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PC The skill Tree

A skill defines the contents to be learned and tested
* The skill tree organizes the competences as hierarchical skills

» Certificates bundle several skills into attestable uni

B9 >34 1: Supercomputers (K1)
B2 24 2: Performance Modeling (K2)

Ba>2i 3: Program (K3)
2> 2l K: HPC
Technology (BDA3) y Ba>2i 4: Job ing (K4)
P> 24 4: Data handling (BDA4) V£ > 2. 5: Modeling Costs (K5)
» 5: Machine Learning (BDAS) >3 6: Data Management Plan (K6)
B2 24 6: Workflows (BDA6)
_7: Evalutation and Benchmarking (BDA7) \

\ / 2> 2l 1: Cluster Operating System (USE1)

;/P *2 2: Running of Parallel Programs (USE2)
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\ i

M > 24 1: Programming Concepts for HPC (SD1) X s >~ 3: Building of Parallel Programs (USE3)
-
B> 21 2: Programming Best Practices (SD2) < B2 21 USE: Use of the HPC » 2 4: Developing of Parallel Programs (USE4)
i Skill Tree ———=—= Common Tasks (USES)

(SD3)

B> 24 3: Software C

* 2} 6: Software Design and Software Architecture (SD6)

B0 2 4: Agile Methods (SD4)
» 2} 5: Software Quality (SD5)

B9 2 SD: Software Development

8> 24 7: Documentation (SD7)

B2 24 8: Workflow System (SD8)

P24 1: Al System Design and Deployment (Al1)
P> 2, 2: Engineering and Infrastructure (A12)
B> 3 3: Al Modalities (AI3)
P2 24 4: Governance and Compliance (Al4)
P+ 21 5: Intelligent Interactions and Retrieval systems
(Al5)

P24 6: Al Services (A16)

a5
\r > 2 6: Workflows (USE6)
\_* i 7: Post-processing Tools (USE7)

\ B> 24 8: Al Services

7> 2 1: Theoretic Principles (ADM1)

™ Cluster Infrastructure (ADM2)

| B2v2 3: Cluster (ADM3)

. P21 4: Software Stack (ADM4)

» 2, 5: Workflow Management Systems - Snakemake
(ADM 5)
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1PC The skill Tree

SPECTRA

e Using an HPC environment including Linux basics
e Organized into Node Skills, further Broken Down into Leaf Skills

r o 1 Command Line hterface (USEL1)
[+ 24 2 Shel Seripte (USEL2)
’ 2 3: Unix fle system (USEL 3]
B+ 2 1: Cluster Operating System {USEL] J _*al 4 Remate Access (USELA)
1 »# 1 Environment Modules (USEL 5.1)
l'.,. B+ 2 5: Saftware Environment (USEL5) .."’ » ¥ 7 Spack (USEL.5.2)
| »# 3: Conda environments (USELS.3)

) * o 1: Job Scheduling (U5E2.1)
| B+ 2 2: Aunning of Parallel Programs (USEZ) -

" , \_*& 2t job Seripts (USE2.2)
‘ * = 3: Building of Paralle! Programs (USE3)

\ *m ¥ Developing of Parallel Programs (LSE4)

'\, * s 2 Automating Common Tasks (USE3

2 1: Selecting Workflows (USES.1)
(" + 21 2 Workflow Configuration (USE .2)
B+ 2L & Workflows (USES) |~ + 21 3: Workflow Parameterizatian for HPC Clusters |USE
V63
| '-_;gi Running WorkAows {LISE 6.4]

i+ 7: Post-processing Toals (USET)

1/23/2026 Kevin Lidemann (GWDG) 4



PG skl Tree - The Mind Map

'
B2 2L 1: Cluster Operating System (USE1) i > & 4: Remote Access (USE1.4)

{ \\l 21 1: Environment Modules (USE1.5.1)
|‘ '\ B2 > 2 5: Software Environment (USE1.5) f » > 2: Spack (USE1.5.2)
B2 » 21 USE: Use of the HPC Environment | ﬁ'\\ » 21 3: Conda environments (USE1.5.3)

)
\ Bos =+ 2 Dunnina af Darallal Draarame [1TSED)

 Each branch contains:
 Nodes with leaves
* Folder symbols for node skills
» Links to files of wiki for all skills, leaf and node skills

* Overview/Node skill
« Contains the descriptions of skills under it
« Contains aggregates and distilled learning objectives from skills

1/23/2026 Kevin Liudemann (GWDG) 5



HPC skill Tree - A Leaf Skill

/”
B2 2L 1: Cluster Operating System (USE1) l > & 4: Remote Access (USE1.4)
\" * > 1: Environment Modules (USE1.5.1)

5
l{

| |
l‘ \_ B2 5: Software Environment (USE1.5) j."/ » 2 2: Spack (USE1.5.2)
_P- » o USE: Use of the HPC Environment Jl '\ll\ » 2 3: Conda environments (USE1.5.3)

\ Bns 4 2 Dunnina af Darallal DraAarame [1ISED)

 Single enclosed, universal unit of learning

e Contains several learning objectives
» A leaf skill has content for 1 to 4 hours (including self-study time)
* Framing of learning objectives follow: Bloom’s taxonomy

e Has a unique identifier: for example USE1.5.1
e Can have requirements of other skills (either node or leaf)

1/23/2026 Kevin Liudemann (GWDG) 6



nPC Skill Tree — A Node Skill (Overview)

/”
B2 2L 1: Cluster Operating System (USE1) l > & 4: Remote Access (USE1.4)
\" * > 1: Environment Modules (USE1.5.1)

5
l{

' |
l‘ \ BB»2l 5: Software Environment (USE1.5) j."/ » 2 2: Spack (USE1.5.2)
_P- ’ USE: Use of the HPC Environment Jl '\ll\ » 3: Conda environments (USE153)

\ BRs 4 2 Dunnina nf Darallal DraAarame [1ISED)

 An aggregate unit of learning

e Contains several learning objectives
» 1-2 learning objectives distilled from skills immediately bellow it
« Learning time set by skill below this node
e Framing of learning objectives follow: Bloom’s taxonomy

e Has a unique identifier: for example USE1.5
e Can have requirements of other skills (either node or leaf)

1/23/2026 Kevin Lidemann (GWDG) 7



HPC ysE: use of the HPC Environment

SPECTRA

» 2 1: Command Line Interface (USE1.1) U . I t
((+i8 2:Shel scripts (U5€1.2) ¢ SN g a cluster
» 4 3: Unix file system (USE1.3)

Bl i % » 2 4: Remote Access (USEL.4) ° I d . d C
1: Cluster Operating System (USE1) / I n C u eS LI n UX an LI

f« \ * 21 1: Environment Modules (USEL.5.1)
f U‘" » 1 5: Software Environment (USEL.5) f » 21 2: Spack (USEL.5.2)

\ \ » 2 3: Conda environments (USE1.5.3) ® R u n n i n g jo bS With O ut

» 3 1: Job Scheduling (USE2.1)

n_)f Cazmspsisnn deeper knowledge

» 21 3: Building of Parallel Programs (USE3)

» 2 4: Developing of Parallel Programs (USE4) d D e e p e r kn OWI e d g e IS K

\\ » 21 5: Automating Common Tasks (USES)

* @ L: Selecting Workflows (USE6.1) o Adm|n|Strat|0n |S |n ADM

f( » # 2: Workflow Configuration (USE 6.2)

~\ B> 34 6: Workflows (USE6) %\ val :j:)\lorkﬂow Parameterization for HPC Clusters (USE ° B aS i S for al m OSt al I Oth e r

\ \_* & 4: Running Workflows (USE 6.4)

\‘a. » 31 7: Post-processing Tools (USE7) b ra. n C h e S
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SPECTRA

» 3 1: Systemn Architectures (K1.1)

| ; » 4 1. Processing Elements (K1.2.1)
| B 2: Hardware Architectures (K1.2) -
(¢ Y * a2 Network (K1.2.2)

»# 1: Media Types (K1.3.1.1)
[+ 2: Storage System (K1.3.1.2)

i

B+ 3 File Systems (K13.13) ,
i+ 2: Network File System (K1.3.13.2)

B+ 2 1: Supercomputers (K1) | B2 1 U0 Layers (K1.3.1) s

Dozt 4 Middieware (K13.04) [

PC Kk:HPC Knowled

» # 1 Parallel File Systems (K1.3.1.3.1)

+ 1 NetCDF (K1.3.1.4.1)

» ¥ 2: NetCDF/CF Conventions (K1.3.1.4.2)

f “‘x__ B2 3: Input/Output (K1.3) |

.’a_r--:_' 5: Parallel )0 (K1.3.15)

| » ¥ 6 POSIX (K1.3.1.6)
\ ‘ | * 2 2: Data Reduction Techniques (K1.3.2)
{,»2! 3: Data Management (K13.3)
|21 4: Access Pattern (K1.3.4)
| » 4 4: Operation of an HPC System (K1.4)

‘ +# 1: Performance Frontiers (K2.1)
‘x_P‘ »# 2: Performance Modeling (K2) | » 1 2: Bounds for a Parallel Program (K2.2)
\_ M 3: Performance Characteristics (K2.3)

[ » 4 1: Level of Parallelization (K3.1)

| o (" + a0 2: Parallelization Overheads (K3.2)
\ B+ 3: Program Parallelization (K3) }-
) ¢

» ¥ 3: Domain Decompasition (K3.3)
\_* 2 4 Autoparallelization (K3.4)

| »# 1: Basic principles of job Scheduling (K4.1)

| >
B +# 4: Job Scheduling (K4) J‘ » 4 2: SLURM Workload Manager (K4.2)
“‘__ » ¥ 3: Scheduling strategies (K4.3)

|| » 2 5 Madeling Costs (K5)
[Clm 21 RO o B0
\* & 6: Data Management Plan (KG)

1/23/2026

\_*a# 3: HOF5 (K1.3.14.3)

v L MP-IO (K1.3.15.1)
\_ *a 2: PNetCDF (K1.3.15.2)

ge Branch

« Understanding of HPC

* Deeper knowledge
when compared to USE

e Administration Is a
different branch

e Example:
 USE: Using a cluster

e K: Understanding a
specific workload
manager i.e. SLURM

Kevin Liudemann (GWDG)



HWPC ADM: Administration

SPECTRA

o Administrating
system (sysadmi

e Setting up and man
cluster

* Requires K knowledge

o Example:
 USE: Using a cluster

« K: Understanding workload
manager

 ADM: Setting up a workload
manager

& (52 (52 (G2 (52 (B (g1 |+

M
>
1
M
>
=
=

=

1/23/2026 Kevin Ludemann (GWDG) 10



SD: Software Development

*H 2 Shared Memary Systermm (SOL3.2)

G e | MPI
T * Best practices
| | | « Documentation

@ GPU Progr amming with CLOA [
Pra grarmeming F un dam an bal s (SOL281 f |

e  Parallel Programming,. |.e.

H3 3 NabCDP s &) SOL.23.0.0)
+3 4 NatCDF Parbran 90 AP 30012514
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+E @ PetCDF Matiah AR (SOL23. L)
MabCDF 0L AR (01291
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+3 L-NeCDF Perl AR (SOL2S.L1IL)

bE L NeCD P Parmabe O ska Acoasa (50123113

A

A — | ~» Understanding hardware

% Programiming kiom G2 |

B accelerators

W I—'\l.nH"T.U 7l

wion Control (S00.11

.  Programming languages

# L Tomk-dri v Chova ko rmant and Agile Tabing

are external for now

+E & Softwars Design and

Software Archibacture
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3 1 Souros Code Documentatian @009
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PECTRA

"" 1: Time To Solution Constralnts (PEL. 1)
r 1 2: Total Cost of Ownership (PEL. 2)

r- »X 1: Cost Awareness (PEl)

( ";g 1: Utilisation Principals (PE2.1)
» 1 2. 1/0 Performance (PE2.2) \P‘f » 31 2: Measuring System Performance (PE2)
Cf"'.‘g 3: Profiling Tools (PE2.3) j

» 2 1. Design & Documentation (PE3.1)
» 21 2: Controlled experiments (PE3.2) \P_‘_‘ *& 3: Benchmarking (PE3)
» 1 3: Strong vs. Weak Scaling (PE3.3) J

» 4 1. 1/0 Tuning (PE4.1)

iPC PE: Performance En

\ * 2 2: Tuning without Modifying the Source Code (PE4.2) \F'*' 4: Tuning (PE4) ]
» 2 3: Tuning via Reprogramming (PE4.3) j J

* 1 5: Optimization principals (PE5)

1/23/2026

gineering

e Understanding costs

e Tools for performance
analysis and measuring

 Benchmarking and
specific benchmarks

. Principles of

optimization/tuning

Kevin Lidemann (GWDG) 12



HwPC ppa: Big Data Analytics

SPECTRA

 Everything th
big data
e Tools

* Processing best pra

e Currently Machine Lear

e Al will become its own
branch

1/23/2026 Kevin Lidemann (GWDG) 13



HWPC Al Artificial intelligence

SPECTRA

 Everything th
big data
e Tools

* Processing best pra

e Currently Machine Lear

e Al Will become Its own
branch

1/23/2026 Kevin Ludemann (GWDG) 14
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IPC Beyond the Mind Map

 Requirements also allow a network representation
 Mind Map only contains relations and names

e Reminder, what is a leaf Skill

» Single enclosed, universal unit of learning

» Contains several learning objectives with content for 1 to 4 hours (including some
self-study time)

e Reminder, what is a node skill

« An aggregate unit of learning

« Contains several learning objectives
« 1-2 learning objectives distilled from skills immediately bellow it
» Learning time set by skill below this node
« Framing of learning objectives follow: Bloom’s taxonomy

1/23/2026 TTT, Kevin Lidemann (GWDG)
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HPC

You are here: Wiki

SkiliTree

1/23/2026

Table of Contents
Wiki

The primary purpose of this wiki is to enable comfortable editing of the skill definitions from
the git repository and for the available certificates. One skill or certificate is exactly one
page.

To navigate the skills effectively, use the Freeplane-based mindmap. Freeplane version 1.11
or higher is required

Editing the skill tree

We welcome improvements to the skill definitions and suggestions for skill tree changes.
The skill tree has several representations, the Freeplane mindmap version forms the base
with its navigational features and ability to link directly to the markdown files. The markdown
version is available in this ® wiki. Users may use it to modify the descriptions once
registered. All skill tree changes and modifications should be executed by creating a GitHub
pull request to either Markdown or XML representation. Note that the chairs for the subtree
may comment on or discuss the proposal. The Skill Tree and the related Markdown file
must have the same name and coordinates

Skill variations

A skill is located in a unique place in the skill tree, which is the URI (Uniform Resource Identifier). There may be multiple references to a skill in the
tree which are hyperlinked within the structure of the skill tree or linked and mentioned in the markdown file in the wiki.

On the skill tree, there are two types of entries: a: Leaf Skill and b: Node Skill. Both are defined similarly but require care with the learning
objectives.

Leaf Skill definition

A (leaf) skill is a single unit of leaming that can be taught in 1 to 4 hours, which includes self study time. It is clearly defined by its requirements and
the learning outcomes, which are learning objectives written using Blooms Taxonomy. Each skill is clearly separated from other skills and closed so
that can be taught and tested for without colliding with other skills.

A skill also needs to be universal, meaning it can be learned and applied to site, center, or computer independent. For example, if a skill contain
knowledge about principles these need to be phrased in a generalized manner or if a specific program is taught, this needs to be clearly stated in
the name of the skill and the description. One example can be parallel programming principles, which can be taught without knowledge of specific
paradigms such as OpenMP or MPI. These can be used as example during a course, but are not part of the skill. Similarly, workload managers can
be explained without stating a specific one, but a manager such as SLURM can be a skill on its own. This is a great challenge and benefits from
many contributors. Only by this can this framework really be considered a standard.

Node Skill definition

A (node) skill is a collection of leaves and other node skills. It contains all the learning outcomes from the skills immediately bellow it. The many
learning outcomes of a skill are combined into one or maximum two leaming outcomes for the node skill. This ensures that the content is
accumulated up the tree.

For example, a node skill with 5 leaf skill attached should have minimum 5 to 6 learning outcomes and 10 maximum. This also holds true of a node
skill has a mix leaf skills and node skills

> S0P

PC HPc cF Wiki - The Markdown files

tificratinn EAnrmim
- LB~ 4" A 4 N | - - u .

Wiki main page
Interaction point for each skill

Each skill has associated
Markdown file

File contains learning objectives
Edit the Wiki if anything

There Is assistance for the Mind
Map file

Definition for both leaf skill and
node skill

Kevin Lidemann (GWDG) 17



SPECTRA

HPC Cartifiratinn Earnim

- el SIIIWYLSI W Il | Wl wEIER

IPC The Wiki - A Skill

You are here: Wiki » SkillTree » USE Use

the HPC Environment » USE1 Cluste g System » USE1.5 Software Environment

SkillTree
ADM Administration
BDA Big Data Analytics *
e USE1.5 Software Environment
PE Performance Engineering .
SD Software Development
USE Use of the HPC Environment HPC systems have generally installed muitiple versions of several essential software tools and software environments. Package
USE1 Cluster Operating System management tools provide access to this wide variety of software. A user has to load the software for the current shell session to make
USE1.1 Command Line Interface commands available.

USE1.2 Shell Scripts

USE1.3 UNIX File System Tree

USE1.4 Remote Access

USE1.5 Software Environment
USE2 Running of Parallel Programs

The widely available software tools are:

Environment modules

USE3 Building of Parallel Programs Spack
USE4 Developing Parallel Programs
USES5 Automating Common Tasks Learning Outccmes

USE6 Workflow Management Systems
USET7 Post-processing Tools

Query available software using the package manager.

Describe the general dependency structure of software.
Describe how a package manager makes software available.
Use the export command to print shell variables.

Understand shell variables relevant for executing and building software:

PATH for executables
LD_LIBRARY_PATH for libraries
MANPATH for manual pages (man command)
PKG_CONFIG_PATH for pkg-config
Manipulate shell variables to include additional software:

Setting shell variables for a single program by prefixing or by using export.

Links

Submit a proposal for an examination question

1/23/2026

Understand shell variables relevant for executing and building software.

Select the appropriate versions for deployment in the session environment

> S 0O Er

e This is a (leaf) skillland it ‘has

A unique coordinate
A description

 Module environment
« SPACK system

« Are written out using Blooms

taxonomy

Kevin Liudemann (GWDG)

Some learning objectives
Maybe requirement skill(s)

earning objectives cover

18



IPC Selecting skills for courses

e Each course has specific learning objectives
* Write them all out in the style of Blooms taxonomy
 Find skills that contain your learning objectives

e A course/module
 will cover more content than can be expressed in skills
» should be more specific to a site or cluster
* needs to fully cover a skill if it is tagged

1/23/2026 Kevin Lidemann (GWDG)
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PCTRA Course selection

-

.

=

B> 21 1: Cluster Operating System (USE1)

=

\.';’; 5: Software Environment (USEL.5) | B2 Spack(USETSI2)N S

» 2 3: Conda environments (USE1.5.3)
=»|
B2» 21 2: Running of Parallel Programs (USE2) E

» 21 4: Developing of Parallel Programs (USE4)
» 2 5: Automating Common Tasks (USE5)
2> 2 6: Workflows (USE6)

> 2 7: Post-processing Tools (USE7)

W 21 USE: Use of the HPC Environment

1/23/2026 Kevin Ludemann (GWDG) 20



HPC A skill does not fit correctly

 Skill has more learning objectives:
* Investigate if you really need to link to this skill
e Check the course/module and update the content to mateh
» Check If the skill needs to be split if the difference Is too large

 Skill has less/fewer learning objectives:
e Check if you need two skills

* Update the skill
e either with your additional learning objectives
o or split the skill and put your additional objectives into a new skKill

* In both cases update node skills as well

1/23/2026 Kevin Lidemann (GWDG) 21



HPC style of courses

e Overview courses/modules
e Can have many skills, maybe linking node skills is better
* Will require a lot of self study time from participants
» Learning objectives might be mostly low in Taxonomy pyramid

e Deep dive courses/modules
e Might just cover one or two skills for full day course
e Contains already a large amount of study time with exercises
« Learning objectives might be mostly high in Taxonomy pyramid

e Longer courses/modules
e Usually a mix of both covering several skills
« Exercises included in study time, I.e Semester courses

1/23/2026 Kevin Lidemann (GWDG)

22



‘—'

|

tPC Table of contents

 The Skill Tree

o Skills

 The HPC Certification Forum (HPC CF)
« HPC SPECTRA

 EVITA

e SuUMmary

1/23/2026 Kevin Lidemann (GWDG)

23



‘—'

nPC The HPC Certification Forum

e Goals: Fine-grained HPC knowledge representation =
Competence Standard
« What competences exist, how are they defined?
* Puzzle of competences for everyone (practitioners, students, admins)

« Supporting navigation and role-specific knowledge maps -> Learning
pathways/baselines

e Establishing international certificates attesting knowledge

« Scope: Central authority for competence representation,
certification, and support with purposeful limitations:

 We do not compete with content providers
* We do not create a curriculum (university/centers responsibility)

1/23/2026 Kevin Lidemann (GWDG)
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IPC The HPC Certification Forum

« Organization Detalls
e An independent international body

e Organized into
» Steering board (elected)
* Full members (with voting rights) - Contributors
» Associate members (anyone and any institution)
» Collaboration with e.g. EuroHPC JU projects HPC SPECTRA & EVITA

 Activities
e Curating and maintaining the Competence Standard
* Providing tools and ecosystem around the competences

1/23/2026 Kevin Lidemann (GWDG)
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IPC The HPC Certification Forum

e Organization of the members:
 Webpage is the central hub (https://www.hpc-certification.org)
» Mailinglists (news, members, board)
e Monthly public meetings on our Slack channel
 Monthly meeting of the board
 Annual general assembly (BoF at ISC or independent workshop)

« Data handling

e Everything is developed/available in the open GitHub
(https://github.com/HPC-certification-forum)

e Exception are examination guestions

1/23/2026 Kevin Lidemann (GWDG)
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1w PC AlTools

SPECTRA

e Learning Objectives in Blooms Taxonomy

o https://chatgpt.com/g/g-67768fbf69dc819199207ef9e3d4d697-blooms-
taxonomy-for-hpccf

« Sorting through the Skill tree using Al

o https://chatgpt.com/g/g-67eablaf25908191a09bfc33eeb3811d-hpc-cf-
skill-tree-sorter

« Contains the current skill tree and all Descriptions and Learning
objectives

« Will be constantly updated once updates happen

1/23/2026 Kevin Lidemann (GWDG) 27
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HPC Hpc sSPECTRA

SPECTRA

e Funded by EuroHPC JU: 101136267
* Main deliverable: Training platform + Supporting IHPCSS

iPC

SPECTRA

1/23/2026 Kevin Ludemann (GWDG)
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IPC HPC SPECTRA

* International HPC Summer School (IHPCSS)

e Organizing Summer School
e Funding students

 Training platform: https://events.hpc-portal.eu/
« Central database for courses across Europe
* Browsable and bookable trainings
e Interfacing with skill framework from HPC CF

1/23/2026 Kevin Lidemann (GWDG)
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HPC eviTa

SPECTRA

* Funded by EuroHPC JU: 101196394

* 4 year project and successor to HPC SPECTRA with 1 year
overlap

EuroHPC Virtual Training Academy

1/23/2026 Kevin Lidemann (GWDG)
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* Progressing the Training platform to include a material catalog

e Funding module creation with skill framework as basis

* Interfaces and advances the HPC CF Skill tree

» Establishing certificates for modules through examination framework
e Connecting certificates to ECTS and Micro-credentials

1/23/2026 Kevin Lidemann (GWDG)
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1PC summary

e The Skill Tree is a hierarchical approach

» Every skill contains learning outcomes split into learnable and
attestable usnits

» A course tagging a skill covers all of the learning outcomes
 The HPC Certification Forum (HPC CF) maintains the standard
« HPC SPECTRA and EVITA both use this Skill Tree

* The Skill Tree is a community effort and free to use

1/23/2026 Kevin Liudemann (GWDG) 35



SPECTRA

Thank you!

This project has received funding from the European High-Performance Computing Joint Undertaking
(JU) under grant agreement No 101136267. The JU receives support from the European Union’s
Digital Europe Programme.

Funded by *****H
the European Union E*****.,.ﬂ;:
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