 Hit
W 3.15e8 L2/L3 hit with confiict
[ 1.57€10 L2/L3 hit with no confiict
v O 0.00 Stall due to L3 Miss
W 3.15¢7 Stall due to On-chip L2/L3
M 5.48¢8 Stall due to On-chip Memory
L2/L3/Mem
W 5.84e7 Stall due to Off-node Memory
v [ 0.00 Stall due to LSU Reject
W 5.29¢7 Relecl duem Load-Hit
/@ to ERAT Miss

1.11e9 Reject due to Reject (other)
(@ 2.30e11 Stall due to Store Finish
[ 1.35e11 Stall due to Load Finish
8 5.65e10 Stall due to Store Forward
W 1.22610 Stall due to Load/Store (ther)
3.96e7 Stall due to Next-to-Complete Fiush
i 8.45¢9 Stall due to other reasons
(3 1.96e11 Waiting to Complete
rm 3 zo-w Tmeaﬂ Blocked
1 Completion Table Empty
E| 3 Bﬁen Cnmnleunn Cycles

L] L] Cube-4.3.4:
e —
Absolute B Absoue
[ e e [ cotwee 10 TN
v [J 0.00 Cycles (#) v [ 1.4%4 main

O 0.00 Compietion Stalls
>
>

v [ 9.275 MAIN_

[ 432.00 set_constants_
» W 7.15¢7 initialize_
» B 1.9607 exact rhs_
[ 3778.00 timer_clear_
» i 9|Ge7 exch_gbc_
6 adi_
» I 3.15¢8 compute_rhs._
» [ 5.09e9 x_solve_
» O 5.86e9 y.sulve,
» I 41569z solve_
» [ 2.40e7 add_
[ 637700 MPI_Barrier
4772.00 timer_start_

» [ 1.99¢7 verify_
M 3810.00 MPI_Reduce

[ 8220.00 MP_Finalize

pi.der.full.cubex

Absolute
m t

* O - machine Linux
¥ O - node jupp00
- MPI Rank 0
7.81e8 Master thread
M 1.29¢8 OMP thread 1
2.89¢8 OMP thread 2
1.61e8 OMP thread 3

T soxpiot

1209 MPI Rank 3

All (16 elements) B

[0.00 1.57€10 (1.10%)

|.43m| |o.nn

5.09€9 (32.51%) 1.57e10] [0.00

lected “x_solve_*
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Task 3

Analyze and profile scale_vector_um

= Location of code: 2-CUDA-Tools/exercises/tasks/task3/

= SeeInstructions.md
= Do any (all?) of the following:
Use nvprof to gather profile, Visual Profiler for viewing
- Usenvprof towrite scale_vector_um’s timeline to file
- Start Visual Profiler (nvvp) on JURECA (JUWELS?); import timeline
- Use nvprof to add metric information to timeline
- Import, run guided analysis in Visual Profiler

] orofite-and ded o ;
= Objective: Get to know the tools
= Also: What’s the runtime of the kernel?
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Conclusions

What we’ve learned

= Debugging
= Detect false memory accesses with cuda-memcheck
= Debug from console with cuda-gdb
= Debug with GUI in Nsight Eclipse Edition
= Profiling
= Use Visual Profiler for analysis and optimization
= nvprof in console, also for batch jobs
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Conclusions

What we’ve learned

= Debugging
= Detect false memory accesses with cuda-memcheck
= Debug from console with cuda-gdb
= Debug with GUI in Nsight Eclipse Edition
= Profiling
= Use Visual Profiler for analysis and optimization
= nvprof in console, also for batch jobs

Thank you |
for your attention:

a.herten@fz—juelich.de
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Appendix

Glossary
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Glossary |

CUDA Computing platform for GPUs from NVIDIA. Provides, among others, CUDA
C/C++.2,12,13,14, 16,17, 18,19, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 36, 37,
38,39

JSC Jilich Supercomputing Centre, the supercomputing institute of
Forschungszentrum Jilich, Germany. 57

JURECA A multi-purpose supercomputer with 1800 nodes at JSC. 52
JUWELS Jiilich’s new supercomputer, the successor of JUQUEEN. 52

NVIDIA US technology company creating GPUs. 16, 17, 18, 19, 43,57
CPU Central Processing Unit. 49, 50

GPU Graphics Processing Unit. 43, 49, 50, 51, 57
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