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DEVELOPER TOOLS

Debuggers: cuda-gdb, Nsight Visual Studio Edition

(Global Scope) M

- BLOCK_SIZE * w8;

Profilers: Nsight Systems, Nsight Compute, CUPTI, NVIDIA Tools eXtension (NVTX)
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Correctness Checker:: Compute Sanitizer

$ compute-sanitizer --leak-check full memcheck_demo

========= COMPUTE-SANITIZER

Mallocing memory

Running unaligned_kernel

Ran unaligned_kernel: no error

Sync: no error

Running out_of_bounds_kernel

Ran out_of_bounds_kernel: no error

Sync: no error

Invalid _ _global__ write of size 4 bytes
at ©x60 in memcheck_demo.cu:6:unaligned_kernel(void)
by thread (9,0,0) in block (©,0,0)
Address Ox400100001 is misaligned

IDE integrations:

Nsight Eclipse Edition

Nsight Visual Studio Edition

Nsight Visual Studio Code Edition

Debug - vectorAdd/src/vectorAdd.cu - Nsight

File Edit Source Refactor Navigate Search Project Run Window Help

[mikd G |% 0@~ @~- | w I A== S 4 B % B e
%5 Debug 52 E 4 i» ¥ = O &= variables % Breakpoints @ CUDA 2 . =i Modules =0
¥ £ vectorAdd {0} [device: gk110 (0)] (Breakpoint) - £ B g -
» & CUDA Thread (0,0,0) Block (0,0,0) =
= CUDA Thread (1,0,0) Block (0,0,0) o= [Q ! & @
¥ (%) All CUDA Threads ¥ i (0,0,0) SM 11 M 256 threads of 256 are runi |~
~ & Block (0,0,0) [sm: 11] #(0,0,0) Warp0Lane0 | [f vectorAdd.cu:36 (0x9a653(
» i CUDA Thread (0,0,0) [warp: 0 lane: 0] (vectorAdd.cu:36) # (1,0,0) WarpOlane1 |[d vectorAdd.cu:36 (0x9a653(
[8) vectorAdd.cu 28 = O || 82 Outline % Registers % £ B =Y =0
55 0¢ WEGLWUIAWM(LUNST TiUGL A, CUNSL IlUEL 7D, 1LUAL "L, AL GUiC =
B Name T(0,0,0)8(0,0,0) T(1,0,0)B(0,0,0)
34 int i = blockDim.x * blockIdx.x + threadIdx.x; RS 4 14
35 1o H
36 if (i < numElements) sl RG. 3149824 53149824
37 { il R7 4 i4
38 C[i] = A[i] + BIil; i R8 o i
39 } 1o H
a0 } aini R9 V] 1
41 WiR10 1060608 i 271911904
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PROGRAMMING THE NVIDIA PLATFORM

CPU, GPU, and Network

ACCELERATED STANDARD LANGUAGES INCREMENTAL PORTABLE OPTIMIZATION PLATFORM SPECIALIZATION
ISO C++, ISO Fortran OpenACC, OpenMP CUDA
std: :transform(par, x, x+n, y, vy, SUFEFIEN EIsE G GEEAOGI Al __global

[=] (float x, float y){ return y +
a*x; }

)5

do concurrent (i = 1:n)

y(i) = y(i) + a*x(i)
enddo

import cunumeric as np

std: :transform(par, x, x+n, y, vy,
[=] (float x, float y) {
return y + a*x;

1)

i..

#pragma omp target data map(x,y) {
;éa::transform(par, X, X+n, y, VY,

[=] (float x, float y) {
return y + a*x;

void saxpy(int n, float a,
float *x, float *y) {
int i = blockIdx.x*blockDim.x +
threadIdx.x;
if (i < n) y[i] += a*x[i];
}

int main(void) {

cudaMemcpy (d x, x, ...);
cudaMemcpy(d v, ¥y, ...);

saxpy<<< (N+255) /256,256>>>(...);

;ef saxpy(a, x, y): s
y[:] += a*x i°° cudaMemcpy(y, d y, ...);
ACCELERATION LIBRARIES
Core Math Communication Data Analytics Al Quantum

<A NVIDIA.



NVIDIA HPC SDK

Available at developer.nvidia.com/hpc-sdk, on NGC, via Spack, and in the Cloud

Models Libraries Libraries Libraries

“

cuda-gdb

Standard C++ & Fortran

cuBLAS CUTENSOR
MPI
ucx SHMEM
cuSPARSE | cusOLVER SHARP HCOLL

Develop for the NVIDIA Platform: GPU, CPU and Interconnect
Libraries | Accelerated C++ and Fortran | Directives | CUDA
7-8 Releases Per Year | Freely Available

Systems

OpenACC & OpenMP

NVSHMEM
NCCL

Compute Device

nvfortran

<A NVIDIA.



NSIGHT TOOLS WORKFLOW

Start here

l

Nsight Systems

Comprehensive system-level

erformance
P Re-check overall

performance

Re-check overall
performance

Dive into graphics

Dive into top CUDA kernels
frames

by using metrics/counter
collection

£
J Nsight Graphics

Detailed frame/render performance

Nsight Compute

Detailed CUDA kernel performance

5 <A NVIDIA.



NSIGHT SYSTEMS

SYSTEM PROFILER

Key Features:

- System-wide application algorithm tuning
*  Multi-process tree support

« Locate optimization opportunities
* Visualize millions of events on a very fast GUI timeline
*  Or gaps of unused CPU and GPU time

- Balance your workload across multiple CPUs and GPUs

* CPU algorithms, utilization and thread state
GPU streams, kernels, memory transfers, etc

- Command Line, Standalone, IDE Integration

OS: Linux (x86, Power, Arm SBSA, Tegra), Windows, MacOSX (host
GPUs: Pascal+

Docs/product: https://developer.nvidia.com/nsight-systems
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* CUDA {Quadro GV10( N
~ [All Streams]
SR (AT e = ) [ ]
» $0.5% Kornls. [Eom o] =] s |
Events View »
# Nama Duration GPY rt “ | generate_seed_pseuda -
1 genarate_seed_pseudo 1249ms GO 3856105 Begins: 3580895
2 gen_sequenced BMsm GO 385763 Er N
3 _kermel_agent 1696 s G0 3857715 block: <<<6d, I, 1>>>
4 generate seed pseudo 1271 ms GPUO 3850165 et Shates Memory: 0 bytes
s gen_sequenced 12848 GO 2860575 Dynamic Shared Memory: 0
6 Uniformstift ozl GO 3.86058 e e A obytas
7 qenrate_seed_pseudo L2mms GO 3862025 Local Memory Total: 193,086,560 bytes
8 gen_sequenced 11872 s GPUO 3863435 g::::: Wemory Ban Sie ".fghﬂs
9 Uniformshift 9856 s G0 3863445 Thearetical occupancy: 62.5 %
1n e T —TT 2 marmse = Launched from threart: 537 =
L L esomc e esmmc mme  seun
= ¥ [23724] RenderThread g .!
F— I R T
OxGLARL
o an il I d . ' W = | O
% en.. = W ol 1 F . N

~ Frame duration (60 F5S) mDX11 AP callc

~ CPUMame duration

Fiams SR L [pegne 35

(+200rs)

Frame Action Build frame [3.664 ws]

Frame heakth
Stutter
~ woom
-
~ Conterts

~ D:ffFiddsbBae60de)

CPU Contedt Queue

Bottom-Up View = | Process [9635] vmd_LINUXAMDG4. 11 (3 of 19 threads)

99.82% (23,260 samples) of data is shown due to applied filters.

Symbol Name

v VolumetricData:compute_volume_gradient()
 VolumetricData:compute_velume,_gradient()
v BaseMolecule:add_volume_data(char const’, double const*, double const, double const*, double const?, int, in, int, float*)
v VMDAppzmolecule_add_volumetric(int, char const”, double const”, double const”, double const, double const”, int, int, int, float™)
v obj_segmentation(void®, Tcl_Interp”, int, Tc_Obj" const”)
[Max depth]
+ BaseMolecule:add_volume data(char const”, float const”, float const”, float const”, float canst”, int, int, int, float”, fleat”, float™)
~ MolFilePlugin:read volumetric(Molecule™, int, int const”)
 VMDAppzmolecule_load(int, char const”, char const”, FileSpec const”)
~ text_cmd_mol(void®, Tcl_Interp®, int, char const™)
 TellnvokeStringCommand
~ TelEvalObjvinternal
v TelExecuteByteCode
 TelCompEvalObj
 TelEvalObjEx
v Tel_RecordAndEvalObj
 TelTextinterp::evalFile(char const”)
v VMDApp: logfile_read(char const”)
v VMDreadStartup(VMDApp")
[Max depth]

> u7f10ca7022d6

> obj_segmentation(void®, Tel_Interp”, int, Tel_Obj* const®)

Self, % Module Name
20.14 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
20.14 /home/johns/vmd/src/gtebuilds/vmd_LINUXAMDEA. 11
18.30 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMDS4.11
18.30 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMD64.11
18.30 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMD64.11
18.30 [Max depth]
1.84 /hemefjohns/vmad/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMDE4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDG4.11
1.84 /home/johns/vmd/src/gtcbuilds/vand_LINUXAMDS4.11
1.84 /home/johns/vmd/src/gtcbuilds/vmnd_LINUXAMDS4.11
1.84 /home/johns/vmd/sre/gtebuilds/vend_LINUXAMDE4.11
1.84 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMDS4.11
1.84 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMDS4.11
1.84 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMDS4.11
1.84 /home/fjohns/vmad/src/gtcbuilds/vmd_LINUXAMDS4.11
1.84 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmad/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 [Max depth]
5.13 Just/lib64/libcuda.s0.390.25
3.4 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11



https://developer.nvidia.com/nsight-systems
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READING UTILIZATION

CUDA (Graphics Device, 0001:01:00.0)

@,

« Zoom in to valleys to find gaps!
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ZOOM/FILTER TO EXACT AREAS OF INTEREST
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NVTX: NVIDIA TOOLS EXTENSIONS

Code Annotation API

24s 2.65 2.85 3s 3.25 3.4s 3.6s 3.8s 4s 428 44s 465 43s

¥ V| [9695] vmd_LINUXAMDbB4. ~

OS runtime libraries

VMD mai... VMD process user script(s) [2.270 s]
VMDreadStartup(): process cmd scripts [1.785 s]

Segmentation test script [1.778 s]

.- Segmentatlon (A|| Steps) [987 536 ms] Segmentation split group
NVTX e — —

~ segmentation:segment) 947785 ms] | HEEEEEEER
|

VT T e AR b G T et |
CUDA API m T u:ﬂLm.;‘rwuw;:uu I ”‘I I

10 <ANVIDIA.



GPU METRICS SAMPLING

» CPULEH)

* GPU (0000:01:00.0 - Quadro RTX 8C
* GPU Metrics [10 lHz) o=y
GPC Clock Frequency

——
SYS Clock Frequency
cnrc =

» Compute In Flight

*  Draw/Dispatch Start
SM Active

* SMinstructions
SM Issue

Tensor Active / FP16 Active

e Qe g

* DRAM Bandwidth

« PCle Bandwidth =R felads S, Jepadin,
PCle RX Throughput el e

e Tourost dandtn

PCle Read Requests to BAR1
PCle Wnte Requests to BAR

I
I
l
l

v Processes (4)
v (& [256] python3
v CUDAHW(mmm.O-Q\w-

— \
_r {
> LAl Streoms) S — T T

b 352%Defoultstresm 7 RN

Useful GPU utilization metrics, but no kernel nhames / correlation

11 <ANVIDIA.
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INTERPRETING GPU SAMPLING METRICS

GR Activity -> GPU is doing work
SM, NVENC, NVDEC, Graphics

SM Activity -> Utilizing width of GPU

If low, modify kernel grid dimension or increase batc size

SM Instruction Issued -> GPU is performing lots of instructions

Stalled waiting on memory?
Not enough warps to cover memory latency? Issue larger kernel block dimensions.

SM Instructions tensor activity -> Tensor core utilization

Performance up, SM instructions can drop (depending on arch)
Can be limited by shared memory, waiting for loads

Note: Requires disabling and DL built-in profilers

NVIDIA.



APPLICATION PROFILES WITH NSIGHT SYSTEMS

$ nsys profile -o report -stats=true ./myapp.exe

Generated file: report.qdrep (or report.nsys-rep)
Open for viewing in the Nsight Systems Ul

When using MPI, recommended to use nsys after
mpirun/srun:

$ mpirun -n 4 nsys profile ./myapp.exe

IIIIIII



PROFILING DL MODELS

« Pytorch

DNN Layer annotations are disabled by default
++ ”with torch.autograd.profiler.emit_nvtx():”
Manually with torch.cuda.nvtx.range_(push/pop)
TensorRT backend is already annotated

O O O O

« Tensorflow

o Annotated by default with NVTX in NVIDIA TF containers
o TF_DISABLE_NVTX_RANGES=1 to disable for production

IIIIIII



QUESTIONS TO GUIDE PROFILE ANALYSIS

« What is hot?

o Can | make it faster, shrink the problem, parallelize it? (Not always...)
o Reduce precision?

« What is cold?

o Fill the gaps in the timeline
o Can | take advantage of unused hardware?
o Unnecessary dependencies or syncs?

IIIIIII
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GENERAL OPTIMIZATION TIPS

Using tensor cores?
Minimize conversions/transposes

Increase grid and batch size to utilize GPUs width
Conventional parallelism - more worker threads!

Parallel pipelining
No data dependency? Parallelize!
Prefetch next batch/iteration during computation

Can | reorder sooner?

NVIDIA.



GENERAL OPTIMIZATION TIPS

Fuse tiny kernels, copies, memsets.
e Check out CUDA Graphs

Overlap/oversubscribe with MPS

Multi-buffering

e Don’t make everyone wait on the same piece of memory
e Double, triple buffer

Avoid moving data back to the CPU

. Pre-allocate and recycle!

Minimize managed memory page faults
0 Prefetch!

NVIDIA.



EXPERT SYSTEMS & STATISTICS
BUILT-IN DATA ANALYTICS WITH ADVICE

CUDA Async Memcpy with Pageable Memory

CUDA Synchronous Memcpy
File View Tools Hel
e i } CUDA Synchronous Memset
= CUDA Synchronization APIs
= Timeline View | @ Qix \
‘| CUDA GPU Starvation
5 P PN ..o PO o T i NI 7o 4T DN L - SO
¥ S @ @ ()| () CUDA GPU Low Utiization
0S runtime libraries pihieac cond walt VULKAN GPU Starvation
10 threads hidden... = + VU GPU Low Utilizati
LKAN Oow Utiization
~ CUDA HW (0000:34:00.0 - Te — R L t i q ] —
» [All Streams] ¥1 - i l I ' l l
» 60.8% Default stream ™ l . I I l I
j0.79h 39.2% Stream 29 cCIATL) &
‘ | 12
Expert S?té?\ﬁew v
| @ Settogs,
CUDA Async Memcpy with Pageable Memory « | Duration ~ Start Src Kind Dst Kind Bytes PID Device ID Context ID Stream ID APIName =
2,048 s 6,38792s Device Pageable 88 75475 0 1 7 cudaMemc
The following APIs use PAGEABLE memory adl 8 { P
which causes asynchronous CUDA memcpy 2,048 ps 6,8334s Device Pageable 4B 75475 0 1 7 cudaMemcpy
operations to block and be executed | . | | [ |
synchronously. This leads to low GPU 2,016 pys 2,5394s Device Pageable 4B 75475 ‘ 0 1 ‘ 7 cudaMemcpy
utilization. 2,016 ps 3,90617s Device Pageable 488 75475 0 1 7 cudaMemcpy
Suggestion: If applicable, use PINNED 2,016 ps 4,25257s Device Pageable ‘ 4B 75475 0 1 7 cudaMemcpy
memory instead. <1 2,016 ps 5,67617s Pageable | 0 7
CLI command: 2,016 ps 5,9572s 0 7
nsys analyze -r cuda-async-memcpy /mnt/data/ 2,016 ps 5,07088s Pageable 0 7
traces/qdrep/nccl/profile_circe- i . -
n011_506451_0.sqlite 1< ol

NVIDIA.



= GPU Speed Of Light

NSIGHT COMPUTE

KERNEL PROFILING TOOL

Key Features:

- Interactive CUDA APl debugging and kernel profiling
« Built-in rules expertise

«  Fully customizable data collection and display

-« Command Line, Standalone, IDE Integration, Remote
Targets

OS: Linux (x86, Power, Tegra, Arm SBSA), Windows, MacOSX
(host only)

GPUs: Volta, Turing, Ampere GPUs

Docs/product: https://developer.nvidia.com/nsight-compute

f the GPU. For each u
f the GPU presented

Speed Of Light [%]

63,821,856 (284 instances)
[:]

[:]
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https://developer.nvidia.com/nsight-compute

@ NVIDIA Nsight Compute o (m] X
File Connection Debug Profile Tools Window

&) Connect
4)) old_2_fusion_on_softmax.nsight-cuprof-report * %

Details ¥ Process: ¥ Launch: 64291 Add Baseline ~  Apply Rules Copy as Image

Targ eted metric Current 64291 - softmax_compute_kernel (1966 Time: 15,65 us: 1 Regs: 28 GPU: Tesla V100-SXM2-16GB  SM Frequency: 1.04 cy second CC 7.0 Process: [944] python3.5
=
sections - Gpu speed of ght S0t rar

| overview of the utiization for compute and memory resources of the GPU. For each unit, the Speed Of reports the ed percentage of utilization with respect to the theoretical maximum.,

Duration [

Memory Frequ

GPU Utilization

Customizable data
collection and
presentation ey 59

50.0
Speed Of Light [%]
Recommendations

A Bottleneck [Warning] This kernel exhibits low compute throughput and memory bandwidth utiization relative to the peak performance of this device. Achieved compute throughput and/or memory bandwidth below
60.0% of peak typically indicate latency issues. Look at and ‘Warp State Statistics* for potential reasons.

Built-in expertise for
Guided Analysis
and optimization

» Compute Workload Analysis

Detaied analysis of the compute resources of the streaming multiprocessors (SM), induding the achieved instructions per dock (IPC) and the utiization of each avallable pipeline. Pipelines with very high utiization might limit the overal
£ -
rformance.

NVIDIA.
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Memory Chart

Visual memory
analysis chart
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Shared Store
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Instructions Executed Sampling Data (Not Issued) v
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KERNEL PROFILES WITH NSIGHT COMPUTE

$ ncu -kR mykernel -o report ./myapp.exe

* Generated file: report.ncu-rep
* Open for viewing in the Nsight Compute Ul

« (Without the -k option, Nsight Compute with profile
everything and take a long time)
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STANDALONE SOURCE VIEWER

View of side-by-side
assembly and correlated
source code for CUDA
kernels

Current

No profile required
Open .cubin files directly
Helps identify compiler

optimizations and
inefficiencies

Launch:

Instru
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1]+ Kyl :
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) Jxsd( C » 8] + Kyl

) J#sd[ ( ;811 + Kx[

Apply Rules

nd
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1

Regs GPU
NVIDIA GeFo

SM Frequency
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CC Process

- Instruct

# Address
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BABATFT]
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42fabaed

BARATFTY 4

0896772
BE8E7 72

42fa6bon
42fabbll

0000772

0apa7F72

? 42fabb4n

08pa7F7L

08paTFT2
AARATFT?

42tabbad
42faéb6a
42Fabb70
£2FahhRA
42fa6b9a
42faéban
42Ffadbbb

2fabbed

4 fakhrf

ve update r -

THAD
IHAD
THAD
THAD .WIDE
TADD3
THAD .WIDE
THAD .WIDE
JE.¢%. CONSTANT.
THAD WIDE 2%,
JE.¢4. CONSTANT.
INAD.WIDE 722,
JE.64. CONSTANT.
IMAD.WIDE R12, RS,
LE. 44 CONSTANT
LCONSTANT.
.CONSTANT. §
. CONSTANT.
_CONSTANT
JE.¢4. CONSTANT.
INAD.WIDE 28,

NVIDIA.



OCCUPANCY CALCULATOR

MODEL HARDWARE USAGE AND IDENTIFY LIMITERS

NVIDIA Nsight Compute

S el * Model theoretical hardware
usage

& tect_7.neu-rop x
Page: Details - 0- 19 - = Add Baseline - @ Occupancy Calculator Copy as Image ~
Regs GPU SM Frequercy ® © 0 ©

0 - NVIDIA GeForce RTX 2080 Ti  1.32 cycle/nsecond 7.5

(=T

 Understand limitations from
hardware vs. kernel
parameters

« Configure model to vary HW
and kernel parameters

Occupancy Limtters  This kern pancy is not impactad by any block limit

Impact of Varying Register Count Per Thread

« Opened from an existing
report or as a new activity

" Regiers PerThisad
Impact of Varying Block Size

Warp Occupancy
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HIERARCHICAL ROOFLINE

Floating Point Operations Roofline {Double Precision)

W
]
=1
a
s
LS

)

3}

(1=1e+12)

0.01
0.0001 J ’ 10 100 1,000
Arithmetic Intensity [FLOP/byle]

Visualize multiple levels of the Sesilars/ e (mi
memo ry h ie rarc hy Sections/Rules v  dReload & Enable All () Disable All
Enter filter
Name
I de nt]fy bottle nec ks cause d by mem Ol’y GPU Speed Of Light Throughput (1)

GPU Speed Of Light Roofline Chart (1)

limitations

GPU Speed Of Light Hierarchical Roofline Chart (Doukle Precision)

GPU Speed Of Light Hierarchical Roofline Chart (Half Precision)

Dete rm ] ne h ow m Od ]fy] n g a lgori th ms GPU Speed Of Light Hierarchical Roofline Chart (Single Precision)
may (Or may nOt) ]m paCt pe rformance GPU Speed Of Light Hierarchical Roofline Chart (Tenscr Core)

Compute Workload Analysis

10,000

Friority
10

-~

100,000

Description

High-level overview of the throughput for compu..

High-level overview of the utilization for comput...

High-level overview of the utilization for comp...

High-level overview of the utilization for comput...
High-level overview of the utilization for comput...

High-level overview of the utilization for comput...

Detailed analysis of the compute resources of t...

NVIDIA.



DEVELOPER TOOLS

Debuggers: cuda-gdb, Nsight Visual Studio Edition

(Global Scope) M

- BLOCK_SIZE * w8;

Profilers: Nsight Systems, Nsight Compute, CUPTI, NVIDIA Tools eXtension (NVTX)
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Correctness Checker:: Compute Sanitizer

$ compute-sanitizer --leak-check full memcheck_demo

========= COMPUTE-SANITIZER

Mallocing memory

Running unaligned_kernel

Ran unaligned_kernel: no error

Sync: no error

Running out_of_bounds_kernel

Ran out_of_bounds_kernel: no error

Sync: no error

Invalid _ _global__ write of size 4 bytes
at ©x60 in memcheck_demo.cu:6:unaligned_kernel(void)
by thread (9,0,0) in block (©,0,0)
Address Ox400100001 is misaligned

IDE integrations:

Nsight Eclipse Edition

Nsight Visual Studio Edition

Nsight Visual Studio Code Edition

Debug - vectorAdd/src/vectorAdd.cu - Nsight

File Edit Source Refactor Navigate Search Project Run Window Help

[mikd G |% 0@~ @~- | w I A== S 4 B % B e
%5 Debug 52 E 4 i» ¥ = O &= variables % Breakpoints @ CUDA 2 . =i Modules =0
¥ £ vectorAdd {0} [device: gk110 (0)] (Breakpoint) - £ B g -
» & CUDA Thread (0,0,0) Block (0,0,0) =
= CUDA Thread (1,0,0) Block (0,0,0) o= [Q ! & @
¥ (%) All CUDA Threads ¥ i (0,0,0) SM 11 M 256 threads of 256 are runi |~
~ & Block (0,0,0) [sm: 11] #(0,0,0) Warp0Lane0 | [f vectorAdd.cu:36 (0x9a653(
» i CUDA Thread (0,0,0) [warp: 0 lane: 0] (vectorAdd.cu:36) # (1,0,0) WarpOlane1 |[d vectorAdd.cu:36 (0x9a653(
[8) vectorAdd.cu 28 = O || 82 Outline % Registers % £ B =Y =0
55 0¢ WEGLWUIAWM(LUNST TiUGL A, CUNSL IlUEL 7D, 1LUAL "L, AL GUiC =
B Name T(0,0,0)8(0,0,0) T(1,0,0)B(0,0,0)
34 int i = blockDim.x * blockIdx.x + threadIdx.x; RS 4 14
35 1o H
36 if (i < numElements) sl RG. 3149824 53149824
37 { il R7 4 i4
38 C[i] = A[i] + BIil; i R8 o i
39 } 1o H
a0 } aini R9 V] 1
41 WiR10 1060608 i 271911904
D R 0 12 i
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Unified CPU and CUDA
Debugging
CUDA-C/PTX/SASS support

Built on GDB and uses many
of the same CLI commands

(cuda-gdb)
BlockIdx ThreadIdx
Kernel 0O

(cuda-gdb)
BlockIdx ThreadIdx
Kernel O

(1,0,0)

CUDA GDB

info

(
(
(2
(3
(
(:

info

- 0w N s~
O O O o O o
-
OO O 0o oo

U W= O

-

cuda thr

cuda threads breakpoint all

Virtual PC Devw

) 0x00000000009
) 0x00000000009
) 0x00000000009
) 0x00000000009
)
)

-

-

-

0x00000000009
0x00000000009

-

48
48
48
48
48
48

-

Virtual PC Devw

(1,0,0) 0x0000000000948e58

SM Wp Ln

11
11
11
11
11
11

eads breakpoint 2 lane 1

N = O

o W

SM Wp Ln

Filename

infoCommands.c
infoCommands.c
infoCommands.c
infoCommands.c
infoCommands.c
infoCommands.c

Filename

infoCommands.

cu
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COMPUTE SANITIZER

AUTOMATICALLY SCAN FOR BUGS AND MEMORY ISSUES

Compute sanitizer checks correctness issues via
sub-tools:

Memcheck — Memory access error and leak
detection

Racecheck — Shared memory data access
hazard detection

Initcheck — Uninitialized device global memory
access detection

Synccheck — Thread synchronization hazard
detection

$ compute-sanitizer --leak-check full memcheck_demo

COMPUTE-SANITIZER

IMallocing memory
Running unaligned_kernel
Ran unaligned_kernel: no error

Invalid __global__ write of size 4 bytes
at @x160 in memcheck_demo.cu:6:unaligned_kernel()
by thread (©,e,@) in block (e,9,08)
Address @x7fa73cceeeel is misaligned

Saved host backtrace up to driver entry point at kernel launch time

Host Frame: [©x2@68ea]
in /usr/1lib/x86_64-1linux-gnu/libcuda.so.1
Host Frame: [@xfc4b]
in memcheck_demo
Host Frame: [©x66288]
in memcheck_demo
Host Frame: [Bxb4eb]
in memcheck_demo

Host Frame:__device_stub__Zl6unaligned_kernelv(void) [@xblfc]

in memcheck_demo
Host Frame:unaligned_kernsl(void) [€xb257]
in memcheck_demo
Host Frame:run_unaligned(void) [Bxaf38]
in memcheck_demo
Host Frame:main [@xbeébl]
in memcheck_demo
Host Frame:__libc_start_main [@x28cb2]
in /1ib/x86 64-linux-gnu/libc.so0.6
Host Frame:_start [@xad9e]
in memcheckidemo
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NSIGHT VISUAL STUDIO CODE EDITION

Visual Studio Code extensions that provides:

CUDA code syntax highlighting
CUDA code completion

Build warning/errors

Debug CPU & GPU code

Remote connection support via SSH

Available on the VS Code Marketplace now!

Visual Studio Code

File Edit Selection View Go Run Terminal Help

Nsight Visual Studio Code Edition 17.6M
CUDA L ) 1al Studio Code

upport for V

NVIDIA Install

vscode-cudacpp
CUDA C++ language

kriegalex Install

Doxygen Documentation ...
et me generat ygen d on
Christoph Schlosse Install

Clang-Format D492K * 4

Install

clangd
C and (

++ completion, navigation
LLVM Extensions
google-java-format

Use gc¢ e

wx-chevalier

Variables view

VARIABLES

Local

matrixMul.cu - matrixMul - Visual Studio Code

CPU & GPU syncthreads();

registers

Watch CPU &
GPU vars

WATCH DEBUG CONSOLE

uda warp

Session status

BREAKPOINTS

N -

v
& mat
v

®0AD g CUDA: Debug with CUDA-GDB (matrixMul)

Exec debugger
commands

CUDA Call Stack

CALL STACK

CUDA focus

Spaces:2 UTF-8 LF CUDAC++ CUDA:smlwarp28lane0 & (2

https://developer.nvidia.com/nsight-visual-studio-code-edition
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@ iekamons

Date(s): Sep 19, 2022 - Sep 28, 2022
Event Focus:
North America/Latin America

Applications Closed

Date(s): Oct 17, 2022 - Oct 27, 2022
Event Focus:
North America/Latin America

% QAK RIDCE | o

Applications

Events v Attendees v

Date(s): Sep 19, 2022 - Sep 29, 2022
Event Focus:
Europe/Middle East/Africa
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\\0’0

S Ml

Applications Closed

Date(s): Nov 30, 2022 - Dec 8, 2022
Event Focus:
North America/Latin America

Applications

Mentors v About v

Date(s): Oct 24, 2022 - Oct 25, 2022
Event Focus:
Europe/Middle East/Africa

©

EURO H LR[S

NVIDIA.

Applications

OpenACC
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USEFUL LINKS

Web: https://developer.nvidia.com/tools-overview

How to contact us?
Forums: https://forums.developer.nvidia.com/c/development-tools
email: devtools-support@nvidia.com

Other digital GTC talks of interest:

S21351: Scaling the Transformer Model Implementation in PyTorch Across Multiple Nodes

S21547: Rebalancing the Load:Profile-Guided Optimization of the NAMD Molecular Dynamics
Program for Modern GPUs using Nsight Systems

S21771: Optimizing CUDA Kernels in HPC Simulation and Visualization Codes using Nsight Compute
S21565: Roofline Performance Model for HPC and Deep-Learning Applications
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