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| Performance analysis and optimisation
| - Motivation

- Hardware aspects

- Development process

- Best-practices

Performance tools and methodology ‘
- Performance metrics
- CPU/GPU tools
- Live examples
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Cray-1 supercomputer, source: wikipedia.org
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TECHNICAL NOTES

- All presented tools/examples can be accessed and reproduced at IT4l
clusters anytime

- Please, setup your preferred GUI access:

1. VNC - server on a Karolina login node + client on your local machine
- How to? https://docs.itdi.cz/general/accessing-the-clusters/graphical-user-interface/vnc/

- Recommended client https://www.realvnc.com/en/connect/download/viewer/
>, 00D - Open OnDemand GUI via web browser, IT4l VPN required

- How to? https://docs.itdi.cz/general/accessing-the-clusters/graphical-user-interface/ood/

- Connection link https://ood-karolina.it4i.cz/

3. X11 - Log in via terminal with X-Window system enabled
- How to? https://docs.itdi.cz/general/accessing-the-clusters/graphical-user-interface/x-window-

system/

- Usually worse UX for GUI apps due to network latency

- Most of the presented tools provide a remote profiling, e.g., generate output remotely
from CLI while analysis can be done locally in GUI - not covered today vss recunrea | i
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PERFORMANCE ANALYSIS AT e

Who has any experience with a performance analysis tool?
- What was the tool?

Objectives today?
- Not to become an expert analyst
L - Not to reach an incredible performance improvement of example codes

- Rather to get idea about the domain and introduce some tools
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" EFFICIENT USE OF HPC

| What does it mean?
| - To get the most performance out of your hardware
- The process is called Performance Optimisation

Why should | care about performance?
- Industry — achieve goals faster and cheaper

- Academia — do more science
- The trend in grant competition (resource allocation) is to prove performance, scalability, etc.
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- KEY INGREDIENTS

Know your application
- What does it compute? (domain, methods, algorithms)
- How is it parallelized? (programming models)
- What final performance is expected? (HW limits)

Know your hardware
- What are the target machines and how many? (laptop, workstation, cluster)
- Machine-specific optimisations?

Know your tools
- Strengths and weaknesses of each tool? (easy-to-use vs detailed information)
- Learn how to use them (examples with problems/patterns)

Know your process
- Constant learning
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HARDWARE ASPECTS OF PERFORMANCE el

| Filesystem
- 1/O operations

Network
- internode communication

Memory subsystem
- NUMA effect

| CPU cores
- thread/process affinity, pinning, caches

Vector registers
- vectorization, vector instructions

Accelerators
- GPU/MIC utilization, host-device data transfers
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GET READY Sl Vi

~ Connect to Karolina login node via GUI
- VNC/ 00D/ X11

Submit an interactive job

| salloc --account=DD-24-88 --reservation=dd-24-88 2025-06-
26T09:00:00 2025-06-26T12:30:00 5 ggpu --gpus 1

]

Tip!
- Use Adobe Acrobat Reader for copying the multi-line commands without
line breaks

https://get.adobe.com/uk/reader/
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BASIC TOOLS e

|
' Useful to get familiar with the machine
( | 1scpu

| cat /proc/cpuinfo
- processor: 71 ->72 logical processors per node
- cpu cores : 18 -> 18 physical cores per socket
- siblings :36 -> 36 logical processors per socket
- -> 2 hyperthreads per core
- -> 2 sockets per node

| cat /proc/meminfo
- MemTotal: 196510848 kB -> 187 GiB # kiB in fact

| m1 impi

| cpuinfo # Intel MPI utility, just single socket! 1] UNIVERSITY | NATIONAL SUPERCOMPUTING
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BASIC TOOLS

Use HTOP tool for interactive jobs
| htop —-d 5

- Configurable (e.g. core id, threads, process tree)
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/mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/.
/mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/.
:02.73 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/
:02.68 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/
102.62 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/.
.72 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/
:02.65 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/
:102.67 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/.
102.69 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/.
:102.68 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/
:02.71 /mnt/proj2/dd-24-88/intro2hpc/6_performance/examples/
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Similar tool for NVIDIA GPUs

nvidia—-smi

Driver Version: 550.54.15

GPU Name Persistence-M | Bus-Id Disp.A | Volatile Uncorr. ECC |
Fan Temp Pwr:Usage/Cap Memory-Usage | GPU-Util Compute M.

© NVIDIA Al100-SXM4-40GB 00000000:0B:00.0 Of
N/A  31C OMiB / 40960Mi

| Processes:
GPU  GI
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PERFORMANCE-AWARE DEVELOPMENT
PROCESS

1. Develop correct functionality (testing helps)
2. ldentify bottlenecks (performance limiters) using performance tools

3. Optimise bottlenecks until satisfied

1. Build a hypothesis (ask a question)
2. Explain the behavior (answer the question)
3. Change the code (double-check correct functionality)

4. Verify optimisations using profiling tools

4. Repeat until job done
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BEST PRACTICES

- Do not optimise your code prematurely!

- Focus on main computational time-consuming phases (hotspots), omit
preprocessing/postprocessing phases if applicable

- The 80/20 rule:
- Programs typically spend 80% of their time in 20% of the code

- Programmers typically spend 20% of their effort to get 80% of the total speedup possible
for the application

- Keep track of your optimisation progress over time
- Always use compute nodes for profiling (not login nodes - shared)

- Use SW libraries!
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e T e,
SOFTWARE LIBRARIES el TPV

General-purpose math libraries (@D
. BLAS (MKL, OpenBLAS, ATLAS, cuBLAS, ...)

inted

- LAPACK (MKL, OpenBLAS, ATLAS, cuSolver, ...) | mg:grsernel

. FFT (MKL, cuFFT, ...)

Domain-specific libraries

- Chemistry, Bio, Geo, Physics, CAE, Big data, ML/DL
HW-specific libraries

- GPU/MIC, Intel/AMD/IBM
Optimized implementation

- Usually much better performance than a custom code

- Do NOT reinvent a wheel!
- (But avoid overkill)
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PERFORMANCE METRICS I R

Execution time (time, time.h, ...)

- real Om10.245s  (elapsed real time)
- user Om19.890s  (user CPU time using OMP_NUM_THREADS=2)
- SYS OmO0.285s (system CPU time)

Processor speed (flop/s) and Memory throughput (GB/s)
- Calculated operations per time (e.g. c=a + b + c -> 2 operations)
- Transferred bytes per time (e.g.c=a+b+c->3RD+1WR * 8 bytes)

Speedup and Efficiency
=T,/ Tp
. E,=S,/P
Scalability
- Strong/weak scaling

Others: portability, programming ability, etc. Vit | e
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PEAK PERFORMANCE EXAMPLE

- The theoretical HW limits, e.g. AMD EPYC 7H12 (Rome)
Processor speed:

- Number of compute nodes (Karolina-size machine) 720

- Number of sockets (CPUs) per node 2

- Frequency 2.6 GHz

- Number of cores per socket 64

- FMA instructions (a * b + ¢) 2

- FMA units per core 2

- SIMD (AVX2 256b) = 4x double precision 4
3 833 856 Gflop/s
3.8 Pflop/s

(2.6 Tflop/s per socket)
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PEAK PERFORMANCE EXAMPLE

Memory bandwidth:

- Number of compute nodes (Karolina-size machine) 720
- Number of sockets (CPUs) per node 2
- # channels per socket 8

- DDR4 bus width 8B
- Frequency 3200 MT/s

294 912 000 MB/s
=D i B o 294 TB/s
(204 GB/s per socket)

| zens
J

- Larger radix for 32MB of L3, enables better performance of
large VMs/Cache sharing applications

VSB TECHNICAL
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ROOFLINE MODEL

- Shows the performance of an algorithm (application) with respect to the
HW limits of the architecture

- Identify if an algorithm is compute bound or memory bound

- Based on Operational intensity - a ratio of FLOPS (arithmetic operations)
performed with required amount of data (operands)

Performance [GFLOPS]
A

Bound based on bandwidth//

Bound based on peak performance

App,
1/2

1/4 APP;

> VSB TECHNICAL

! ! ! ! ' i |11| UNIVERSITY
14 12 1 2 4 8 16 32 64 128 256 512 Operational Intensity [FLOPS/byte] '[! of osTrAvA



SPEEDUP

- Speedup — a ratio of a serial execution time to a parallel execution time

T1 - execution time on 1 processor
speedup on N processors - SN = -
TN - execution time on N processors
i 1 Speedup [-]
- Linear speedup Sy=N

- Sub-linear speedup Sy <N
- Communication
- Load imbalance
- Decomposition overhead

- Super-linear speedup S, >N
- Cache
- Algorithm

N = # of processors [-]

»
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SCALABILITY e e

- Scalability - the ability to maintain performance gain when system and
problem size increase

- Amdahl's law — maximum achievable T
speedup is limited by the serial portion ** // Paralel Portion
16.00 — 50%
of the code A — 7%
| ,/ — 5%
gl0.00 // —
X% (parallel)  [Y% (ser)| i 1 -
1 6.00 //
SMAX — _y 100 //
— /—-"‘
100 ool A

Number of Processors
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Amount
of
Work

SCALABILITY

= Strong scaling - how the processing time varies with the number of
processors for a fixed total problem size

A

Elapsed
Time

Number of Processors (p)

LSRN

Number of Processors (p)
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SCALABILITY e R

= Weak scaling - how the processing time varies with the number of
processors for a fixed problem size per processing unit

A A

Amount
of
Work

Elapsed
Time

1 2 3 4 5 1 2 3 4 5

Number of Processors (p) Number of Processors (p)
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CLASSIFICATION OF PERFORMANCE TOOLS

- There are many tools that can be classified by the implemented approach

Data collecting mechanism
- Sampling - automatically collect data per time unit
- Instrumentation - manually/automatically add instructions to the source code to

collect data - intrusive

Form of data presentation
- Reports - general overview of the whole application
- Profiling - accumulated characteristics of metrics
- Tracing - details about selected events - intrusive

Analysis of the collected data
- Online - during the execution - rare
- Post mortem - after the execution

Example of a trace, source: tools.bsc.es

Modeling - simulate state, ideal network, HW failure, etc. .. ...

|| || UNIVERSITY
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https://tools.bsc.es/paraver

PERFORMANCE TOOLS - CPU

- Single-node/parallel, architecture, language, programming model, focus
(instrumentation, correctness checking, etc.)

Proprietary tools — licenses usually available on clusters
- Linaro (ARM (AHirea)) Performance Report
- Linaro (ARM (AHirea)) MAP
- Intel Application Performance Snapshot
- Intel Vtune
- AMD pProf
- Vampir

Open-source tools (VI-HPS)
- BSC tools (Extrae/Paraver)
- JSC tools (Score-P/Scalasca/Cube)
- MAQAO

VSB TECHNICAL ITAINNOVATION:®
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https://www.vi-hps.org/tools/tools.html

GPU PROFILING — TOOLS T e L

GUI tools

- NVIDIA Nsight Systems — system-level profiling
- NVIDIA Nsight Compute — CUDA kernel-level profiling

Start here

Command-line tools - for no GUI access

(e.g. in batch jobs)
- NVIDIA nsys
- NVIDIA ncu workload bahavior
- AMD ROC-profiler
- analogous to nsys
- Chrome for visualization

Recheck overall
workload behavior

Dive into top

CUDA kernels Dive into graphics

frames

Finished if
performance
satisfactory

VSB TECHNICAL ITAINNOVATIONS
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LINARO PERFORMANCE REPORTS

mpirun -np 8 examples/wave_openmp 60
1 node (8 physical, 8 logical cores per node)

arm 15 GiB per node /
N o N o PERFORMANCE 8 processes, OMP_NUM_THREADS was 2 i
REPORTS ek P
I Oopnal nign-ievel overview o ed ICation el e
61 seconds (about 1 minutes) MPI
/scratch/user/reports/examples
. [ [
- No source code or recon |p|Iat|on requwed
Summary: wave_openmp is Compute-bound in this configuration
. gty o I DSt iSdrnbed
= RUN: pert-report srun -n <#pProcs> <app-> ”‘
[ ] i Time spent in MPI calls. High values are usually bad.
MPI 27.4% - This is low; this code may benefit from a higher process count
0 o Time spent in filesystem 1/O. High values are usually bad.
A 0.0% This is negligible; there's no need to investigate I/O performance
u A u to - e n e ra t e d t eXt a n d I I I M L O u t u t This application run was C¢ e . A breakdown of this time and advice for investigating further is in the CPU
section below.
As little time is spent in MPI calls, this code may also benefit from running at larger scales.
- Report summary (Compute, MPI, Input/Output
) ) CPU MPI
A breakdown of the 6% CPU time: A breakdown of the 27.4% MPI time:
single-core code 8.2% | Time in collective calls 1.2% |
P M P I I M P M E OpenMP regions % Time in point-to-point calls 98.8% [N
| | ’ ’ ’ p e n ’ e I I l O ry’ n e rgy' Scalar numeric ops 51% | Effective process collective rate 19.5kB/s |
Effective process point-to-pointrate 305 k8/s [N

Vector numeric ops  0.0%
[ Memory accesses  56.9% [l
‘ ‘ e e ra t O r re a O W I l S e ‘ t I O I | S The per-core performance is memory-bound. Use a profiler to
identify time-consuming loops and check their cache
performance.

No time is spent in vectorized instructions. Check the compiler's
vectorization advice to see why key loops could not be vectorized.

A breakdown of the % 1/0 time:

- Advanced configuration through command line
flags possible o

Effective process read rate  0.00 bytes/s

Effective process write rate  0.00 bytes/s

No time is spent in I/0 operations. There's nothing to optimize
here!

Memory

Per-process memory usage may also affect scaling:
Mean process memory usage 38.6 Mi3 [

Peak process memory usage  53.7 Mi3 [N

Peak node memory usage 17.0% 1

The peak node memory usage is very low. Running with fewer MPI
processes and more data on each process may be more efficient.

Most of the time is spent in point-to-point calls with a very low
transfer rate. This suggests load imbalance is causing
synchronization overhead; use an MPI profiler to investigate.

OpenMP

A breakdown of the 91.8% time in OpenMP regions:
Computation %

Synchronization 90.1% [N

Physical core utilization %

System load 167.0% [N
Significant time is spent synchronizing threads in parallel regions.
Check the affected regions with a profiler.

The system load is high. Ensure background system processes
are not running.

Energy

A breakdown of how energy was used:
cPU ’ %
System %

Mean node power not pC w |
Peak node power 0.00W |

Energy metrics are not available on this system.

CPU metrics are not supported (no intel_rapl module)



LINARO PERFORMANCE REPORTS - EXAMPLE:

ml Forge/23.1.2 OpenMPI/4.1.6-GCC-12.2.0-CUDA-12.4.0
ml show Forge

il WL I l ‘x j\q

cp -r /apps/all/Forge/23.1.2/examples ~/forge examples

cd ~/forge examples

make
srun —n 16 ./wave c 10

mkdir perf reports && cd perf reports

perf-report srun -n 16 ../wave c 10
firefox wave ¢ 16p 1In YYYY-MM-DD hh-mm.html & # on login node
OMP NUM THREADS=8 perf-report srun -n 2 -c 8 ../wave openmp 10

firefox wave openmp 2p 1In 8t YYYY-MM-DD hh-mm.html
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LINARO MAP

- Low overhead sampling profiler for localisation of bottlenecks
- No recompilation required, only debugging symbols are useful (-g)

1. Metrics view (CPU, MPI, 1/O, memory, vectorization)

2. Source code viewer

3. Selected lines view

4. Output, files, callpaths I A
5. Sparkline charts B —— P s
(5] (3]
map
map srun -n <#procs><app> [args] .. . ooin

map --profile srun -n <#procs> ...

map <profile.map>

perf-report <profile.map>

Showing data from 16,000 samples taken over 16 processes (1000 per process) ¢ Main Thread View




LINARO MAP eullfais

- All charts are timelines
- Horizontal axis time

Profiled: wave openmp on 2 processes, 1 node, 18 cores (9 per process) Sampled from: Wed Dec 9 11:58:03 2020 for 20.0s Hide Metrics...

Application activity

CPU floating-point e ) . -

6.7 % -
o B
. .
Memory usage =2
= vVertiCal axiIs are processes ..
0
11:58:03-11:58:23 (20.012s): Main thread compute 49.4 %, OpenMP 23.3 %, MPI 10.7 %, OpenMP overhead 17.2 % Zoom %1 = ©
. .
£ wave_openmp.c X Time spent on line 224 [E]
u 3 time_mpi_stop(); ~ Breakdown of the 23.0% time
spent on this line:
/* update points along line */ Executing instructions 100.0%
! ¢ #pragma omp parallel ed (newval, values) . .
. Calling functions 0.0%
- IVI P I I S b I u e < 3 #pragma omg Time in instructions executed:
Y for (j =1; j <= ints; j i i
e el ( 3 J 9 Limb ety ot Scalar floating-point 0.0%
endpoints */ Vector floating point
3 3 +3-1==1 || dirst + j - 1 == tpoints)) Scalar integer 0.0%
. : newval(j] = 0.0; Vector integer (
~ : i Memory access 14.3%1
6 do_math(j);
- Breakout recalculated NPT ,
8 } Other instructions
/* swap arrays */
. L - - 11 4 <= . L.
When ZOO m I n S RTITL (YRR K Ty TR ] ( (3 = 1; J <= npoints; ji+)
g 210 b v s i e i) © Vet b)) '
3 2% bl e L e i 224 VRN = DR
T
)
227 ) i
[ . . ;
: uitipie presets avaliapble 4 o [
Input/Output  Project Files | OpenMP Stacks | OpenMP Regions  Functions
OpenMP Stacks (2
Total core time “ MPI Overhead Function(s) on line Source Position =
P ~ & wave_openmp [program]
[ ] ( l ' h ( .
¥ / main wave_openmp.c:306
~ update iterations = update(left, right); wave_openmp.c:340
26.7% v bbb dir ot i il ads st o oL 3.4 » % update [OpenMP region 0] #pragma omp parallel shared(newval, values) wave_openmp.c:207
) P I N values[j] = newval[jl; wave_openm
| v I 21.9% ket el b s ot oldval[j] = values[j]; wave_openmp.c:223
5.5% 1 411 @I L 0 vl I 5.5% MPI_Recv MPI_Recv(&values[0], 1, MPI_DOUBLE, left, E_LtoR, MPI_COMM_WORLD, wave_openmp.c:195
42% 11w 1k | L RN w1 2% MPI_Recv MPI_Recv(&values[npoints+l], 1, MPI_DOUBLE, right, E_RtoL, wave_openmp.c:201
n | O 42% 1 wadu i e i for (j = 1; Jj <= npoints; j++) wave_openmp.c:221
0.8%, | A T I | » 4 others
0.4% | | » 2 others =
Showing data from 1,178 samples taken over 2 processes (589 per process) @ OpenMP View

- memory
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LINARO MAP - EXAMPLE

ml Forge/23.1.2 OpenMPI/4.1.6-GCC-12.2.0-CUDA-12.4.0

mkdir ~/forge examples/map && cd ~/forge examples/map

OMP NUM THREADS=8 map srun -n 2 -c 8

Optionally limit duration

Optionally adapt metrics

Click Run
Use the User guide!

Application: /home/user/ddt/examples/wave_c
Application: |/homejuser/ddt/examples/wave_c
Arguments:

stdin file:
Working Directory:
Duration: Sampling entire program

Metrics

CUDA Kernel analysis
v MPI: 16 processes, Open MPI
Number of Processes: |16

Processes per Node
Implementation: Open MPI | Change...

mpirun arguments

Perf Metrics: None selected, click Details... to configure.

Profile selected ranks: |

OpenMP
Submit to Queue

Environment Variables: none

Help Options

Details

Details
Details

Details...

Details

Details

Cancel

&Lﬂll |

./wave openmp 10
R X
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LINARO MAP - EXAMPLE T e L

. A large section of blue means all the processes in MPI calls - try to
reduce these. Triangular shape indicates load imbalance.

. A large section of dark green means all the processes in single-
threaded computations - try to avoid.

. A large sections of light green - OpenMP regions being effectively
used across all processes simultaneously.
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NVIDIA NSIGHT SYSTEMS

Scalable system-wide performance analysis tool
- Low-overhead multi-node, multi-GPU profiling
- Visualize millions of events on a very fast GUI timeline
- Assess on timeline to narrow down frames/areas of the app to focus
- Locate optimization opportunities, CPU/GPU bottlenecks
or gaps of unused CPU and GPU time - idle
- Balance your workload across multiple CPUs and GPUs
- Expert system GPU utilization analysis

- Detailed information, documentation, free download
https://developer.nvidia.com/nsight-systems

VSB TECHNICAL [TAINNOVATI


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

NVIDIA NSIGHT SYSTEMS

Multi-level information |.. = - e o
P NNTY TN ) N W NN N TR
- CPU cores utilization _ll N : =
- ' ' WX <] K.J] cudaGraphinstantiate: graphExec [116.000 s] |c..[cUda... cudaGraphlaunch [69.67... cudaGraphiaun...
. MPI Ca”S EDoER o 600 0
e, B (A B0 0N oo /oo (IR ) SRR g
- OpenMP, Pthreas ol
- OS runtime calls '
- NVTX e o —
- 96.7% Kemels O WooWNE OoMm 0 0000 000
SR T T i TR R
- CUDA API calls S e :
- HtD / DtH data transfers
- CUDA kernels / streams
- OpenACC
- CUDA libraries (cuBLAS, ...), GPU HW metrics, UCX, NIC, ... . ...
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NVIDIA NSIGHT SYSTEMS

@ NVIDIA System Profiler 4.0
fle  View Help
Sedect device for profing... - o & weenk.

projct 2] DOVBIm4GU.adep [ wace_DGX1_TF_synthetc_ResNetSO-with-trace-backtraces.qdrep L] trace_DGX1_TF_synthetc § with. b al Weodep L] wace DGXIV_C2_synthetc_ ReshetSO-wih-trace ackiraces. odre (£

= Timelne view -
, = 950us r +100ms
VM) L Py - P -=l: ; Imi.l ..... l.‘. TIRARERRANT]
System L LU LULLLLL
cions - Thread/core

e migration
- Processes o
o and

Profiler overhead

st threads

System
CUDA AP/
CuDNN
CuBLAS

N N N

LOCLO ) Lt

Ji.

CUDA and
s OpenGL AP trace FRiEstsamait

DL N AW INA e 7 A T R CANAS TS e B ) | Al ¢ N Ll « 3 LA ) i L) Wil B ) - el LD J) e e il
Cupa P L 18 0 A 4 14 .ln.“ AL Bl SNB 1 B0 i Mie@l I1e: |  Jam@ie )
CuDNN ' bmtrden . - 1y ‘ i 1 1 . I il _a
cuBLAS
v B4 1) python - i us i ”l‘”‘!""lﬂ !iiii:i:iiii:;!iii!? iaki i i -:--_:: i
ytem CUDNN and O . e00e00 wL000000] 00 - OUO0LO0LIIICND » mAlkkuJALL 0+ b . OCLUOKT IR o ) S 10 5l D 8 41, G0 NOCU. sl LOOD QU0 e
CuoA P! ] ‘;l =} 8 4 B4 L. (Gl -:lexlllu & LJE0.GM -l sl 000@! & x.-- «a . e i
CuDNN . . PEELE o . .
o CuBLAS trace
v CUDA (Tesls P100-SXM2-16G8) R A S AR AR A ARy e EhAFR/L ' YRR ARy Sy A 0 B+ \EEREER R ¢ SRR S . { NS . — " —
v Stream 174 BOA. A AN A R ERAN ALS LS IAS SRAGAMAALL AALMAL AMI ERASALSALL L MR SN SERAEEE N A S AN B AN SAS S AS SIS SR S SIS AN S SESRSS SIS S SRLUL S8 Smmmes L L=
¥ Kemels O i@ N DULBULRE T SRR 00 00000 0000 0@l 0% 0 00 A0 N VO DI MM MW NeEmNe GIB N SN OB, @
0 miw@ingrinnnn i@ 1o 0 1 RIG 1 O o Qo

> mawell_fp16_scudnn_fp16_128x128_stridedB_splitk_interior_nn
> manwell_fp16_scudnn_tp16_128x128_relu_interior_nn
> manwell_fp16_scudnn_fp16_128x128_stridedB_intenor_nn

Kernel and memory lIlII"I.I""IIIII.IIIIIIIIII II..I 11 11 II.. 0 1
transfer activities HEE "I T T I

> dgrad_engine 1 0
> cudnn_maxwell_gcgemm 6464 tn_batched

8 kerel group(s) hidder

¥ Stream 12 ‘ ) ook aa DO it Saban 1 AN doas el e Mo AL abha sl L b = P . . Al a = L T FIRNNN A B . R L s
 Kemets 1.l 09 oo e e RURIPY [ PO | SPTON I VUV ¥ NN "RORN VI PO 1 1 W ORI [ PPN RS A A Y W X1 BN
> AlfeduceKemelsmal 48] 00 L Y W PO | e TN W e R NPT AT W M R R
> AlReduceKernel i 4 ‘ e Ll e s I v 1 I PP 0l . @ 011 L 0.

1 kernel group(s) hidden

67 stream(s) hudden
v CUDA (Tesla P100-SXM2-16G8) A0, S0 O .1 ASA A0, 00,0 A o a-a
> Stream 173 B OB A LR A A ERAL ML L A LAS SRALLINAAIRASALL AAA SEASMMLAM AL S S S SIS SN AUEL L SR S S A amam Emmmm—— A e
Stream 20 — iz e ——— - — | = ' " MM, A MR Em _ama.
56 stream(s) hidden
> CUDA (Testa P100-SXM2- 16G8) scas At Soammn.L Silces mn = mamm oy —_ a2 -
> CUDA (Tesls P100-SXM2-16GB) —— M0, S SRS, M R, 2 M.y = _a
> CUDA (Tesia P100-SXM2-16G8) — AR S B g g . o om—
» CUDA (Tesle P100-SXM2-16G8) r— e e e R Ama_
> CUDA (Testa P100-SXM2-16G8) AR, AMLASLA. S, W SR S S L I =g
— S G S See—— L A S R S —

|> cupa Tests P100-9XM2-16G8)
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PROFILING WITH NSIGHT SYSTEMS el

I GQUI profiling and analysis

| m1 CUDA/12.4.0 OQt5
| nsys-ui # On the allocated GPU compute node
- File -> New Project
- Select target for profiling... -> acnXX.karolina.it4di.cz (allocated GPU node)
- Enter binary (absolute path with arguments if necessary)
- Select tracing modules (CPU, OS, CUDA, GPU, NVTX,...)

- Start

Cmd line profiling + GUI analysis

| nsys profile -t cuda,osrt --stats=true —-—-gpu-metrics-device=0
-0 profile name ./program

| nsys-ui # On login node
- File -> Open -> Select profile_name.nsys-rep VSB TECHNICAL | TTATUNOVATIONS
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NVIDIA NSIGHT SYSTEMS - EXAMPLE eI R

git clone https://code.itd4i.cz/training/intro2hpc.git
ml CUDA/12.4.0

cd intro2hpc/5 gpu accelerators/handson

vim vector add.solutilon.cu # int count = 123456789;FETery v
Karolina sm_80

nvcc —g
vector add.solution.cu -o vector add

| ./vector add

- Perform profiling of vector_add example:

| nsys profile -t cuda,osrt —--stats=true --gpu-metrics-
device=0 -o vector add ./vector add

- An extra CUDA examples:
| git clone https://github.com/NVIDIA/cuda-samples.git

VSB TECHNICAL ITAINNOVATIONS
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- An EuroHPC Centre of Excellence (CoE) @ P—
Supercomputing
- On Performance Optimisation and Productivity ot Naconal o Spsrcomputacion
- Promoting best practices in parallel programming @) JULICH é?gggggowm
Forschungszentrum
- Providing FREE Services for EU academic AND industrial codes H L R |5
in all domains! -
Performance Assessment: initial analysis to identify performance issues | WY
and recommend approaches to address them .
Pro.of-.of-c-oncept: explgre the potential benefit- of proposed o VERSAILLES M
optimisations by applying them to selected regions of the applications ST-QUENTIN-EN-YVELINES
- Correctness-check: evaluate the correctness of hybrid MPI + OpenMP I T 4 I
applications
Energy-efficiency study: investigate improvements of energy @ ]
consumption or efficiency Hlne-foc id
- Advisory study: ongoing consultancy for customers that choose to I~
implement proposed optimisations on their own Teratec ~.
e~ 4 "u"
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USEFUL LINKS

|
~ VI-HPS — Association of institutions developing tools and providing training
( - Overview of the tools with a description: https://www.vi-hps.org/cms/upload/material/general/ToolsGuide.pdf

Nvidia tools for GPUs: Nsight Systems and Nsight Compute

Intel performance tools: VTune and Advisor

Database of code patterns and best practices developed in POP: co-design

Docs + further reading:

- https://docs.linaroforge.com/23.1.2/html/forge/performance reports/index.html
- https://docs.linaroforge.com/23.1.2/html/forge/map/index.html

- https://software.intel.com/content/www/us/en/develop/articles/intel-advisor-roofline.html
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https://www.vi-hps.org/
https://www.vi-hps.org/cms/upload/material/general/ToolsGuide.pdf
https://developer.nvidia.com/nsight-systems
https://developer.nvidia.com/nsight-compute
https://www.intel.com/content/www/us/en/developer/tools/oneapi/vtune-profiler.html
https://www.intel.com/content/www/us/en/developer/tools/oneapi/advisor.html
https://co-design.pop-coe.eu/
https://docs.linaroforge.com/23.1.2/html/forge/performance_reports/index.html
https://docs.linaroforge.com/23.1.2/html/forge/map/index.html
https://software.intel.com/content/www/us/en/develop/articles/intel-advisor-roofline.html

Radim Vavrik
radim.vavrik@vsb.cz

IT4Innovations National Supercomputing Center
VSB — Technical University of Ostrava
Studentska 6231/1B

708 00 Ostrava-Poruba, Czech Republic
wWWwWw.it4i.cz
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ANALYSIS WITH NSIGHT SYSTEMS I e Y

Only small portion of application accelerated (for real-world apps)

» CPU (80)

v Threads (7)

v v [75723] miniWeather ~

E

OpenACC
NVTX [ Total [351.703 ms]
CUDA API

v CUDA (Tesla V100-5XM2-16GB)
v 91.8% Context 1
v 100.0% Kernels
» 81.1% compute_tendencies_x_276_gpu

» 8.7% set_halo_values_x_408_gpu

8 " (F) q_

NVTX
» 8.2% Unified memory
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ANALYSIS WITH NSIGHT SYSTEMS

GPU idle/low utilization of detailed zoom (because of Pthread creation)

CPU (80)
v Threads (82)

v [4 [419] python ~

OS runtime libraries
CUDA API

cuDNN

cuBLAS

4 [426] python ~

£ [364] python ~

4 [408] python ~

v CUDA (Tesla P100-SXM2-16GB, 0... T e s =y

v Stream 70
Memory

Vv Kernels

maxwell_fp16_scudnn_fp16...

EigenMetaKernel

maxwell_fp16_scudnn_fp16...

bn_bw_1C11_kernel_new

maxwell_fp16_scudnn_fp16...

dgrad_engine

CUDA (Tesla P100-SXM2-16GB, 0...
CUDA (Tesla P100-SXM2-16GB, 0...

CUDA (Tesla P100-SXM2-16GB, 0... &

.m:vt-y.J:M‘-x-‘.:.c.x.;:.-’A:.w/,y:g;»m.ga\g&b:wvwﬁ:o,(,;,_m,,w_;éu,b-ﬁ,%“-,,t T ———

pthread_cond_wait pthvead _cond_wait

O e 3 Y Y R N N IS DO NI
e
I O NSS! R

o e s 3 S SN S ASNASASAIASEAAS

CRRRITI 1A | ‘ - Il | FA—— . N

ll I I IIIIJIIIIIAI lllll'JlI I l

haallinl ol . I
00 0 0kl bt okl 1
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l l idll smisisiom theli by l l
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ANALYSIS WITH NSIGHT SYSTEMS T e

Fusion opportunities: CPU launch cost + small GPU work size -> GPU idle

U (80)
Processes (41)
oét 56 )
E =
05 rurtme By sres
CLDA 4Pt kemePontuseAcsl _aseMemsetAsyne Generstefreietin
Cuon
CUBLAS
&2
¥ CUDA (Tesls ¥ 200-5XM2- 36GB, 0000:06:00.0) - - S ——
v Kemels 4 Generateret®l

wTertime eered
N T oMK errel
voita_fo 16 _stBdcudn 16 _120x 128 Kos reby
volta_s8S4cudw 16 128128 g8 _worad jdx_e»
volta_fp 16 _sBhicudn_fp16_120x 128 kgl _dored |

v Memory

Mereet VSB TECHNICAL IT4AINNOVATIONS
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ANALYSIS WITH NSIGHT SYSTEMS T e L

~ cudaMemcpyAsync behaving synchronously — DtH pageable memory ->
Mitigate with pinned memory

B Timeline View

e

OS runtime librae s
» NVTX
CUDA AP

* CUDA (Quadro GV10C — —
v Stream 26

1 *  Kernels
*  Memory

»  Stream 25

* Stream 23 — S

e—
*  Kernels

*  Memory S AR
Memset 2 @ &b

HtoD memcpy

DtoH memcpy

b Stream 15 (Begins: 25.98865

*  Stream 19 Enas: 2596865 (+1.184 us)
r S 7 DtoH memcpy Memcpy 8
il Sowrce memory kind: Degle
*  Stream 17 _—  — Destination memory kil Pageable .
*  Stream 21 pu— Throughput: 6.75676 Mi8

{ Correlation 1D: 237265
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ANALYSIS WITH NSIGHT SYSTEMS

GPU idle caused by stream synchronization

b tw i 11 lﬂz
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