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A school with a long history

E The school was created in 1970, we had 46 editions
E We also had 17 editions of Thematic Schools
E The school has visited 23 countries

E all member states (except Bulgaria, Slovak Republic)
+ Croatia, Cyprus, India

E 84+ different nationalities

E 3900+ students have followed the school 1974 CERN
SCHOOL OF COMPUTING

E This year we are organizing 7 schools
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Mandate and mission

E Create a common culture in scientific computing among young scientists
and engineers involved in particle physics or other sciences, as a
strategic direction to promote mobility and to facilitate the development
of large computing-oriented transnational projects.

E http://cern.ch/csc

E Participants come from worldwide laboratories and universities with
typically 20 to 30 different nationalities (61 different nationalities in the
past 10 years).

E http://cern.ch/csc/alumni
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Bridging science and computing

E The unprecedented technological evolution in computing has profited directly to
several scientific research projects, in particular in high energy physics

E Computing is today the main strategy for many sciences to boost their
research productivity

E Itis nowadays essential that:
E Scientists master computing technologies as the main tool for their research

E Computer scientists understand the scientific domain of the investigation to
deliver computing services that meet the needs of the research project
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Amadditiondl sideieftect 2.1 si de effect.

Eeé knowledge transfer of (CHHRN) skil
computing to academic, national laboratories, research institutes,
Institutional and industrial circles in Member States and other countries

E With direct or potential applications up to all spheres of the society
(as exemplified with the Web, and the Grid).

X.
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The CERN Schools of computing

E The Main School
E Two weeks, ~ 60 participants (58 - 82 in last years)
E Multiple topics on scientific computing
E This school: 69 participants
E The Thematic schools
E Goes more in depth on a particular topic
E Smaller participation, shorter duration (one week), clear goals
E This year, three schools 38. 42 participants. One more to come
E (New) Regional Schools
E Next year in Santiago, Chile (January 2025)
E The School on IT services
E The Inverted school
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E Itis frequent to find among students real experts on specific topics, and the

cumulated knowledge of the students exceeds the one of lecturers.

E At the end of each school, we invite students to propose some lectures, and we
organi ze an AifinWheerrtee dsot usdcehnotosl .t urn i nto teach

E In 2025, the 16" edition had 16 lecturers and hundreds p
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The School Academic Dimension

Ma: .-12, 2023

EThe school & F »ﬁv,1lP
E€ IS not a conferencesg
E€ I s not a place for | ecturers
projects
E Does not replicate of common training available at home institutes,
or I n member statebds uniyersit
EDoes not delivering ftec Training

2rogramme

C++
E Focus on persistent knowledge |, less notions Rava

KOravle SOL
and knowhow FOr acle Forms

F2ython
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An outreach opportunity

E For the local organizers
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An outreach opportunity

CERN@DESY public event

18 September 2024 \ — @ ’
DESY NS School of Computing

Overview Timetable Speakers Registration Getting to DESY Privacy policy

1954-2024

E For CERN Pl

Have you ever heard of CERN and wondered what the researchers are working on? Or would you like to know more about career
opportunities at one of the world's largest research centres?

Join us at the CERN@DESY public event on 18 September to listen to expert presentations on what CERN is doing in general, the
computing challenges CERN faces and what opportunities CERN offers for students and early stage professionals.

This public event is part of the CERN School of Computing 2024 which is hosted at DESY. After the presentations, you are cordially
invited to stay for a networking reception to continue the discussion and meet the speakers and the students of the CERN School of
Computing coming from 32 countries.

Please register for this event by 11 September 23:59.
60 YEARS of SCIEN

crc
voe |

This event will also be available via Zoom (link will be provided later), but physical presence is preferred.

15
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The school governance

E

€ 1 s discussed at t he

E Includes several fulltime university professors
from different countries

E Two meetings per year

School

Advi
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The School Advisory Committee

Chairman: Arnulf Quadt, Georg-August-University of Gottingen
E Ex-officio members:
E  Enrica Porcari, Head of CERN IT department
E  Alberto Pace, School Director
E Kristina Gunne, School Administrative Manager
E  Andrzej Nowicki, School Technical Manager
E  Members:
e Toni Gl u | Faaulty of Science Split
E Veronika Zadin, Tartu University
E Judith Katzy, Berlin Humboldt University
E  Members representing the Local Organizing Committee
E Oxana Smirnova, Lund University
E Felipe Olivares, Instituto Saphir, Santiago Chile
E  Members representing the program committee of the thematic schoo
E Danilo Piparo, CERN (School heterogeneous computing)
Sebastian Lopienski, CERN (School on Computing Security)
Verena Kain, CERN (School on Machine Learning)
Sebastien Ponce, CERN (School on IT Services)
Toni Gi u | Faaulty of Science Split (Regional School in Latin Am

rrl\ m\ m\ m\

erica
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The school core team

Kristina Gunne Andrzej Nowicki Alberto Pace
Administrator Technical Manager Director

18
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CERN School of Computing 2025

E httDS /[/lcern.ch/csc i Welcome to the 46t CERN School of Computing (CSC 2025)

Academic programme

The School site is on indico

Timetable The school will take place from July 6th to 19th, 2025, in Lund, Sweden. This year's school is organized
- in collaboration with the Lund University Physics Department and will be hosted at the Lund University
https://indico.cern.ch/event/1512761 st At
Participants

E Check it regularly for updates =« 46t CERN School of Computing

st

My Contributions

School guide

Practical Information
Terms and Conditions
Fees and Payment
Student Grants
Laptop configuration

Payment Details

Organisers

Privacy Information

Visit Lund - T -
CERN School of Computing ; =

%7 LUND UNIVERSITY 6-19 JU|y
1 Computing.School@cer Lund, Sweden

Academic Programme

The two-week programme will consist around 50 hours of lectures and hands-on exercises, covering
three main themes:

* Physics computing
* Software engineering
* Data technologies.

Students who pass the final optional exam will receive a diploma from the CSC, as well as ECTS credits.

19
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The school learning process

E Learning process
E Lectures
E Exercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings
E Excursions

E Music events

E Sport programme

Mandatory

Optional

CERN
School of Computing
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The school learning process

E Learning process
E Lectures
E Exercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings
E Excursions

E Music events

E Sport programme

Mandatory

Optional
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The 2025 academic programme

E Physics Computing
Introduction to Physics Computing
Data Science and Interactive Data Exploration
Data Analysis
Introduction to Machine Learning
E Software Engineering
E Tools and Technigques
E Software Design in the Many-Cores Era
E Creating Secure Software
E Data Technologies
E Data Management
E Data and Storage Technologies

E
E
E
E

22
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The 2025 Schedule

Monday 7 July 2025 Tuesday 8 July 2025 Wednesday 9 July 2025 Thursday 10 July 2025 Friday 1
Introduction to Physics Computing Data Science L1: Interactive Software Design L4: Patterns for Lighting tal
Welcome and opening session L2: Digital Data, Simulation and exploration of non-numeric data Parallel Software Development
Reconstruction in Modem Particl...
Software Design L1: Parallelism in a Software Design L3: Understanding, Data Analysis L3: Parameter Data Analysi
Modern HEP Data Processing Debugging and Profiling a Complex estimation - Toni Sculac and p-value
Framework Multithreaded Application
Coffee break
Announcements Announcement Announcements Announcem(
Announcements Coffee break Coffee break Photo Coffee break
Spare Coffee break
Introduction to Physics Computing Tools and Techniques L3: Tools for Jata Analysis L1: Introduction - Toni oo Ve @ Exercises 1:|
y o alysis L4: Confidence
. i i Collaboration, Software Engineerin, Sculac Sculac
LL1: Hadron Collider Physics. 3 g g intarvals - Toni Sculac
Across the Project
Tools and Technigues L1: Software Design L2: Base Concepts Data Analysis L2: Probability density Lunch Exercises 2:
Introduction - Bob Jacobsen (Lawrence of Parallel Programming: A Pragmatic functions and Monte Carlo methods - Sculac
Berkeley National Lab. (US)) Approach Toni Sculac
Lunch Lunch Lunch Lunch
Transport by bus to Malmé from Elit....
Tools and Technigues L2: Tools for Exercise 3: Tools and Techniques - Exercises 1: Software Design - Afternoon excursion to Malmo Exercise 3:
Collaboration, Software Engineering Bob Jacobsen (Lawrence Berkeley Stephan Hageboeck Andrei Gheata Gheata (CER
Across the Project National Lab. (US})) (CERN)

Change of room
Exercise 1: Tools and Techniques -
Bob Jacobsen (Lawrence Berkeley
National Lab. (US})

Coffee break

Exercise 2: Tools and Techniques -
Bob Jacobsen (Lawrence Berkeley
National Lab. (US})

Exercise 4: - Bob Jacobsen (Lawrence
Berkeley National Lab. (US))

Coffee break

City tour of Lund with guide Group 1/
Sports / Study

Dinner Elite Hotel Ideon

Pub quiz

Exercises 2: Software Design -
Stephan Hageboeck Andrei Gheata

Coffee break

City tour of Lund with guide Group 2 /
Sports / Study

Dinner Elite Hotel Ideon

“[77] BBAQ dinner at Kockums Fritid,
restaurant Fredag49

Exercise 4: Software Design - Andrei
Gheata (CERN) Stephan Hageboeck

(CERN)
Coffee break

Study time or sports

Dinner Elite Hotel Ideon

CERN
School of Computing
Monday 14 July 2025 Tuesday 15 July 2025 Wednesday 16 July 2025 Thursday 17 July 2025 Friday 18 July 2025 I
Data L2: C Software Security L1: Introduction - Introduction to Machine Learning L3 - Spare
authentication, authorization and Sebastian Lopienski (CERN) Judith Katzy (Deutsches Elekironen-
accounting 1 - Alberto Pace (CERN; nchrotron (DE!
g [( ) Sy (DE))
Data L3: C Data L4: Di Data Management L5: Distributed Introduction to Machine Learning L4 -
authentication, authorization and Hash Tables, Data Replication, Hash Tables, Data Replication, Judith Katzy (Deutsches Elekironen-
accounting 2 - Alberto Pace (CERN) Caching, Monitoring, Alarms an... Caching, Monitoring, Alarms an... ‘Synchrotron {DE))
‘Announcements Announcements Announcements Announcements
Coffee break. Coffee break Coffee break Coffee break Coffee break

Introduction to Machine Leamning L1 -
Judith Katzy (Deutsches Elekironen-
Synchrotron (DE))

Change of rooms
Exercise 1: Machine Leaming

Lunch

Exercice 1: Data Technologies -
Andreas Joachim Peters (CERN)

Exercises 2: Data Technologies -
Andreas Joachim Peters (CERN)

Coffee break
Study or sports time

Dinner Elite Hotel Ideon

Dinner Elite Hotel Ideon {or continued
free time for those who wants)

Software Security L2: Security in
different phases of software
development - Sebastian Lopienski

Introduction to Machine Leaming L2 -
Judith Kaizy (Deutsches Elekironen-
Synchrotron (DE))

Lunch

Exercises 1: Software Security -
Sebastian Lopienski (CERN)

Exercise 2: Machine Leaming

Coffee break

Study or sports time

Dinner Elite Hotel Ideon

19:00 - 20:00

Exercises 3: Data Technologies -
‘Andreas Joachim Peters (CERN)

Exercises 4: Data Technologies -
‘Andreas Joachim Peters (CERN)

Lunch

Exercise 3: Machine Leaming

Exercises 2: Software Security -

Sebastian Lopienski (CERN)

Coffee break

Study or sports time

Dinner Elite Hotel Ideon

Exercise 4: Machine Leaming

Exercise 3: Software Security -
Sebastian Lopienski - Sebastian
Lopienski (CERN)

Lunch

Introduction Machine Learning L5 -
Judith Katzy (Deutsches Elektronen-
‘Synchrotron (DE))

Software Security L3: Web application
security, exercise debriefing -
‘Sebastian Lopienski (CERN)

Coffee break

Study or sports time

Dinner Elite Hotel Ideon

Traditional football match

Lunch

‘Graduation ceremony

Free time
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£ Printed version for those who asked o i TG —

E Electronic version (PDF) Linked R == Lund, Sweden
from school main page on Indico ‘ "
E https://indico.cern.ch/event/1407896/

E Contains pictures and short biographies Physics Computing

of all participants Software Engineering
Data Technologies

Introduction to Physics Computing
Data Science and Interactive Data Exploration
Data Analysis
Introduction to Machine Learning
Tools and Techniques
Software Design in the Many-Cores Era
Creating Secure Software
Data Management
Data and Storage Technologies

Starts 6 Jul 2025, 15:00 Lund
Ends 19 Jul 2025, 11:00 Physics Department

https://indico.cern.ch/e/CSC-2025

Alberto Pace

_ —
Kristina Gunne .
Andrzej Nowicki [® csc_2025_booklet.pdf &

Oxana Smirnova N aianid — o EI 7 E
& shared Photo Gallery @ : (4=) LuND UNIVERSITY .

Reglstration See detalls »
You are registered for this event. G4
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The school learning process

E Learning process
E Lectures
E EXxercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings
E Excursions

E Music events

E Sport programme

Mandatory

Optional

CERN
School of Computing
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The Sch®lcchltore ih “exergides” ur e |1 n N

E The school has an entire computing infrastructure for exercises.
Remotely accessible to the students

E The computing infrastructure is provided by the CERN IT department
and it is identical to what is used in real analysis at CERN

E You should try to work in pair (2-student teams). If possible:
E 1 student with physics background
E 1 student with computing background

(o]
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The school learning process

E Learning process
E Lectures
E Exercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings
E Excursions

E Music events

E Sport programme

Mandatory

Optional

CERN
School of Computing
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The exam

E A serious and difficult exam, which delivers the diploma and ECTS credits
E ECTS credits from the University of Gottingen
E Evaluate knowledge in two fields

E Physics

E Computing

=X

School of Computing
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An exam part of the learning process

E The test statistic is usually a single number whose value ...

m- rm~ MmN M

.. reflects an agreement between the data and the hypothesis.
.. Is equivalent to the mean value of the data sample.
.. must be equal to the most probable value of the distribution in question.

. IS never larger than the difference between values of variances of two
competlng hypotheses.
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An exam part of the learning process

E The test statistic is usually a single number whose value ...

.. reflects an agreement between the data and the hypothesis.
.. Is equivalent to the mean value of the data sample.
.. must be equal to the most probable value of the distribution in question.

. IS never larger than the difference between values of variances of two
competlng hypotheses.

m- rm~ MmN M
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An exam part of the learning process

E In the process of hypotheses testing, we often define the null and the
alternative hypotheses. The most robust final results are obtained for ...

.. the acceptance of the alternative hypothesis.
.. the rejection of the difference between null and alternative hypothesis.
.. the acceptance of the ratio of null and alternative hypothesis.
.. the rejection of the null hypothesis.

m m m M

31



CERN School of Computing

An exam part of the learning process

E In the process of hypotheses testing, we often define the null and the
alternative hypotheses. The most robust final results are obtained for ...

.. the acceptance of the alternative hypothesis.
.. the rejection of the difference between null and alternative hypothesis.
.. the acceptance of the ratio of null and alternative hypothesis.
.. the rejection of the null hypothesis.

m m m M
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Scores distribution

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
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The school learning process

£ Learning process Mandatory
E Lectures
E Exercises
E Exam

E Meet special persons,
Build trusts with colleagues across the world

E Lunches, dinners, coffee breaks, evenings

E Excursions

E Music events

E Sport programme Optional

E Provide a work-life balance & additional opportunities for interactions
between all participants (students, lecturers and organisers)

CERN
School of Computing
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Lunch and Dinners

E Mix of Students + lecturers
E Tables of 8 - 12 persons
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(Optional) Social programme

E EXxcursions
Culture
History

E Nature

=F
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(Optional) Social programme

E Social games
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(Optional) Social programme

E Sports
E A couple hours of sports
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(Optional) Social programme

yersal values @

uni

E Music
E Many participants have
hidden talents

40
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(Optional) Social programme

E Study at the hotel



