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. GPU —

Beaaesas Saaaasmn Ar—
A1006s of cores A A few cores
A10,000686s of threads A1008s of threads:s
A Great memory bandwidth A Good memory bandwidth

Ve

A Best at parallel execution A Best at serial execution




Graphical and Command -Line

ANVIDIA® Visual Profiler

N Standalone (nvvp)
fi Integrated into NVIDIA® NsightE Ec | i ps esighd)i t i on

Anvprof
A Commandline profiler

ACurrent command-line profiler still available




Profiling Session

© @ Create New Session

-View Help Executable Properties

Open... Ctr+0

5oy Ctri+s File: fin ¢ Browse...

Working directory: Browse...

= Save As...
5 save All shift+Ctri+5 Arguments:
L2 Import Nvprof Profile...

L4 Import CSV Profile...

Environment: Name Value

Exit




NVIDIA Visual Profiler

File View Run Help

O |l iy, Eg v

% *diverge.vp 22 = B ||E Properties 2 . [ Detail Graphs =B

0.

Vec32of32(int*, int¥, int*, int)
=| Process: 25290

Name Value
=] Thread: 1813960928 Start 70,642 me
Buntime API . DY ASY
Driver APl End 72.064 ms
= [0] GeForce GTX 480 Duration 1.422 ms
=| Context 1 (CUDA) Grid Size [ 256,1,1 ]
T MemCpy (HtoD) I Block Size [ 256,1,1]
" MemCpy (DtoH) i Registers/Thread 11
= Compute _ [~ "] "[VecThe... Vec50(in...|Veclo... " Veclof32x(int*, int¥, int*, int) [} SEG_GG. Memory/Block 0 bytes
I 56.3% [4] Veclof32x(in... o | Veclor32x(int*, int*, int*,int) |
T 10.6% [4] Veclof32(int... | | Veclo... — OccuDanq"‘
T 13.3% [4] Vec50(int*, i... | | I Theoretical 100%
¥ 12.5% [4] VecThen(int*... I 1 1 ~ L1 Cache Configuration
T 7.3% [4] Vec320f32(int... | | | Shared Memory Requested 48 KB
T 0.0% [4] VecEmpty(void) | | | | Shared Memory Executed 48 KB
—=| Streams
Stream 1 | = [ | = [vecThe... Vec50(in...|Veclo.. " Veclof32x(int¥, int¥, int*, int) |
4 s

T Analysis | o) Details | B Console |Cq Settings &2

Session diverge.vp

Executable Fjje. bin/diverge Browse...
Working directory:

Arguments:

Fnvirnnment- Mama Valua



Timeline

File View Run Help

M iy, Eg v

% *diverge.vp 2 = O || & Properties 2 . [ Detail Graphs =B

0.

fec320f32(int¥, int¥, int*, int)
=| Process: 25290

lame Value
=] Thread: -1813960928 e R
Runtime API .
Driver APl End 72.064 ms
=| [0] GeForce GTX 480 Duration 1.422 ms
=| Context 1 (CUDA) Grid Size [ 256,1,1 ]
I MemCpy (HtoD) I Block Size [256,1,1]
" MemCpy (DtoH) i Registers/Thread 11
=| Compute _ [ ™ "1 "[VecThe... Vecs0(in...|Veclo.. " Veclof32x(int*, int*, int*, inf) | Shared Memory/Block 0 bytes
I 56.3% [4] Veclof32x(in... o | Veclor32x(int*, int*, int*,int) |
T 10.6% [4] Veclof32(int... | | [ OCCUpancy.
T 13.3% [4] Vec50(int*, i... | | I Theoretical 100%
¥ 12.5% [4] VecThen(int*... I 1 1 [ VecThe.. | - L1 Cache Configuration
¥ 7.3% [4] Vec320of32(int... | | Shared Memory Requested 48 KB
T 0.0% [4] VecEmpty(void) | | | | Shared Memory Executed 48 KB
—=| Streams
Stream 1 | = [ | = [vecThe... Vec50(in...|Veclo.. " Veclof32x(int¥, int¥, int*, int) |
4 s

T Analysis | o) Details | B Console |Cq Settings &2

Executable Fjje. bin/diverge Browse...
Working directory:

Arguments:

Fnvirnnment- Mama Valua



CPU Timeline

File View Run Help

i =y Qv

% *diverge.vp 22 = B ||E Properties 2 . [ Detail Graphs =B

0./ Vec32of32(int*, int*, int*, int)
=| Process: 25290

lame Value
= Thread: -1813960928 — —
Runtime API .
Driver APl End 72.064 ms
=T OerUICe OTA 98U Duration 1.422 ms
=| Context 1 (CUDA) [ 256,1,1 ]
T MemCpy (HtoD) I [ 256,1,1]
" MemCpy (DtoH) Tyt T e 11
S CG”;ZU;; — [~ "] "[VecThe... Vec50(in...|Veclo... " Veclof32x(int*, int¥, int*, int) [} SEG_GG. Memory/Block 0 bytes
L EiLRD SIUHEI L N e . T ——
T 10.6% [4] Veclof32(int... | | Veclo... — OCCUpancy.
T 13.3% [4] Vec50(int*, i... | | I Theoretical 100%
¥ 12.5% [4] VecThen(int*... I 1 1 ~ L1 Cache Configuration
¥ 7.3% [4] Vec320of32(int... | | Shared Memory Requested 48 KB
T 0.0% [4] VecEmpty(void) | | | | Shared Memory Executed 48 KB
—=| Streams
Stream 1 | = [ | = [vecThe... Vec50(in...|Veclo.. " Veclof32x(int¥, int¥, int*, int) |
4 »

T Analysis | o) Details | B Console |Cq Settings &2

Executable Fjje. bin/diverge Browse...
Working directory:

Arguments:

Fnvirnnment- Mama Valua



GPU Timeline

File View Run Help

i =y Qv

% *diverge.vp 22 = B ||E Properties 2 . [ Detail Graphs =B

0.

Vec32of32(int*, int¥, int*, int)

- N

—=| Process: 25290 Name Value
=l Thread: 1813960928 — —
Runtime API .
Driver APl End 72.064 ms
=101 GeForce GIX 480 Duration 1.422 ms
=| Context 1 (CUDA) Grid Size [ 256,1,1 ]
T MemCpy (HtoD) I Block Size [ 256,1,1]
" MemCpy (DtoH) i Registers/Thread 11
Z CG”;ZU;; — [~ [ " [VecThe... Vec50(in...| Veclo...—VecTof32x(int*, int¥, int*, int) [{if NN Memory/Block 0 bytes
L SEsty ol CERLISEETL- B N . S ——
T 10.6% [4] Veclof32(int... || | Veclo... OCCUpancy.
T 13.3% [4] Vec50(int*, i... | | I Theoretical 100%
¥ 12.5% [4] VecThen(int*... I 1 1 - L1 Cache Configuration
¥ 7.3% [4] Vec320of32(int... | | Shared Memory Requested 48 KB
T 0.0% [4] VecEmpty(void) | | | | Shared Memory Executed 48 KB
—=| Streams
Stream 1 [ = [ |~ [vecThe... Vec50(in...|Veclo.. " Veclof32x(int¥, int¥, int*, int) |
4 B

T Analysis | o) Details | B Console |Cq Settings &2

Executable Fjje. bin/diverge Browse...

Working directory:

Arguments:

Fnvirnnment- Mama Valua



Measuring Time

File View Run Help

£ g5

A e e

iy my Qv # =

% *diverge.vp 2 = O | & Properties & . [ Detail Graphs =08

0.049 s iiﬁm 0.051's 0.07:2 s
—| Process: 25290 N
—| Thread: -1813960928
Runtime AP! ol MALLLLLLALLLLLLLLL
Driver API
—| [0] GeForce GTX 480
—| Context 1 (CUDA)
" MemCpy (HtoD)
I MemCpy (DtoH)
= Compute I | Veclof32x(intti.. | | Veclof32x(int*i..| | 'Veclof32x(in
I 56.3% [4] Veclof... [ Veclof32x(int*, i... | W [VecTof32x(in
T 10.6% [4] Veclof... [ | B [
T 13.3% [4] Vec50... [ | | [

T 12.5% [4] VecTh... | ] [ | ||
T 7.3% [4] Vec32of... [ | |

7 0.0% [4] VecEmp... | | |
=| Streams

Stream 1 | J-W-M_m

" | 3

T Analysis |[o) Details | B Console | g Settings &2

Executable Fjje. bin/diverge Browse...
Working directory:

Arguments:



Correlating CPU and GPU Activity

File View Run Help

O |l iy, Eg v

% *diverge.vp 2 & *concurrent.vp = B || = Properties 2 . [ Detail Graphs =B

0.049 s 0.051s 0.052 s Veclof32x(int*, int*, int*, int)
= Process: 25290

Name Value
= Thread: -1813960928
Runtime APl | I|||| _|_|_||_|_ H |||| Start 50.643 ms
Driver API End 51.448 ms
=| [0] GeForce GTX 480 Duration 804.924 ps
—| Context 1 (CUDA) Grid Size [2,1,1]
T MemCpy (HtoD) 1A Block Size [1,1,1]
" MemCpy (DtoH) - Registers/Thread 12
=l Compute _ | VecTofSax(intsi.~  \EoUErNINN  Veclof32x(intisuupeug Memory/Block 0 bytes
I 56.3% [4] Veclof32x(in... | VECLOTSAXAINCT, 1... ] Vec 10f32x{1:§t*_ (ece | VECLOTS-Z XTI Occu
T 10.6% [4] Veclof32(int... || || [ pancy
T 13.3% [4] Vec50(int*, i... ] ] [ Theoretical 16.7%
T 12.5% [4] VecThen(int*... [ [ [ - L1 Cache Configuration
¥ 7.3% [4] Vec320of32(int... | | Shared Memory Requested 48 KB
" 0.0% [4] VecEmpty(void) | | | Shared Memory Executed 48 KB
=| Streams
Stream 1 (W] Veclofs2x(inti.. | \COUErZICNM «  Veclof32x(int

- L3

@ Analysis | g Details | Bl Console | Settings &2

Executable Fjje. bin/diverge Browse...
Working directory:

Arguments:



Properties - Kernel

File View Run Help

O |l iy, Eg v

% *diverge.vp 2 & *concurrent.vp = B || = Properties 2 . [ Detail Graphs =B

0.049 s 0.05s 0.051s 0.052 s Veclof32x(int*, int*, int*, int)
= Process: 25290

Name Value
= Thread:.—1813960928 Start 50.643 ms
Runtime API (L U LU
Driver APl End 51.448 ms
=| [0] GeForce GTX 480 Duration 804.924 ps
—| Context 1 (CUDA) Grid Size [2,1,1]
T MemCpy (HtoD) 1A Block Size [1,1,1]
" MemCpy (DtoH) - Registers/Thread 12
=| Compute } |-Mﬂm_vecj'0f32x{!nt*- I _n:r.w.u_'n.m shared Memory/Block 0 bytes
F 56.3% [4] Veclof32x(in... | VECLOTSAXAINCT, 1... ] Vec 10f32x{1:§t*_ I... | VECLOT32X(ING _ Occu
T 10.6% [4] Veclof32(int... | | | pancy
T 13.3% [4] Vec50(int*, i... B ] [ Theoretical 16.7%
¥ 12.5% [4] VecThen(int*... [ [ [ ~ L1 Cache Configuration
¥ 7.3% [4] Vec320of32(int... | | Shared Memory Requested 48 KB
T 0.0% [4] VecEmpty(void) | | | Shared Memory Executed 48 KB
=| Streams
Stream 1 (W] Veclofs2x(inti..  |\COUEFAIGNM  Veclof32x(int

-

@ Analysis | g Details | Bl Console | Settings &2

Executable Fjje. bin/diverge Browse...
Working directory:

Arguments:



Properties - Memcpy

File View Run Help

ay =y Oy

t +diverge.vp i3 = 0O | S D natiasess ebaizilGmnhs =

Memcpy HtoD [async]

= Process: 25290 Name value
—| Thread: -1813960928
Runtime AP R N
Driver AP _ |
—| [0] GeForce GTX 480 Duration 45.761 HS
=| Context 1 (CUDA} Size | 256 KB
¥ MemCpy (HtoD) | t} Throughput 5.34 GB/s
IF MemCpy (DtoH)
=] Compute | 'veclof..| [Veclof.'|  "Veclof.. [VecThen(int*, int*, int* i..| Vec50(i
" 56.3% [4] Veclof... | Veclor...| | Veclor.. | | Veclor... |
7 10.6% [4] Veclof... | | [ |

T 13.3% [4] Vec50... | | B Vec50(i
T 12.5% [4] VecTh... | || | VecThen(int®, int*, int*, i...

7 7.3% [4] Vec32of... i | |
T 0.0% [4] VecEmp... | | | |
=| Streams

Stream 1 (Wl 'Veclof.| [Veclof. |  "Veclof.. |VecThen(int*, int*, int* i.. | Vec50(i
p—

]

Start ' 49.008 ms
End | 49.054 ms

T Analysis | o) Details | & Console |C@ Settings &3

Session diverge.vp

Executable e /home/david/depot/davidg-linux-sw/sw/gpgpu/bin/x86_64 Linux_debug/diverge Browse...

Working directory:




Analysis, Detalls, etc.

File View Run Help

M iy, Eg v

% *diverge.vp 22 = B ||E Properties 2 . [ Detail Graphs =B

0.

Vec32of32(int*, int¥, int*, int)
=| Process: 25290

Name Value
=] Thread: 1813960928 Start 70,642 me
Runtime API .
Driver APl End 72.064 ms
=| [0] GeForce GTX 480 Duration 1.422 ms
=| Context 1 (CUDA) Grid Size [ 256,1,1 ]
I MemCpy (HtoD) I Block Size [256,1,1]
" MemCpy (DtoH) i Registers/Thread 11
=| Compute _ [~ [ " [VecThe... Vec50(in...| Veclo... " VecTof32x(int*, int¥, int*, int) |G- Memory/Block 0 bytes
I 56.3% [4] Veclof32x(in... o | Veclor32x(int*, int*, int*,int) |
T 10.6% [4] Veclof32(int... | | — OCCUpancy.
T 13.3% [4] Vec50(int*, i... | | I Theoretical 100%
¥ 12.5% [4] VecThen(int*... I 1 1 [ VecThe.. | ~ L1 Cache Configuration
¥ 7.3% [4] Vec320of32(int... | | Shared Memory Requested 48 KB
T 0.0% [4] VecEmpty(void) | | | | | 48 KB
—=| Streams
Stream 1 | = [ | = [vecThe.. Vec50(in...[Veclo.. " Veclof32x(int, i
4 [

T Analysis | o) Details | B Console |Cq Settings &2

Executable Fjje. bin/diverge Browse...
Working directory:

Arguments:

Fnvirnnment- Mama Valua



Concurrent Kernels

= Process: 9949
—=| Thread: 1524016928
Runtime AP
Driver AP
= [0] GeForce GTX 480

=| Context 1 (CUDA)

clock_block3{long*, long)

=| Compute

40.6% [50] clock...

25 o L] ek clock_block3{long*, I... clock_block3{long*, long) clock_block3(lo
o clock_blo... clock_blo... cloc
21.9% [30] clock... | clock_DlockZilong®, long)  Jclock_DIo..| | Clock
12.5% [30] clock... [clock _blo..] clock_blo...
—| Streams

Stream 6 - — = = I
Stream 7 clock_block3(long*, long) cloc

... | clock_block4(long*, I... | clock_block1(long¥, I... clock_block3(lo

Stream &

Stream 9



Profiling Flow

AUnderstand CPU behavior on timeline
AAdd profiling oOannotationsd to a

A NVIDIA Tools Extension
A Custom markers and time ranges

A Custom naming
AFocus profiling on region of interest
A Reduce volume of profile data
N Improve usability of Visual Profiler
A Improve accuracy of analysis

AAnalyze for optimization opportunities




Annotations: NVIDIA Tools Extension

ADeveloper API for CPU code

Alnstalled with CUDA Toolkit ( libnvToolsExt.so )
ANaming

N Host OS threads: nvtxNameOsThread)

A CUDA device, context, stream: nvtxNameCudaStrean)
ATime Ranges and Markers

i Range:nvtxRangeStart(), nvtixRangeEnd)
N Instantaneous marker: nvtxMark()



Example: Time Ranges

ATesting alogorithm in testbench
AUse time ranges API to mark initialization, test, and results

\

nvtxRangeld t id0= nvixRangeStart 5 2) 1T EOEAI EUAz2 4t K
< init code >

nvtxRangeEnd(id0);

nvtxRangeld t idl = nvixRangeStart 5 24 A00z2 & K

< compute code >

nvtxRangeEnd(id1);

)\



Example: Time Ranges




