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MUCCA PROJECT

e Ultimate goal: quantifying strengths and solving weaknesses of new and available xAl methods

o Strategy: apply the same array of technigues for explainability to interesting use-cases
intentionally chosen to be quite heterogeneous with respect to the types of data, learning tasks,

scientific questions

* Three steps implementation of the research project:

|. develop and implement Al and Al-explainability technigues, properly chosen based on the
requirements, are applied to the cases under consideration

Il. identification of possible shortcomings of the techniques: ability to explain the prediction of the
models and make them more transparent, level of certifiability, technical issues (scalability to high-
dimensional and raw data, computational cost, ...)

lll. combine methods and knowledge built in each use-case in order to document the results and to
develop general procedures and engineering pipelines useful for the use of XAl methods in general

and different domains



* Eight inter-disciplinary and inter-connected Work Packages

@Y Samples and xAl-tools exchange
{——) Management and communication exchange

Scientific outputs
Social impact

Publication, Real-time application tools
Open doors days

WP1: HEP physics A
Application of Al-methods to searches for
new physics at ATLAS. Provide samples

Tools for detectors J{

WP2: HEP detectors |

Application of Al-methods to calorimeter
detectors (PADME). Provide simulation of
electromagnetic showers, benchmarking
and tools for xAl. Deliverables: samples

WP3: HEP real-time systems
Develop Al-based real-time selection algorithms
for FPGAs at ATLAS. Use xAl methods for to

understand complex systems. Deliverables:
tools to transfer knowledge for xAl methods in

and tools to allow testing of xAl. Improve S O /o S
transparency, impact of systematics \ , Feports.

explainability. Deliverables: HEP

real-time applications, publication.

/

publications, benchmarks use-cases,

generalized tools.
\ T

School/Hackaton WP7: xAl-Tools

publications Survey of all available xAl methods
V relevant for use-cases; develop xAl usage

. pipelines; analysis of results.
vV WPO: Management Deliverables: document xAl procedures
Project and reports coordination,

: . : and engineering pipelines for general use.
planning of meetings, networking and xAl tools, Kaggle challenge for exploitation.
participation in public conferences.

Kaggle challenge
. . . . . \
Dissemination, communication and
exploitation of results (publications,

reports, social media)
\_ A e

\

£\ T Brain- WPG6: Neuro-science
Computer Test xAl techniques to uncover
Interfaces computational brain strategies on NHP
Meetings and selection of dynamical neural models
stakeholders | Deliverables: reports on saliency maps
from DNNSs trials, quantification of quality
and model selection. |
Open doors days \
__Diagnostic tools
1

Develop xAl pipeline to segmentation of
brains in magnetic resonance imaging.

Use publicly available databases for xAl
developments, focusing on explainability

of training strategy. Deliverables: xAl
algorithms and stability evaluation. /

WPS5: Functional Imaging\
Test xAl methodology in respiratory
system. Analyse complex systems
(passage of air and mucus, expected non-
linear responses) to derive model and test
xAl. Deliverables: prototype of xAl
algorithm implementation, assessment of
produced predictions. /

WP4: Medical imaging V




TIME LINE

T0.1 Project management and coordination
T0.2 Coordination of the periodic technical and financial reporting
T0.3 Planning of project meetings

T0.4 Networking and participation in public conferences

T0.5 Creation of a dissemination and communication plan

T0.6 Plan for exploitation of project results

HEP-1
T1.1 HEP1-SUSY
T1.2 HEP1-DARK
T1.3 HEP1-BENCH

HEP-2

T2.1 Collection of experimental data

T2.2 Simulation of electromagnetic showers
T2.3 Reconstruction of charges and times
T2.4 Shower reconstruction

T3.1 Preparation of the dataset

T3.2 Implementation of baseline Al models
T3.3 Syntesis of the baseline model in VHDL
T3.4 Deployment of xAl methods

T3.5 Dissemination and exploitation of results

T4.1 Selection of Al algorithms

Al
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T4.2 Application of state-of-the-art explainability algorithms

T4.3 Test of new xAl algonthms
T4.4 Stability of xAl algorithms

T 5.1 Reconstruction on tomographic scans
T5.2 Experiments and validation on air-mucus in idealized geometries

T5.3 Experiments and validation on air-mucus in respiratory geometries

T5.4 Test of xAl on simulation results
)

WPG NS-1

-

T7.1 xAl methods survey
T7.2 xAl tools delivery to the use cases

T7.3 Engineering pipelines for general xAl applications and documentation

T6.1 Uncover task-relevant neural spatio-temporal pattterns of neural activity
T6.2 xAl-assisted selection of neural dynamic models

official starting date 1.2.2021



project overarches multiple disciplines, from fundamental
M U CCA CO NSO RTI U M science to medical clinic and neuroscience, putting together

world-experts from the respective fields

Istituto Nazionale Fisica Nucleare (IT) | University of Sofia St.KI.Ohridski (BG)
Rome group ' Faculty of Physics

instruments, applications in several fields (HEP, medicine experiment software in HEP

imaging/diagnosis/prognosis/therapy)

Sapienza University of Rome (IT)
Departments of Physics, Physiology, and
Information Engineering

Polytechnic University of Bucharest (RO)
Department of Hydraulics, Hydraulic Equipment and
Environmental Engineering

HEP: data-analysis, detectors, simulation
Al: ML/DL methods in basic/applied research and industry,
intelligent signal processing
Neurosciences: brain encoding of complex behaviours, ML
In electrophysiology, multi-scale modelling approaches

MedLea
Medlea S.r.l.s (IT) =i o

Complex Fluids and Microfluidics expertise: mucus/saliva
rheology, reconstruction and simulation of respiratory airways,
Al applications for airflow predictions in respiratory conducts

University of Liverpool (UK)

high tech startup, with an established track record in medical | {é{g/ Department of Physics

Image analysis and high-performance simulation and
capabilities of developing and deploying industry-standard
software solutions

physics data analysis at hadron colliders experiments,
simulation, ML and DL methods in HEP




EXPECTED RESULTS AND POSSIBLE IMPACT

* Results: knowledge base and xAl tools (documentation and procedures/engineering
pipelines)

» Success of the project is expected to generate impact at multiple levels and scales:

enable users to better understand Al models and to diagnose model limitations
using different explainable Al methods, as well as to refine and optimise the models

systematic understanding of which aspects of different XAl methods better adapt to
the specific application (different data structure, tasks, etc) and are more predictive
of success in XAl analysis

systematic cross-application assessment of the many available approaches to xAl

skills development and training on XAl methods for young researchers



DISSEMINATION AND EXPLOITATION OF RESULTS

* Dissemination from each WG in scientific publications and national and international
conferences on Physics, NeuroScience, Data Science and Pneumology

» XAl applications and developed metrics will be proposed in formats usable by the widest
community: methodological details and open-access toolkits for XAl approaches through
public servers and repositories

 Passive and active science communication dissemination strategies will be followed

e passive dissemination through a dedicated web site devoted to the project objectives
and through social media presence

» active dissemination through wide public science communication (open doors days at
member institutes, science festivals), and targeted dissemination (topical classes on Al
and XAl for high school students and high school teachers, lectures for undergraduate
and graduate students), organisation of a hackathon/kaggle challenges focusing on both
disseminate and test the proposed procedures



