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It is with great pleasure that I warmly welcome you all, lecturers and attendees alike, to this 

Inverted CERN School of Computing (iCSC) 2019. There are three reasons why I feel 

particularly happy and privileged to be writing these words. 

 

First, this year we have a very rich program, based on proposals received from students of three 

past schools: CSC 2018 (Tel Aviv, Israel), Thematic CSC 2018 (Split, Croatia) and CSC 2017 

(Madrid, Spain). It consists of a record 11 hours of lectures and 10 hours of hands-on exercises, 

covering a big range of topics, including Artificial Intelligence, Machine Learning, Pattern 

Recognition, Big Data, Container Orchestration, Tensor Networks, Computational Physics, 

Numerical Analysis, Track Finding, and more. During the exercises, you will have a chance to 

learn, hands-on, various technologies such as Keras and TensorFlow, FPGAs, Kubernetes, 

Hadoop, Apache Spark and others. I’m sure you will find the classes both relevant and very 

interesting! 

 

Secondly, this is already the 12th edition of the Inverted CSC. The initial idea was to give the 

floor to former CSC students, so that they could share their knowledge and expertise with their 

colleagues. The fact that we've reached the 12th edition this year, and that we actually received 

more proposals for classes than we were able to accommodate, proves that this idea is still 

valid.  

 

And finally, on a more personal note, the Inverted CSC remains close to my heart. I was one 

of the lecturers of its first edition back in 2005, giving a lecture about software security - even 

though I worked on something else at that time. I still remember how this experience had 

pushed me to develop further my knowledge and passion in security, and - consequently - 

heavily influenced my professional life. I hope this year’s iCSC will have a similar positive 

impact on the careers of the lecturers! 

 

I wish to thank and congratulate the lecturers for their significant work put in preparing the 

lectures; the mentors for their invaluable input and feedback; Joelma Tolomeo (the School’s 

Administrative Manager) and Nikos Kasioumis (the Technical Manager) for the work behind 

the scenes; and finally, you - the attendees - for your interest and presence. 

 

Please join me in enjoying this great learning and knowledge-sharing experience! 

 

 

 

 

 

Sebastian Łopieński 

Director 

CERN School of Computing 
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LECTURER BIOGRAPHIES

Every lecturer presenting here at the iCSC 2019 has been specially selected to advance their
ideas, to further develop CSC-related themes, and to share and promote their knowledge. The
Lecturers have been students of the past schools: CSC 2018 (Tel Aviv, Israel), Thematic CSC
2018 (Split, Croatia) and CSC 2017 (Madrid, Spain).

The lectures are broadcast via webcast and will be recorded. All slides, recordings, etc. can be
found at https://indico.cern.ch/e/iCSC-2019
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LECTURER BIOGRAPHIES

Daniel Hugo Campora Perez
CERN, and University of Seville, Spain

Coming from Sunny Sevilla with a Computer Engineering degree and
having spent some five years at CERN with various contracts, I’m cur-
rently aDoctoral Student, optimizing reconstruction algorithms in LHCb
with an Artificial Intelligence twist.
I have many good questions, but I’m still searching for good answers!

Mentor(s)

Thomas Keck, Lorenzo Moneta

Lecture(s)

A practical approach to Convolutional Neural Networks

The field of Artificial Intelligence is blooming with many techniques and developments in the
last years. Convolutional Neural Networks is a class of feed-forward neural networks that are
typically used to analyze images and extract information.

We will explore the mathematical foundation of CNNs, join the hype and get some practical
hands-on experience with the technology that will change our everyday lives.
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LECTURER BIOGRAPHIES

Patrick Emonts
Max Planck Institute of Quantum Optics, Garching, Germany

My name is Patrick Emonts and I am currently working on my PhD in
theoretical physics at the Max Planck Institute of Quantum Optics in
Munich.
My main focus is the development of tensor network algorithms to sim-
ulate lattice gauge theories.
In 2017, I graduated in physics at the RWTHAachen about Monte Carlo
simulation of complex solid state systems.
Working as a software engineer during my studies, I got some interesting
insights into the field of optical character recognition.

In my free time, you will probably find me skiing or climbing.

Mentor(s)

Danilo Piparo

Lecture(s)

Tensor Networks: How physicists can tackle exponentially hard problems

In recent years, tensor networks have become a viable alternative to Monte Carlo calculations
and exact diagonalization for the simulation of many-body systems.

As they represent a formulation of quantummechanical wavefunctions with polynomially many
parameters, they make calculations of large systems feasible.

They have already found wide application in condensed matter physics and start to be an inter-
esting tool for high energy physics as well.

In this lecture series, I will introduce the basic concepts of tensor networks.

We will start with an introduction of the necessary basics of quantum mechanics and linear
algebra and focus on the algorithmic side of tensor networks in the second lecture.

8



LECTURER BIOGRAPHIES

Giorgio Lopez
CERN

I was born inNapoli where I graduated in Computer Science Engineering
and did my PhD in Electronics Engineering working on real time video
processing on FPGAs.
Since 2015 I’m working at CERN in the Electric Power Converters
group where my role is designing and developing digital logic for FP-
GAs in the controls of power converters.

Mentor(s)

Ivica Puljak, Alberto Pace

Lecture(s)

Hardware Acceleration through FPGAs – an introduction

FPGAs are a more and more ubiquitous technology. They offer the benefits of fast, application-
tailored hardware, typically associated with ASICs, while enabling fast prototyping, upgradabil-
ity and low costs. This makes them an ideal ally in HEP computing, specifically in areas where
high performance is needed and/or specifications and needs may vary.

The lectures will focus on the intrinsic parallel processing characteristics of FPGAs, emphasiz-
ing how they can be exploited to implement data-intensive algorithms. Focus will also be put on
concepts like hardware/software partitioning (very important to help the most performing parts
of the systems in collaborating with the legacy CPU oriented codebase).

A simple hands on exercises session will be added to let the students get acquainted with the
main tools and the VHDL language.
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LECTURER BIOGRAPHIES

Evangelos Motesnitsalis
CERN

I am a Technical Coordinator at the IT Department of CERN, working
on utilization of public clouds for archiving purposes.
Before that, I worked as a Data Engineer at the Databases group where
I supported the scientific communities in their quest to perform big data
analytics over physics and accelerator data. I led the development of
the “Hadoop-XRootD Connector” library, a project that provides direct
access of data fromXRootD-based storage systems directly into Hadoop

and Spark.
I am also a former Escalation Engineer and Big Data Devops Support Engineer at Amazon Web
Services in Dublin, Ireland. I obtained my MSc in Distributed Systems from Imperial College
London in 2015 and prior to that, I studied at King’s College London and Aristotle University
of Thessaloniki.

Mentor(s)

Enric Tejedor, Sebastian Łopieński

Lecture(s)

Big Data Technologies and Physics Analysis with Apache Spark

The Large Hadron Collider is scheduled to shut down for a 2 years maintenance period since
December 2018. However, the already collected data -which are stored in a dedicated custom
storage service- between April 2015 and November 2018, exceed 150 PBs in total. To analyse
these data, more and more teams at CERN decide to use Big Data Technologies to perform
Physics Analysis and ”Data Reduction”, i.e. produce smaller reusable datasets for frequent
access. These technologies show great potential in speeding up the existing procedures.

This lecture will provide an overview of the latest trending big data technologies in the Hadoop
and Spark ecosystems with focus on their main architecture characteristics, and then will target
a number of important questions: How can we perform Physics Analysis with Big Data Tech-
nologies? What are the problems faced? What are the challenges and the available data sources?
What are the other domain in which Big Data Analytics are applied at CERN?
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LECTURER BIOGRAPHIES

Dmitry Neverov
Nagoya University, Japan

Born in the science town of snowy Novosibirsk of Siberia, Russia; Af-
ter finishing school moved to Saint-Petersburg where I worked on phe-
nomenology in pp collisions.
After graduation from master course got accepted to MEXT scholarship
of Japan, and moved to Nagoya to work on Belle II experiment.
For my PhD I am developing analysis tools, primarily modified tracking,
that are required for a search for low charge magnetic monopoles.

Mentor(s)

Are Strandlie, Sebastien Ponce

Lecture(s)

Global track finding algorithms

In high energy physics experiments the reconstruction of tracks of charged particles provides the
core for the measurements of these particles’ properties. Track finding algorithms can roughly
be divided into two main categories: local and global. Local track finding algorithms try to link
individual hits one by one while utilizing a variety of smart techniques to mitigate combinatorial
complexity, whereas global track finding algorithms treat all hits simultaneously.

In this lecture we will look into track finding algorithms in wire chambers that are performed
on all hits at once. The search is done by converting individual hit parameters to a curve in a
dual space using Legendre or Hough transform, with the intersection of multiple curves corre-
sponding to a track compatible with given hits. Then, the problem of finding a track is translated
to the problem of finding most densely populated regions in the dual space which can be done
effectively and quickly by a quadtree search.
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LECTURER BIOGRAPHIES

Riccardo Poggi
University of Geneva, Switzerland

Originally from Italy where I received my MSc in Physics, I am now
pursuing a PhDwith the University of Geneva. Being part of the ATLAS
collaboration I have the opportunity to analyse LHC data and develop
firmware for FPGAs with high bandwidth memory.
In the past I worked at CERN on the upgrade of the software infrastruc-
ture for the trigger and
data acquisition system of the ATLAS experiment.

While outside CERN I worked for Accenture as a senior software architect specialised in Oracle
Cloud.
I am looking forward to meeting you all once again!

Mentor(s)

Enric Tejedor, Sebastian Łopieński

Lecture(s)

How container orchestration can strengthen your micro-services: the
approach of Kubernetes

With the rise of container technologies during the past few years there have beenmany paradigms
shifts in terms of software development, deployment and maintenance, especially in conjunction
with micro-service architectures.

The lecture covers these fundamental concepts and focuses on the challenges of container or-
chestration. Crucial aspects like horizontal and vertical scaling, availability, fault-tolerance and
rolling updates are among the topics covered by the lecture which will then also be experienced
during the hands-on exercises.
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LECTURER BIOGRAPHIES

Alexander Ruede
CERN, and KIT-IPE, Germany

I am an electronics engineering doctoral student at theKarlsruhe Institute
of Technology and the CMS experiment, based at CERN.
My work focuses on the implementation of a variety of algorithms to
measure luminosity in CMS for the high luminosity era of the LHC.
Therefore I explore different approaches in software, FPGAs and in het-
erogeneous systems in order to meet the timing and precision require-
ments. I am a hardware and FPGA enthusiast!

Mentor(s)

Ivica Puljak, Alberto Pace

Lecture(s)

A Scientist’s Guide to FPGAs

Field Programmable Gate Arrays (FPGAs) have become ubiquitous in a variety of technological
and scientific fields. Their versatilitymake them an ideal match not only for computing intensive
tasks but also for the differing requirements of custom electronics that often can be found in
experimental setups.

This seminar leads the audience into the fully programmable and intrinsically parallel world of
FPGAs. After an introduction to digital design and the anatomy of an FPGA, the design flow and
required way of thinking will be presented. The seminar will be completed by a comparison of
hardware and software-driven computation as well as an overview of the application of FPGAs
in different fields and tasks.
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LECTURER BIOGRAPHIES

Mikhail Sizov
Budker Institute of Nuclear Physics of the Siberian Branch of the
RAS, Russia

I obtained my Bachelor’s degree with topic “Creating of the isolated
environment for untrusted applications” and Master’s topic was “De-
velopment of the automated data processing system for mobile muon
densitometer”.
Currently, I’m a PhD student at Budker Institute of Nuclear Physics
(BINP) and my research is dedicated to practical use of domain specific
languages in control systems.

I also teach programming at Geology and Physics Departments of Novosibirsk State University.

Mentor(s)

Danilo Piparo, Sebastien Ponce

Lecture(s)

Efficient C++ implementation of custom FEM kernel with Eigen

Wewill start from examples of problems solved by finite element method - equilibriummagnetic
fields, structural deflection calculations. Then wewill talk about foundation of FEMmethod key
concepts such as stiffness matrix and impact of high matrix dimensions and sparse characteristic
to ways data can be calculated more efficiently.

To implement kernel we will introduce Eigen, a C++ linear algebra library that eliminates inter-
mediate temporary objects by utilizing expression templates technique and generates efficient
high-level math code with most of complexity taken from you.
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=
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=
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u
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R 
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T 
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U_
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LK
_I

NT
 K
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NE

T 
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U_
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LK
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 T
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= 
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RI
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T 
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NT
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EE
P;
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T 
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P_
EM
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LK
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NT
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N_
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LK
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EC
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; 

# 
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C 
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 C
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EE
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ns
t/
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IO
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B 
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NE
T 

FG
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/C
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 K
EE

P;
 

NE
T 

FG
C3

_1
/C

LK
_3

2M
HZ

 T
NM

 =
 T

N_
CL

OC
K_

32
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Z;
 

TI
ME

SP
EC

 T
S_

CL
OC

K_
32

MH
Z 

= 
PE

RI
OD

 T
N_

CL
OC

K_
32

MH
Z 

31
.2

5n
s;

 
[.

..
] 

#I
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OR
E 

CR
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S 
DO

MA
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 P
AT
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 B

ET
WE

EN
 C

LO
CK

S 
NE

T 
"M

CU
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CL
K_

IN
T"

 T
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_N
ET

 =
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cu
_g
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; 

NE
T 

"D
SP

_E
M_

CL
K_

IN
T"

 T
NM

_N
ET

 =
 d

sp
_g

rp
; 

NE
T 

"F
GC

3_
1/

fp
ga

cl
oc

k2
" 

TN
M_

NE
T 

= 
fp

ga
_g

rp
; 

#G
IO

 
#N

ET
 "

fp
ga

cl
oc

k2
" 

TN
M_

NE
T 

= 
fp

ga
_g

rp
; 

 #
PH

IL
 

NE
T 

"F
GC

3_
1/

CL
K_

2M
HZ

" 
TN

M_
NE

T 
= 

2m
_g

rp
; 

NE
T 

"F
GC

3_
1/

CL
K_

5M
HZ

" 
TN

M_
NE

T 
= 

5m
_g

rp
; 

[.
..

] 

TI
ME

SP
EC

 T
S_

01
 =

 F
RO

M 
"m

cu
_g

rp
" 

TO
 "

fp
ga

_g
rp

" 
TI

G;
 

TI
ME

SP
EC

 T
S_
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 =

 F
RO

M 
"m

cu
_g

rp
" 

TO
 "

2m
_g

rp
" 

TI
G;

 
TI

ME
SP

EC
 T

S_
03

 =
 F

RO
M 

"m
cu

_g
rp

" 
TO

 "
5m

_g
rp

" 
TI

G;
 

TI
ME

SP
EC

 T
S_

04
 =

 F
RO

M 
"m

cu
_g

rp
" 

TO
 "

16
m_

gr
p"

 T
IG

; 
[.

..
]

 14

I/O
 C

on
st

ra
in

ts
•

Th
es

e 
co

ns
tra

int
s 

ar
e 

m
ain

ly 
ne

ed
ed

 to
 b

ind
 s

ign
als

 to
 p

hy
sic

al 
loc

at
ion

s 
on

 th
e 

FP
G

A 

•
A 

typ
ica

l e
xa

m
pl

e 
ar

e 
I/O

 L
oc

at
ion

 C
on

st
ra

int
s,

 w
hic

h 
as

sig
n 

to
p 

lev
el 

en
tity

 p
or

ts
 to

 p
hy

sic
al 

IO
 b

loc
ks

 o
n 

th
e 

FP
G

A 

•
Th

ey
 c

an
 a

lso
 s

pe
cif

y 
ot

he
r c

ha
ra

ct
er

ist
ics

 o
f t

he
 IO

 s
ign

als
, e

.g
. 

dr
ive

 s
tre

ng
th

, t
yp

e 
of

 e
lec

tric
 te

rm
ina

tio
n,

 d
igi

ta
l v

olt
ag

e 
st

an
da

rd

NE
T 

"N
ot

LE
D_

VS
_B

LU
E"
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 L

OC
 =

 B
11

  
| 

IO
ST

AN
DA

RD
 =

 L
VC

MO
S3

3 
 |

 P
UL

LU
P 

; 
NE

T 
"D

SP
_E

M_
CL

K"
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b
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H
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l
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 c
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 c
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f
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f
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ra
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c
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n
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b
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b
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n
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c
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b
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b
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b
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b
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