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E-INFRA CLOUD AT KAROLINA

e-INFRA CLOUD service at Karolina

* Available to all active T4l users (users attached to project)
e 22 Cloud nodes (configuration like cn[001-720])

* https://horizon.ostrava.openstack.cloud.e-infra.cz/
 Small resources available by default, including IP address
 Connectivity to Karolina login
 https://docs.itdi.cz/cloud/einfracz-cloud/

* |F more resources needed, apply!



https://docs.it4i.cz/cloud/einfracz-cloud/

Project v

APl Access

Compute v
Instances

Images

Key Pairs

Server Groups

Volumes >
Netwark >
Identity >

Project / Compute / Overview

Overview

Limit Summary

Compute

Instances

Used 1 of 10

y

Volumes
Used 10f10

Volume

Network

Floating IPs
Allocated 0 of 1

Usage Summary

Select a period of time to query its usage:

2023-10-29 B | to | 2023-10-30

Active Instances: 1

E-INFRA CLOUD AT KAROLINA

—
HH Openstac k. = einfra_cz » cb382a2d1f039969984fe78c40be2a3dIdabB5f@einfra.cesnet.cz

VCPUs RAM
Used 1 of 20 Used 2GB of 50GB
Volume Snapshots Yolume Storage
Used 0 of 10 Used 20GB of 1000GB
Security Groups Security Group Rules
Used2of10 Used 10 of 100

-

Metworks
Used0of1

& cb382a2

y

Ports
Used1of10
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KAROLINA GUI - OPENONDEMAND

O E] https://ood-karolina.itdi.cz/pun/sys/dashboard/batch_connect/sessions 130% {}‘

b ¥ Jobs ¥ Clusters ¥ Interactive Apps ¥  Simulation ¥ @ My Interactive Sessions @ Help ¥ & loggedinasja

Desktops

Session was successfully | [ Karolina Login Mate

0 Karolina Login XFCE

Home / My Interactive

€ Gnome Desktop

Guls ulia) (1858092) [ 1 node J | Running

Desktops \ ANSYS
o Blender [ ekt |
DKarolina Login Mate © Delete
m ParaView

124-11-04 08:50:12 CET

[ Karolina Login XFCE ® TorchStudio
ng: 55 minutes

¥ Gnome Desktop servers 33c9df-e96a-4736-bf68-96522204ee29
GUls @ Code Server

\ ANSYS = Jupyter (+lJulia)

# Blender

4 TensorBoard

m ParaView

® TorchStudio
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KAROLINA  Files~ Jobs~ Clusters~ Interactive Apps ~

Session was successfully created.

Home / My Interactive Sessions

Interactive Apps

Desktops

ClKarolina Login Mate

CJKarolina Login XFCE

= hitpsyfood-karolina.itdi.cz/puny/sys/dashboard /batch_connect/sessions
€ 4 OB = -karolina.itd ys/dashboard/batct i

@ My Interactive Sessions

Karolina Login Mate (64897.host)

LA > _loginl karolina.it4l.cz

Created at: 2022-11-03 08:55:16 CET
Time Remaining: 1 hour and 35 minutes

Session ID: dfd5e0d0-dB806-49b2-30e1-0e7d0a7{4786

Compression

0 (low) to 9 (high)

Launch Karolina Login Mate

KAROLINA GUI - OPENONDEMAND
] + https://ood-karolina.itdi.cz/

130% ¢y =

@ Help - & Loggedinasjansik @ Log Out

D | €D | Running

M Delete

Image Quality

o
0 (low} to 9 (high)

View Only (Share-able Link)
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KAROLINA GUI - OPENONDEMAND

(o] Q' 8 52 Mool samilingitti.ce/pun/sys/daaboard/moyNC -1, 1 0AT htm Attt < / Mauloconnett = frus & path = rmode®2ogin | katoling 440.c%20 272 10962 Fwelbnockiby sy esize d ternuled password  XiwosVZ GACompressionsettng « bluusitysetting= 26 € ® =
MATLAN R20214 - acadeniic use v &0
mbi-blas.c (~/work/lorenz) - GVIM Yl Sk in v
'u" » - -
o L o) - t q oo @ & % 0O s 8 ol 13 New Vonabie .‘* L& Anahyze Code Y = @ Preferonces | Efe Edit dew [nsert Jools Desitop Window Help >
e = T L L 2 70 RO UM SR NG SO cove  POPEnVeribiee EpAun and Time Snulink Loyout L3 598 Faeh Nade QA 08| KE
T iase hagay o wize: S\nimecy: 3 1f WIS\, NITER, WY, (eimont e kapioch [ chane Wartsiics =/ o ) Cw Commands = = Wi parater-
¢ VARIAHLE cope. SIMULING ENVRONMENT

//allocate memory

posix memalign((veid *) &c, (size t)04, (size t) sizeof(double)*NMAT2 ); Command Window
six_semalign(iveld *) &z, (size _t)84, (size_t) sizeof(douhle)*NMAT2 ); :

posii_mpsiipeliv SR, (s - ' New to MATLAR? See rescurces for Gating Started

>> na ~18t = Linspace(.10,10,1000);
xt = expl-t./10).=sini{%*t);
yt = exp(-t./10} . %cos(5*t);
p = plot3{xt,yt,t);
na ~ist « lLamspace!-10,10,1000);
t
Invelid expression. when calling a function or indexing @ variable, use parentheses.
manatched delimiters,

//inttialize matrices

#fragna amp parallel for default{shared) private(i,rng) schedule(static,s)
for (1s0; 1<NMAT2; 14+) {
cli]=(double) (pcg32 random r(&rng)SiO0008)/100000/NMAT;
2[1)=(double)n . o;
}

//run mandelbrot inspired iterations
10 = omp get wtise();
for (1=6; 1<NITER; 14+) (

»= t « linspace(-10,10,1000);
v et <

1/C=2o24C Run G
dgenm (&N, 6N, ANMAT  BNMAT ANMAT  RONED, 2, GNMAT , 2 ENMAT  SONED, ¢ 6NMAT ) ; [ ol e
ture Yy swltchamng
JI2=C*Ce2 _arwverd x 1000 8 Details
dgonm_ (6N, 6N, GNMAT, GNMAT, SAMAT , GONED, ©, SBNMAT ¢, GNMAT, SONED, 2, BNMAT ) ; ey vlim 2
J/C=2*2-C -
dgemm (N, 6N, GNMAT  GNMAT  SNMAT , GONED, 2, ANMAT , 2, GNMAT , AONEDm , €, GNMAT ) ; T inal W
12=CoC-2 . Fle Edit View Search Tenminal Helg
doems (SN, GM, ENMAT ENMAT  ENMAT  BONED, c, GNMAT , ¢, ENMAT  SONEDa, 2, GNMAT ) ; ~7 o~
}
X . Details [1]+ Stopped matlab
t =~ omp get wtime(); [jansikploginl karclina <]$ bg
Detalls [1]+ matlab &
[jansik@loginl. karolina ~|$ 1s
arm Number of Op threads: 1 - 202108701 -588nades. log java.log.41238  ondemand
bin jitter.c Pictures
DDT cupa Deskiop Linuxsint . ing Public
Documents MATLAB Add-Ons Teoplates
Memory Debugging Down Loads ) test
Submit to Queve intel-2821a-728nodes. log Meded . settings wbunty gvim, isg
Cll'm intel-20821a3-728nodes-novalsge. log Music Videos
Environment Variables: none Details intel-2821a- 748nodes . 109 octave-workspace work
MAP [jansik@loginl, karolina ~]$ cd work/
Plugins: none Details [Jansik@loginl karolina work]$ cd lorenz
[jansik@loginl. karalina lorenz]$ s
lorenz-avx512.5 loremz-c.c octave-werkspace
lorens-avx812.x lorenz-c.s README.
e lorenz-avx.s lorenz-¢.x sde-footprint.txt
utara: Lorenz-avx.x Makeflile  sde-mix-out.txt
arm.com - lorenz-blas.c nmbi-blas.c test.f
—_— lorenz-avx2.x lorenz-blas.x obi-blas.x token
Help Optiera |___Run Cancel [jansik@loginl.karolina lorenz|$ gvim mbi-blas.c

|jansik@loginl. karolina lorenz]$

B =@ ™ Matewminal W Mate Terminal © AMmMODOT-Arm Forge . 4 MATLAB R20212 - aca... |8 mbkblascimiwordions, + Fiowe 1



KAROLINA GUI - OPENONDEMAND

0 EJ https://ood-karolina.itdi.cz/node/cn002 karolina.itdi.cz/22 132/notebooks/wark/Jupyter/Untitled.ipynb

-2
— Jupyter

File Edit View Run Kernel Settings Help
B+ XO O » ® C » Code v

1]: print("Hello world")

Hello world

2]: from mpidpy import MPI

3]: import sys

[4]: size = MPI.COMM_WORLD.Get_size()

L 51: pip install mpidpy

[17307086673.355375] [cn@@2:593801:0]
[1730706673.355385] [cn@@2:593801:0]
Defaulting to user installation because normal site-packages is not writeable

Requirement already satisfied: mpidpy in /home/jansik/.local/lib/python3.11/site-packages (3.1.6)

[notice] A new release of pip is available: 24.1.2 -» 24.3.1
[notice] To update, run: pip install --upgrade pip

Note: you may need to restart the kernel to use updated packages.

61: from mpidpy import MPI

71: size = MPI.COMM_WORLD.Get_size()

g8]: size

130% 17 ]

Trusted

JupyterLab (71 #  Python 3 (ipykernel) O =

ib md.c:1232 UCX WARN IB: ibv_fork_init() was disabled or failed, yet a fork() has been issued.
ib md.c:1233 UCX WARN IB: data corruption might occur when using registered memory.
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- HYPERQUEUE

I

Problem:

Many simple tasks Slurm/PBS Cluster

c DoD0O—o

ooDO|

|
o oo

|
o000

* Large amount of jobs?

D?DD%%G

Dfﬂm

* Very large amount of small jobs?

| o
O

o Dooo—°

oooo

* Only 1 or few cores per job needed?
e Complicated job dependencies?

Answer: Use hq!

https://itdinnovations.github.io/hyperqueue/stable/

https://docs.itdi.cz/general/capacity-computing/#hyperqueue
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https://docs.it4i.cz/general/capacity-computing/#hyperqueue

HYPERQUEUE TASK DEPENDENCIES

O E] https://itdinnovations.github.io/hypergueuve/stable/python/dependencies/ () &

N HyperQueue v0.20.0 -

Hyperaueue Task dependencies /s Tebleofcontnis
Overview Defining dependencies
Installation
Getting Started One of the most useful features of the HyperQueue Python APl is that it allows you to define
Examples dependencies between individual tasks of a job.
Deployment
. If atask B depends ontask A,then B will not be executed until A has (successfully) finished.
Task computation . . . _ .
oLl Using dependencies, you can describe arbitrarily complex DAG (directed acyclic graph)
workflows.

Pythan API

Getting started /' Notice

Client

Submitting jobs
Dependencies
APl reference
Events
FAQ

Comparison With Other Tools

HyperQueue jobs are independent of each other, so dependencies can only be specified between tasks within a
single job.

Defining dependencies

To define a dependency between tasks, you will first need to store the Task instances that you
get when you create a task. You can then use the deps parameter when creating a new task and
pass an existing task instance to define a dependency:

from hypergueue import Job

job = Job()

# Create a first task that generates data
task_a = job.program([“generate-data”, "--file", “"out.txt"])

# Create a dependent task that consumes the data
job.program( [ “consume-data”, "--file", "out.txt"], deps=[task_a]) INICAL

IERSITY
The second task will not be started until the first one successfully finishes. STRAVA

ITAINNOVATIONS
NATIONAL SUPERCOMPUTING
CENTER



DASHBOARDS AND XALT

- https://extranet.it4i.cz/grafana

Select
Dashboard




DASHBOARDS AND XALT

. s hittps://extranet.itdi.cz/grafana

20 T ®w & 9

Sign in

= Home » Dashboards » Public

Number of users used today

Number of codehours today

Python*

un

hybmat
od_dmft_ALPS_Core
orca_scf_mpi
orca_scfgrad_mpi
Gromacs*
fluent_mpi.

JEY
orca_gtoint_mpi
orca_guess_mpi
orca_leanscf
orca_leanscf_mpi
orca_prop_mpi

orca_startup_mpi

qm
hybmat
orca_scf_mpi
od_dmft_ALPS_Core
orca_scfgrad_mpi
orca_leanscf_mpi
orca_gtoint_mpi
macs*
orca_startup_mpi
orca_util_mpi
JEVE!

Python*

Number of runs today

orca_util_mpi -
714 ca_util_mpi

lue
11138
5455
2891

hybmat
od_dmfi_ALPS_Core
orca_util_mpi
orca_scfgrad_mpi
orca_scf_mpi
orca_gtoint_mpi
orca_leanscf_mpi
orca_guess_mpi
orca_startup_mpi
VA
orca_prop_mpi
otool_gcp
Python*
714 rack
omacs*

java

Sml --force rm XALT
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HOST YOUR CODE AT CODE.ITA4I. CZ

O B https:/fcode.itdi.cz/jansik/mandelbrot/-/blob/master/README.md?ref_type=heads 170% {‘j‘ &

[D Branislav Jansik / mandelbrot

¥ master v mandelbrot / README.md Find file Blame History Permalink

Update README.md
Branislav Jansik authored 2 months ago

e713a2el r)

o

[«

a4

i= v | m+ README.md [ 1765KiB <> | [} Blame Replace | Delete = [ [

Mandelbrot benchmark

Processor benchmark. Measures pure floating point performance of the processor (x86 CPU, ARM CPU, Power CPU,
NVidia GPU and AMD GPU).
Code by Branislav Jansik, IT4Innovations

Intro

The Mandelbrot benchmark measures pure floating point performance of the processor (x86 CPU,ARM CPU, Power CPU,
NVidia GPU and AMD GPU). All calculations are on registers only, no memory or disk access. Very close to peak floating
point performance is sustained, nominal peak may be exceeded. The code puts extreme load on processor (CPU or
GPU), forcing operation at TDP. Thermal throttling may be observed.

The code is implemented in assembly language. Fused multiply add (FMA) vector instructions or warp matrix-multiply-
add (WMMA) instructions are executed. Instruction sets supported : x86 (SSE), x86_64(SSE, AVX, AVX2, AVX-512),
ARM(AArch64 NEON, SVE), cuda(PTX), amd(RDNA), Power (ppc64/ppc64le VSX).

Optimized to perfectly fill the instruction pipeline, up to two instructions are retired every clock cycle on x86 VSB TECHNICAL | ITAINNOVATIONS

|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
| OF OSTRAVA CENTER




KAROLINA SW UPGRADE

OS upgrade on Karolina done in April

From system perspective

* OS upgraded from CentOS 7.9 to Rocky Linux 8.9

 The SCRATCH storage backend was upgraded from ClusterStor 4.5 to ClusterStor 6.6, enhancing storage
efficiency.

 The HPCM software was upgraded from version 1.4 to version 1.11

From a user perspective

e updated kernel, libraries, and the GPU and MOFED drivers

* performance and stability of the SCRATCH repository have been improved.
 New Slurm (ver 23.11.6)

e The LibSci BLAS library is now available, and the GPU and MOFED drivers

VSB TECHNICAL
| I UNIVERSITY
| OF OSTRAVA



KAROLINA SW UPGRADE

BLAS library performance benchmark
https://code.it4i.cz/jansik/lorenz
https://docs.it4di.cz/ (Pending!)

ml PrgEnv-intel
ml cray-pmi/6.1.14

export LD_LIBRARY_PATH=
SLD_LIBRARY_PATH:$CRAY_LD_LIBRARY_PATH:$CRAY_LIBSCI_PREFIX_DIR/lib:/opt/cray/pals/1.3.2/lib

mpiicx -qopenmp -LSCRAY_LIBSCI_PREFIX_DIR/lib -ISCRAY_LIBSCI_PREFIX_DIR/include -o lorenz-blas.x lorenz-blas.c
-Isci_intel_mp -Isci_intel_mpi_mp

# MP ONLY VERSION
OMP_NUM_THREADS=128 OMP_PROC_BIND=true CRAY_OMP_CHECK_AFFINITY=TRUE ./lorenz-blas.x 10000

# MPI + MP VERSION
OMP_NUM_THREADS=64 OMP_PROC_BIND=true CRAY_OMP_CHECK_AFFINITY=TRUE mpirun -n 2 ./lorenz-blas.x

10000

vvvvvvvvvvvvv
|| UNIVERSITY
| OF OSTRAVA


https://code.it4i.cz/jansik/lorenz
https://docs.it4i.cz/



https://www.youtube.com/watch?v=uHrIXC7Tr6U

BARBORA END OF LIFE

 Deployed 10/2019

 End of vendor support
31.12.2024

e Phase out 2025

ITAINNOVATIONS
NATIONAL SUPERCOMPUTING
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COMPLEMENTARYSYSTEMS

| Clusters Tz
i >

Karolina Complementary Systems 2 «

Barbora > C

NVIDIA DGX-2 > Second stage of complementary systems implementation comprises of these partitions: M

Complementary Systems v Al

e compute partition 6 - based on ARM technology + CUDA programmable GPGPU

Introduction . . .
accelerators on ampere architecture + DPU network processing units

Accessing C5

I compute partition 7 - based on IBM Power10 architecture
Specification

Complementary System Job compute partition 8 - modern CPU with a very high L3 cache capacity (over 750MB)

Scheduling . i .
e compute partition 9 - virtual GPU accelerated workstations
Guides >
Archive >

Compute partition 6
- ARM Ampere Altra Q80 CPU Compute partition 7
- NvidiaGPU / Power10 CPU

\

SR \ High speed interconnect
- ARM Ampere Altra Q80 CPU \ t

- Nvidia GPU \
- Nvidia DPU \ N

- Nvidia DPU

Compute partition 9
-GPU lerated cloud
Compute partition 8 !/ N _d_acce er: =ac Eljc ti
- AMD Milan X CPU ’ vidia remote workstations

Compute partition 9
- GPU accelerated cloud
- Nvidia remote workstations

TECHNICAL ITAINNOVATIONS
UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA CENTER

PDU with outlet level power monitoring— used to power all components




COMPLEMENTARYSYSTEMS

Partition 10 - Sapphire Rapids-HBM Server9
HBM memory on the x86 processor on the performance of the user applications.

e 2x Intel® Xeon® CPU Max 9468 48 cores base 2.1GHz, max 3.5Ghz
* 16x 16GB DDR5 4800Mhz + 8x 16GB HBM2

* 2xIntel D3 S4520 960GB SATA 6Gb/s

* FP64 Peak of 7.8TFLOPS

Partition 11 - NVIDIA Grace CPU Superchip9

The NVIDIA Grace CPU Superchip ,144 Arm® Neoverse V2 cores and 1TB/s of memory bandwidth. Runs all
NVIDIA software stacks and platforms, including NVIDIA RTX™, NVIDIA HPC SDK, NVIDIA Al, and NVIDIA
Omniverse™

e Superchip design with up to 144 Arm Neoverse V2 CPU cores with Scalable Vector Extensions (SVE2)
*  World’s first LPDDR5X with error-correcting code (ECC) memory, 1TB/s total bandwidth

* 900GB/s coherent interface, 7X faster than PCle Gen 5

* NVIDIA Scalable Coherency Fabric with 3.2TB/s of aggregate bisectional bandwidth

* 2Xthe packaging density of DIMM-based solutions

e 2Xthe performance per watt of today’s leading CPU

* FP64 Peak of 7.1TFLOPS VAR TECHNESL

|I UNIVERSITY
| OF OSTRAVA


https://docs.it4i.cz/cs/specifications/#partition-10---sapphire-rapids-hbm-server
https://docs.it4i.cz/cs/specifications/#partition-11---nvidia-grace-cpu-superchip
https://www.nvidia.com/en-us/data-center/grace-cpu-superchip/

NEW SYSTEMS, MCIII

Compute cca 140 nodes
Cores cca 27000 cores
Memory /768 GB
Freq 2.1 GHz
Over 1.2 TB/s
Throughput Over 8000 MT/s
Net IB NDR 400 Gbps
Ridge point Below 8 F/B

Contract signature pending!

Performance [GFlop/s]

7000

6000

5000

4000

3000

2000

1000

Ridge!point

Type 2 workloads

(%)
S
Y
Ny
(o)
=
by
R

10 20 30 40 50

Arithmetic Intensity [Flop/B]
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LUMI-Q QUANTUM COMPUTER el
000 0. & 0

SN R vy
00 ‘

0 ,Ouﬁ

.
QCR
L1
Ldid ° _
000
Qubits 24 (22)
. Star-shape qubit topology, one-to-all Qubit connectivity one-to-all, star-shape
qubit connectivity, T1 relaxation time typically ~40 us
e Contract signed 25.9.2024 minimum for all qubits:15 us
) Implementatlon ongoing T2 dephasing time typically ~20 us
* Delivery 25.9.2025 minimum for all qubits: 15 ps
* 6 qubit star (Twin star) 2-qubit gate time <120 ns
e Delivery April 2025 , S
1-qubit gate fidelity >0.997
2-qubit gate fidelity >0.99

Readout fidelity >0.95



LUMI-Q EUROHPCQS-INTEGRATION

Web-based IDE for quantum circuits

CPUsIGPUs
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LUMI-Q RENDERING

Block Layout
Framing and wires not shown, sized placeholders used

UPS Auxiliary Rack Power

\ | ]

/CW

/ Helium Compressors
/ Air Compressor system

" Water distribution system

Power distribution system

\ LN2 trap
\ IT rack

Measurement Rack Cryostat GHS

Window views

y
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TRAINING

https://events.itdi.cz/

Nov 07
[ONLINE] Introduction to NVIDIA CUDA Quantum

Nov 26-27
[HYBRID] Moving your Al training jobs to LUMI: A
Hands-On Workshop (EuroCC)

CCCCCCCCCCCC

OOOOOOOOO



REGISTER YOUR PUBLICATIONS

H= . .
.. Agendas v  Requests v  Extranet v httpS://SCS.It4I.CZ/ O~ A
Training sik) are signed in as Karel Voprsalek (owner). Back to admin X.
Publications . .
Karel VopL). Bansnm
| Final reports
Login:  Feedbacks Last Job:  237781.dm2 (2014-08-27 18:20:32)
Last Login: 2014-12-28 (about 8 hours Dn: uid=vop999,ou=users,ou=master,dc=it4i,dc=cz
spent) Home: /home/vop999
Name: Karel Login Shell:  /bin/bash
Surname: Voprsalek Group Policy:
Email:  kvop999@gmail.com Token: UsUVSwa2ZYojkB1SmzcE
Status: Description:  description
Telephone: SSH Public Key: ssh-rsa
Country: CZ AAAAB3NzaC1yc2...SFQqWCaFPmghSHoTIx02b07d2Lo
Uid/Gid Number: 1025|2015 TXDVOVUBIIAKZMhBIQ== vop999 |k
Groups
Group Status GID Grouping Type
vop999 2015 user
Total 1
Projects summarize: ALL(4) DD(4)

PID Status Project Allocation ~ WCHSs project NCHs project WCHs user
DD-13-5 &* = IT41 Employee Access Project 0 NA% 7258181 N/A% 7251453 N/A% 0.00
DD-14-17 &* OMICS Installation 10000 900% 89983 900% 89983 0.0% 0.00

i= Back

NCHs user
N/A%  0.00

0.0% 0.00
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Branislav Jansik
branislav.jansik@vsb.cz

IT4Innovations National Supercomputing Center
VSB — Technical University of Ostrava

17. listopadu 2172/15

708 00 Ostrava-Poruba, Czech Republic
www.it4i.cz

VSB
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