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NeuroMat

I Research center integrating mathematics and neurobiology.

I Hosted at University of São Paulo

I Vertices in departments of

I Mathematics, Statistics, Computer Science, Physics and

Neurobiology

I in several universities and institutions: UNICAMP, UFRJ, UFRN,

UFPE, UFMG, UFSCar, IMPA, UBA, Cergy-Pontoise, Berkeley,

Cambridge, Centre de Neuroscience Cognitive (CNRS, Lyon), GSSI,

Montevideo, NIH, Paris Descartes, IBM, Purdue, NIH,

Nice-Sophia-Antipolis, San Andres, ...
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NeuroMat facilities and associated laboratories

I Facilities

I HPC center launched in April, 2016

I EEG lab launched in October, 2017

I Associated laboratories at UFRJ and UFRN
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USP counterpart support

I four-floor building - 1,175 m2

I recently renovated and extended ∼ $ 500,000

I 3 staff members

I 1 assistant professor position

Antonio Galves NeuroMat: first 4 next 7



Mission

The main goal of NeuroMat is to build the new mathematical framework

deemed necessary to address the challenges of neurobiology.

This required the construction of new classes of stochastic processes to

I model huge systems of spiking neurons

I describe statistical model selection in the brain

I address the issue of the statistician brain
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What we have done

We introduced two new classes of stochastic processes:

I Systems of interacting chains with memory of variable length

I Context tree driven stochastic processes
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Modelling huge systems of spiking neurons

I The model is a huge system of interacting chains with memory of

variable length

I Introduced in Galves and Löcherbach (2013)

I This paper gave rise to a sustained mathematical research agenda

(not only from our team).
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Outcomes of this research line

I 33 new scientific articles

I 125 citations

I 10 postdoctoral projects

I 6 PhD dissertations

Antonio Galves NeuroMat: first 4 next 7



Stochastic processes driven by context tree models

retrieved from EEG data

Duarte, Fraiman, Galves, Ost and Vargas (2017):

I a new statistical approach to address the conjecture that the brain

operates as statistician, assigning models to external stimuli.

I a new experimental protocol to test this conjecture.

I a new mathematical object: stochastic processes driven by context

tree models.

I a new statistical model selection procedure for functional data.
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Goalkeeper Game

I New computer game associated to the experimental protocol

developed in the article by Duarte, Fraiman, Galves, Ost and Vargas

(2017).

I The game allows for inexpensive and large-scale neuroscience data

collection.

I Alongside its experimental aspects, the game addresses a new

mathematical challenge interesting by itself: the learning processes

and decision-making models used by the player.

I This has become a compass point for technology transfer
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2 PhD dissertations

1 postdoctoral project
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Near future

I Modeling brain plasticity

I Phase transitions, criticality and oscillations in stochastic neural

networks

I Continuing mathematical research and computational simulation of

large-scale stochastic neural networks
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Technology transfer and innovation
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Innovation mission

I To develop innovative tools and applications based on the new

conceptual framework to approach the brain being constructed at

NeuroMat

I This is different from applying existing mathematics-based tools to

neuroscience
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NeuroMat innovation

I Clinical applications: diagnosis and neuro-rehabilitation

I Computational tools: free and open source software tools
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Clinical applications under development

I Parkinson disease (AMPARO initiative)

I Free and friendly test for early differential PD diagnosis

I Brachial plexus injury (ABRAÇO initiative)

I Predictors of rehabilitation after peripheral injury

I Psychosis and psychiatric disorders

I Prediction and diagnosis through speech analyses
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Computational tools - now available

I Goalkeeper game

I online game with desktop and mobile device versions

I NeuroMat Experiments Database

I data and metadata sharing and searching

I Neuroscience Experiments System (NES)

I data and metadata management

I unifies data from different provenances (clinical evaluation,

electrophysiological, imaging, behavioral, ...)
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Dissemination
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Dissemination Mission

To propose radical innovations to improve public scientific culture about

NeuroMathematics
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FAPESP’s expectations are to be met under structural,

institutional constraints

I Stable scientific illiteracy

I Continuously insufficient, inefficient investment to public school

system

I General lack of interest in science news in broad-public media outlets

I Little incentives for professors and researchers in universities to get

involved in programs of “culture and extension”
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NeuroMat Wikimedia Initiative

I ∼ 2,000 Wikipedia entries in Portuguese (and hundreds in English)

I over 10M views since January 2016

I 2,334 media files (pictures, GIFs, videos, audio files)

I near 11M views in September’17 alone

I Systematic effort to disseminate our approach

I other RIDCs

I USP museums and departments

I general outreach (UNICAMP, UFABC, Prefeitura de São Paulo,

CGI.br, ABCiber, Campus Party, INTERCOM, ...)
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Other activities

I Communication

I website

I Facebook

I Blog

I Training/Education

I LASCON

I Extension to secondary teachers
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Near future

Goal: to consolidate our impact on neuromathematical culture we need

I reach the school system

I influence public policies
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New generation
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Mentorship

I Antonio Galves - USP

- Mathematician

I Errico Presutti - GSSI - Italy

- Physicist

I Eva Löcherbach - UCP - France

- Mathematician

I Pablo Ferrari - USP

- Mathematician

I Ricardo Fraiman - UdeLAr - Uruguay

- Statistician

I Claudia Vargas - UFRJ

- Neurobiologist

In different frameworks

I Probability theory

I Applied statistics

I Experimental protocols

I Data analysis
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Young researchers

I 10 Technical training (7 in progress)

I 6 Scientific journalism (4 in progress)

I 7 MSc (3 in progress)

I 18 PhD (12 in progress)

I 11 Post-doc (7 in progress)

Working on

I Probability theory

I Statistics

I Simulations

I Software development

I Neurobiology

I Dissemination
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“Por mares nunca de antes navegados,

Passaram inda além da Taprobana”
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