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SMARTHEP - OQutline

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

.

* Introduction to the network (mainly for the Advisory Board members)
* Goals of the network
* Description of the network and its set-up
* Inthe following contributions
* Results, communication and dissemination so far (A. Carey)
* Logistics for this week (A. Ohlson, O. Smirnova)

SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation programme, call H2020- Cs )
MSCA-ITN-2020, under Grant Agreement n. 956086
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Scientific introduction
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SMARTHEP - Main network focus

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

Tradltlonal data analysis is Traditional
asynchronous: Input data nnalysts
Real-time data analysis

First record and store data,
then reconstruct/analyze it :> .

Analyse data as soon as it is collected
— only store (smaller) final-state information Online reconstruction,

: .. first-pass analysis
— reduce time-to-insight d g
— accelerate decision making

only store (smaller) final-state information:
useful for saving more data in LHC experiments

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- CEE )
MSCA-ITN-2020, under Grant Agreement n. 956086




SMARTHEP Where SMARTHEP comes from

IlI.‘I-"l.IIII
SCIENCE AND INDUSTRY

All four main LHC experiments use Real-Time Analysis techniques

ALICE: online reconstruction (O2) ATLAS: Trigaer Level Analysis
CMS: _Data Scouting LHCb: Turbo stream

+ the trigger system is a real-time decision making system

“Too much data” & “need to analyse data ASAP” problems
not unique to particle physics

+ use cases in financial transactions, fleet & traffic management, predictive maintenance...

Given these common needs,
w do we collaborate to advance RTA at the LHC and beyond?

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- Cp
MSCA-ITN-2020, under Grant Agreement n. 956086



https://indico.cern.ch/event/831165/papers/3717100/files/9885-ctd2020.pdf
https://cds.cern.ch/record/2295739
https://arxiv.org/abs/1808.00902
https://arxiv.org/abs/1808.00902
https://arxiv.org/abs/1903.01360

SCIEMCE AND INDUSTRY

SMARTHEP Tools: machine learning

- Machine learning is revolutionising
high energy physics, industry and society

- Use of ML is ubiquitousin all of these

e o Artist’s impression of an

- Advantage for RTA: decisions based on large, complex 5233!255&!%‘?2?”6
datasets can be taken on a very short timescale P e
SmmerCMS.PHO-

EVENTS-2021-004-2/M

- Particular interest in unsupervised methods Rayner

CERN Courier

- Algorithms that "learn from the data” (including rule induction)

- Necessary to remove theoretical prejudices on how new physics can look like

M SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- C’p
MSCA-ITN-2020, under Grant Agreement n. 956086



https://cerncourier.com/a/hunting-anomalies-with-an-ai-trigger/

SMARTHEP! - Tools: hybrid computing architectures

LS B ST (accelerators)

« (CPU-based architectures (=“computers” as i\
we know them) are not the only option on —
the market, e.g.: [ =l

Field Programmable Gate Arrays (FPGA) for fast custom l

operations

Graphical Processing Units (GPUs) for parallel operations A
. . /

- Advantage for RTA: hybrid computing /
architectures can significantly accelerate / o
decision-making [

- SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation programme, call H2020- / u p
MSCA-ITN-2020, under Grant Agreement n. 956086 ’ / iy - /
Diagram by G. Stewart -




trains Early Stage Researchers

in Machine Learning
s MA %VM% M%M H E P and hybrid computing architectures
REAL-TIME ANALYSIS FOR _
S U S i to ?tdvance real-time analysis
in science and industry

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- CEE ) 8
MSCA-ITN-2020, under Grant Agreement n. 956086 =
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The network and
Its set-up

- ok
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SMARTHEP The network, before/around the ITN

REAL-TIME AMALYSIS FOR
SCIENCE AMD INDUSTRY

.’ 1S*Real T|me Ana|y5|s

Workshop

Institut Pascal "Learning To Discover” real-
time analysis workshop - July 2019

REALTIME Advanced Study Group at the
Pufendorf Institute of Advanced Studies -
2019/2020

Support and funding in preparation for this ITN received by:
- The Grace och Philip Sandbloms Fund (Sweden) + Lund University
- The Pufendorf Institute for Advanced Studies (Sweden)
- The Institut Pascal (France)

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- CEE )
MSCA-ITN-2020, under Grant Agreement n. 956086
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. _5:::%:? Management

J7 UNIVERSITE WP2
" DE GENEVE

SMARTHEP

traﬁil;s rcscarc%rs in D vul

Machine learning
& advanced data malysh

Hybrid architectures @

4v: UNIVERSITE
" DE GENEVE

SORBONNE
q UNIVERSITES

in order to enable

REAL TIME ANALYSIS

for the advancement of

Decision-making
in research and industry

Monitoring
and discoveries

\..J

Nikhef ko T=T= 0 =——

===F= LUND :
z‘: " ﬁ " yerizon.
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4 U 4

Dissemination and communication of results

point8

All beneficiaries, all partners

MSCA-ITN-2020, under Grant Agreement n. 956086

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
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SMARTHEP

REAL-TIME AMALYSIS FOR
SCIEMCE AND INDUSTRY y

Synergies between LHC & industry:

Different use cases
Different dataset size/ complexity
— Collaborate on common tools:

1. Machine learning (_)
— enables fast and efficient inference

2. Hybrid computing architectures (WP4)
— accelerate RTA w/ FPGA, GPU, multithreading

rete outcomes in decision-maki
, monitoring and discoveries

C_p 11



SMARTHEP - Sample physics outcomes

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

- Calibration of ALICE TPC for heavy-ion physics

- Improvements & optimization of the trigger system
for Run-3 and High-Luminosity LHC

- Data analysis with real-time analysis workflows, e.g.
- Lepton flavour violation analyses

- New physics searches More in ESR talks
this afternoon

and tomorrow!
- SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- CEE ) 12
MARIE CLRIE ACTIONS
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SMARTHEP -~ Sample industry outcomes

REAL-TII ’IE AMALYSIS FOR
SCIENCE AND INDUSTRY

- Algorithms for real-time traffic prediction (Ximantis)

- Real-time analysis of videos and sensor data collected
by dashcams (camera on vehicle)

- Running fast analysis in embedded system More in ESR talks
this afternoon
and tomorrow!

- Automating decision-making for fraud detection

13
SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- Cp 13
MSCA-ITN-2020, under Grant Agreement n. 956086 MARE CURIE ACTIONS



First network school at UniGe, 01/2023

\‘,"//
SMARTH EP Network highlights so far SMAR'I'\H EP—

v
REAL-TIME ANALYSI: REAL-TIME ANALYSIS FOR *7// [ \ \-\{
dr_l'Lru_ AND INDUST FL‘T | | SMARTHEP presented at CHEP 2023 SCIENCE AND INDUSTRY / l \
Kick-off at the University of Manchester, 11/2022

First Network School on

Collider Physics an
Machine Learning

10-13 January 2023
University of Geneva

Mips/findic

SE> UNIVERSITE
42 DE GENEVE

FACULTE DES SCHENCES

NCVe/SMARTHEP SchooiOne

We acknowledge hunding from ihe Europesn Union Horieon 2000 research and innovation orogrsmme
ol MO0 MICA 1T%- 2020, under Crart Agroemert n. 56084

N\
_/’7“ TURING-MANCHESTER SANDPIT:
, Al-ASSISTED REAL-TIME
DECISION MAKING

3-4 October 2022 // 14:00 - 16:.00

Cp 14
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SMARTH EP Who is who Network officers:

'.I'|Il.

SCIENCE AND INDUSTRY Experts who can advise the network
and the ESRs on specific topics
L (including ethics)
- Y g el Work package coordinators:

SMARTHEP supervisors who follow
NOp— and coordinate the work of each of
ESA Board the topics in the network (work

/ packages also for management,
— ﬁ training and dissemination)

Executive Board

Nebwork Assembly

ESR repre afive

Work Pa::kage coordinators

Innovation-lo-markat v 3 r 3 3 Training: A. Siva
(o T L £y N ol o
— - , n Hybirid archi =-:-¢t-.-'¢a 5, Senwaman, V. Gligosoy
;I - I . Maching learning: 5, Schramm, ¥, Gliganay
\ -
M I" ‘.. Decigion nnak g -, # FTveT
~ i ‘_' M.{n‘\ll} _|_.l'{| I,Il(\l d(‘t("ﬁtﬂ' h i, G, ce Sairvie-RAan
- ! " Dissi ulresch: B Paberuen
L} 4
- i b
# %
i
i

-
[

Network assembly:

Sce =g

Decision-making/voting body,
includes ESR representation

Executive board (EB):

[mgtm{gwcer} Unless otherwise specified, EB has
open meetings for anyone who

| o N wants to help with running th
SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086 network

%
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{ External Advisory Board ]

M. Seymour, S. Gori, I. Kisel, Y.
Nakahama, M. Sokoloff

Internal Advisory Board
G, lacobuce, T. Akesson

E ACTIONS



SMARTHEP Work Package coordinators

REAL |H|'. ALYS5IS F(
SCIEMC .-.Pf: JL‘TJV

WP1: Management WP2: Training

WP7: Dissemination WP5: Triggers WP6: Discoveries with RTA
& Communication

Caterina Doglioni o " _
U. of Manchester Anna Sfyrla Brian Petersen JACIJt?anTw?S [ [ Maurizio Pierini
(with PM Andrew Carey) UniGe CERN TUDrgC CERN

WP3: Physics and ML / WP4: Hybrid architectures

I)

Aecanares T8C tis week
) (Nicholas/Pierre/Shubham)
_ Ximantis BM
Martino Borsato Steven Schramm Vava Gligorov
Milan Bicocca (WP3) UniGe (WP3/4) CNRS/Sorbonne
(WP3/4)
SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- Cp

MSCA-ITN-2020, under Grant Agreement n. 956086

E ACTIONS




SMARTHEP - Officers & Ethics Advisor

REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

Secondments Recruitment Equality, Diversity and Inclusion Ethics Advisor

Oxana Smirnova Gerhard Raven Monica Pepe Altarelli Mlkko Voutilainen Savannah Thais
Lund NIKHEF/Amsterdam CERN Helsinki Columbia University

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020- Cs ) 17
MSCA-ITN-2020, under Grant Agreement n. 956086
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REAL-TIME AMALYSIS FOR
SCIENCE AND INDUSTRY

SMARTHEP - Our 4-year plan

SM ARTH EP ACtiVlty Plan Main research Main commercial Network-organized Network-organized Network events
milestones milestones ’ schools (all ESR) schools (ESR choose 1) and conferences
2021 2022 2023 2024 2025
month: 0 Q4 a1 6 Q2 Q3 2 Q4 o1 s Q2 Q3 24 Q4 a1 30 Q2 Q3 6 Q4 a1 - Q2 Q3 a8
LHC status Long shutdown 2 Run 3 Datz ; No data No data :

3-year ESRs PhD positions ESRs are hired —

WP3 - Machine Learning & data analysis |
WP4 - Hybrid architectures
WPS5 - Decision making

"—sm::nn ments
cC ncluda

We are here L % :
WPE6 - Monitoring & discoveries l
Training/network events
Virtual kick-off meeting /
Yearly network meetings
In-person kick-off Advanced ML y 8
meetin school (TBCQ)
Mld-term check Accelerator boot-camps
PW'.th FchoefEU Whitepapers on state-of-the art
rojec icer [further research/commercial milestones: collections of
. papers and algorithms from individual projects] )
ML + Physics Commercial
school applications school
SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-

18
MSCA-ITN-2020, under Grant Agreement n. 956086
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https://indico.cern.ch/event/1204125/
https://indico.cern.ch/event/1098488/
https://indico.cern.ch/e/SMARTHEP_SchoolOne
https://indico.cern.ch/e/SMARTHEP_SchoolOne
https://indico.cern.ch/e/SMARTHEP_SchoolOne

SMARTHEP Our 4-year plan

REAL-TIME AMALYSIS FOR
SCIENCE AMD INDUSTRY

SMARTHEP A Cti\ﬂty Plan Main research Main commercial Network-organized ¢™\ Network-organized Network events
milestones milestones ’ schools (all ESR) schools (ESR choose 1) and conferences
2021 2022 2023 2024 2025
month: 0 Q4 a1 6 Q2 | Q3 i Q4 a1 Q2 Q3 Q4 (o] Q2 | Q3 . Q4 Q1 . Q2 Q3 a8
LHC status Long shutdown 2 Dat 3 Data’ I
3-year ESRs PhD positions ESRs are hired —
WP3 - Machine Learning & data analysis ‘—secondments

WP4 - Hybrid architectures nBlIJdE
WPS5 - Decision making ; \/ <>

WPE - Monitoring & discoveries
Training/network events

Virtual kick-off meeting We are here

Advanced ML Yearly network meetings

In-person Kick-off

meetin school
MId-term check Accelerator boot-camps
withthe EU .
WL —- = Whitepapers on state-of-the art
ELOJ—e—CI—O—ﬁLC-e-[ . [further research/commercial milestones: collections
2 . - of papers and algorithms from individual projects]
ML + Physics Commercial
school applications sc

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086
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https://indico.cern.ch/event/1204125/
https://indico.cern.ch/event/1098488/
https://indico.cern.ch/e/SMARTHEP_SchoolOne
https://indico.cern.ch/e/SMARTHEP_SchoolOne
https://indico.cern.ch/e/SMARTHEP_SchoolOne
https://indico.cern.ch/event/1231217/timetable/?layout=room
https://indico.cern.ch/event/1231217/timetable/?layout=room
https://indico.cern.ch/event/1231217/timetable/?layout=room

r

SMARTHEP -
Al A LS Code Of Conduct (applies to all events)

Discussed and agreed upon a code of conduct
- Based on CoC from University of Helsinki/ Kumpula Campus

- Complementing the European Code of Conduct for Research Integrity

and the MSCA Researchers Rights and Obligations
- Reflecting upon and pledging on conduct in terms of:

SMARTHEP Network Code of Conduct
Truth and Knowledge

- Truth and knowledge

quuood N Our actions by our core values of truth and knowledge, aulononmy, creativity, critical mind, edification and welibeing.

. w uk starting point for our research, teaching, learning and other activities the pursuit of truth and new knowledge.
- Autonomy = W respact and vakue cffersnce.
+  We are open to new ideas and approaches.
*  We structure our efforts 5o that others cange Involved, and continue ocmndwwofk
.. *  We do not deceive others, whether by ur al ¢ orby act.
- CreatIVIt * We respect the privacy of others, and the contidentialty of i , documants and data
y = We do not commit plagiarism, or misinterpret or falsify data.
Autonomy
o, 0 . * We recognise that our behaviour may reflect upon the reputation of the SMARTHEP Network.
- Crltlcal Mlnd *  We respect the limitod human, financial and material resources availabie to the Network community,
*  We advise and guide each other where appropriate.
*  We exorcise adequate supervision when in posnonofwlhonly or when delegating tasks, avokiing excessive workloads.
o o . = We do not abuse our authority, position or power 10 oblain special treatment of undue influence for ourselves or others.
- Edlflcatlon + We are famillar with, and fofow, all relovant ndes and regulations.
We strive 10 avoid conficts of interest, whether real or perceived, and disclose them otherwise.
Creatlvity
. + We mopmwm-dmandaoploaehy
= WQ”'bElng + We value all arcas of academic endeavour equally highly,

*  We keep up-to-date with developments that aMect our work, studies o¢ research,
*  We apply our leaming, skills and peofessional experience constructivedy for the benefit of al
SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation programme, Call . e aepe anamatve suarostios in ordes  gonerate new ovunts and concopts
MSCA-ITN-2020, under Grant Agreement n. 956086 eV GV Croch to others for thekk contrtiulions.

Y

20


https://indico.cern.ch/event/1204125/contributions/5129309/attachments/2552580/4397725/SMARTHEP_Code_of_Conduct%20copy.rtf
https://ec.europa.eu/info/funding-tenders/opportunities/docs/2021-2027/horizon/guidance/european-code-of-conduct-for-research-integrity_horizon_en.pdf
https://marie-sklodowska-curie-actions.ec.europa.eu/document/msca-fellows-in-innovative-training-networks-information-note
https://indico.cern.ch/event/1204125/contributions/5129309/attachments/2552580/4397725/SMARTHEP_Code_of_Conduct%20copy.rtf
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Looking forward to more
network activities and ESR
results!

- — .
B SMARTHEP is funded by the European Union’s Horizon 2020 research and innovation programme, call H2020- -— CEE )
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REAL-TIME ANALYSIS FOR
SCIENCE AND INL USTRY

Backup slides
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Photo permission

Page 10f3

INFORMATION

17 May 2018

Information on Lund University's
processing of personal data in the form
of photographs, video and audio

You will be photographed/filmed/recorded on behalf of Lund
University. In order for the University to use the photos/recordings of
you to dissemimate information about Lund University’s activities,
you must sign a consent form.,

The photos/recordings may be used in both printed and digital
form, in various channels where Lund University disseminates
information about its activities. The images/recordings will be used
for a maximum of 15 years. The images may be stored in the
University’s image and media bank, which is available to university
employees.

Most images used by the University will be archived for the future
‘when no longer in use, in accordance with the Swedish Archives Act.

General information

Personal data controller: Lund University

Contact: Lund University’s data protection officer,
dataskyddsombudiaiiu se

Purpose: To disseminate information about the University’s
activities

Legal basis: Consent

Withdrawal of consent/questions/complaints

If you want us to stop using photos/recordings of you in new material,
we ask you o contact the University's data profection officer. We will
then no longer use your personal data in new information material.
We will also remove you from already published material wherever
possible.

If you want to know how your personal data is used, or you feel
that we have used your personal data in a way that violates the
agreement or current legislation, please contact Lund University’s
data protection officer.

If you have complaints regarding Lund University’s processing of
your personal data, you are always entitled to
contact the relevant inspection authority, the Swedish Data Protection
Authority.

Consent to Lund University processing your personal
data for the purpose of disseminating information
about the University's activities

I hereby consent to Lund University storing, processing and
publishing photos/video/audio recordings taken of me on the occasion
in guestion, in both printed and digital form, for the purpose of
disseminating information on the University’s activities. The
photos/recordings are intended to be published online, in information
material, etc.

I'was given a copy of the Information on Lund University's
processing of personal data in the form of photographs, video and
audio, and have read the information.

I hereby explicitly consent to Lund University storing and
publishing my personal data in both printed and digital form, in
various channels where Lund University disseminates information
about its activities.

1 have the right to be informed if the processing of my personal
data is affected in a way that may have a negative impact on me. For
this purpose, [ provide nvy email address to enable the University to
CONAct me.

Signature:

Print name:

Email:

SMARTHEP isfunded by the European Union’s Horizon 2020 research and innovation programme, call H2020-
MSCA-ITN-2020, under Grant Agreement n. 956086

If you agree with photos
that containyou to appear
on website / newsletter, fill
in this form

If you don't, tell Caterina
and we’ll make sure you're
not in photographs

S
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