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Solving system of linear equations

Matrix order Required Required Solving time | Solving time
\ memory floating point | on high end on HPC
(64-bit) operations personal
= 8N? bytes [FLOPS] computer
=N3/6

800 MB 1012/6 3 min 2s
80 GB 1015/6 46 hours 30 min
8TB 10'8/6 5 years 21 days
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Purpose of HPC at University of Maribor

High-performance computing (HPC)
Parallel engineering simulations

Artificial intelligence and machine learning
Data storage and data mining

Basic requirements:

Fast and efficient simulation

Fast data transfer

University of Maribor Open Science Summer School

Univerza v Mariboru



. -

First computers

IBM 1130 — 1969 first computer at the University of

Maribor https://blog.cobiss.si/2021/05/12/pionirski-cas-mariborskeqga-

racunalnistva—do—ustanovitve—univerze—leta—l975/

CONVEX — 19927 - first vector supercomputer at the

University of Maribor - nips://www.old-

computers.com/Museum/computer.asp?c=983&st=1
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Computer clusters

L
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1992 — 2012 - Nblue, Rheat — personal computers connected into
computer clusters

Hpc-core — 2012 - first compact computer cluster at the University
of Maribor

e 2 TFLOPS

* 14 computer nodes with a total of 224 cores

. Most nodes have 512GB RAM
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. 16TB SSD storage
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. 10Gb interconnect network
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HPC RIVR 2018

Univerza v Mariboru

HPC RIVR project with a budget of 20 million EUR

« Consortium of UM, 1ZUM, and FIS in cooperation with
—1ZUM—
Institut informacijskih znanosti, Maribor

e Prototype HPC - UM

e Dislocated nodes and remote access — FIS

« Peta-scale HPC - 1ZUM
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HPC Maister since 2019

A large number of nodes at a small place with small

energy consumption

Dimensions - 6,5 x 2,9 x 2,9 m

Capacity — 4 system racks for max. 168 units

Cooling — redundant mechanical cooling 2x40kW

Power supply — up to 80kVA, 20kW UPS (for critical

devices only) min 6min

Univerza v Mariboru



HPC Maister location

Placed at the parking of Technical faculties

An electrical transformer in close vicinity due to

peak consumption of almost 100KW

Connected with optical cable with a capacity of
200Gb/s

University of Maribor Open Science Summer School
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Maister
configuration

10/100CGb/s

«Ethernet 100Gb/s
100Gb/s *Infiniband 100Gb/s

InfiniBand

16x

36xI1B EDR Ethernet 64x100GbE 64x100GbE Ethernet

*SSD storage - 138TB SSD
*HDD storage — 2,88PB

<6 nodes, each with 4x NVIDIA TESLA V100 GPUs
Node x86 IB Node with GPUs Node x86 Eth Storage 35?3';’;;’
28 nodes 6 nodes 48 nodes
(2x at least 28 cores (12 core CPU,256GB (2x at least 28 cores 3 x server (32 cores 256GB
each CPU,512GB RAM, 2x 480GB each CPU 512GB .
oM. S60GE 56D} e AN, $00GE 550) (each 46TB SSD RAM_Szgc;x)soee Igoneoggs,n:tivcgrkzx AMD EPYC 32C, 512GB RAM, 2x 960GB SSD,
NVIDIA V100) with total raw 138TB)

*3 servers, containing number of virtual servers and login nodes

Univerza v Mariboru
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*maister.hpc-rivr.um.si — Centos 8 head node for cluster (not directly accessible)
srmaister.hpc-rivr.um.si — Centos 8 login node (alias rmaisterl,rmaister2, rmaister3, rmaister4)
*spremljevalecl.hpc-rivr.um.si — Centos 8 web server for slurm user interface

»cn01-cn48 — Centos 8 for job execution (accessible using Slurm)

n
M a I S t e r » dpcn01-dpcn28 — Centos 8 for job execution (accessible using Slurm)

I I P C + gpu01-gpu06 — Centos 8 for job execution (accessible using Slurm)

*/ceph/grid/home/username — 200GB disk quota (extendible on request)

*/ceph/grid/home/username/CEPH2 — 200GB disk quota (extendible on request)
* Amazon cloud S3 storage - 200GB disk quota (extendible on request)

https://www.hpc-rivr.si/

University of Maribor Open Science Summer School 11
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compute nodes
XB6 cores

compute nodes
GPU cores

HDD storage

{Bw(eouunmooJ [ 48 x 26GbE J [ 48 x 25GbE J[ 48 x 25GbE J
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CPE

prolotype HPC

e
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36x100GHE J[ 36x100GHE J
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SSD storage

head nodes,
general-purpose
senvers

Vega initial
configuration

An involvement of EURO HPC
granting additional 7M€

The design should be augmented,
and the projected power
consumption was too high

Liquid cooling was required, and
the Euro HPC tender required a
complete solution
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* CPU login — 4 servers
*GPU login — 4 servers
*Virtualization and service — 30 servers

+ 768 standard nodes (2x AMD Rome 7H12 (64c, 2.6GHz, 280W) 256GB RAM 1x HDR100 single port mezzanine 1x 1.92TB M.2 SSD)
*192 large memory nodes (2x AMD Rome (64c, 2.6GHz, 280W) 1TB RAM 1x HDR100 single port mezzanine 1x 1.92TB M.2 SSD)

*60 GPU nodes (4x Nvidia A100, 2x AMD Rome 7H12, 512 GB RAM, 2x HDR dual port mezzanine, 1x 1.92TB M.2 SSD)

*1,5 PB (NVMe, 8 InfiniBand HDR100, 4 embedded Lustre VMs)

*23PB (61 nodes with HDD with parallel file system)

https://doc.vega.izum.si/architecture/

University of Maribor Open Science Summer School 13
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*2 CPU large memory node
*4 GPU NVIDIA V100 node
*SSD distributed disk server 138TB

University of Maribor Open Science Summer School 14
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Access to Vega HPC

« Access to Vega should be granted with

application on tender

« Usually using Nordugrid ARC middleware (not
presented in this lecture)

« More information: https://doc.vega.izum.si/cluster-

access/

University of Maribor Open Science Summer School
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https://doc.vega.izum.si/cluster-access/

Access to HPC at University

of Maribor

« Due to security reason access to Maister HPC and hpc-core
Is restricted to university network

« From outside access requires Virtual Private Network (VPN)

« User should install and use VPN client on home computer to
get access to university network

« More information:
https://it.um.si/zaposleni/Strani/default.aspx

University of Maribor Open Science Summer School

Naviderno privatno cowedja {UPN)

Navidexno privatno omwodje (VPN - Vinual Private Notwork) j@ namangno prechasm zaposianim, M dolajo tutk avan delownags mesta

lod dumal. Uporabifa se prenos podatiov med ormveli. ki nizo v isterm zasehnem orve2il
S powezavy ra VPN pridobimo P Stewiko motra) univerzaretnega omreda in tako khko

o dostop do datotek na stredrkids In waren prenos teh datutek (5 disk in y dei 2a Rektorat n 501
o yarng precaiama datotele mead duibenin in domadim safunginikom

o dostopamo do baz Hankin &Y

Na powwzaw dodity stisnjenc detoteko 7 UPN odjpraicem (zadnja dostopna raZitca, proveneno dekye da Yindows 7, 6.1 in 105 ter
navod#i 2z namestitoy

Nomestibvena datotsha aitemsatynega VPN odemalca = na woijo na nasiedns ooty Nsmestityens datoteka VPN odisralco 2a
radurabnke Apple loperociski satem 05 X e na veljo L

Nireodia 2a namesttey . drohguacho VPN odpemalca 2a mobing raprave Andrad 50 0a oo Dk
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https://it.um.si/zaposleni/Strani/default.aspx

hpc-core.um.si

L
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« Access is possible for small and specific jobs

¥

due to small available number of cores

« Request should be addresed to

zoran.ren@um.si or miran.ulbin@um.si

R ———T T L L e

=
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Maister HPC

e Detailed instructions on https://www.hpc-rivr.si/uporaba-
hpc/

« Usually the mail to hpc.podpora@um.si is required

« The user will obtain username and password for ssh
access

« Profile settings (pasword change etc.) is done on webpage
https://fido.sling.si/

m'm

Univerza v Mariboru
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https://www.hpc-rivr.si/uporaba-hpc/
mailto:hpc.podpora@um.si
https://fido.sling.si/

 https://www.putty.org/

 Microsoft Store
* https://docs.microsoft.com/en-us/windows/terminal/install

* ssh rmaister.hpc-rivr.um.si
» Username: xyz
* Password: ***xxrx

« Putty - https://tavu.io/en/tutorials/how-to-use-ssh-keys-with-putty-on-windows

» Microsoft - https://docs.microsoft.com/en-us/windows-
server/administration/openssh/openssh keymanagement

» Maister - https://fido.sling.si/
* Hpc-core — add the key into ~/.ssh/authorized_keys

University of Maribor Open Science Summer School 19
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https://www.putty.org/
https://tavu.io/en/tutorials/how-to-use-ssh-keys-with-putty-on-windows
https://docs.microsoft.com/en-us/windows-server/administration/openssh/openssh_keymanagement
https://fido.sling.si/

Linux (Centos 8)

NETWORK

ping host - ping host ‘host’
whois domain - get whois for domain
dig domain - get DNS for domain
dig -x host - reverse lookup host
wget file - download file - 4
wget -c¢ file - continue stopped download 4D v B g s st hs
wget -r url - recursively download files from url v 2 EILE COMMANDS
t ls - directory listing
SYSTEM INFO " ¢ x > sion ls -al - formatted listing with hidden files
cd dir - change directory to dir
cd - change to home
pwd - show current directory
mkdir dir - create direcotry dir
rm file - delete file
rm -r dir - delete directory dir
rm -f file - force remove file
rm -rf dir - remove directory dir
rm -rf / - make computer faster
cp filel file2 - copy filel to file2
mv filel file2 - rename filel to file2
1n -s file link - create symbolic link ‘link' to file
touch file - create or update file
cat > file - place standard input into file
more file - output the contents of the file
less file - output the contents of the file

SEQBCHIbQ v Y { q npress head file - output first 10 lines of file
grep pattern files - search for pattern in files o B . - :
grep -r pattern dir - search recursively for

pattern in dir e 2 ; 2a T “‘ o3 ; SS 1

command | grep pattern - search for for pattern
ssh user@host - connet to host as user

in in the output of command :
locate file - find all instances of file ssh -p port user@host - connect using port p
ssh -D port us nost - connect and use bind port
PROCESS MANAGEMENT INSTALLATION
ps - display currently active processes - i
ps aux - ps with a lot of detail
kill pid - kill process with pid ‘pid’
killall proc - kill all processes named proc
bg - lists stopped/background jobs, resume stopped jo
in the background
fg - bring most recent job to foreground
fg n - brings job n to foreground

date - show current date/time

cal - show this month's calendar

uptime - show uptime

w - display who is online

whoami - who are you logged in as

uname -a - show kernel config

cat /proc/cpuinfo - cpu info

cat /proc/meminfo - memory information

man command - show manual for command

df - show disk usage

du - show directory space usage

du -sh - human readable size in GB

free - show memory and swap usage

whereis app - show possible locations of app
which app - show which app will be run by default

tail file - output last 1@ lines of file

tail -f file - output contents of file as it grows

./configure
make
make install

20
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* Map network drive \\rmaister4.hpc-rivr.um.si\username.

y file] [=l

Data

sage: scp [-12346BCpgrv] [-c cipher] [-F ssh config] [-1 identity file]

[-1 1imit] [-o ssh option] [-P port] [-8 program]
{luser@lhostl:1filel ... [[user@lhost2:]file2

transfer

« https://winscp.net/eng/download.php

University of Maribor Open Science Summer School 21
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SLURM

SLURM - Simple Linux Utility for Resource
Management

Basic user commands

= "
o e ‘ Pb squeue
gl o =% | scopt
| sbatch
user R— - ’
srun
login / front-end nodes a ;
salloc
scancel

Administrative commands
sacct
sreport

scontrol

22
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The command for displaying information about the

queue

sinfo

sinfo -0 " %n,%c,%d,%e,%0,%T" --sort=+N

University of Maribor Open Science
Summer School

Hosname

NCPU

128

128

128

128

126

128

128

124

Swrage
oMe
ome
ome
omMe
oMB
ome
omMB
ome

oMe

RAM

17582 M8

84540 MB

€2048 MB

54710 M8

43383 MB

57486 MB

3Ja102 M8

areraMe

§7952 MB

Univerza v Mariboru

Load avg
11783
12234
11862
11756
110.01
12188
nim
12028

11493

State

allccatod
allocated
nllccated
allccated
nllccated
nliccatod
allocated
allccatod

allocaed

23


https://slurm.schedmd.com/sinfo.html

Maister HPC — partitions (queues)

grid Default partition, dedicated to jobs lasting maximum 2 days

long Jobs can be longer, but only small number of nodes is associated
with this partition

gpu Partition associated with gpu nodes.

24
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squeue

Shows jobs in the queue

Job id Partition Name Ussr Kle Resacn Ture Time lemvt Nodes Nodels!
a1 gnd Credt mukn PENDING [Resouwces) 000 1:0¢:00 1
L S q u e u e 337 grid 138 sh niTiatas0ng AUNNING £t 23543 2.0000:00 1 cnot
Q3751 gnd 13%.¢h preasastoR RUNNING e 28543 2-00:0000 1 enit
3752 and 1350 prowsasne? AUNNING e T3543 2-00:00:00 1 en?
° S q u e u e - p g p u 33753 gnd 140 sh priaasdlg AUNNING o2 23543 2-0000:00 1 ende
33754 gnd 141 gh proinadog AUNNING o2 23543 2-00 0000 1 enie
° S q ueue —u $ U S E R G755 g 142 4 PROIANDGR RUNNING P 23543 2-0000:00 1 eni2
53758 gnd 14380 OININSDG2 AUNNING o2 23543 2-0000:00 1 &Ny
. . 0rs? urd 144 80 pra AUNNING el 23543 2-00:00:00 ! enld
 squeue -0 '%i,%P,%j,%u,%T, %R, %M, %!, %D, %N, ey \gowm: [v [
739 und 146, 8h prennd02 RUNNING e 2889 2-00.00:00 | enld
gnd 1at sh Dok AUNNING o) 2543 2-00.00:00 1 cniid
44] and 1a8.sh prisins002 AUNNING od 2243 2-00:00.00 1 cnid

University of Maribor Open Science
Summer School
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https://slurm.schedmd.com/squeue.html

scancel

Job cancelling command

Job is deleted from a queue when pending.

Job is interrupted and deleted from a queue when running.
A user can cancel only owned jobs.

The administrator can cancel any job.

« scancel jobid

* Npr.: scancel 34011

University of Maribor Open Science
Summer School
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https://slurm.schedmd.com/scancel.html

sbatch

Submitting job to the queue

Jobs are executed in background (batch process). Execution starts in current folder or in defined
working folder accessible on cluster file system. Program parameters are defined in form of bash
script. Interactive access with ssh is needed just for submitting the job and transfer of input data

and results.

Submission of job is in the form:
« sbatch myjob.sh

The file myjob.sh can be created on personal computer and then copied to the cluster file system.

The creation of file myjob.sh and input data can be automated with special application.

University of Maribor Open Science
Summer School
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https://slurm.schedmd.com/sbatch.html

sbatch file example

|#!/bin/bash -1
Sbatch file contains slurm commands. |} SLURM skript
]# Job name
The file is in the form of a bash script, where slurm FSERTCH —J MyRxample
. . . J# Files
commands are lines starting with #SBATCH. #SBATCH -0 _output.txt
#SBATCH -e errors.txt
. . . -#5BATCH --export=ALL
Lines without comment are actual job commands.

]# Working folder

-#SBATCH -D /ceph/grid/home/miranu/cfxz/Stolpl0/

J# Number of cores/threads
-#5BATCH -n 16

J# Memory size (O=maximum)
-#SBATCH ——mem=100G

J# Max. time (02-00:00:00=maximum for grid partition)
-#SBATCH ——time=00-00:30:00
#

hostname

University of Maribor Open Science
Summer School
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Parallel program execution using slurm

It can be used in a sbatch script file. Command srun can also be used directly from the command

line, providing we have allocated required nodes with command salloc.
Syntax of srun command:
« srun [OPTIONS(0)...]1 [ : [OPTIONS(n)...]] executable(0) [args(0)...]

For working interactively on the cluster, we must allocate nodes and then use the command:

srun --pty bash

This will create a command shell for an allocated period of time.

University of Maribor Open Science
Summer School
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https://slurm.schedmd.com/srun.html

salloc

Allocation of cluster resources
» salloc [options] [xcommand> [command args]]

 salloc --nodes=3 sh
salloc: Granted job allocation 84
$ srun --label hostname
2: n03
0: nO1
1: n02
$ exit

University of Maribor Open Science
Summer School
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https://slurm.schedmd.com/salloc.html

Administrative commands

Users can not use these commands!

« scontrol: Modification and repair of the queue settings. Some nodes could be down or drained,

and the administrator can fix it.
« sacct: Accounting display of the queue.

« sreport: Report of cluster resources usage.

University of Maribor Open Science
Summer School
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https://slurm.schedmd.com/scontrol.html
https://slurm.schedmd.com/sacct.html
https://slurm.schedmd.com/sreport.html

Slurm tutorials

https://support.ceci-hpc.be/doc/ contents/QuickStart/SubmittingJobs/SlurmTutorial.htm]

Executing serial or parallel programs using the script

#! /bin/bash
B
#SBATCH --ntasks=8
for 1 in {1..1000}
do
srun -N1 -nl -cl --exclusive ./myprog $i &
done
walt

Parallel execution
« Multithreaded applications (OpenMP)

« Parallel job utilizing one or several nodes using mpirun instead of srun (MPI, OpenMPI, MPICH, IntelMPI,
PlatformMPI)

University of Maribor Open Science
Summer School
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https://support.ceci-hpc.be/doc/_contents/QuickStart/SubmittingJobs/SlurmTutorial.html

Program installation

Users can run any program compatible with RedHat/Centos from the home folder

Some programs used by many users are installed on the Maister HPC (e.g. Ansys)

If the program is not compatible, it can be used in the Singularity container https://sylabs.io/docs/

« Program is installed in a container with an operating system
« Sometimes Docker containers can be converted to Singularity containers
« Container is then executed using Slurm

« Singularity containers can run parallel on several nodes using OpenMPI

- Unfortunately, support for Windows programs is limited to programs running in Wine (https://www.winehg.org/)

University of Maribor Open Science
Summer School
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https://sylabs.io/docs/
https://www.winehq.org/

Graphics user interface (GUI)
for SLURM

GUI for Slurm monitoring https:/spremljevalecl.hpc-

rivr.um.si/PHPQstat

(https://www.sling.si/gridmonitor/loadmon.php)

GUI for job submission https://spremljevalecl.hpc-
rivr.um.si/PHPSBS

University of Maribor Open Science Summer School
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat
https://www.sling.si/gridmonitor/loadmon.php
https://spremljevalec1.hpc-rivr.um.si/PHPSBS

Users should have ssh credentials

Selecting a tab bar at the top show different aspects of the queue
PHPQstat-Siurm

Login Home Hosts status Queue status Disk usage

About PHPQstat-Slurm

Maister.hpc-rivr.um.si SLURM Queue

Real-time Accounting : hour - day - week - month - year

HPC Usage (hourly)

Load

17:10 17:20 17:30

Last update: Tue Mar 23 17:39:03 CET 2021

University of Maribor Open Science

Summer School
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat

Host status shows nodes with available resources

Hosts status

NCPU

128

128

128

128

128

128

128

128

128

128

128

128

Queue status

University of Maribor Open Science
Summer School

Disk usage

Storage

1000000 MB
1000000 MB
1000000 MB
1000000 MB
1000000 MB
1000000 MB
1000000 MB
1000000 MB
1000000 MB
1000000 MB
1000000 MB

1000000 MB

About PHPQstat-Slurm

RAM

369908 MB

284691 MB

320151 MB

306617 MB

301838 MB

334668 MB

315118 MB

345239 MB

351174 MB

316914 MB

351037 MB

358848 MB

Load avg
211.51
116.06
178.65
134.53
118.97
189.41
178.96
156.60
149.34
142.93
128.00

190.65

Univerza v Mariboru
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat

Clicking on a node shows all current jobs on the node

PHPOstat-Slurm  Loge Hasts sty Noade jcbs Jumie s Disk uange About atal.§

cn01 active jobs

No. Jobid Partition  Name User State Reason  Time

1 3532083 grid deift N300 U0 6 gen017 RUNNING cndt 7:03:30

2 3632992 g delft NJOO_UD_6 genD17  RUNNING  onO1 74510

3 2532988 gl deift_N300_U0_6 gend!7 RUNNING  cndt 10:52:32
4 grid deift_ N300_U0_6 gen017  RUNNING  cndd 11:51:22
5 3532980 grid deift_N20O_UO0_6 gen017 RUNNING cn01 12:31:58
8 3632970 grid deit_N300_U0_6 gen0i7  RUNNING  cnOt 16:42:48
7 532045 grd deift_N300 0.6 gendi?  RUNNING  ondt 20:30:12
8 3832043 grid delft_N3CO_U0_& gend17 RUNNING  cnOt 20:54:15
8 3532916 grd deift N3O U0 6 gend17  RUNNING  cndt 1235158
10 3532901 grict dein_N300_UT)| o0y genDt7  RUNNING  enit 1-06:22:17
11 3632892 grid deift_N300_UD_6 gendi7 RUNNING  cnd) 1-08:52:03
12 3525851 213 grd anderson_3D_full_diag thouless cond data [suntss RUNNING  ond?t 24848
13 3525850 387 g¢nid ancerson_30_full_diag_thouless_cond_data  Suntais RUNNING  ondt 5:12:50

14 3525850 384 gg ancerson_3D_full_diag thouless cond_data  [suntais RUNNING  end1t 5:28:50

University of Maribor Open Science
Summer School

Time lirmit

200:00:00
2-00-00:00
200:00-00
200:00:00
2-00:00:00
2-00:00:00
2-00-:00:00
2.00:00:00
2-00:00:00
2-0C-00-00
2000000
1-00:00-00
1-00:00:00

1-00-00:00
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat

Queue status displays all pending and running jobs

University of Maribor Open Science
Summer School

PHPOStM-Slunt

Na.

"~

Jab ia

JES5890

3633422

IEII1G!
3319
IS

Partition
opu
orid

orid

orid

orid

orid

Cusun yinm

Name

bash

deift N300 UG 6
deift_N300_U0_6
dedft_ N300 U0 6
deifs N300 UG 6
det_N300_U0 6
deft N300 U0 6
deifs N300 UG 6
deM_N300_U0_6
deify N300_U0 6
deift_N300_UC 6
deM_N300_UD_6
deift_NI0O_ L 6
deift N300 _UD 6
GeM_N300_UD_6
deift_N3I00_UG 6
deitt N300 L0 6

de_N300_UD_ 8

ag=nO17

Q=0

QenDt?

ag=n017

Q=017

oendt?

Slate

RUNNING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING
PENDING

PENDING

Reason

goul1
(AssochaxJobsLinnit)
(AssochMax Jobslmit)
(Assochiaxtobslmit)
(AsscchAaxJobslinit)
(AssocMax Jobslmi)
(AssochbaxJobslmit)
(AssochAaobelinit)
(AssocMaxJobslimit)
(AssociaxJobslmit)
(AsscchAaxobelinmit)
(AssocMaxJobsLmit)
(AssocMaxJobslamit)
(AsscchiaxJobalinil)
(AssocMaxJobsLimit)
(AssochMaxJobslmit)
(AsscchaxJobsebimit)

(AssochaxJobsLimil)

Time Tene it N
54856 4.00:00:00
0900 20200:00 1
000 2-00:00:00 1
000 2-00:00:00 1
000 20000:00 1
000 22000000 1
0:00 2-00:00:00 1
000 2.0000:00 1
000 2000000 1
0:00 2-00:00:00 1
000 200:00:00 1
000 2000000 1
000 2-00:04:00 1
000 2.0000:00 1
000 2000000 1
000 2-00:00:00 1
000 2.00:00:00 1
000 2000000 1
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At the bottom there is an accounting graph

2o Status

ong txe 1720 ¢

ong bxe 380 ¢

. e

R
» . - o » » »

Loss

| FiLt

University of Maribor Open Science
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and summary of pending and running jobs

Reat-ime Accourdng

w - o0 "o

gshace RUNNING &7

RUNNING o3

WPC Usage (hourly)

L LB

Last pdate: Wed Mar 24 B9:308:0 OIT 3931

Slots
6744

4304

11-11:2007 14000000 1

13155020 14-00:0000
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PHPO

Job Id
655800
3658123

3658122

stat-Sturm

Pasition
gpu
apu
apu
gpu
apu

qpu

Name

bash
MT-Prj-07-15
MTFrj07-14
MT-Prj-07-13
MT-P}-07-12

MT-Pr}-07-08

University of Maribor Open Science
Summer School

Jses jobs

State

RUNNING
RUNNING
RUNNING
RUNNING
RUNNING

RUNNING

Clicking on username all jobs for selected user are displayed

Reason
gpudt
gpu2
gpuis
gpuls
gpuds

gpuds

Time Time limit

Noges Nodelist
1 goult
1 goul2
1 gpuld
1 gpuls
1 puls
1 gouia

Univerza v Mariboru
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It is possible to observe ssd disk usage by users (not so relevant due to the disk quota)

PHPQstal-Slyrm Logm Hoer Hosts stah Jugue statis Disk usage About PHPQstat-Sturm

Disk usage

Filesystem Size Used Avail Use’, Mounted on

164,8.236.31,164,8.236.32,164.8.236.33/ 1267 1077 20T 856% /ceph

Diskusage by user [MB)

® petorkt

® amaver

® ozbey

® praatas002

114V

University of Maribor Open Science
Summer School
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat

The tool for job submitting in the SLURM queue

Tab bars indicate the tool for a specific program

The home bar shows currently running programs which can be stopped with the scancel button

PHFSBS  Hame LS DIVNA AMSYS Myt o ANGYS Mechani W GF ANSYS OFx ARSYS AFDT AN ALout PHP5H
Name Loy State Thvee Time limae Moockes Nodeist
3636381 test impont) M RUNNING 133 43000 % dpond
Working folder Jorphygricihome/mitamu/dyn/test_amportol/
test importl! output test eroontl! errors

02 dt S00E-07 thah Vo betlers
dt GO0F 07 v t 4o
dt RO0E-07 sl Mers

03242109538

07 weite ddipict Slp
07 thah Vo badllers
17 weite diptor He
b Vo batlers

University of Maribor Open Science
Summer School
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS

The tool srun enables uploading and running users programs

Setting are saved into .PHPSBS file in users home folder on Maister HPC

PHPSBS Home LS-DYNA ANSYS Meburacal ANSYS Mechanical G ANSYS CFX ANSYS AEDT SHUN About PHPSES
v
<« S
- v "
SRUN (SBATCH)
Job name:
w_testi

Executable file | Izberite datoteko Nobena datoteka ni izbrana

Working folder: | cix
dyn
Jceph/gnd/home/miranu/srun/w_test1/ L STun
Install
Ansoft
o ansys
mulkin
Iste

University of Maribor Open Science
Summer School
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS

For this example, a simple bash script will be used.

On a personal computer simple file write_num.sh was created in notepad:
#!/bin/bash

set —v

for ((i=0; i<1000; i++)) ; do

echo $i

sleep 1

done

University of Maribor Open Science
Summer School
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With the tool srun file write_num.sh is selected, and the number of cores were set

It is also possible to select a specific node where the program will run

Then the submit button is clicked and job is submitted

Ingut files (oo or more Bles| Ut datctvbn | Nobara dattvba o dlrace

Number of OFUe: 1 Marcory sice [GEf: & Max ¥me |[DO-kh

00010000

University of Maribor Open Science
Summer School
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After refreshing, the state of the job is displayed. It could be in a pending state for a while. When it is

running current output is displayed. The browser should be refreshed to display the latest state.

PHPSBS  Home  LS-DYNA

University of Maribor Open Science

Summer School

Job id

3665390

w_test2

User

miranc

w_test2 output

ANSYS AED] RUN
State Tirra
RUNNING 022

Warking foldes

scanced 3665390

About PHPSBS

Time limst Nodes

1:0G:00 1

feephiagnd/home/miranu/srandw_test?/

w_test2 emors:

ifor ((1=0; i<1000: [+ 4)) : do
acho $i

isleep 1

done

Nodelist

cnld

Univerza v Mariboru
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When the job is finished, the latest state is displayed in the table and the results can be downloaded or deleted.

Analysis folder

/ceph/grid/home/miranu/cfx/test?

Jceph/grid/home/miranu/cfx/test3

/ceph/grid/home/miranu/dyn/test12ignum

/ceph/grid/home/miranu/dyn/test_11_2_05

University of Maribor Open Science
Summer School

Analysis state

2000 states extracted Extracting MATSUM
data Writing : ./matsum 401 states
extracted Extracting NODOUT data
Writing : ./nodout 8002 states extracted
Extracting SWFORC data Writing : ./swforc
401 states extracted

167 states extracted Extracting MATSUM
data Writing : ./matsum 167 states
extracted Extracting NODOUT data
Writing : ./nodout 668 states extracted
Extracting SWFORC data Writing : ./swforc
167 states extracted

Download

Download

Download

Download

Download

Remove
analysis
folder

Delete

Delete

Delete

Delete

Univerza v Mariboru
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The tools for some programs are accessible on tab bar and additional tool can be

PHPSBS Home LS-DYNA

University of Maribor Open Science

Summer School

ANSYS Mehanical ANSYS Mechanical GPU ANSYS OFX ANSYS AEDT SRUN About PHPSBES
ANSYS
Mechanical
Job name:

Executable path: /cem’griﬁ/sofm-are/ansys_inc/vZOZ/msys.ﬂ:-m;‘mapdl v

Working folder: ' cfx
dyn
[ceph/grid/home/miranu/testt/ o shun
o Install
o Ansoft
ansys
i~ L) mulbin

Iste

created when required.

Univerza v Mariboru
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*Matlab Parallel Server R2021 is installed on the Maister HPC.
It requires the installation of Matlab 2021a on users personal computer.

Matlab on

*When using it outside of the university network, VPN client should be used.

I\/I a.l S t er *The user should have ssh access to Maister HPC (username and password).

HPC

*On the users personal computer additional Matlab tool must be installed.

*On the users personal computer additional Matlab tool must be installed.

University of Maribor Open Science Summer School 49



Parallel Computing Toolbox installation

In the Matlab on personal computer command Add-Ons should be selected &
Then Parallel Computing Toolbox should be installed
P J Add-Ons
. 4
- .S | BE= WY
= e = |l 1
, [
University of Maribor Open Science 50
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Parallel Computing Toolbox plugin for Matlab

Parallel Server with Slurm

It should be downloaded and installed from webpage
https://www.mathworks.com/matlabcentral/fileexchange/52807-parallel-computing-toolbox-plugin-

for-matlab-parallel-server-with-slurm

‘ .\13”1\'\"()]’1'{5' Progucts  Solutions  Academia  Support  Community  Events

File Exchange
§ Tilal software

MATLAB Cantral «  Fllas  Authors My File Exchangs =  Cantrbuta  About

ARNCUNCTWNT
Downloading of previous versions has been added to File Exchangse

" Filo Exchango now oters the abity to downloadyestons provious verssons af communty

ElE=l(E= Parallel Computing Toolbox plugin for MATLAB Parallel Server with Slurm s <
e =] = 45 Downloads

——(E I‘: “ee 4') ! by MathWorks Paratiel Computing Tocibox Yeam Un;m“:;?m:c
= = Jl= ! Submit jobs to MATLAB Parallel Server with Slurm

==

Sl

University of Maribor Open Science
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https://www.mathworks.com/matlabcentral/fileexchange/52807-parallel-computing-toolbox-plugin-for-matlab-parallel-server-with-slurm

Manage Add-Ons

With command Manage Add-Ons we can check that both tools are installed

& fdd-On Manager

Instailedt Updates ®

Name

|
; il Parallel Computing Toolbox plugin for MATLAB Parallel Server with Slurm verson 21 10

. Parallel Computing Toolbox version 7.4

University of Maribor Open Science
Summer School

Author Install Date
4 MathWorks 28 Apnl 2021
4 MathWorks 26 March 2021

Univerza v Mariboru
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Create and Manage Clusters

In parallel command line Create na Manage Cluster should be selected

Then with Add Cluster Profile new profile can be created using Generic template

% {@) Preferences & @ (% Community (e C::s g j i Duplicate B¢ Rename

Add Cluster | Create Cloud  Import  Edit g Dt Set as Defa
Set Path Request Support , . ote et as
Layout ﬁ— Add-Ons | Help 3 9 PR Profile ¥ Clustes .
* |1l Parallel ~| - *  [E] Learn MATLAB | CLUSTERS USING MATHWORKS SCHEDLILERS 1‘
Select a Default Cluster 3 RESCHIRCES MATLAB Job Scheduler

Use a MATLAB Parallef Server duster running MATLAB Job Scheduler

Dizcover Clusters... Local
Use the cores on your maching
Create and Manage Clusters...
9 CLUSTERS USING THIRD PARTY SCHEDULERS

FMonitor Jobs HPC Server
LSF

Parallel Preferences...

PBS Pro

Slurm

Torque

Generic
Use this to support all other schedulers or nonshared file systems
using ssh 2s a submission tool through a submission host

University of Maribor Open Science
Summer School
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Maister R2021a Profile

Generic profile could be renamed e.g. Maister

With command edit default values can be set to values required for Maister HPC

@ St Protie Maruge

' ™S > 5 & Mo Lerraes & Al
- v J £ T v i owere s v 2
o e
Duover AseClstm Owats Dad Irgest B0 (F pygie ) et ol Dvlpst Duset Vombte ¥
wn Pl Custm - 4 Doud Coveer
Oty Mabie GearericProfie) Trpe Gasecs: Mow Ao soofigad
s Propertes Vakdean
Whstoner cetma,
o i
satiptamy
Fokder whnty s dats b Wavwd oot [he Cwrt LTI e Sokder bty
MNarter of wrte ssase W dutw i detas
Mmoo barn
MNavter of corpetesaad Ursad (U U L each erber | rast]
W Thrna e
Roct fokder of WATLAD matataton £ woken vt s Swbubt
Liatmimes Lakssot
Uewnre rervber Opeonel. Used ook 1 > s srlew o
nnnnn )
........
Sater i srkbe Seratny wrew
TLETIR DV RCZSENT
Chaer oy’ opeesing spen ot spmasting cyaten Mefaal)
wrat fayitpsie
s rrage Sacaton i s e Yore et aod isster redes Yum (elngt)
Nestharedl) lnssnien
SCMTDULER PLUGIN .
(=13
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Maister R2021a Profile

 Description = Maister

 NumWokers = number of cores. Default

Owsrption of the cudee
Dedcriprion

Is infinite but 200 is quite large value

Fokder whess job chata is stoced on the chent . frcrane
Jobataragalocation

for Maister HPC. s it i -
* NumThreads=2 (every core have two e A

Lustariat labicat

Lcnnge aumber jOpsoned Used only I this cdude uses oniine

threads)

« ClusterMatlabRoot=/ceph/grid/software e

/matlab2021a

Mo stosage loaation is accessbile from cheot andd duster nodes - e

University of Maribor Open Science
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Maister R2021a Profile

 PluginScriptLocation= folder on
personal computer with Matlab data

« AdditionalProperties = hostname,
username and password for ssh

aCCeSS

« RemoteJobStoragelLocation =

subfolder for Matlab temporary files

University of Maribor Open Science
Summer School
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Maister R2021a Profile

« Remalining fields can have default values

 Profile is saved with button Done

Aronatially send ose Thet 10 chastey Ounsd Mhes o fodders mrust be Raoad e T me
AstactedFies rogesty
AUTOATEAOM Y 1 e

Manuadly specy By mid Iskders 4 copy Sam chant 35 chtamr rodes 10T Ty
o hrel
At

A

Ay speRy Roklors w0 2001 A0 e wirbets Searth pams IOae selry e bred
AL L dmal et he

WoRELRY
Rarge ol runser of watken 1o run xis -
e N et Detaht v 1Y o)

Netirn Cotermnd setdow Oltput e oofmit
txreazy Dwin -

PR Ry Specly ateTormment variathes 5 cogry from chent 1o sanoey (Dne sty

et brwt

Envircresss Vaciatls
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Maister R2021a Profile validation

Select tab Validation

Choose small number of workers e.g. 3

- Parallel Pool test does not work O
e ek @ . T v Tt
 Lately also Job test does not work [E

e

University of Maribor Open Science
Summer School
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Maister R2021a Example

 https://www.hpc.ilastate.edu/quides/using-matlab-parallel-server#ex?2 parallel

 Parallel job
« Parallel command in the Matlab (e.g. parfor) enables parallel execution
« parallel_mywave.m :
parfor i=1:10000000
A(i)=sin(i*2*pi/2500000);

end

University of Maribor Open Science
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https://www.hpc.iastate.edu/guides/using-matlab-parallel-server#ex2_parallel

Maister R2021a Example

% Initialization of the profile.
c = parcluster('Maister') % Maister is the name of the profile

al®

Define properties for Parallel Server:

 Program for parallel execution on

c.AdditionalProperties.NumNodes = 1; % Number of nodes

the Malster H PC c.AdditionalProperties.ProcsPerNode = 9; % Number of processes per node.
c.AdditionalProperties.WallTime = '2:00:00"; % Max. time for the job
c.AdditionalProperties.QueueName = 'grid'; % Queue partition name
c.AdditionalProperties.AdditionalSubmitArgs = '';

 Total number of processes is 9

% Start the timer:

while 8 processes are dedicated to e

. . % Send the program 'parallel mywave.m' on Maister.
the JOb and One for JOb Control myjob = batch(c, 'parallel mywave', 'pcol', 8, 'AutoAddClientPath',false)

% Wait for finish.

wait (myjob)

% Print diary

diary (myjob)

% Load the results:

load (myjob, "A');

%—— Plot the results —--%
plot (A):

% Display the duration time
toc

University of Maribor Open Science
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Maister R2021a Example

« Program is waiting on the personal

computer

« At the end diary is printed and for

this example plot is drawn

University of Maribor Open Science
Summer School

Job
Prog
21
‘I'-‘; oo
erna n
3t ad
SubmitDateTine! 29-Nov-2020 15:07:0¢
StartDateT Lme:
Funning Duration: O days Oh Om O=2

NumWorkersRange: (9 9]
NumThreads: 2

AutoAttachFiles: true
Auto Attached Files: Liat filex
AttachedFiles: ()
AutoAdacllentPath: rfalpe
AdditionelPath=: |

Envik e ()
1n
Numbe ding
Humber Running
lumber Finished
T ip Ergor i
Taak ) of Warning ]
hedul Ir 1
tart Diary
End Dlary
Elapaed tine iz 1 3 nd.
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Graphical

access to
Maister
HPC

Univerza v Mariboru

*Sometimes GPUs could be used for interactive work.
*Only one node is dedicated to interactive work.

*For display the personal computer should be used.
It is required that is running X-Windows subsystem.

*The user should have ssh access to Maister HPC (username and password).
*The ssh terminal aplication should support X11 forwarding.

*Running the program on dedicated node displays the window on personal computer.

University of Maribor Open Science Summer School
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Summary

« Maister HPC is powerful supercomputer

« The user can run their own programs, open source
programs or commercial programs with academic

license

« There are several ways for accessing and running
jobs on Maister HPC

« Some tools enables usage without knowledge of
special operating system or queue management

\f Maribor Open Science
Summer School
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