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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.



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)

* [68] CafaTank TR
0 ruoera totaee
Ut an
= [558) camaTantoe b | |
O ———
UM AR
- [343] CataTank o

- (561 adaTaiToe [ 1
06 runtma s
CuDa AR

= €L (Guaaden 31 B
= [ ‘Streamn]

b B e

rsts i+

Hame
enerate_peed_pueudo

* GPU Speed Of Light £\

1,000,000,000)

Performance [FLOP/s]

A

10 100

Arithmetic Intensity [FLOP/byte]

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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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

Q

Detailed CUDA kernel performance

Nsight Compute Nsight Graphics

Detailed frame/render 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

= [532] python . p—

~ Threads (21)
» 1532] python

05 runtime librarie e

Sefaemtsw ™ 5"
05 runtine a8 —
cupn e B — = —]

- 1558) CafteTaskTnre_| | | [] L | | |

CUDA AP 4} o TR

+ [562] CafteTaskThre

OS runtime librarie

* DAffidd3b3acs0ded

CPU Contedt Queue

T Render |

CuDA AP 1] eSS
- 1561) CafteTaskToee__J} 1 | B
05 runtime ibraric ) ) e —
cupa ae [= 8 W [T
* CUDA {Quadro GV10{
~ [All Streams]
e = ) an
[Eom o] =] s |
» 99.5% Kernels f [ 1]
f q [ ]
Events View =
# Nama Duration GPY Start - | generate_seed_pseuda -
1 generate_seed_pseudo 1240ms  GRAUO 3856105 Rogns: LEOOMS
2 gen_sequenced BMSE GO 285765 ra: <<ch 1 1rae
3 kernel agent 1696 s 1) 3185771s block: <<<bd, 1, 12>
= Launch Type: Reguiar
. generate_seed_pseudo 1271ms  GRUO 3850165 R o bytes
s gen_sequenced 12448 GRUO 286057 Dynamic Shared Memry: 0 bytes.
: * Registers Per Throad: 4
[ Unitormsnint W21 GRUO 3860588 T e e oo 0 bytes
d generate_seed_pseudo 12Mms  GHIO 3862025 Locol Memory Totol: 193,986,560 bytes
\ sequenced 7 " Shared Memory ex bytes.
8 gen_sequence N2 GO 2863435 ared Mermory executed: Ot
9 Uniformshift 9,856 s G0 3863445 Thecretical occupancy: 63.5 %
1n e 1264 me cmin 2 sennac = Launched from threart: 532 G
pevr preTe s3Em: sun, saams ssoms
~ ' [23724] RenderThreod - g
DxG1API
oK1 AP ol B
60 threads hidden... wmefs i el A _u"“: i il ulh . .
= Frame duration (80 £65) D11 APl cals
~ CPUMame duraion e 7 o Begins: 333250
coun i e Fes Frame #596 (3 664 L e I Frame 5557 1556 7 )
Frame Action uld fra Bui frame .64 ] R E— f
Frameestth Memory Allocation [Delt $9,360,000.00%]
Stutter
- woom
-
- Contents

[ peent |
Render | Present |

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

T Filter... 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]

0x7F10ca7022d6
obj_segmentation(void®, Tel_Interp®, int, Tel_Obj" const?)

Self, % Module Name
20.14 /home/johns/vmd/src/gtebuilds/vmd LINUXAMDEA.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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ZOOM/FILTER TO EXACT AREAS OF INTEREST
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asun felicon)

- ¥ 278510 g v

24.0% Stream 14 - m CUDA runtime API calls
Begins: 0.211387s.
Ends: 0.211391s (+4.067 us)
88.3% Kemels * Return value: 0
| [— — Correlation ID: 116
i
0 QU T [
m‘!‘m“mu— WX *

cua AP mlu | cudaGraphlnstantiate

Call to cudaGraphAddKernelNode

05 runi [baries p
* QUDA (TTANY)
* 96.7% Kemats
b ALEN genchi
b 397% wectr o
b 187% genm
+ 3.3% Momary

19.8% Stream 16 g
94.7% Kernels *
NVTX *

« Zoom in valleys to find gaps!
CUDA (Graphics Device, 0001:01:00.0) m
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NVTX: NVIDIA TOOLS EXTENSIONS

Code Annotation API

¥ 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

9 <ANVIDIA.



EXPERT SYSTEMS & STATISTICS

Built-in Data Analytics with Advice

CUDA Async Memcpy with Pageable Memory

Suggestion: If applicable, use PINNED
| memory instead.

CLI command:

nsys analyze -r cuda-async-memcpy /mnt/data/
traces/qdrep/nccl/profile_circe-
n011_506451_0.sqlite

CUDA Synchronous Memcpy
File View Tools Hel
i = i CUDA Synchronous Memset
profile_circe-n011_506451_0.qdrep.qdrep St
- CUDA Synchronization APIs
| = Timeline View v | ®m Qix ‘
‘ 1| CUDA GPU Starvation
‘\ 55w +676,05ms +676,1ms +676,15ms . +676,2ms ) +676,25ms ) +676,3ms .
* s R & @ [ (o) ) (@) CUDA GPU Low Utilzation
0S runtime libraries pifiread cand welt VULKAN GPU Starvation
10 threads hidden... =— -+ VU GPU Low Utilizati
LKAN ow Utilization
~ CUDA HW (0000:34:00.0 - Te S m B d 5 L}
b Wistreams) ¥ 1 G | . : : " .
» 60.8% Default stream ™ ] : I I I [ ' I
1079 39.2% Stream 29 ~cciAl ) =
_ 1 »
\ Expert System View ~
‘ 83 Settings
‘ CUDA Async Memcpy with Pageable Memory Duration ~ Start ‘SrcKind Dst Kind 'Bytes PID Device ID Context ID Stream ID APIName ||
2,048 ps 6,38792s Device Pageable 8B 75475 0 1 7 cudaMemcpy
The following APIs use PAGEABLE memory ! ! ! ! ! 1
\ | which causes asynchronous CUDA memcpy 2,048 ps 6,8334s Device Pageable 4B 75475 0 1 7 | cudaMemcpy
operatlons to block and be executed . I [ [ 3
| synchronously This leads to low GPU 2,016 ps . 2,5394s | Device Pageable 4B , 75475 - 0 1 . 7 | cudaMemcm
| utilization. 2,016 ps 3,90617s | Device Pageable 488 75475 0 1 7 cudaMemcp\‘
2,016 ps 4,25257s Device Pageable 75475 0 7 cudaMemcpy

(=}

2,016 bs 5,9572s Device Pageable 75475 0 7 cudaMemcp\
2,016 ps 5,97088s Device Pageable 4B 75475 0 1 7 | cudaMemcpy
. . 1 N i b
1 »

<A NVIDIA.



MULTI-REPORT TILING

Visualize More Parallel Activity

)-gpul.qdrep |

| = Timeline View v

» CPUs
»  GPU (0000:07:00.0 - A100-5XM-80G8)
»  GPU (0000:0F:00.0 - A100-5SXM-80GB)
~ Processes (10)
~ [9349] python
»  CUDA HW (0000:0F:00.0 - A100-SXM-80GB)
~ Threads (671)
~ [11489] python

OS runtime libraries
CUDA API

~ [11491] python

0S runtime libraries
CUDA API

~ [9349] python
0S runtime libraries

CUDA API

Profiler overhead

~ [9192] python
b CUDA HW (0000:07:00.0 - A100-SXM-80G8)
~ Threads (671)

~ V. [9730] python ~

05 runtime libraries
CUDA API

v ¥ [9731] python -
05 runtime libraries
CUDA API

v v [9192] python -

05 runtime libraries

CUDA API

Profiler overhead

205 308 404 503 603

pthread_cond_... |1 1

pthresd_cond_wait L't
| YO T T TR e e e M e T )|

pthread_cond_...| |pthread... |

668 threads hdden - o

pthread_cond_want i (@

IRl N0em] A ..

[ futex futex iim ‘(L..

| I

L e —— ) = L VR[]

pthread_cond_w...

. B ORI T P (

| pthread_cond_wait ff.e [ e

pthread_cond_w...

| pthread_cond_wait
BTl o, .

o st

e ——"

668 threads hidden |

futex futex Il.u [I..,‘

<ANVIDIA.



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



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+

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

= GPU Speed Of Light

f the GPU. For each unit, th l'l1' Light {SOL) reports the achieved perce
f the GPU presented as :

50.0
Speed Of Light [%]

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

[:]

9.66

3.23
46.16
25,165,824
48.75
2,897,152
3.40

[:]

.88
42.59
27,803,648
45.83
66.08
3.40

4,19

[:]

| —TeT
 —re
I —
[ —

-m


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

File Connection Debug Profie Tools Window Help
&) Connect

) old_2_fusion_on_softmax.nsight-cuprof-report * X

Page: Details ¥  Process: Al ¥ Launch: 0 -64291 - softmax_compute_kernel v  AddBaseline >  Apply Rules

Copy asImage ~

Current Time: 15.65usecond Cycles: 16,235 Regs: 28 GPU: Tesla V100-SXM2-16GB  SM Frequency: 1,04 cyde/nsecond CC: 7.0 Process: [944] python3.5

64291 - softmax_compute_kernel (1966

/;\ o
S S

v GPU Speed Of Light £\

SOL Chart v O

High4evel overview of the utilization for compute and memory resources of the GPU. For each unit, the Speed Of Light (SOL) reports the achieved percentage of utilization with respect to the theoretical maximum.
SOL SM [%]

45. Duration [usecond] 15.65
SOL Memory [%] 43.42 | Elapsed Cycles [cycle] 16,235
SoL T %]

5 SM Active Cycles [cycle] 12,110.30
SOL % SM Frequency [cycle/nsecond] 1.04
Memory Frequency [cycle/usecond] 701.94

GPU utilization

Memory [%]

0.0

50.0
Speed Of Light [%]

Recommendations

A Bottleneck

[Warning] This kernel exhibits low compute throughput and memory bandwidth utilization 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 “Scheduler Statistics™ and "Warp State Statistics™ for potential reasons.

» Compute Workload Analysis |®)

Detailed analysis of the compute resources of the streaming multiprocessors (SM), induding the achieved instructions per dock (IPC) and the utilization of each available pipeline. Pipelines with very high utilization might limit the overall
performance.

Executed Ipc Elapsed [inst/cycle] SM Busy [X] 61.39
Executed Ipc Active [inst/cycle] Issue Slots Busy [X]

61.39
Issued Ipc Active [inst/cycle]

<A NVIDIA.



= Memory Workload Analysis

Detailed analysis of the memory resources of the GPU. Memary can become a limiting factor for the overall kernel performance when fully utilizing the involved hardware units (Mem Busy), exhausting the available communication

Al

bandwidth between those units (Max Bandwidth), or by reaching the maximum throughput of issuing memary instructions (Mem Pipes Busy). Detailed chart of the memary units. Detailed tables with data for each memory unit.

Memory Throughput [Ghyte/second]

L1 Hit Rate [%]
L2 Hit Rate [%]

24,58 KInst

43.01 K Inst

0.00 Inst

0.00 Inst

110,59 K Inst

Shared Load
Shared Store
Shared Atomic

Instructions
61,440
49152
0

18.43KReq

318.88 | Mem Busy [%]
45.75 | Max Bandwidth [¥]
94.83 | Mem Pipes Busy [¥]

Memory Chart

6.14KReq

12,29KReq

36,86 K Req

L2 Cache

Unified Cache <

46,75 % 94.03 %

0.00 Req

0.00 Reg

65.29K Req

. Shared Memory
P

49,15KReg

Shared Memory

% Peak
65,289 £.59
49,152 496

Requests

Bank Conflicts
3,608
0

Total

Global Load Cached

Global Load Uncached
1wl | nad Farhad

110,592

Instructions

18432

17 722

114441 11.35

3,698

First-Level (Unified) Cache

5M->TEX Requests % Peak
18,432 1.86

13 7942 134

Hit Rate % Peak

66.63

TEX->L2 Requests

mn

L2->TEX Returns

12,300

System Memary

Deyice Memary

% Peak
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Instructions Executed

Source

DType, OType>
__global__ 1(DType *in, OType *out, index_t M
Shape<ndim> sshape, Shape<ndim>
temperature) {
x_size = 1 << x_bits;

__shared__ AType smem[x_size];
index_t sa = stride[axis];
index_t base = (blockidx.x, sshape, stride);

index_t x = threadIdx.x;

red: :max (smem[x]);
(index_t i = x; i+= x_size) {
smem[x] =

(smem[x], negate ? -in[base + i*sa] : in[base + i*sa

)+
\/>

cuda. paducaancced: :maximum, x_bits>(smem);

DType val;
(index_t i = x; 1 < M; 1 += x_size) {
val = negate ? -in[base + i*sa):in[base + i*sa];
smem[x] += <AType>( ((val - smax) /
();
cuda: :ReducelD<red: :sum, x bits>(smem):
OF
ATYpe ssum = Sme

(y+
\/>

(index_t i

val = negate > -in[base + 1°*sa) : in|base + 1sa];

out[base + i*sa] = ((val - smax)/ <DType>(temperat

Sampling Data (Al) = #
133
134
135
136
137
138

E

Total Sample Count: 111
Barrier: 43 (38.7%)

Mio Throttle: 21 (18.9%)

Not Selected: 8 ( 7.2%)
Selected: 7 ( 6.3%)

Short Scoreboard: 16 (14.4%)
Wait: 16 (14.4%)

:Qé‘”&d&!“’@w!‘vmmmmo

[

® OHaL O = O .m

-

Source
BSYNC BO
NOP
BAR.
ISETP.GT.AND
BSSY B1,
ISETP.GT.AND
ISETP.GT.AND
ISETP.GT.AND
U
U

FMNMX

NOP

BAR.
U K

ISETP.GT.AN
WR7, [
[Ri+

FMNMX

ISETP.GT.AND
WURY, [
[ +
FMNMX
[
NOP
U

FMNMX

r
L

NOP

Sampling Data (Not Issued)

Sampling Data (All)

oL © b wn

=

LN O ® bW o b

Instructions Executed *

o
3

HaE

HaREE

;

Haie

;

iy

Ll
G516

W8

<A NVIDIA.




OCCUPANCY CALCULATOR

Model Hardware Usage and ldentify Limiters

NVIDIA Nsight Compute
File Connection Debug Profile Tools Window Help

<1 Connect EEECEE . MOde l th eo reti Ca l

& test_7.ncurep X
Page: | Details ~ Launch: 0- 141-mergeSortSharedKernel = % ~ | Add Baseline ~ Occupancy Calculator Copy as Image ~ h a rdwa re u Sage
Launch Time Cycles Regs GPU SM Frequency CC Process

Current 141 - mergeSortSharedKernel (4096, 1, 1)x(512,1,1)  7.01 msecond 9,283,564 55 0- NVIDIA GeForce RTX 2080 Ti 1.32 cycle/nsecond 7.5 [5750] mergeSort - [ ] U n d e rsta n d l'i m 'i ta t'i 0 n S
voopmey _‘ D D ———rs from hardware vs.
' kernel parameters

SM [warp]

. mi0 skl B - Configure model to
@ OccupancyLimiters  This kemnel's theoretical occupancy is not impacted by any block limit. Va ry H W a n d ke rn e l
Impact of Varying Register Count Per Thread pa ra m e te rS

= Opened from an
existing report or as a
new activity

&
=
=4
3
83
o
(=N
'gA

] ] w -
=] [+ o £

Registers Per Thread
Impact of Varying Block Size

=1

Warp Occupancy

)]
[X]

Block Size

<A NVIDIA.



HIERARCHICAL ROOFLINE

Floating Point Operations Roofline {Double Precision)

(1="1e+12)

=
B

Performance [FLOP/s]

= Visualize multiple levels of the memory
hierarchy

= ldentify bottlenecks caused by memory
limitations

= Determine how modifying algorithms may (or
may not) impact performance

10 100
Arithmetic Intensity [FLOP/byte]

Sections/Rules Info
Sections/Rules v #¥Reload A Enable All &) Disable All
Enter filter

v
v

4
v
v
v

Name
» GPU Speed Of Light Throughput (1)
» GPU Speed Of Light Roofline Chart (1)

GPU Speed Of Light Hierarchical Roofline Chart (Double Precision)
GPU Speed Of Light Hierarchical Roofline Chart {Half Precision)
GPU Speed Of Light Hierarchical Roofline Chart {(Single Precision)
GPU Speed Of Light Hierarchical Roofline Chart {Tensor Core)

» Compute Workload Analysis (2)

Priority =
10

11

12

100,000

Description
High-level overview of the throughput for compu..

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

<A NVIDIA.




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)



Unified CPU and CUDA
Debugging

CUDA-C/SASS support

Built on GDB and uses
many of the same CLI
commands

Local/Remote
connection support

CUDA-GDB

Command-Line and IDE Back-End Debugger

threads breakpoint
Virtual PC

(cuda-gdb) info cuda
BlockIdx ThreadIdx
Kernel O
0x0000000000948e58
0x0000000000948e58
0x0000000000948e58
0x0000000000948e58
0x0000000000948e58
0x0000000000948e58

- -
- -~

- -
-~ ~

(0
(1
(2
(3
(4
(5

OO oo oo
OO oo oo

- -
- -~

(cuda-gdb) info cuda threads breakpoint 2

BlockIdx ThreadIdx
Kernel 0

(1,0,0)

(1,0,0) 0x0000000000948e58

SM Wp Ln

11
11
11
11
11
11

U who PO

lane 1

Virtual PC Dev SM Wp Ln

011 0 1

Filename

infoCommands
infoCommands
infoCommands
infoCommands
infoCommands
infoCommands

.Cu
.Cu
.Cu
.Cu
.Cu
.Cu

Filename

infoCommands

.Cu

NVIDIA.



COMPUTE SANITIZER

Automatically Scan for Bugs and Memory Issues

=Compute Sanitizer checks
correctness issues via sub-tools:

= Memcheck - Memory access error and leak
detection tool.

= Racecheck - Shared memory data access
hazard detection tool.

= Initcheck - Uninitialized device global
memory access detection tool.

= Synccheck - Thread synchronization
hazard detection tool.

= https://github.com/NVIDIA/compute-
sanitizer-samples

$ make run_memcheck
/usr/local/cuda/compute-sanitizer/compute-sanitizer --destroy-on-device-error kernel memcheck_demo
COMPUTE-SANITIZER

Mallocing memory

Host

Host

Host

Host

Host

Host

Host

Host

Host

Invalid __global__ write of size 4 bytes
at ©x7@ in unaligned_kernel()
by thread (©,2,0) in block (©,0,8)
Address ex7f67laceeeel is misaligned
and is inside the nearest allocation at ©x7fb654c@0e00 of size 4 bytes
Saved host
Frame:

Frame

Frame

Frame

Frame

Frame

Frame:

Frame

Frame:

:__cudart8e3 [exfcchb]

:cudalaunchKernel [@x6a578]

:cudaError cudaLaunchKernel<char>(char const*, dim3, dim3, void**, unsigned
:__device_stub__Zl6unaligned_kernelv() [@xb22e]

:unaligned_kernel() [@xb28c]

:main [@xbee2]

backtrace up to driver entry point at kernel launch time

[ex2774ec]
in /1ib/x86_64-linux-gnu/libcuda.soc.1l
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
run_unaligned() [@xaf55]
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo

../sysdeps/nptl/libc_start_call_main.h:58:__libc_start_call_main [@x2dfde]

in !'l"h!vsﬂ EA=ldinuveagn/lih~ e~ &

<A NVIDIA.


https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2FNVIDIA%2Fcompute-sanitizer-samples&data=05%7C01%7Cjmarusarz%40nvidia.com%7C8604a0a01abe448223e108da7702bc09%7C43083d15727340c1b7db39efd9ccc17a%7C0%7C0%7C637953150877420363%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=7A7l8RKbrY%2BxRq17gUfc5zjqAAHKmsD95I%2BEEX6JPMc%3D&reserved=0

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

matrixMul.cu - matrixMul - Visual Studio Code

Variables view

VARIABLES

Local

CPU & GPU syncthreads();
registers

Watch CPU &
GPU vars

WATCH DEBUG CONSOLE

uda warp

Session status

BREAKPOINTS

.

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

<ANVIDIA.


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

ADDITIONAL RESOURCES

Sessions

- CUDA: New Features and Beyond

- Developing Efficient CUDA Kernels for Fourth-Generation Tensor Cores
Labs

- Optimizing CUDA Machine Learning Codes with Nsight Profiling Tools

- Debugging and Analyzing Correctness of CUDA Applications

- Developer Tools Fundamentals for Ray Tracing using NVIDIA Nsight Graphics and NVIDIA Nsight Systems
Ampere Architecture Detailed Blog
Developer Tools are free and packaged in the latest version of the CUDA Toolkit

Support is available via:

More information at:

NVIDIA.


https://developer.nvidia.com/blog/nvidia-ampere-architecture-in-depth/
https://developer.nvidia.com/cuda-downloads
https://forums.developer.nvidia.com/c/development-tools/
https://developer.nvidia.com/tools-overview

HANDS-ON

/lus/eagle/projects/SDL_Workshop/jacobi

= Solving Laplace Equation with Jacobi Iterations

fij = (fix1j + fic1j + fij+1s fij—1) /4
// set initial conditions at f[@][:], f[N-1]1[:], f[:]1[e], f[:][N-1]

while (error > tolerance):
error = @
for 1 = 1, N-2:
for j = 1, N-2:
f[1i][J] = ©.5 * (f_old[i+1][j] + f_old[i-1][37] + f_old[i][j+1] + f_old[i][]-1])
error += (f[1][J] - f_old[i][j]) * (f[1i][]J] - f_old[i][]j])
swap(f_old, f)

<ANVIDIA.



( : HACKATHONS

WWW.OPENHACKATHONS.ORG

Events ~

Attendees Mentors

OpenACC

All HACKA

KMA and NOAA Workshop on Al for
Weather and Climate

Date(s): Oct 21, 2022 - Oct 21, 2022
Event Focus: HPC+A]
Asia-Pacific

Applications

TWCC Open Hackathon 2022

Date(s): Nov 23, 2022 - Dec 2, 2022
Event Focus: HPC+AI
Asia-Pacific

& ugiEr. <A NVIDIA. OpenACC

6"‘:\1"5 =

Applications

NVIDIA/HLRS SciML GPU Bootcamp

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

(S

EURO H LR[S
GCS
@A NVIDIA.
Applications

NERSC GPU Hackathon 2022

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

LOAK RINGH

Applications

NCI GPU Hackathon 2022

Date(s): Oct 25, 2022 - Nov 4, 2022
Event Focus: HPC+AI
Asia-Pacific

2 NVIDIA.

NCI

Applications Closed

Westlake University GPU Hackathon
2022

Date(s): Nowv 29, 2022 - Dec 9, 2022
Event Focus: HPC+AI
Asia-Pacific
<4 NVIDIA (V] b

Applications

<A NVIDIA.






