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WHO WE SUPPORT

SERVICES

MED/VET RESEARCHERS WET LAB RESEARCHERS DRY LAB RESEARCHERS
COURSE LEADS

GUIDANCE / ASSISTANCE WITH DS ANALYSIS & RDM PRACTICAL COMPUTING ADVICE / UPSKILLING



HDS SERVICE CORE

SERVICES

CONSULTATIONS

Need guidance? Drop by for a consultation on 
your DS analysis

COMMISSIONED RESEARCH

C o m m i s s i o n e d  D S A n a l y s i s
C o m m i s s i o n e d  S u p e r v i s i o n

OUTREACH

Conference, seminars and networking events -
Join us!

?

COURSES & WORKSHOPS

Data Science skills, Tools and HDS Topics



COURSE TRACK

DATA LAB & HDS SANDBOX

S k i l l  S e t s  a t  D i f f e r e n t  L e v e l s :

• P r o g r a m m i n g  ( R ,  P y t h o n )  

• O m i c s  D a t a  A n a l y s i s  ( D N A ,  R N A ,  
P r o t e i n )

• H i g h  P e r f o r m a n c e  C o m p u t e  T o o l s

• M a c h i n e  L e a r n i n g  f o r  H D S  

D a t a  L a b  ( i n t r o  &  i n t e r m e d i a t e )

H D S  S a n d b o x  ( i n t e r m e d i a t e  &  

a d v a n c e d )
Practical AI for 
Biomed

1st class on 
October 19th



HEALTH DATA SCIENCE SANDBOX

SERVICES

• Webs ite with  tutor ial s ,  gui de s,  
onboard i ng  

• Workshop s run  local ly  by  
Sa ndbox s ta ff

• Externa l  courses supported  
by  Sa ndbox resou rces

• GitH ub  with  acc essi b le  
m ater ial s  &  env ironment  setup

• Conta iners on DockerH ub

https://hds-sandbox.github.io

S a n d b o x  a p p s  a l l o w  
i n d e p e n d e n t  u s e  o f  d a t a ,  
t o o l s ,  &  g u i d e s  

https://hds-sandbox.github.io/
https://hds-sandbox.github.io/
https://hds-sandbox.github.io/


course objectives

• Explain the purpose and structure of a bioinformatics 
pipeline

• Develop and manage reproducible data analysis pipelines 
using Snakemake (and briefly nextflow)

• Control the software environment of a workflow/pipeline 
using workspace management tools like conda and docker

• Manage data and computing using best practices (RDM) 
and appropriate compute provisioning (HPC)



https://hds-sandbox.github.io/HPC-lab/workshop/pipes-requirements.html



Introduction 
to pipelines



INPUT OUTPUT

TASK 1 TASK 2 TASK 3 TASK 4

purpose of a bioinformatics pipeline



INPUT OUTPUT

TASK 1 TASK 2 TASK 3 TASK 4

Nanopore long reads Fully assembled (circularized) pathogen 
genomes

Genomics

purpose of a bioinformatics pipeline



INPUT OUTPUT

TASK 1 TASK 2 TASK 3 TASK 4

Nanopore long reads

Single cell transcript short 
reads 

Tandem mass spectra

Fully assembled (circularized) pathogen 
genomes

Gene expression profiles across mixed 
cell types/states

Genomics

RNA-seq

Proteomics

Protein and peptide identification and 
characterization

purpose of a bioinformatics pipeline
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components of a pipeline

Data Procedures Environment Platform Version control

The raw 
experimental files 

going in (e.g. 
FASTQ reads) and 

the processed 
results coming 

out (e.g. aligned 
BAMs, count 

tables, figures)

The ordered series of 
tasks/tools that do 

the actual work (QC, 
filtering, 

mapping, annotation, 
output), with each 

step's output feeding 
the next

Specific software, 
tool versions, and 

dependencies 
each step needs. 
Often more than 

one, since 
different steps 

may need 
conflicting 
versions 

Where it all runs: 
the platform 
providing the 

CPUs, memory, 
and storage, plus 

the scheduler 
that allocates 

them (your 
laptop, an 

HPC cluster or 
the cloud)

The record of 
how the pipeline 

is defined and 
how it changed 

over time, so the 
workflow itself is 
reproducible and 
shareable (eg Git)



components of a pipeline

Data Procedures Environment Platform Version control
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why use an HPC?

Reproducibility

Same tool versions and 
dependencies, same 

master files, same 
compute resources

Scalability

Easily upgrade a job's 
resources beyond laptop 
power without needing 

to overspend

Collaboration

Shared data, 
environments and code 
lets more people access 

and reproduce your code

Safety

HPC providers have 
higher security standards 

and adequate backup 
procedures

Be careful when working 
with sensitive data on 

someone else's 
computer!
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Do you work with sensitive data?



https://www.weka.io/learn/hpc/what-are-hpc-and-hpc-clusters/

Node

- Any physical device that 
can send, receive, or pass 
information

- In HPC, this term is 
normally used in reference 
to a compute node or a 
login node

- Nodes are interconnected 
to facilitate communication 
and data transfer between 
them

HPC architecture



https://www.weka.io/learn/hpc/what-are-hpc-and-hpc-clusters/

Login Node

- A computer that acts as 
the front end to the HPC 
system, where users access 
(request) cluster resources 
and submit tasks for the 
computing nodes to 
perform

HPC architecture



https://www.weka.io/learn/hpc/what-are-hpc-and-hpc-clusters/

Computing Cluster

- A (large) group of closely 
interconnected computers 
that work together as a 
single system to complete 
jobs

HPC architecture



https://www.weka.io/learn/hpc/what-are-hpc-and-hpc-clusters/

Job scheduler

- Type varies by platform, 
but manages and 
schedules jobs (tasks) 
across compute nodes 
allocating resources to 
complete the job

HPC architecture

Job 
scheduler / 
workload 
manager



https://www.weka.io/learn/hpc/what-are-hpc-and-hpc-clusters/

Computing Node

- An individual computer 
within the compute cluster 
made up of a set of 
processors and their local 
memory

- ‘Size’ of the node 
traditionally varies by 
number of processors / 
amount of memory

HPC architecture



https://www.weka.io/learn/hpc/what-are-hpc-and-hpc-clusters/

Parallel File System

- Specialized for efficient 
read/write access to data 
storage by potentially 
many compute nodes (and 
independent users!) 
operating in parallel

HPC architecture



https://www.weka.io/learn/hpc/what-are-hpc-and-hpc-clusters/

Storage System

- Provides persistent storage 
for data and programs 
used by the HPC system

- Not your standard SSD 
system, requires fast, 
sophisticated orchestration 
of requests to high-end 
servers (data nodes) such 
that wait times are 
minimal

HPC architecture



Access login 
node

Transfer 
data to 

platform 
storage

Configure 
tools

Set up 
scripts / 

test scaling

Write job & 
submit to 
scheduler

After 
queuing, 

monitor job 
run

Check 
output / 
revise

standard HPC workflow



access login node



• Filezilla
[linux/mac/win]

• Cyberduck [mac]

• MobaXterm [win]

• WinSCP [win]

transfer data
On the terminal you can 
use scp or rsync instead

https://filezilla-project.org/
https://filezilla-project.org/
https://cyberduck.io/
https://cyberduck.io/
https://mobaxterm.mobatek.net/
https://mobaxterm.mobatek.net/
https://winscp.net/eng/index.php
https://winscp.net/eng/index.php
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tool configuration and testing

HPC platforms often 
manage dependencies 

via modules. Otherwise, 
manager your own 

installs with tools like 
conda or Docker.

Look for community 
standards: protocol and 
benchmarking papers, 

curated pipelines or 
senior advice.

Pipelines are not born 
ready: you need to 

prototype first.

Since many of the issues 
you will find are 

platform-dependent, it 
makes sense to 
prototype in the 

platform your pipeline 
will be run in later 
(when feasible).

After installs, test with a 
benchmark dataset; try 

your best and worst 
examplers to surface bugs. 
In some sense, your task is 
to find what will break (ie 

edge cases, data 
formatting issues,e tc.)

Rule of thumb

If your analysis runs 5x 
without changes, start 

formalizing it into a 
pipeline



job schedulers

Job schedulers have 
resource monitoring 

tools that you can use in 
writing intermediate 

pipeline data.

Terminal output is 
stored in log files: std.err 
&/or std.out depending 

on your setup.

SLURM

Simple Linux Utility for 
Resource Management

Used at GenomeDK and 
many other servers. 

Supports paralllel job 
arrays and cores-per-

task

You must specify cores, 
RAM & runtime up front, 
so expect some trial and 

error.

Start small on resources 
when protoyping, you can 

scale easily later. That 
said, your estimates are 

often wrong, so don't try 
to be too conservative.



common SLURM comands

sbatch submit a batch job

squeue view running vs pending jobs

scancel kill a specific job

srun interactive / run a step

jobinfo status of a specific job

Sinfo stats on nodes and partitions



UCloud is... different



interactive vs batch

Interactive jobs let you request compute 
resources / access a node from an active 

terminal.

- Realtime output as you run commands (like 
working on your local machine)

- You must remain logged in / active while 
you are running an interactive job, or your 

computations will be cancelled

- Great for debugging, but not great for 
running lengthy jobs, or running multiple jobs 

in parallel

Batch jobs let you request compute resources 
or access a node using a job script.

- No realtime output or ability to respond to 
errors / fix bugs

- Includes commands that load necessary 
tools and data directories for the entire set 

of computations

- Great for running lengthy/parallel jobs 
independently (without being logged in / 

active monitoring), bad for 
debugging/troubleshooting



tips for setting up jobs

Use commands for getting 
info on the different nodes 

available (ie sinfo for 
SLURM)

Always check platform 
documentation to see how 
you will be billed for using 

different resources

Some platforms may charge 
you for using an entire node 
regardless of core number 
requested (sensitive data 

compartmentalization)
Fancier nodes (GPU / fat 

nodes) cost more

Don’t request the max RAM 
for a node, because slightly 
less is available in realtime 

operation

Optimize your job 
accordingly and use usage 

monitoring tools

Remember to design your 
pipelines to benefit from 

parallelization when 
possible, this will save you 

time and money in the long 
run



UCloud & 
GenomeDK

Setup



HPC alternatives

UCloud GenomeDK Computerome DCAI/Gefion LUMI

CPU nodes 6592 vCPUs
52 thin/60 fat (~11k 
cores) (expanding)

692 thin/55 fat (50k 
cores)

191 nodes/112 
cores each

2048 nodes/128 
cores

GPU nodes
32 NVIDIA H100s, 
some older A100s 

and L40s

24 NVIDIA L40S 
(expanding)

40 NVIDIA V100s, 
some NVIDIA A100s

1528 NVIDIA H100s
2978/4 AMD 

MI250x

Storage 3 PB 33 PB 50 PB ~8 PB ~120 PB

Security ISO 27001
ISAE 3000 + ISO 

27001
ISAE 3000 + ISO 

27001
NA

ISAE 3000 + ISO 
27001

Sensitive data yes, ‘at own risk’ yes, ‘closed zones’ yes, private clouds not yet not yet

Env mgmt conda
Singularity, 
Apptainer

conda (& Docker?) NA
Singularity, 
Apptainer

OS UCloud GUI AlmaLinux 8 CentOS 7
Red Hat Enterprise 

Linux (RHEL)
SLES 15 / CRAY



In-houseExternal

Via KU IT
(DeiC membership)

Via Grants

UCloud

Via direct 

contract
(you pay)

Rubus
DeiC EuroHPC

UCloud

+ 10 other 

EuroHPC systems

Whoever you 

want to pay
UCloud

Computerome2

free

free

paid

paid

Local 

systems
Hendrix, 

BRIC cluster, Bio 

Cluster,

...

paid

GDP

R

GDP

R

GDP

R

GDP

R

GDP

R

Slide from Henrike Zschach 
(KU-IT)

access to HPC resources



Slide from Henrike Zschach 
(KU-IT)

UCloud
Type 1

LUMI
Type 5

RUBUS
local KU

GenomeDK
Type 2

Personal Data

DPA + ISO cert
Not built for 

sensitive data

same 

organization

(    )
ISO cert but no DPA

- but you can make one!

User base Users unfamiliar with 

HPC

Users very 

familiar 

with HPC

Users familiar 

with HPC

Users familiar 

with HPC

Interface Custom graphical UI

(can get terminal via UI)

Terminal + 

UI via On Demand

(Jupyter, Matlab, VSCode)

Terminal

(+ UI via On Demand 

in the future)

Terminal + 

virtual desktop

Cost

Basic amount free

Extreme scale use via:

• DeiC HPC grant

• contract w UCloud

Basic amount free

Extreme scale use via:

• DeiC HPC grant

• EuroHPC grant

Three payment models:

• Pay as you go

• Own hardware (integrated)

• Own hardware (separate)

Basic amount free

Extreme scale use via:

• DeiC HPC grant

• contract w GenomeDK

Connected to KU 

Network Storage

GPUs NVIDIA AMD NVIDIA

access to HPC resources



what is UCloud?

UCloud is a unified research environment built by SDU. It has several 
types of compute resources available (CPU, GPU, fat nodes, etc). More 
importantly, it has a well designed, custom User Interface that you can 
access directly through your web browser.

It packages complex data science pipelines and analytical tools into 
ready to launch applications. This makes advanced computing highly 
accessible to beginners.



UCloud vs regular HPC

UCloud is not a good 
example for the general 
experience of operating a 
HPC. It abstracts away some 
of the complexity involved in 
accessing HPC resources.

- Allows compute and 
storage resources from 
different providers to be 
accessed through the 
same interface 
(SDU/AU/AAU)

- GUI to help beginners, 
but can still support 
advanced work



interactive HPC with UCloud

1. Search & 
then click on 

link

2. Sign-in via 
KU portal

https://cloud.sdu.dk

https://cloud.sdu.dk/


interactive HPC with UCloud



interactive HPC with UCloud



interactive HPC with UCloud

Apps can be starred 
for easy access



workspaces



workspaces

Virtual workspaces 
allow you to share 
resources and work 
together with project 
collaborators

Project folders and 
files that only belong 
to the active 
workspace will be 
accessible from the 
menu at the left



UCloud demo 1 2

App & version (dropdown menu to 
change it)

Read documentation before using it  

Import parameters from previous 
runs or JSON file 

Job name, hours, and machine type 
(resources set-up)

Folders to access while running this 
particular job

Module to use (which includes 
Notebooks & Data)

1

2

3

4

5

6

3

4

5

6

7

7



UCloud demo

Choose ‘Open Interface’ once your 
job starts to get to your RStudio 
instance

Remember you can return to the 
job via the ‘Runs’ menu
- Check remaining time
- Top up time if you’re running 

out
- Stop job via ‘Stop application’ 

button to stop burning compute 
if you’re done
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what is GenomeDK?

GenomeDK is Aarhus University's high-performance computing cluster, 
especially strong for genomics and health/life-science workloads. It 
is open to researchers across Danish universities, the public sector, and 
SMEs.

It is ISO 27001 certified and approved to store sensitive data in 
compliance with GDPR and the Danish Data Protection Act, which is 
what makes it suitable for real patient/health data.

Access is organised into zones. Most users belong to the "open" zone, 
while sensitive projects run in restricted ("closed") zones.



connecting to GenomeDK?

You interact with the cluster over SSH (Secure 
Shell), an encrypted terminal session on a remote 
machine. There's no screen or keyboard to walk 
up to; you connect from your own computer. First 
you need an account (request it via the user-
request form) and you must set up two-factor 
authentication before your first login.

Connect from an IDE:

In VS Code, install the Remote–SSH extension, 
choose "Remote-SSH: Connect to Host…", and 
enter <username>@login.genome.au.dk. You 
then edit files and run code on GenomeDK as if 
they were local, with a real editor, terminal, and 
extensions. 

Connect from a terminal:

# this drops you onto the login 
node, which should be your staging 
area, not where heavy work runs

ssh <username>@login.genome.au.dk

mailto:%3cusername%3e@login.genome.au.dk


GenomeDK configuration

GenomeDK uses Slurm to organize compute resources. 
You ask Slurm for cores/memory/time, and it places your 
work on a compute node. Remember to always charge 
exercises to our project account: DeiC-KU-L65

# interactive session (for debugging)

srun –account=DeiC-KU-L65 –mem=8g –cores=2 –time 02:00:00

# batch job (for real, long-running work). Write an sbatch script and 
submit it:

sbatch my job.sh #should contain #SBATCH lines and your commands
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