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Agenda

Why do we need supercomputers?

Supercomputers at the University of Maribor

Software and Usage

Useful contacts and links
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Solving system of linear equations
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Matrix order

N

Required

memory

(64-bit)

= 8𝑁2 bytes

Required

floating point

operations

[FLOPS]

= 𝑁3/6

Solving time 

on high end

personal 

computer

Solving time 

on HPC

104 800 MB 1012/6 3 min 2 s

105 80 GB 1015/6 46 hours 30 min

106 8 TB 1018/6 5 years 21 days



Purpose of HPC at University of Maribor
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High-performance computing (HPC)

Paral lel  engineering simulat ions

Art i f ic ial  intel l igence and machine learning 

Data storage and data mining

Basic requirements:

Fast and eff ic ient s imulat ion

Fast data transfer



First computers

IBM 1130 – 1969 first computer at the University of 

Maribor ht tps : / /b l og .cob i ss .s i /2021 /05 /12 /p i on i rsk i - cas-mar i borskega -

racuna ln i s tva -do-us tanov i tve -un i verze - le ta -1975/

CONVEX – 1992? - f irst vector supercomputer at the 

University of Maribor - ht tps : / /www.o ld -

computers .com/ Museu m/co mputer.asp?c=983&st =1

Univers i ty  o f  Mar i bor  Open Sc ience  Summer  Schoo l 5

https://blog.cobiss.si/2021/05/12/pionirski-cas-mariborskega-racunalnistva-do-ustanovitve-univerze-leta-1975/
https://www.old-computers.com/Museum/computer.asp?c=983&st=1


Computer clusters

1992 – 2012 - Nblue,  Rheat – personal  computers connected into 

computer  c lusters

Hpc-core – 2012 - f i rs t  compact  computer  c luster   a t  the Univers i ty  

of  Mar ibor

• 2  TFLOPS 

• 14 computer  nodes wi th a  to ta l  o f  224 cores

• Most  nodes have 512GB RAM

• 16TB SSD storage

• 10Gb interconnect  network
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HPC RIVR 2018

• HPC RIVR project  with a budget of  20 mil l ion EUR

• Consort ium of  UM, IZUM, and FIS in cooperat ion with 

SLING

• Prototype HPC - UM

• Dislocated nodes and remote access – FIS

• Peta-scale HPC - IZUM
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HPC Maister since 2019

• A large number of  nodes at  a small  place with small  

energy consumpt ion

• Dimensions - 6,5 x 2,9 x 2,9 m 

• Capacity – 4 system racks for max. 168 units

• Cool ing – redundant mechanical cool ing 2x40kW

• Power supply – up to 80kVA, 20kW UPS (for cr i t ical  

dev ices only) min 6min
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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
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Maister 

configuration

Network

• E thern et 100Gb/s
• In f in iband 100Gb/s

Storage

• SSD s torag e - 138T B SSD
• HDD s torage – 2,88PB

GPU nodes

• 6  n o d e s ,  e a c h  w i t h  4 x  N V I D I A  T E S L A  V 1 0 0  G P U s  

•CPU nodes

• 76 nodes ,  each 2x AMD EPYC 32C,  512GB RAM, 2x 960GB SSD,  
100Gb/s  networ k

•Serv ers,  login nodes

• 3  servers ,  contai n in g number  of  vi r tua l  servers  and log in nodes

10



Maister 

HPC
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Serv ers and login nodes

• mais ter . hpc- r i vr . um.s i  – Centos  8 head node f or  c lus ter  (not  d i rec t l y access ib l e)
• rmais ter . h pc- r i vr . u m.s i  – Centos  8 log in node (al ias  rmais t er 1, rma is t er 2,  rmais ter 3,  rmais ter4 )
• spreml j eva l ec 1. h pc- r i v r . u m.s i  – Centos  8 web server  f or  s lurm user  in ter f ac e

Ethernet workers

• cn01-cn48 – Centos 8 for job execution (accessible using Slurm)

Inf iniband/Ethernet workers

• dpcn01-dpcn28 – Centos 8 for job execution (accessible using Slurm) 

•GPU workers

• gpu01-gpu06 – Centos 8 for job execution (accessible using Slurm) 

•Storage SSD

• /ceph/gr i d /h o me/ us ern a me – 200GB disk quota (ext en di b l e on reques t )

Storage HDD

• /ceph/gr i d /h o me/ us ern a me/C EPH 2 – 200GB disk quota (ext en d ib l e  on reques t )

• Amazon cloud S3 storage - 200GB d isk quota (ext en d ib l e on reques t )

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

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


Vega initial

configuration

12

An involvement of EURO HPC 

grant ing addit ional 7M€

The design should be augmented,

and the projected power 

consumption was too high

Liquid cool ing was required, and 

the Euro HPC tender required a 

complete solut ion



Vega

HPC

2020
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Servers and login nodes

• CPU login – 4 servers
• GPU login – 4 servers
• Vi r tual i zat ion and serv ice – 30 servers

CPU parti t ion

• 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 m em ory nodes (2x AMD Rome (64c, 2.6GHz, 280W) 1TB RAM 1x HDR100 single port mezzanine 1x 1.92TB M.2 SSD)

GPU parti t ion

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

•HPST - High-performance storage tier

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

•LCST - Large Capacity Storage tier

• 23PB (61 nodes wi th HDD wi th paral lel f i l e system ) 

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

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


Trdina

HPC

2020
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Servers and working nodes

•2 CPU large memory node
•4 GPU NVIDIA V100 node
•SSD distributed disk server 138TB



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/
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https://doc.vega.izum.si/cluster-access/


Access to HPC at University

of Maribor

• Due to securi ty reason access to Maister HPC and hpc-core

is restricted to university network

• From outside access requires Virtual Private Network (VPN)

• User should instal l and use VPN cl ient on home computer to 

get access to university network

• More information: 

https:/ / i t .um.si/zaposleni/Strani/default .aspx
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https://it.um.si/zaposleni/Strani/default.aspx


hpc-core.um.si

• Access is possible for small and specif ic jobs 

due to small available number of cores

• Request should be addresed to 

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


Maister HPC

• Detai led instructions on https://www.hpc-rivr.si/uporaba-

hpc/

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

• The user wil l  obtain username and password for ssh

access

• Profi le sett ings (pasword change etc.) is done on webpage

https://f ido.sl ing.si/
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https://www.hpc-rivr.si/uporaba-hpc/
mailto:hpc.podpora@um.si
https://fido.sling.si/


ssh
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Putty

• https://www.putty.org/

Windows terminal

• Microsoft Store
• https://docs.microsoft.com/en-us/windows/terminal/instal l

Usage

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

•Using SSH public keys

• 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

•Password change or setting of SSH public keys 

• Maister - https://fido.sling.si/

• Hpc-core – add the key into ~/.ssh/authorized_keys

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)
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Data 

transfer
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SAMBA - smb

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

sftp

scp

•WinSCP

•https://winscp.net/eng/download.php

•

https://winscp.net/eng/download.php


SLURM

22

S L U R M  - S i m p l e  L i n u x  U t i l i t y  f o r  R es o u r c e  

M a n a g em en t

B a s i c u s e r c o m m a n d s

s i n f o

s q u eu e

s b a t c h

s r u n

s a l l o c

s c a n c e l

A d m i n i s t r a t i v e  c o m m a n d s

s a c c t

s r ep o r t

s c o n t r o l



sinfo

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

The command for displaying information about the 

queue

• sinfo

• sinfo -o " %n,%c,%d,%e,%O,%T" --sort=+N
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https://slurm.schedmd.com/sinfo.html


Maister HPC – partitions (queues)
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Partition name Namen uporabe

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.



squeue

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

Shows jobs in the queue

• squeue

• squeue –p gpu

• squeue –u $USER

• squeue -o '%i,%P,%j,%u,%T,%R,%M,%l,%D,%N‚
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https://slurm.schedmd.com/squeue.html


scancel

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

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


sbatch

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

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 f i le system. Program parameters are defined in form of bash 

script. Interactive access with ssh is needed just for submitt ing the job and transfer of input data 

and results.

Submission of job is in the form:

• sbatch myjob.sh

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

The creation of f i le myjob.sh and input data can be automated with special application.
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https://slurm.schedmd.com/sbatch.html


sbatch file example

Sbatch file contains slurm commands.

The f i le is in the form of a bash script, where slurm

commands are l ines start ing with #SBATCH.

Lines without comment are actual job commands .
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srun

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

Parallel program execution using slurm

I t  can be used in a sbatch script f i le. Command srun can also be used directly from the command 

l ine, providing we have al located required nodes with command salloc.

Syntax of srun command:

• srun [OPTIONS(0)…] [ :  [OPTIONS(n)…]] executable(0) [ args(0)…]

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

srun --pty bash

This wil l  create a command shell for an al located period of t ime. 
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https://slurm.schedmd.com/srun.html


salloc

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

Allocation of cluster resources

• sal loc [options ]  [<command> [command args ] ]

• sal loc --nodes=3 sh

salloc: Granted job al location 84

$ srun --label hostname

2: n03

0: n01

1: n02

$ exit
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https://slurm.schedmd.com/salloc.html


Administrative commands

Users can not use these commands!

• scontrol : Modif ication and repair of the queue sett ings. Some nodes could be down or drained ,

and the administrator can f ix i t .  

• sacct : Accounting display of the queue.

• sreport : Report of cluster resources usage. 
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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/QuickStar t/Submitt ingJobs/S lurmTutor ia l .html

Execut ing ser ial  or paral le l  programs using the scr ipt

Paral le l execut ion

• Mul t i threaded appl icat ions (OpenMP)

• Paral le l  job ut i l izing one or several  nodes using mpirun instead of  srun (MPI,  OpenMPI,  MPICH, IntelMPI,  

PlatformMPI)
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https://support.ceci-hpc.be/doc/_contents/QuickStart/SubmittingJobs/SlurmTutorial.html


Program installation

Users can run any program compat ible wi th RedHat/Centos f rom the home folder

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

If  the program is not compat ible,  i t  can be used in the Singular i ty container https:/ /sylabs. io/docs/

• Program is instal led in a container wi th an operat ing system

• Sometimes Docker containers can be converted to Singular i ty containers

• Container is  then executed using Slurm

• Singular i ty containers can run paral le l  on several  nodes using OpenMPI

• Unfortunate ly,  support  for W indows programs is l imi ted to programs running in W ine ( https:/ /www.winehq.org/ )
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https://sylabs.io/docs/
https://www.winehq.org/


Graphics user interface (GUI) 

for SLURM

• GUI for Slurm monitoring https:/spremljevalec1.hpc-

rivr.um.si/PHPQstat

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

• GUI for job submission https://spremljevalec1.hpc-

rivr.um.si/PHPSBS
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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


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

Users should have ssh credent ia ls

Select ing a tab bar at  the top show di fferent aspects of  the queue
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat


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

Host status shows nodes wi th avai lable resources
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat


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

Click ing on a node shows al l  current jobs on the node
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat


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

Queue status displays al l  pending and running jobs
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat


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

At the bottom there is an account ing graph and summary of  pending and running jobs
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat


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

Click ing on username al l  jobs for selected user are displayed
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat


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

It  is  possible to observe ssd disk  usage by users (not so relevant due to the disk  quota)
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https://spremljevalec1.hpc-rivr.um.si/PHPQstat


https:/spremljevalec1.hpc-rivr.um.si/PHPSBS  

The tool  for job submit t ing in the SLURM queue

Tab bars indicate the tool  for a speci f ic  program

The home bar shows current l y running programs which can be stopped wi th the scancel button
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS


https:/spremljevalec1.hpc-rivr.um.si/PHPSBS  

The tool  srun enables uploading and running users programs

Sett ing are saved into .PHPSBS f i le in users home folder on Maister HPC
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS


https:/spremljevalec1.hpc-rivr.um.si/PHPSBS  

For this example, a s imple bash scr ipt  wi l l  be used .

On a personal  computer s imple f i le wri te_num.sh was created in notepad:

#! /bin/bash 

set –v

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

echo $i

sleep 1

done
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS


https:/spremljevalec1.hpc-rivr.um.si/PHPSBS  

W ith the tool  srun f i le wri te_num.sh is selected , and the number of  cores were set

It  is  also possible to select  a speci f ic  node where the prog ram wi l l  run

Then the submit  but ton is c l icked and job is submit ted
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS


https:/spremljevalec1.hpc-rivr.um.si/PHPSBS  

After refreshing,  the state of  the job is  displayed. It  could be in a pending state for a whi le.  W hen i t  is  

running current  output  is  displayed. The browser should be refreshed to display the latest  s tate.  
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS


https:/spremljevalec1.hpc-rivr.um.si/PHPSBS  

W hen the job is f in ished, the latest  state is displayed in the table and the resul ts can be downloaded or deleted. 
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS


https:/spremljevalec1.hpc-rivr.um.si/PHPSBS  

The tools for some programs are accessible on tab bar and addi t ional  tool  can be created when required.
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https://spremljevalec1.hpc-rivr.um.si/PHPSBS


Matlab on 

Maister 

HPC
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Matlab R2021a

•Matlab Parallel Server R2021 is installed on the Maister HPC.
•It  requires the installat ion of  Matlab 2021a on users personal computer.

VPN 

•W hen using it  outside of  the university network, VPN client should be used.

Access to Maister HPC

•Th e  u se r  sh o u ld  h a ve  ssh access  t o  Ma is te r HPC (use rname  and  passwo rd ) .

•Parallel Computing Toolbox

•On the users personal computer addit ional Matlab tool must be installed.

•Parallel Computing Toolbox plugin for MATLAB with Slurm

•On the users personal computer addit ional Matlab tool must be installed.



Parallel Computing Toolbox installation

In the Matlab on personal computer command Add-Ons should be selected

Then Parallel Computing Toolbox should be instal led

Univers i ty  o f  Mar i bor  Open Sc ience  

Summer  Schoo l 50



Parallel Computing Toolbox plugin for Matlab

Parallel Server with Slurm

I t  should be downloaded and instal led from webpage

https://www.mathworks.com/matlabcentral/f i leexchange/52807 -paral lel-computing-toolbox-plugin-

for-matlab-paral lel-server-with-slurm
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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 instal led
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Create and Manage Clusters

In parallel command l ine Create na Manage Cluster should be selected

Then with Add Cluster Profi le new profi le can be created using Generic template
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Maister R2021a Profile

Generic profi le could be renamed e.g. Maister

With command edit default values can be set to values required for Maister HPC
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Maister R2021a Profile

• Description = Maister

• NumWokers = number of cores. Default

is infinite but 200 is quite large value

for Maister HPC.

• NumThreads=2 (every core have two

threads)

• ClusterMatlabRoot=/ceph/grid/software

/matlab2021a
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Maister R2021a Profile

• PluginScriptLocation= folder on 

personal computer with Matlab data

• AdditionalProperties = hostname, 

username and password for ssh

access

• RemoteJobStorageLocation = 

subfolder for Matlab temporary files
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Maister R2021a Profile

• Remaining fields can have default values

• Profile is saved with button Done
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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

• Lately also Job test does not work
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Maister R2021a Example

• https://www.hpc.iastate.edu/guides/using-matlab-parallel-server#ex2_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

Univers i ty  o f  Mar i bor  Open Sc ience  

Summer  Schoo l 59

https://www.hpc.iastate.edu/guides/using-matlab-parallel-server#ex2_parallel


Maister R2021a Example

• Program for parallel execution on 

the Maister HPC

• Total number of processes is 9 

while 8 processes are dedicated to 

the job and one for job control
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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
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Graphical

access to 

Maister 

HPC
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Powerful GPU nodes

•Sometimes GPUs could be used for interact ive work.
•Only one node is dedicated to interact ive work.

X – windows on personal computer

•For display the personal computer should be used.
•It  is required that is running X-W indows subsystem.

Access to Maister HPC

•Th e  u se r  sh o u ld  h a ve  ssh access  t o  Ma is te r HPC (use rname  and  passwo rd ) .
•Th e  ssh te rmina l  ap l i ca t ion shou ld  suppo r t  X11  f o rwa rd ing .

•Running graphical programs on Maister node

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



Summary

• Maister HPC is powerful supercomputer

• The user can run their own programs, open source 

programs or commercial programs with academic 

l icense

• There are several ways for accessing and running 

jobs on Maister HPC

• Some tools enables usage without knowledge of 

special operat ing system or queue management
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THANK YOU

Miran Ulbin

miran.ulbin@um.si
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