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What is HPC?



What is HPC?

And why it matters?

HPC — Hight Performance Computing — a scalable and

optimal compute coordination of the hardware and software

HPC applications are software designed to exploit the
power of supercomputers or high-performance clusters to

solve complex problems

HPC applications perform intensive computations, facilitate
communications between parallel processes, and manage

input/output operations on a high-performance file system

1. lNlustrisTNG. Astrophysics model. https://phys.org/news/2018-02-astrophysicists-illustristng-advanced-universe-kind.html
2. VMD. Visualisation software. (2011) PLoS Computational Biology Issue Image | Vol. 7(8) August 2011. PLoS Comput Biol 7(8)
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-y g b L s [PEFS pIs) [PFIsz)aI;s] P[(livv\\’f]>Ir
1 El Capitan, USA 11,340,000 1,809.00 2,821.10 29,685.00
2 Frontier, USA 9,066,176 1,353.00 2,055.72 24,607.00
3 Aurora, USA 9,264,128 1,012.00 1,980.01 38,698.00
4 JUPITER Booster, Germany 4,801,344 1,000.00 1,226.28 15,794.00
5 Eagle, USA 2,073,600 561.20 846.84
6 HPCG6, ltaly 3,143,520 477.90 606.97 8,461.00
7 Supercomputer Fugaku, Japan 7,630,848 442.01 537.21 29,899.00
8 Alps, Switzerland 2,121,600 434.90 574.84 7,124.00
9 LUMI, Finland 2,752,704 379.70 531.51 7,107.00
10 Leonardo, Italy 1,824,768 241.20 306.31 7,494.00
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Not exactly HPC

Al

 Dedicated hardware (usually GPUs, or other
accelerators)

* Different type of the workflow (no batching,
constant work)

* Different type of IO (dozens of companies
emerged in the past few years)

 Small-scale systems demand Megawatts of
energy to run traditional projects

* Enterprise systems demand Gigawatts of
energy to run competitive projects

13



Al Factories

@ AIF Hosting Countries

Not exactly HPC

Al

T4

| AIF Partner Countries
& Countries with

 Dedicated hardware (usually GPUs, or other
accelerators)

* Different type of the workflow (no batching,
constant work)

* Different type of IO (dozens of companies
emerged in the past few years)

 Small-scale systems demand Megawatts of
energy to run traditional projects

* Enterprise systems demand Gigawatts of
energy to run competitive projects
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Gigawatt Scale Machine Learning:
Deployment

Traditional: build a T00MW data center, fill it with servers over 12-36 months

That's a max throughput of 12 minutes per rack over a 10-hour day.

Gigawatt-Scale Al Infrastructure: Challenges; Opportunities,/and Best Practices
Benjamin Treynor Sloss, Google LLC
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Gigawatt Scale Machine Learning:
Deployment

/

Gigascale: build a 200MW data center, fill it with ML servers in 2 months.

. « o
- ) 2 .
) 4 = ' 4 s - 2
: '.’ . g N
» .
o
: '.’ . - P
!
o ™ |
. : .
-

Gigawatt-Scale Al Infrastructure: Challenges; Opportunities,/and Best Practices \
Benjamin Treynor Sloss, Google LLC | '



A lifecycle of an HPC application



HPC applications

A typical lifecycle

Develop the Run the
application application

Evaluate the

Make changes
performance

18



HPC applications

A typical lifecycle

Run the
application

Evaluate the
performance

19



HPC applications

How to evaluate the performance?

 Using tools, e.g. Vtune, Scalasca, nvprof, memory-profiler
 Measuring the execution time

 Measuring the memory footprint

 Measuring the network load

 Comparing the performance with similar applications/models
 Comparing the performance across different hardware

e Using the “guts feeling”

20

Run the
application

Evaluate the
performance




HPC applications

How to evaluate the performance?

 An application consists of multiple levels of complexity Run the
application

 Each level may have certain effect on the performance and

should be evaluated individually

* 10

Evaluate the

Communications performance

« Computations

* Memory

21






10M vector of 64-bit FP values on NVME SSD

H PC appl icatiOnS Format 10 operation
1O

Speed, [MB/s]

Read 29.7
ASCII :
Write 24.9
. Read 2,6066.4
Binary :
Write 1,586.5

* Parallel vs sequential filesystems

 We can measure read/write speed

* We can use ASCII/Binary

* We can use different file formats, as some are inherently

sequential, some are parallel

* The easiest way to evaluate performance is to measure the

elapsed time of IO operations

23
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HPC applications
1O

naamePirid - forderand — vin main ¢

/% He_per: allocate aligned memory (posix_memalign) x/

void =aligned_malloc(size_t bytes, s5ize_t alignment) {
void *ptr = NULL;
if (posix_memal_gn(&ptr, alignm2nt, bytes) != @) returr NULL;
return ptr;

/% Test & basic timind harness */
int main|void)
{
/= Example sizes (change as desired). Use noderate sizes for testing,
larger sires TOr timing. %/
int M = 1024 * &:
int N = 1024 » 8;
int K = 1024 % &;

int lda
int ldb
int ldc

size_t Asz = (sizs_t)M + lda;
size_T Bsz (size_t)K * 1ldb;
size_t Csz = (size_t)VM % ldc;

double 4A alignec_mallocisizeof(double] & Asz, 64);
double #B = alignec_mallocisizedt(double) % Bsz, 64);
douhle 2C alignec_mallocisizenf(double] % Csz, AL);
double Cref = aligcnad_mallocl(eizeof(doubla) +* C.h, 64);
struct timeval start_time, end_Lime, duratiun;

if (1A || !B || 2 || !Cref) {
fprintf(stderr, *Allocation failed\n');
return 1:

/= inilialize matcices with a reproducible pseudo—rendom pallemn =/

for Isize_ t 1 = @; 1 < Asz; ++1) A[i] = ((dcuble)(i % S7) - 4B.9) * le-3;
for Isize_t 1 = @; 1 < Bsz; ++1) B[1i] {(double) (i % €1) - 38.8) * le-3;
for Isize_t 1 = 0Q; 1 < Csz; 111) C[1] {(double) (1 % £3) 26.0) + 1e 3;

/= copy for refersrce */
memcpy(Cref, C, eizeof(double) # Cez);

double alpha = 1.234;
fBouble heta = @.7R9;
"main.c" 202L, &701B
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HPC applications
1O

file / Data file

FS automatically f f f

divides this file
INnto stripes DD
/

|O operation is split
across multiple

drives \



https://www.flaticon.com/free-icon/ram_900330?term=memory&page=1&position=24&page=1&position=24&related_id=900330&origin=search

II(-)IPC applications ~anasas/,
Weather 411
.grb/.grib GFS®

CFD/PBS

General

Psychological &
Medical

.cel/.chp/
.gin/.psi

.dem/.dic -edf

Seismographic

Biochemical &
NChemical

fasta/.fa/
fna/.fsa/
.mpfa

.mol
.gbk

Astronomical

.gb

Spectrum

.sdf/.sd

26



HPC applications
10

® Lowest latency (very fast)
® Highest cost

e Stored on high-performance SSDs, in-memory
databases, or real-time systems

e Often stored on slightly slower SSDs or lower-
tier cloud storage

e High latency (access may take minutes or
hours)

® Very low cost

e Stored on low-cost HDDs, tape drives, or deep
archive cloud storage

27
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HPC applications
Communications /" Island [iz] N

‘Z&

c5
» Distribution of the workload across multiple E\ l

processes —

* Main influence from: / R,
i

* the network (V

(
 the message size I
C2
* the file system % | C1 I

USIand 2

 the communication frequency

\

/

1. https://www.flaticon.com/free-icon/computer 2344269 29
2. https://www.flaticon.com/free-icon/switch 1089006



https://www.flaticon.com/free-icon/computer_2344269?term=pc&related_id=2344269
https://www.flaticon.com/free-icon/switch_1089006

HPC applications

Communications

100 |

| eads to a decrease in performance as the number of

active processes increases

* Optimisation may require knowledge of the network

Speedup

structure

 Some frameworks allow for run-time tuning of the

communication algorithms (e.g. with MPI tune)

» Scales with O(/P) for P processes

30

O I|deal
O Real

4

#nodes

38
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HPC applications

Communications

Theoretical speedup

Large surface area ==
large message size

800
o 1D
O 2D
600 O 3D
Q.
-]
8 400
O
)
200 .
0 C
0 200 400 600 800

Number of processes

1000

1d
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HPC applications

Computations

 SIMD directive: multiple iterations of the loop
can be executed concurrently using SIMD
instructions

 For successful vectorisation, the data should be
aligned (not just contiguous)

 (CPUs have registers of different sizes, choose
the data type wisely

e Some APIs (e.g., OpenMP) and libraries (e.g.,
numpy) provide embedded vectorisation

#pragma omp simd
for (Int n = 0; n < N; ++n) {

compute(..);

}

33

256-bit register

256-bit register




HPC applications

Computations

import time
import numpy
import array

= array.array
= array.array(

.process time()

( (a)):
dot += a[i] * b[i]
= time.process time()

) 7

n tic = time.process time()
n dot product = numpy.dot(a, b)
n toc = time.process time()

( ) ;
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HPC applications ‘@

£

Memory footprint l
| . (000004 {00000]
* Reducing the memory footprint decreases the frequency ~ DDRS
of accessing slower storage layers {00000 {00003
* Minimising cache misses helps ensure that CPU caches
(L1/L2/L3) remain available for essential data and critical |50 GBIs |
operations

* A large memory footprint increases the likelihood of the
OS triggering paging, which severely impacts
performance

* Lower memory usage enables more efficient data transfer
across the network by reducing payload size and
overhead

NVMe

I

lo.5 GBIs| & 100 [eces| |O

- . S — — |D

* Reclaiming and cleaning up unused memory is vital to . m e Oo
maintaining optimal system resource utilisation == == SATA3

Re

36



HPC applications

Data structures

sizeof(Foo) = 32B sizeof(Foo) = 24B

struct Foo { struct Foo {

double eps; double eps;
char keyl; double time;
int id; char keyl;

double time; char key2;
char key2?; int id:

37



HPC applications

Data structures

sizeof(Foo) = 24B

sizeof(Foo) = 32B




HPC applications

AoS vs SOA

struct Foo
double
double

&

struct Bar
double x[N];
double yI[N];
b

void () {
Foo foo[N];
Bar bar:

for (int n
foo[n].
fooln].

SOoA
lg;rlltxr[]n]: . ' X .

bar.y[n]

39




HPC applications e
AoS vs SoA DDDD

A0S

OO0 OO0 OO
OO OoO O

SOA

-JOOO OO0 OO
fEeaessaeans
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HPC applications

Standard techniques

 Optimise IO operations
* Optimise data transfers (cache, network)

* Optimise memory footprint

* Reduce the precision (e.g. from 64-bit FP to
32-bit FP)

* Optimise data structures (e.g. from AOS to
SOA)

42

Make application hardware-aware

Use different hardware (CPUs, GPUs,
FPGAS)

Change the model/method to a faster one

Change the backend (e.g. linear algebra) to a

faster one

Use different programming language



Profiling And Optimisation



Scaling

Strong 25

* Strong scaling — the problem size is fixed, the 20
number of processors is increased

« Amdahl’s law - the speedup is limited by the fraction 15

of the serial part of the software that is not amenable Q

to parallelization D

o
1 “ 10

speedup =
s+ p/N

e § — proportion of the execution time spent on the )

serial part

» p - proportion of the execution time spent on the
parallel part 0

N —number of processes

44
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Scaling

Weak 100000

 Weak scaling — the problem size increases with the 10000
number of processes

 Gustafson’s law - the parallel part scales linearly with

the amount of resources, and the serial part does not Q 1000
increase with respect to the size of the problem D
&
100
speedup = s+p - N
e § — proportion of the execution time spent on the 10
serial part
* p - proportion of the execution time spent on the
parallel part 1

« NN - number of processes

45

-— 50% 60%
70% 80%
— 90% — 95%
— AN < 0O O < OO O ANl I 00O ©
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Scaling

Efficiency

Speedup and efficiency:

T - 1 T,
speedup = i efficiency = NT
N N

I'¢ — the amount of time needed to complete
a serial task

I'y, — the amount of time needed to
complete a parallel task on N processes

N — number of processes

100,000
10,000
1,000
100

10

3

Speeup

120
100
80
60
40
20

Efficiency, [%]

46
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Performance analysis

Roofline model

* A visual model that demonstrates the performance of an application or its kernel with respect to the
hardware limitations.

 Demonstrates potential benefits and priority of optimisations.

GFLOP/s

Arithmetic Intensity (Al), [FLOPs/Byte]
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Performance analysis

Roofline model

* A visual model that demonstrates the performance of an application or its kernel with respect to the
hardware limitations.

 Demonstrates potential benefits and priority of optimisations.

Peak performance

GFLOP/s

Arithmetic Intensity (Al), [FLOPs/Byte]
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Performance analysis

Roofline model

* A visual model that demonstrates the performance of an application or its kernel with respect to the
hardware limitations.

 Demonstrates potential benefits and priority of optimisations.

Peak performance

&
0 S
O D
] ©®°
S &>

A%

Arithmetic Intensity (Al), [FLOPs/Byte]
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Performance analysis

Roofline model

* A visual model that demonstrates the performance of an application or its kernel with respect to the
hardware limitations.

 Demonstrates potential benefits and priority of optimisations.

Peak performance

&
0 S
O D
] ©®°
S &>

A%

Arithmetic Intensity (Al), [FLOPs/Byte]
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Performance analysis

Roofline model

* A visual model that demonstrates the performance of an application or its kernel with respect to the
hardware limitations.

 Demonstrates potential benefits and priority of optimisations.

Ridge point
\ ‘ Peak performance
2
D— ‘\&&\0
O S,
] D
LL oy
G 28
?\

Arithmetic Intensity (Al), [FLOPs/Byte]
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Performance analysis

Roofline model

* A visual model that demonstrates the performance of an application or its kernel with respect to the
hardware limitations.

 Demonstrates potential benefits and priority of optimisations.

I
Ridge point I

\ 6 Peak performance
|
Q |
O QG$ I
_I \O(b' |
LL ,8& i
Q) Q¢ '
Y :
|
|
|
|

Arithmetic Intensity (Al), [FLOPs/Byte]
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Performance analysis

Roofline model

* A visual model that demonstrates the performance of an application or its kernel with respect to the
hardware limitations.

 Demonstrates potential benefits and priority of optimisations.

;
Ridge point I
' Peak performance

Memory-bound Compute-bound

GFLOP/s

Arithmetic Intensity (Al), [FLOPs/Byte]
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Performance analysis

Roofline model

* A visual model that demonstrates the performance of an application or its kernel with respect to the
hardware limitations.

 Demonstrates potential benefits and priority of optimisations.

I Peak performance, SP

Peak performance, DP

GFLOP/s

Arithmetic Intensity (Al), [FLOPs/Byte]
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How to estimate FLOPs?
Manually

z[n] = saxpy(a, x, y)

e : L
saxpy(a, x, y) Addition: 1 Flop

a * X + Yy Multiplication: 1 Flop NS 2N FLOFS

55



How to estimate FLOPs?

Using algorithm complexity

* For instance:
* (Generic dense matrix-matrix multiplication: =X O(N3) FLOPs

 FFT algorithm: =~ O(Nlog,(N)) FLOPs

* This approach often does not consider the total number of FLOPs in the algorithm

2N- FLOPs

nge(0, N):
matC[i][j] += matA[il[k] * matB[k][j]

56



How to estimate FLOPs?

What to do with a complex implementation?

tree = cKDTree(positions)

pairs = np.array(list(tree.query_pairs(radii.max() * 2)))

F len(pairs) > O:
i, j = pairs[:, 0], pairs[:, 1]
r_rel = positions[i] - positions[j]

v_rel = velocities[i] - velocities[j]

mask = np.einsum( v_rel, r_rel) < 0
valid_pairs = pairs[mask]

1, J vallid_pairs:

resolve_collision(i, j)

57



Different supportfor::

|

|
K Hardware

Tools .\

OverVieW: HPC tOOIS | «  Parallelisation strategies

Tool name Description : ‘
« Compilers |
ARM DDT Non-free Full featured graphical, parallel debugger |
HPCToolkit Free Integrated suite of tools for parallel program performance analysis Interf
° nierrace
Intel One API Free under certain conditions Stack of different performance analysis and debuggingtools (MPl/OpenMP/SIMD) \
!
Valgrind Free Memory errors debugging tool _ |
: _ Other important aspects:
TotalView Non-free Full featured graphical, parallel debugger
Vampir Non-free Full featured trace visualizer for parallel program OTF trace files ‘ _ |
. . — Learning curve |
memP Free Lightweight memory profiling tool |
mpiP Free Lightweight MPI profiling tool |
MUST Free MPI runtime error detection tool | * Completeness of the reports
PAPI Free A standardized and portable API for accessing performance counter hardware
likwid Free A tool to measure hardware performance counters ) Costs and licenses
TAU Free Full featured parallel program performance analyses toolkit
Extrae Free MP1/OpenMP profiler '+ Community support
Scalasca Free performance analysis tool for MPI+OpenMP
Darshan Free 10 profiler |+ Documentation
nvprof Free Thread profiler (inc. GPU) from NVIDIA
gdb Free Standard GNU debugger
ARM MAP Non-free performance analysis tool for MPI+OpenMP
uProf Free performance analysis tool for MPI+OpenMP
gprof Free Standard unix/linux profiling utility

58
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https://hpc.llnl.gov/software/development-environment-software

] 2 MPI caller @ a.out.prv
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Performance analysis
Memory

* Memory footprint — how much RAM does an
application use

 May affect cache misses and, therefore,
performance

 May dictate the scale at which application
should be executed

$ valgrind ——tool=massif <prog>

$ ms_print massif.out.XXX

19.63"
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Number of snapshots: 25
Detailed snapshots: [9, 14 (peak), 24]

S
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Performance analysis

Python tools

Profiler

Notes

cProfile

Deterministic CPU profiler, a bit slow

pyinstrument

Statistical profiler, report the call stack and
elapsed times

yappi

Deterministic profiler, allows to profile multi-
threaded applications

memory_profiler

Monitors memory consumption of a process

line_profiler

Profile the time individual lines of code take
to execute
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Connecting to SRC



edulD

SURF Research Cloud i -

What is edulD for?

Creating edulD: eduid.nl mm—

Want to log in faster and

* If not affiliated with Dutch institutions, you need to set up e
edulD

e (Go to eduid.nl

* Register a new account with your email

* \Verify registration

* Download edulD App

* Verifty App
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SURF Research Cloud

Connecting to SRC

°s portallive.surfresearcheloud.nlldashboard r J W Venify that it's pou

* (Check your email from SURF Research Access
M a n a g e m e nt Welcome to SURF Research Cloud

LIGIN =]

() J O i n t h e CO I I a b O rat i O n (C | i C k O n t h e b utto n O r CO py if yau have your credentials ready, you can log in. 1f you do not have access to this portal, you can find out how to request access through our
[
't h e I I n k) Set up a workspace Collaborate with others Documentation

Waorkspaces are the envircnments which you run to H your institution cannot creste 3 collaboration for Read rmore sbout Research Cloud on our
aracess your data in. Within your workspaces, you can Yool Wau can request one with SURFE. Yeou can contact
nun catalog e ms and datasets from cur catalog or use aur servicadesk hare to have your collaboration

your awn softeare created in SURFS SRAM organizaticn.

e 21 i

* Log in using you edulD (or other Dutch institution)
credentials
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SURF Research Cloud

Connecting to: sram.surf.nl

SHAN - src-Uanng o2 3 S) SURF Reseerch Acivas Na x SR - wo-Laiving 02 x 'D Dushbowd - Research Cloes
A P Verty that its you

S5 sram.surfalicellaborations S8 fabout

Venfy that it's wou : : C ~
L Resmurch Accuss Marugumunt

Home > srctraining 02

xy.sram. surf AN netadata®e2Fbackend. vl Greturn=ht

SrC’tfaining'oz Lesve tollaboration

SURF Rescarch Cloud

fﬁ?} 3members & 5groups
&’::l Mombier sinde Novembacr 25, 2028 &0

I ogn will

Exampes: Science Instifute, rame & auth.gr,

Abhout Members Groups Application takens

G’] S0 name
srctraining02

Cellaboration for SURF Research Cload traln ag ourpnses

We collaborate in 1 applications =7 Contectan adim ristrator

Qgpar van Leeuwwen
* .+ SURF Research Cloud “

. . Rusearch Cloue allowe resesrchers o easily

cullaborate in so.callocd warkspaces. These
werkspaces are virtual reseach ervtranments
which orovice data-orocessing power as 3
sarvice. Ry workag

More

Policies & Support -~ Application groups - Ny Tokens

1. Fnd your Identty Provider 2. Log-in 3. Erjoy 2. Cxpore
=2aeh By insahece nama, cmal Jzo your Instticeal credentiale A ovent and foxtures — C ot
— o - )
ta 1ind vour Home Organzation, w o3 ras younoemally do. f yau prevced 12 your community. p— |‘__-] YOUr DOTYMUNity docess
nEiluton o Uriversily o et havew sy, use any of he H . C

senilalhs guesl and 2ccalidenily

“.-"-'1;1:“"‘:

2

Swpport
Twrrres of Use
NL | EN

Privacy palicy

Ty
aduT=ams vy GEANT |
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SURF Research Cloud

Setting up VM: portal.live.surfresearchcloud.nl

Sheed - wo-wivig-02 x 'u Dashiceud - Remuich Sloud = Shead - wo-bwiviig-02 x .n wizard - ssuch Chood
%% portallive.surfresearchebud.nlidazhboard\warkspaces ! T Venfy that its weu : c C %% portallive.surfresearchebud.nlldashboard \workzspazestn 2ard/stentvorkepaceApplications O W Venify that it's pou

ﬂ% Research Cloud Profile  Wallet  Catalog  Development  Help Maxin Masteroy q Research Cloud Profile  Wallet  Calslog  Development  Help Masxim Masteron

Welcome to your SURF Research Cloud dashboard
Create your workspace

Quick actions

Workspace access satup Create new workspace Create newr storage Collaborative peganisation Wallet Catalog item B Dataset|s) o Cloud pravider B Options

Set up time-based password and/or ssh on the profile tab to acoess your Start here to creste everything you need for a workspace, Start here to creste everything you need for storage. Choose the catalog item you want to use

WOrkspaces. _ . _ ) ) ) Do you need help?
hese are the catalog items you can lsunch. Which catslog items are svailable to you depends o n your collaborative

organisation membarships. (see 'Profike’) and read haw to add a catalog Item In steps

[ coma omocus | casaTE b R

Active fiters:  Searchs azss

F addresses (advanzed) Netaorks advanoed

*  Ubuntu 22,04 with EESSI client

- Lbunta connecied te SESS| scltware Lack

m Workspaces

@ ubuntu 2204 with cuda @ Hackathon Ubuntu 2204 vith cuda
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SURF Research Cloud

Setting up VM: portal.live.surfresearchcloud.nl

Sfead - wc-liwivicg 02 * [ wicad - Ruseach Coud SRR - wo-liwiviog 02 x [ wicad - Suseach Chud

%% portallive.surfresearcheloud nllidashboard \warkepacesin zard/stepbvorkenazeClauds ! T Venfy that its weu : c C %% portallive.surfresearchebud.nlldashboard \workespazestn 2ard/steptvorkeaaceNams O W Venify that it's pou

ﬂ% Research Cloud Profile  Wallet  Catalog  Development  Help Maxin Masteroy Research Cloud Profile  Wallet  Calslog  Development  Help Masxim Masteron

Create your workspace
Create your workspace
Collaborative organisation Wallet Catalog item Dataset|s] Cloud provicer E] Options

Collaborative peganisation Wallet Catalog item Dataset|s) Cloud pravider Options
Select cloud provider and flavours
) , Do you need help?
Pleasa select tha cloud provdcer and flavaurs you prefar,

Almost therel Some final details
Do you need help?

and read how to add a cloud provider in steps Please select the date when the servicos must stop and name your workspace 5o you can recognise it Later!

and read haw to add final detalis In steps

1. Choose the cloud provider that best fits your needs | Choose the expiration date of the machine Owverview of your chaices

-~ M 30n-22
‘ SURF HPC Cloud Co.labct.ratf.fc organisatian
setraning-Q

Workspace name, domain name and description
O Avui sble cpresting systuere

Yiallet
' NA Wallat b sectraiving-02
f And sble sizes

ubuntu 2204 with eessi client Catalog Item

Ubunty 22, wrh EESS clisnt

Hostname ™
Datasat!s)
i e No datasets sekacied
2. Chaose the flavour|s) of the cloud provider hstR00 Steest - :

Chaocse oparating system: Cloud provider

Couc provdern SURF BPC Cloud
Flmaurs: Ubontu 22.04 4 Core - 32 GB R
Ubuntu 22.04 :
Test UN Cost CINF [cp-trsicay ) 56
Cost RCCS [orwcits/dawy): 100.8

Descrigtion

Chacse sine Options

Optians: Na stoeaps selasted
Availsble kot weninale [ dvaibability v bnowee Sptions: Mo 1P addness e lecthed

Cpticns: No netmok s lectod

16 Core - 64 GB RAM SHOGsE 2 Core- 16 GB RAM 4 Core - 32 GB RAM SELECTED o Name
apirabon cishe -1 1-202%
‘Workspace name: ubunbu 2204 with ecsz clent
8 Cors - 32 GB RAM RTX2080 - 1 GPU - “". e

Cptional componets: No pptional componests selectec

CONTHNUE
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Uploading SSH key: sram.surf.nl

Sfead - wo-lUwivicg-02

b} ¥ Yenfy that it's pou

o sram.surfAalcellabecationsan) L [

m Maxim Maste™ v °
Fusviarch Accuss Managemunt Mok it

SURF Research Cloud

sram.surf Aalpeofle

‘ Fessarch Accuss Marnagemunt

Yenty that itz pou

kone > arctraining 02 m

S I’C-tl'ai ni ng-02 fegister application

SURF Research Cloud
Frovide feedback

o
@.‘3 Amembes & S greups

[B5) Member since Hevernber 25, 2025 (G Logout

About Members Groups Application tokens

=y

j Shartname
srctraining02

Collaborativn fur SURF Reseerch Cloud training surpeses.

We collaborate in 1 applications ]

Cordact anadmirastetor
Caspar van Leeuwen
Maksim Mastaroy

L P
" . . Fesearch Clavd allows rescarciers to aasily

wllaborate in so-called workspaves. These
winckspaces are virtual research pnvironments
which aravice Cata-pracessing paveer 35 a
service, By werk g

Mora

Policies & Support ~'  Appleation mroups ~ My Yokens

Support

Twrms ul Use
Prvacy polcy KL | EN

koane > Profile

go  Maxim Masterov

Yaurs wsername: mmasterovl

Details History

Your profile

Creased on Novermaer 25,2025

Mamne Maxim Masterov
sormame mmasterov2
Email maximvadimovich@Egmail com
Organis2tion damain eduid.nl
opcd o5 Laians affiliate@edwd.nl

SSH public keys

Thereareno SSHE aeys ssandiated with your [;c(llil1
Acd SSH ey Add SSH key manually

Delete your profile

pezleting your arafile will 2lze remeve all your memberships and ad marales This carnet be revarted,

Delete my prafile

Suppct
Twrms af Use

Privacy policy HL | EW

v Optons

Pravided by eduid.nl

Geraraied oy SRAM

Praovided by eduid.nl

Fravided by eduid.nl

Fravidad by edwid.nl

Davnload my data
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SURF Research Cloud

Uploading SSH key: sram.surf.nl

e The VM with “EESSI client” will contain the
module environment standard for all HPC
systems

 TJo activate the environment, source the
initialisation script from the CVMFS mounting
point

 Ones EESSI is activated, you can load the
Python-3.13.1 module

 Use “pip install --user” to install Python packages
locally

69

$ ssh <username>@<1ip_address>

$ source /cvmfs/software.eessi.io/versions/2025.06
init/bash

$ module load Python/3.13.1-GCCcore-14.2.0
$ pip install ——user <package>
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Hackathon

Particle Collision Performance Challenge
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