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Homogeneous application development for
CPU+GPU compute platforms
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VISUAL PROFILER

® Trace CUDA activities
® Profile CUDA kernels

Correlate performance instrumentation
with source code

Expert-guided performance analysis

NVPROF

® Collect Performance events and metrics

GPU LIBRARY ADVISOR

® Detect CUDA library optimization
opportunities

NVDISASM, CUOBJDUMP

CUDA TOOLS

[ Analysis 22 [ Details | B Console | T Settings
Results

i Compute, Memory, and Latency Bound

For device "Tesla C2050" the kemnel's memory utilization is significantly lower than its compute utilization. These
utilization levels indicate that the performance of the kemel is most likely being limited by computation on the SMs.

1. CUDA Application Analysis

2. Find Performance-Critical Kernels
3. Compute, Memory, or Latency Bound

100 —
to determine if the performance of the kernel is

The first step in analyzing an individual kernel is a0

90 4
bounded by computation, memory, or latency. a0 4
The results at right indicate that the performance

of kernel "LatencyOccupancyRegister” is most 70 +
likely limited by compute. 50 1

[y Perform Compute Analysis 50 +

The most likely bottleneck to performance for this 40 -
kernel is compute so you should first perform compute
analysis to determine how it is limiting performance,

% Utilization

30 +
20 +

\ily Perform Latency Analysis e

[ Memory operations
[ Control-flow operations
[ Arithmetic operations
[ IMemory (Texture)

[y Perform Memory Analysis 0
Compute
Latency and memory are likely not the primary
performance bottlenecks for this kernel, but you may
still want to perform those analyses

CUDA-MEMCHECK

® Detect out-of-bounds and misaligned memory

accesses

Detect race condition in memory accesses

Detect uninitialized global memory accesses

Detect incorrect GPU thread synchronization

Memory (Texture)

CUDA-GDB

® Debug CUDA kernels with CLI
® Debug CPU and GPU code
® CPU and GPU core dump support

4 <ANVIDIA.



NEW TOOLS FEATURES IN CUDA 8.0



SUPPORT FOR PASCAL ARCHITECTURE

Support for GPUs with Compute Capability 6.0, 6.1 and 6.2
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DEPENDENCY ANALYSIS

Provide insight into application-level performance limiters

Expose dependencies between activities according to the programming model
|ldentify waiting time due to inter-stream dependencies

Highlight activities on the critical application runtime path

Supports CUDA (Linux/Mac/Windows) and POSIX threads (Linux/Mac)

7
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DEPENDENCY ANALYSIS IN VISUAL PROFILER

NVIDIA Visual Profiler

Window Run Help

CREE WSy & FlIEBEAERIA-
§ *Newsession2 & = A
75 ms 200 ms 200.25 ms 200.5ms 200.75 ms 201 ms 201.25ms 201.5 ms 201.75 ms 202 ms 202.2
[= Process "matrixMul" (24278)
= Thread 1820145536
- PThread
 Runtime API | |cudaMa._cudam.._| cudaMe. | cudaMemcpy | cuda cudaDevicesynchronize | ey
" Driver APl
- Profiling Overhead
[= [0] Tesla K20c
= Context 1 (CUDA)
=T MemCpy (HoD) -
=T MemCpy (DtoH)
[=I Compute void matrixMulCUDA<int=32>(float*, Float*, float...
L <F 100.0% void matri... void matrixMulCUDA<int=32>(float*, Float*, float...
[=] Streams.
- Default ] void matrixMulCUDA<int=32>(float*, float*, float...
1 v
O Analysis 2 tings . = 0 = Properties 2 = g
= @ [%] Reset All| [ Analyze All Results void matrixMulCUDA<int=32>(float*, float*, float*, int, int)
. i Dependency Analysis Start 200.482 ms (200,481,649 ns)
To enable kernel analysis stages select a The following table shows metrics collected from a dependency analysis of the program execution. The data is
host-launched kernelinstance in the wing : " pendency analy Prog P : End 200.996 ms (200,996,145 ns)
timeline. sumr_nan.?_ed per function type. Use the "Dependency Analysis" menu on the main toolbar to visualize analysis results on Dburation S14.456 s
ity the timeline. More... -490H
PRETcARON . . . . . P Stream Default
Function Name ~ Time on Critical Path (%) | Time on Critical Path Waiting time crid si [2010,1]
Data M ... C rid Size ,10,
ata Movemen... Concurrency 9 cudamalloc_v3020 54.05% 194.897 ms ons -
<Other> 45.54% 164.223 ms ons Block’size [5z32,)]
Compute Utilization [}, ” ! : o : § Registers/Thread 29
void matrixMulCUDA<int=32>(Float*, Float*, Float*, int, int) 0.29% 1.031ms ons .
Shared Memory/Block 8KiB
Kernel Performance el cudaMemcpy_v3020 0.09 % 330.123ps| 124.352ps " o
ccupanc
[CUDA memcpy DtoH] 0.03% 124.352 ps ons H P t'y 1 e
eoretical
Dependency Analysls cudaEventRecord_v3020 0.00% 12.687 ps ons -
¥ Shared Memory Configuration
pthread_enter 0.00 % ons ons .
NVLink ol ) Shared Memory Requested 48 KiB
pthread_exit 0.00 % ons ons i
Shared Memory Executed 48KiB
[cUDA memcpy HtoD] 0.00 % ons ons -
Shared Memory Bank Size 4B
cudaLaunch_v3020 0.00 % ons ons )
i X ¥ Dependency Analysis
cudaDeviceSynchronize_v3020 0.00 % Onsi 514.496 ps - —
Time on Critical Path 514.496 ps
cudaEventQuery_v3020 0.00 % Ons 396.36 ps . N
Waiting Time ons

< 8 <INVIDIA.



UNIFIED MEMORY PROFILING

Requirements: Pascal (GP100) and Linux-64, Windows TCC in the future
Data transfers to/from GPU with accurate timestamps (event-based)

Supported counters:
CPU and GPU page faults, H2D data migration, D2H data migration

New activity record with timestamps, transfer size, virtual page base address,
devices involved

9 NVIDIA.



% *profile.out 2 ‘

UNIFIED MEMORY PROFILING

Visual profiler - 8.0 unified memory timeline

= B | E Properties E@‘

lﬂs

GPU Page Faults

[=| Process "leblancx4.pnt” (232...
[= Thread 2605156288
“ Runtime API
- Driver API

[=] Markers and Ranges

- Default Domain

- Profiling Overhead
[=| Unified Memaory
L 5F CPU Page Faults
[=I [0] Graphics Device
[=| Unified Memory
L 5F Data Migration (DtoH)
" F Data Migration (HtoD)
[=| Context 1 (CUDA)
-5 MemCpy (HtoD)
[=| Compute
- 5F 16.5% hydroStep2...
- SF 12.5% hydroStep2...
- 5F 11.1% hydro_initz...
- 5F 10.5% hydroStep2...
- SF 9.2% hydroStep2_...
- SF 6.7% hydroStep2_...
- 6.6% hydroStepd_...

hydro_initz_k... hydros... hydroStep2_... "hydroStep2_3_fl... hydro...

hydro_initz_k...

¥ Duration
Session
GPU Page Faults
GPU Page Fault groups

cudaDeviceSynchronize cudaDevic... ||

Solver

Solver

hydroStep... "hydroStep2_12_flat_3...| hydros... hydros...
hydroStep2_12_Flat_3...
hydroStep2_3 Fl...

hydroStep2_...
hydrostep...

| 84.863 s (84,862,585,
| 154054791
| 5270010



UNIFIED MEMORY PROFILING ANALYSIS

Results

i Unified Memory Analysis
The following table shows the top virtual addresses which have maximum data migration size

Virtual address HtoD migration size DtoH migrationsize CPU page faults GPU page Faults Migration throughput Average faults per second

0x900709000 | 20.48 kB 1.012 MB 0 4 67.736 MB/s 37145.6631
0x900b08000 | 1.016 MB 4.096 kB 2 0 96.593 MB/s 0.00
0x500108000 :1.016 MB 4,096 kB 2 1 78.726 MB/s 12180.5725
0x500907000 ! 1.02MB oB 0 6 81.543 MB/s 568367.9704
0x900309000 | 4.096 kB 1.012 MB V] 0 177.101 MB/s 0.00
0x902109000 | 4.096 kB 1.012 MB 0 q 215.42 MB/s 69839.1378
0x501909000 0B 1.012 MB V] 26 5.444 GB/s 242854.0509
0x500909000 (0B 1.012 MB 0 0 5.251 GB/s 0.00
0x501b0S000 :0B 1.012 MB 0 14 5.456 GB/s 68297.36
0x900b0%000 0B 1.012 MB 0 0 5.109 GB/s 0.00

The following table shows the summary of unified memory migrations and page faults for the application

Total HtoD migration size Total DtoH migrationsize Total CPU Page faults Total GPU Page Faults | Total different pages The virtual address range

37.753 MB

| 33.559 MB

| 20868 11797

0x902c1d000-0x 900887000

11 <4 NVIDIA.



NVLINK VISUALIZATION

Unguided A Visual Profiler

Static properties Runtime values

& Analysis 3 B GPU Details 5 CPU Details B Console T Settings
G [A/ Reset All i Analyze All Results

: i NVLink Analysis
:;?;:;E;?:S::i::\ﬁ:ﬁ:'s stages select a hostlaunched kernel The Following NVLink topology diagram shows logical NVLink connections between GPUs and CPU. The logical NVLink can contain one or more physical links. For a logical NVLink between two devices A
: and B, the average receive throughput For device A is shown close to device A and the average receive throughput for device B is shown close to device B. Receive throughput of device A is same as
Application transmit throughput of device B.
Data Movement And Concurrency ) The tables on right hand side show the properties, bandwidth utilization and throughput of each logical NvLink.
Lngil:al NVLink Properties
Compute Utilization | L | P =
-} . . eak Physical Peer  System Peer  Systemf, . .. .
boia e Bandwidth NVLinks Access Access Atomic Atomic DAl AT
Kernel Performance (53) GPUO GPUO<->GPU1|  BOGB/s 2/Yes No | Yes  No 0l 0
Dependency Analysis (] IGraphu:s Dev... GPUO<->CPU 80 GB/s 2 No Yes No No 46 18
18.88 GB/s 3 GPU1<->CPU | 80GB/s 2i No | Yes i No No 44| 9
| 57.47 MB/s
CPU 18.89 GB/fs Logical NVLink Throughput
(755 /s 57.35 MB/s MWWL
y GPUO->GPU1 | 57.35 MB/s 27.667 GB/s
GPU1 ; ; |
GPUO=<-GPU1 57.466 MB/s | 18.516 GB/s ;
17.98 GB/s Graphics Dev... / /
GPUO->CPU 18.886 GB/s 25.772 GBfs
GPUO<-CPU |  18.476GB/s,  28.897GB/s|
GPU1->CPU |  17.945GB/s| 36.183GB/s
GPU1<-CPU |  17.982GB/s| 34.96 GB/s |

Option to collect

Topology Achieved

NVLink information

throughput 12 SANVIDIA.



i NVLink Analysis

The following NVLink tepology diagram shows logical MVLink connections between GPUs and CPUs. A logical NVLink can contain ene or more physical links. When two devices A and B are connected by an NVLink, the receive throughput of device A is same as the transmit throughput of device B, The tables

on right hand side show the properties for each logical NVLink.

NVLINK VISUALIZATION

Visual Profiler on DGX1

* NVLink utilization may vary in accuracy, because any activity within the sampling period is treated as active, even though most of that period could be idle.

2013 MBis
b

GPU1

Graphics Device
20.

20.31MBis GPU3

21.01 MBis &

2052MBls 2059

2052MBls 2061

GFU O

Graphics Device
20.

1MB/s

2065MBIs GPU2

i Graphics Device

MB/s | 20.87 MB/s

MB/s | 20.86 MB/s
b

r

[
20.47 MBis

6 MBis

Graphics Device

20.39 MBis T

& 21 MBis

GPUT 2087 MBIs

2013 MBis

GP

Graphics Device [t

r
20.95MB/s | 20.91

20.95MBls | 20.53 J4B/s
b

20.87 M

209 MBis
b

GPUG 2031 MBIs

Graphic:
Bis

us
s Device

20.67 MBis

20.67 MBis

GF

Graphics Device [t

T 20.4 NBis

2031 M

Graphic:
Bis

U4
s Device

20.47 MBis

Legical NVLink Properties

Logical MVLink PeakBandwidth PhysicalNVLinks PeerAccess  SystemAccess  PeerAtomic SystemAtomic Utilization % Idle time %
: GPUD<-->GPU1 40 GB/s 1 Yes No Yes No 0 53 §
GPUD<-->GPU2 40 GB/s 1 Yes Mo Yes Mo 0 53
GPUD<-->GPU3 40 GB/s 1 VYes Mo Yes Mo 0 53
GPUD<-->GPU4 40 GB/s 1 VYes Mo Yes Mo 0 53
GPU1<-->GPU2 40 GB/s 1 VYes Mo Yes Mo 0 53
GPU1<-->GPU3 40 GB/s 1 VYes Mo Yes Mo 0 52
GPU1<-->GPU3S 40 GB/s 1 VYes Mo Yes Mo 0 52
GPU2<-->GPU3 40 GB/s 1 VYes Mo Yes Mo 0 54
GPU2<-->GPUG 40 GB/s 1 VYes Mo Yes Mo 0 52
GPU3<-->GPUT A0 GB/s 1 Wes Mo Yes Mo 0 54
GPU4<-->GPUS 40 GB/s 1 VYes Mo Yes Mo 0 53
GPU4<-->GPUG 40 GB/s 1 VYes Mo Yes Mo 0 52
GPU4<-->GPUT 40 GB/s 1 Yes Mo Yes Mo 0 54
GPU5<-->GPUG 40 GB/s 1 VYes Mo Yes Mo 0 53
GPU5<--=GPUT 40 GB/s 1 VYes Mo Yes Mo 0 54
GPUR<-->GPUT 40 GB/s 1 VYes Mo Yes Mo 0 54

Logical NVLink Throughput

GPUOD--»GPU1
GPUD=<--GPU1
GPUOD-->GPU2
GPUD=--GPU2
GPUOD-->GPU3
GPUD<--GPU3
GPUD-->GPU4
GPUD=--GPU4
GPU1--=GPU2
GPU1=--GPU2
GPU1--=GPU3
GPU1<--GPU3
GPU1-->GPU3
GPU1=--GPU3
GPUZ--»GPU3
GPU2<--GPU3
GPUZ-->GPUG

GPU2=--GPUB

Loegical NVLink  Avg Throughput

Max Throughput
20.518 MB/s 16.925 GB/s
20.524 MB/s 16.139 GB/s
20.652 MB/s 16.339 GB/s
20,659 MB/s 16.595 GB/=
20.602 MB/s 13.673 GB/s
20.607 MB/s 13.671 GB/s
20,469 MB/s 1511 GB/s
20.467 MB/s 15.068 GB/s
20.583 MB/s 16.703 GB/s
20.588 MB/s 16.333 GB/s
20.314 MB/s 17.101 GB/s
20.313 MB/s 17.101 GB/s
20.127 MB/s 13.108 GB/s
20.131 MB/s 9.136 GB/s
20.865 MB/s 16.837 GB/s
20.865 MB/s 14,984 GB/s
20.397 MB/s 16.734 GB/s
20.392 MB/s 17.069 GB/s

Min Throughput
2.568 kB/s
2.536 kB/s
3.804 kB/s
2,536 kB/s
5.088 kB/s
7.633 kB/s
3.015 kB/s
2.905 kB/s

55 B/s

57 B/s

55 B/s

37 B/s

55 B/s

57 B/s
1.861 kB/s
1.241 kB/s
333 kB/s
4,995 kB/s

13 <4 NVIDIA.



CPU PROFILING

Profiles the process of interest

Collect CPU sampling data alongside the GPU data you are used to
Sample at a specific frequency

Function & library symbols listed

Analyze the data per-thread from different perspectives (top-down, bottom-up Or
flat)

14 NVIDIA.



CPU PROFILING IN VISUAL PROFILER

Analysis GPU Details EH CPU Details 22 El Console Settings s I a1 % = A8
TOTAL hd |
Event % Time
bench_staggeredleapfrog2_ 95.833% 689.695 ms
= CCTKi_BindingsFortranWrapperBenchADM : 95.833% 689.695 ms
b CCTK_CallFunction 95.833% 689.695 ms
b open_nocancel 1.389% 9.996 ms
b InitialFlat 1.389% 9.996 ms = g
b C mMcopyd 1.389% 9.996 ms =L}
A€y138 1$0MP PARALLEL DO
Ay139 DO 1le@ J=1,N
%3140 |Multiple markers at this line %
141 - Generated 6 prefetch instructions for the loop
142 - Generated vector sse code for the loop JE
143 - Generated 5 alternate versions of the loop o
l4'f' - 2 loop-carried redundant expressions removed with 2 operations and 4 arrays g
1451 jntensity = 1.93 B
146 T TV I, T I VT I TV L, O VUL IT T
147 1668 CONTINUE E
148
149
150 C
151 C PERIODIC CONTINUATION =
152 C
153 B

154 DO 118 J=1,N
_‘4-1:: FIF1 1Y — FidmMe1 1h LI

[ ] 15 <4 NVIDIA.




OPENACC PROFILING

nvprof:
Summary of OpenACC activities with their inclusive and exclusive time
Trace of activities along with CUDA API calls and GPU activities, including
CUDA device/ctx/stream info, data transfer sizes, etc.

Source file/line and kernel name correlation

Visual Profiler:
Visualization of OpenACC activities, coloring for different types of activities
Correlation with their compiler-generated API calls and device activities
Source code view for mapped OpenACC directives

16 NVIDIA.



OPENACC PROFILING

OpenAcc->Driver
AP|->C0mpUte 292.5 ms
correlation

293.5ms 294 ms 2945 ms 295 ms 2955 ms

custreamSynchronize cuStreamSynchronize

acc_compute_construct@acc_openmp.cpp:3d

~ OpenACC = -

acc_implicit_wait@acc_openmp.cpp:34 1]
~ Runtirme APl
= Driver AP1 cuStreamSynchronize

= Thread 1084376632

OpenAcc
timeline

acc_implicit_walt@...

custreamSynchronize cuStreamSynchronize

Driver AF
- Profiling Overhead
= [0] Tesla K20c

= Context 1 (CUDA)
- T MemCpy {HtoD) |
T MemCay (DtoH) Il
E compute xpyiliPrs... _ZBrunSaxpyiiiPrs_.. Z8runsaxpyiliPFs_... | _ZBrunSaxpyiliPrs ... ' _Z8runSaxpyillPFs_..| _ZBrunSaxpylliPFs_.. | _ZBrunSaxpyiliPfs_...| _Z8runSaxpyiliPfs_. _ZBrunsaxpyliiPrs_... | _Z8runSaxpwiliPrs_
T 100.0% _ZBrunSa... {11550 _ZBrunSaxpwiliPfs_.. Z8runSaxpylllPF5_... | _ZBrunSaxpylliPfS_.." _Z8runSaxpyillPFS_...| _Z8runSaxpylliPFS_... | _Z8runSaxpylliPfs_...| _Z8runSaxpylliPfs_... _ZBrunSaxpyiliPrs_... | _ZBrunSaxpwillPrs_|
= streams
Default xpylliPrs... _ZBrunSaxpyiliPrs . |||:| _Z8runSaxpyiliPFs | ZBrunSaxpylliPfS_..." Z8runSaxpwillPFS_._.| Z8runSaxpylliPfS_ .| _ZBrunSaxpyliiPfs_... | ZBrunSaxpyliiPfs ... || | _ZBrunSaxpyliPfs__ | ZBrunSaxpwiliPrs_
] [
2 ; |z acc_openmp.cpp = = 0| [ Properties & = O
;:::: t::g—: : ; : :i : :L acc_enqueue_laum:h@acc_npenmp.cppl'.ld-
- Start | 291.463 ms (291,463,334 ns)
if (loop f=[ :ds,s. nmpﬁgetathread_nul[] =8 ﬁ . End | 291.717 ms (291,716,557 ns)
printf("%d OMP threadsi\n", omp get num threads()); . | J
FrLush(WLL) Duration | 2s3azsms OpenAcc Properties
1 Event Kind {  acc_enqueuve_launch
& kernel version P
'._,‘,I' #pragna i:: t?rze; FLECIR 1 Device Type : acc_device_nvidia
&= sub_y[§] = a*sub_x[{]; Device Number ]
} } Thread ID [
return 9; Async -1
i} Async Map |16
/* test main */ OpenACC'>SOurCG ¥ Sgurce Information
i’ 8 1l H
3 Souwrce File | 3C¢_Openmp/acc_openmp.cpp
~int main(int argc, char **argy) COde Correlatlon Function Name | _ZBrunSaxpyiiiPfs_f
P start Line Number {34
: - = End Line Number | 34

17 <ANVIDIA.



COMPUTE PREEMPTION SUPPORT

New HW feature introduced with Pascal:
Long running kernels can be preempted
Processes using the GPU run without blocking each other (CUDA/Graphics)

Resulting debugger improvements:
Support for fast single GPU debugging

Lower overhead for attaching to running process

18 NVIDIA.



+* Applications Places 0 @) Thul9:42 8 root
5

Debug - matrixMul/src/matrixMul.cu = Nsight

File Edit Source Navigate Search Project Run Window Help

ODvEGe | S B NI BNZTPE L HFYOVvEeEVYRLY &P

45 Debug & = ® & | i =2 = a (®)=Variable & % Breakpo !fii Registe @ CUDA =\ Modules = B

~ [€] matrixMul [C/C++ Application] LB R % IR T
~ 8 matrixMulCUDA<32> [0] [device O (GP100GL-A)] (Breakpoint)

Name Type T(0,22,0)B(0,1,0)
~ @ CUDA Thread (0,22,0) Block (0,1,0) :

= Pon ¢ @generic float * @p:i 0x1001312c000
= matrixMulCUDA<32>() at matrixMul.cu:72 Ox7fffe4e02a68
b» A @generic float * @ 0x10013000000
» @) ALl Kernel Threads (200 Blocks of 1,024 Threads) H i
_ b »B i (@generic float * @p:i 0x10013064000
\€ matrixMul.cu 82 = B 5= Outline % = g

int bBegin = BLOCK_SIZE * bx;
9 = BlE R e ¥ e

// Step size used to iterate through the sub-matrices of B 2

int bStep = BLOCK_SIZE * wB; ® stdio.h

// Csub is used to store the element of the block sub-matrix W asserth
// that is computed by the thread

. ;
float Csub = 0;  cuda_runtime.h

: o da_profiler_api.h
// Loop over all the sub-matrices of A and B EREa-REOSr- 2P

// required to compute the block sub-matrix ®  helper_functions.h
B Console 88 ¥ Tasks (%] Problems 2 Executables [J Memory | X % | B EE =B v v = 0
matrixMul [C/C++ Application] matrixMul
| Computing result using CUDA Kernel...

done

DEBUG ON DISPLAY GPU WITH NO RESTRICTIONS



MEMORY CHECKER

Support for non-migratable system-scoped atomics checking on SM 6.x in Memcheck
Tool.

Support for reporting fatal CPU-side faults when Unified Memory is enabled in
Memcheck Tool.

Support for correctly determining the expected set of threads at a barrier in the
presence of exited threads in Synccheck Tool.

20 NVIDIA.



NEW TOOLS FEATURES IN CUDA 8.0

PASCAL Architecture support
Profiler enhancements
Dependency Analysis CPU Profiling

Unified Memory profiling OpenACC profiling
NVLINK analysis

Debug on display GPU with no restrictions

Memcheck enhancements

21 NVIDIA.



FOR MORE INFORMATION ...

CUDA 8 Features Revealed Parallel Forall Blog Post :
https://devblogs.nvidia.com/parallelforall/cuda-8-features-revealed/

CUDA Documentation: http://docs.nvidia.com/cuda/

Download CUDA Toolkit 8: https://developer.nvidia.com/cuda-downloads

22 <ANVIDIA.
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CUDA Tools summary
New Tools Features in CUDA 8.0

AGENDA




CUDA TOOLS

IDE: Nsight Eclipse Edition, Nsight Visual Studio Edition
Debug: cuda-gdb, CUDA Debug API
Memcheck: cuda-memcheck

Profile/Trace: CUDA Visual Profiler, nvprof, CUPTI
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DEPENDENCY ANALYSIS EXAMPLE

Dependencies between events derived from programming model constraints

Allows to compute wait states and the critical path

- cudaLaunch L cudaStreamSynchronize

------------------- Kernel mmmmm— -
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DEPENDENCY ANALYSIS IN VISUAL PROFILER

New option in the Visual Profiler’s expert system and new modes to display the
critical path data on the timeline. Exec dependencies for a selected interval:

NVIDIA Visual Profiler
Run Help

womy S v H 2 & F |&& &8 F ~

% *Newsession2 2

230‘.5 ms 230.2(5 ms 23‘.“.75 ms 231‘.5 ms 231.2(5 ms 23;ms 232‘2.5 ms 232‘.5 ms
=l Process "blackscholes22" (24...
| Thread 2923222848
Runtime AP |
Driver API
Profiling Overhead
—| [0] Tesla K20c
= Context 1 (CUDA)
F MemCpy (HtoD)
T MemCpy (DtoH)
—| Compute
T 44.8% GPUBlackSc...
S 41.5% GPUBlackSc...
S 13.7% GPUBlackSc...
=| Streams
Default
Stream 13
Stream 14
1
Tl Analysis 32 . = B E Properties 2
SHEIR wl Reset All [ Analyze all | Results Memcpy DteH [asynd
= 4 Dependency Analysis Start
I;Ouigz:cl:lekkeer;neellizgaal)r’]sclz f:?ﬁ:i;ﬁ:ﬁfﬂt:‘ hosty The follovyipg table shows metrics .colle:ted fron.l de_pendency_apalysis of the program execution. The data is summarized per function typ End
o "Focus Critical Path" button on main toolbar to highlight the critical path on the timeline. .
Application Duration
Function Name 4 Time onCritical Path (%) Time on Critical Path Wwaiting Size
Data Movement...d Concurrency < [CUDA memcpy HEoD] e T Throughput
Compute Utilization i, cudaMalloc_v3020 34.96 % 6.887 ms ¥ Memory Type
[cuDA memcpy DtoH] 12.23% 2.41ms Source
Kernel Performance iy <Other> 3.79% 746.529 ps Destination
GPUBlackscholescallPut(Float*, Float*, Float*, Float*, Float*, int) 3.52% 692.799 ps
“ GPUBlackScholesCallPut_Stream(Float*, Float*, Float*, Float*, Float*, int) 1.60 % 314.336 ps
cudaEventRecord_v3020 1.02 % 200.724 ps
GPUBlackScholescallPut_cPUOverlap(float*, float*, float*, float®, float*, int) 1.02 % 200.032 ps
cudaMemcpyAsync_v3020 0.42 % 83.559 s
cudaEventSynchronize_v3020 0.15% 29.021ps! 937.7




UNIFIED VIRTUAL MEMORY

Starting with Kepler and CUDA 6

Developer View With
Unified Memory

Custom Data Management

Unified Memory

29 <4 NVIDIA.



UNIFIED MEMORY PROFILING

% *profile.out 2
‘{i 5 1 D 5 ?[I) g
[= Process "leblanckd.pnt” (232...
[=| Thread 2605156288
L Runtme APl
L Driver API |

=| Markers and Ranges

- Default Domain

L Profiling Overhead
= Unified Memory
L %F CPU Page Faults
|=! [0] Graphics Device
[=! Unified Memory
I %F Data Migration (DtoH)
L F GPU Page Faults [ |
L F Data Migration (HtoD)
= Context 1 (CUDA)
- 5F MemCpy (HtoD)
= Compule
- 5 16.5% hydroStep2...
- 5F 12.5% hydroStep2...
=T 11.1% hydro_initz...
- F 10.5% hydroStep2...
=5 9.2% hydroStep2 _...
L 6.7% hydroStep2_...
- 5F 6.6% hydroStepd_...
-7 6.4% hydroStep1 _...

| T e e kot han

Visual profiler - 8.0 unified memory timeline (interval selection)

O | = Properties £

GPU Page Fault segment

Start 5.092 s (5,091,755,147 ns)

End 5.94 5 (5,940,381,005 ns)
Duration B48.626 ms (848,625,858 ns)
virtual Address Range 0x132cFBF000 - 0x140e7fb 000
GPU Page Faults | 1052275

GPU Page Fault groups | 101054

Process {23278



+* Applications Places nown ) @ Thul9:45 8 root

[ oo X > BN RIDT I (%) Q- Q@ = &
& B B 15
45 Debug & i g & i == | ()= Variable % Breakpo Registe @ CUDA e i = |
v [c] matrixMu ++ Application = e -
3| Mul [C/C Appl = =R
* 8 matrixMulCUDA<3 2> [0] [device O (GP100OGL-A)] (Breakpoint)
~ @ CUDA Thread (0,22,0) Block (0,1,0)
= b »C @generic float * @p: 0x1001312c000
= matrixMulCUDA<32>() at matrixMul.cu:72 Ox7fffe4e02a68
bo» A @generic float * @p:i  0x10013000000
@) All Kernel Threads (200 Blocks of 1,024 Threads) H
_ BB @gqeneric float * @p:i 0x10013064000
[€ matrixMul.cu 2 = g 5= Outline % = g

int bBegin = BLOCK_SIZE * bx; SRR o % ¥

// Step size used to iterate through the sub-matrices of B

int bStep = BLOCK_SIZE * wB; 4 stdio.h
// Csub 1s used to store the element of the block sub-matrix & asserth
%{o;:aésté Eog;.:uted biLthE thtead ® cuda_runtime.h o Sy Syl
= cuda_profiler_api.h
// Loop over all the sub-matrices of A and B
// required to compute the block sub-matrix % helper_functions.h
& Console 2 Tasl Proble Executable Memo ] 3 EB @@; =B v =g

Computing result using CUDA Kernel...
done

RUN GRAPHICS APPLICATIONS WHILE DEBUGGING CUDA APPLICATIONS

1/4 @
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#* Applications Places Mght

4 2 Thu20:04 B root

File Edit Source Refactor Mavigate Search Pr

Bl v 5 v 45 G v D

= [&] matrixMul [C/C++ Application]

~ @ CUDA Thread (0,22,0) Block (0,1,0)

matrixMul.cu 22

int bBegin = BLOCK_SIZE * bx;
int bStep = BLOCK SIZE * wB;

// that 1s computed by the thread
float Csub = 0;

Bl Console 83 . Tas Problems Executables
matrixMul [C/C++ Application] matrixMul

Computing result using CUDA Kernel...

done

OvER& | R vE = [C I S

45 Debug 2 - | i

~ M matrixMulCUDA<3 2> [0] [device O (GP100GL-A)] (Breakpoint)

= matrixMulCUDA<32>() at matrixMul.cu: 72 Ox7fffede02a68
» @l ALl Kernel Threads (200 Blocks of 1,024 Threads)

// Loop over all the sub-matrices of A and B
i re':gu].red to compute thle block sub-matrix

Writable

Debug - matrixMul/sre/matrixMul.cu - Nsight

// Step size used to iterate through the sub-matrices of B

// Csub 1s used to store the element of the block sub-matrix

Smart Insert

RUN MULTIPLE DEBUGGER SESSIONS

vavy &5 B

EWE = &

‘ Quick Access ‘

®)=Variable 8 % Breakpo !} Registe @] C
o

Name Type

L & @generic float *

L @generic float *

F B @aeneric float *

= 0 8= outl

o s

o
o
o
o

Refactor Mavigate Search Project Run  Window Help

e A vB|lev FvOvOEYQR Yy RO ENIDT RS @

o v O v Quick Access 1] ‘ EC/c++ [ s

| R | ¥ =0 ®)=Variable 88 % Breakpo (il Register @] CUDA Modules = O
=[] binomialOptions Debug (1) [C/C++ Application] | 4 | & % | o% -
~ [ binomial OptionsKernel [0] [device 0 (GP10OGL-A)] (Breakpoint)
Name Type T(32,0,0)B(4,0,0)
CUDA Thread (32,0,0) Block (4,0,0) e L
~ @) All Kernel Threads (1,024 Blocks of 128 Threads) - tid @register int . <optimized out>
b 2 Block [0,0,0) [sm: 0] 65 (@register real ! <optimized out>
¢l binomialOptions.cpp 9 blnom\alOp‘hons_kerneL.cu 3 = 0 EE Outline & = a

call_exchange [THREADBLOCK_SIZE] = expiryCallvalue(s, X, vDt, NUM_STEPS);
int final_it = max(0, tid * ELEMS PER THREAD - 1); & stdioh l

#pragma unroll 16
NUM_STEPS; 1 = 0; --1)

Debug - binomialOptions/src/binomialOptions_kernel.cu = Nsight

EE R e % ¥

l 2 stdlib.h
2 helper_cuda.h

call_exchange[tid] = calllel; & binomialOptions_common.h
__syncthreads();
call[ELEMS PER THREAD] = call exchange(tid + 11; &l realtype.h

B Console 8 ¥ Tasks [2 Problems Executables [0 Memory | B RE (S | =B v o = g

binomialOptions Debug (1) [C/C++ Application] binomial Options
Generating input data...
Running GPU binomial tree...

1/4 @
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DEPENDENCY ANALYSIS IN NVPROF

New option to run post-mortem dependency analysis

New option to trace POSIX threads for multi-threaded applications

==22557== Dependency Analysis:
Critical path (%) Critical path

94.61% 3.942181s
5.20% 216.857718ms
0.16% 6.617667ms
0.01% 293.028000us
0.01% 235.154000us
0.01% 221.116000us
0.00% 158.703000us
0.00% 35.252000us
0.00% 35.248000us
0.00% 33.139000us
0.00% 20.298000us
0.00% 19.433000us
0.00% Ons
0.00% Ons
0.00% Ons
0.00% Ons

Waiting time
Ons

Ons

Ons

Ons

Ons

Ons

Ons

Ons

Ons

Ons

Ons

Ons
3.942147s
3.942136s
1.001459s
980.464357ms

Name

clock block(long*, long)
cudaMalloc

<Other>
cuDeviceGetAttribute
cudaGetDeviceProperties
cudafree
cudaStreamCreate
cudaConfigureCall
cuDeviceGetName
cuDeviceTotalMem v2
cudaSetupArgument
cudaGetDevice

pthread join
cudaStreamSynchronize
pthread mutex lock
pthread cond wait
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§ *pdm =

I MemCpy (DtoD)

=5 MemCpy (PtoP)

[= Streams
- Default
" Stream 68
- Stream 69
- Stream 70
- Stream 82
' Stream 83
- Stream 86
- Stream 87
[=| Context 6 (CUDA)
“ SF MemCpy (HtoD)
~ 5 MemCpy (DtoH)
[~ Streams

NVLINK ANALYSIS

Visual Profiler

ims 1153§.5 ms 1153‘5ms 1153§.Sms 1153.6 ms 11539.5"’\5 11537 ms 1153?.5"5 11538 ms 115385 ms 1153.9ms 115395 ms 11540 ms 1
bP [async] Memcpy PtoP [async] Memcpy PtoP [async] Memcpy PtoP [async] Memcpy PtoP [async] Memcpy PtoP [async]

bP [async] Memcpy PtoP [async] Memcpy PtoP [async] Memcpy PtoP [async] Memcpy PtoP [async] Memcpy PtoP [async] -
bP [async] Memcpy PtoP [async]

Memcpy PtoP [async] Memcpy PtoP [async]

Memcpy P2P

Memcpy PtoP [async]

Memcpy PtoP [async]
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NVLINK CUPTI SUPPORT

New record for Nvlink topology
Information about connected devices and connected ports
Version, peak BW, properties (e.g. peer/sysmem accesses, atomic accesses, ...)

Performance given using metrics: data transmitted/throughput, overhead

Metrics available split according to type of operation
(atom/reduction/write/response) as well as accumulated
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SOURCE-DISASSEMBLY VIEW ENHANCEMENTS

Single integrated view for the different source level analysis results

The Source-Disassembly view contains:
High level source
Assembly instructions
Hotspots at the source level
Hotspots at the assembly instruction level
Columns for profiling data aggregated to the source level

Columns for profiling data collected at the assembly instruction level

36 NVIDIA.



SOURCE-DISASSEMBLY VIEW ENHANCEMENTS

File View Window Help

=

View v‘ Hot Spot - Warp State v‘

—_ m __u}
§ “session3.mvvp [ combinedKernel &3
Line Execution Count  Warp State File - /C:/demo/session3/estimate_combined3 Execution Count  Warp State
86 int wid = tid / warpSize: -
87 wval = warpReducelval);
88 if(lane == 0)
89
90 shared[wid] = val; -
9 =
92 __syncthreads();
a3 | val = (tid < CTA_SIZE { warpSize) 7 shared[
o4 iffwid == [}
a5 {
96 val = warpReduce(val);
a7 1
98 return val;
99 1
100
101 Mat33 Reurr:
102 float3 tourr
103
104 PtrStep<float> vmap_curr;
105 PtrStep<float> nmap_curr;
106
107 Mat33 Rprev_inv; -
4 n 2
ol Analysis 53

EI[E) ¢ | (5 Resetan [ Analyzean  Results

Kernel Memory

Global Memory Access Pattern

Shared Memor...cess Pattern

<

&

<

- % Kernel Profile - PC Sampling

Disassembly

- -

i ISETE.GT.AMD PE, FT, Bdreuse, 0xd, FT; =

L3

SSv (L)

IADD32I RE, R, Ox1F
ISETP.GT.U32AND P1, PT, RS, 0x3e, PT,
SHL RE, R, 0x2;

MOV RE, RZ;

@IP2 LDS.U.32 Ré, [R5]:

@P1 SYNG;

SHFL DOWN PT, FE, B8, Dx10, Ox1f
FADD.FTZ F6, 8, RE;
SHFLDOWN PT, R7, PE, 0xd, Ox1
FADDFTZ R, 6, R7;

SHFL DOWN PT, R7. R, O, DT
FADDFTZ R, FE, R7:
SHFLDOWN PT, R7, 6, 0x2, Ox1f
FADDFTZ R, B6, R7;

SHFL DOWN PT, R7. R, Ox1, OxT1f
{  FADDFTZ B8, P& BT

SYNCG )

{  ISETPNEAND P3.PT. R4 BZ PT;
SSv(L4; )

m

Optimization: Select @ kernel or source file listed below to view the PC sampling information. Examine portions of the kemnel that have high

m

opportunities.

number of samples to know where the maximum time was spent and observe the latency reasons for those samples to identify optimization

Mare...

Cuda Functions Sample Count % of Kernel Samples
combinedKernel({Combined] 19482 100.00 %

(000000000 DDOOOOOOCCOOOCO00MOND O OoOom
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MISC IMPROVEMENTS

Added support to establish correlation between an external API (such as OpenACC,
OpenMP) and CUPTI API activity records

New activity records for CUDA synchronization constructs (ctx sync, CUDA event, ...)
UVM-Llite counter profiling support on Mac
Support for FP16 data

Added containers to store the information of events and metrics in the form of
activity records
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