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New Health Technologies Produce Data Tsunami 
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Le serpent symbolise la personne  
qui fait le choix de participer 

ou non au soin, prenant ainsi en  
main son propre bien-être 

Panakei
a 

Hygeia	  

Le bâton symbolise l'activité 
du médecin qui promène  

sa science secourable 
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Methods of investigation,  compression & interpretation  

Methods of investigation 
 
-  Classical data analysis 
-  Deep learning 
-  No SQL interrogation 
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Le “deep learning est une méthode non 
supervisée, qui utilise un classifieur 

réseau de neurones à plusieurs couche.  
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Par rapport aux réseaux classiques 
(Hopfield, Kohonen, etc), 

adjonction de plusieurs couches  
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Deep Learning 
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Supervised Learning 

Unsupervised Learning 
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Convolution (L. Schwartz, Y. Lecun) 
Pour régulariser, on convole… 

webinar Marseille 13 13/06/17 



Convolutional Neural Networks 
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Stacked Auto-Encoders 
�  Bengio (2007) – After Deep Belief Networks (2006) 

�  Stack many (sparse) auto-encoders in succession and train them using greedy layer-
wise training 

�  Drop the decode output layer each time 
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Auto-encodeurs empilés 
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Methods of compression 
 

-  Statistical compression 
-  Model driven compression 

-  Qualitative ontologic compression 
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Statistical compression  
 

 for reducing health big data 
  

into a few data representations 
 

based on data analysis restituting 
 

the essential of the medico-social 
 

knowledge 
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Influenza Web surveillance in  
Japan social networks 

Fukushima 

INFLU kun GP surveillance network data 

Google data 

Tweet data 

Web surveillance 
INFLU kun GP surveillance 

Eiji Aramaki, Sachiko Maskawa, Mizuki Morita 
Twitter Catches The Flu: Detecting Influenza Epidemics using Twitter  

EMNLP (Empirical Methods on Natural Language Processing), 1568-1576 (2011) 
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taux annuel de migration nette
pour 10 000

de -68 à -40
de -40 à -21
de -21 à 0
de 0 à 30
de 30 à 60
de 60 à107

Solde migratoire des régions entre 1999 et 2004
Population âgée de plus de 4 ans en 2004

Source : Insee, enquête de recensement 2004

Type II diabetes prevalence OECD 2008 
 

Attractivity of French regions INSEE 2008 
 

South-North French  
medico-social gradients 
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Type II Diabetes increase in Japan 
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Model driven compression 
 

Generalization of the Fourier & wavelets approach  
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dx/dt = y  
dy/dt= -ω2x 
 
 

dx/dt = y 
dy/dt= -(ω2+τ2)x  
-2τy 
 
 

dx/dt = y 
dy/dt= -ω2 x–µ(1-x2/
b2)y 
 
 

Fourier Ondelettes Dynalettes 
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J.D. et al. CRAS Biologies 2014 
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Qualitative ontologic compression  
  

into logic representations 
 

based on 
 

semantic analysis and 
 

ontologic representation 
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Dossier médical AVC Bibliographie AVC 

Prot 
Paramédical 

Clin    Paraclin 

O   K     N 

Concepts ontology  
graph 
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Ontology building tools 
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Methods of interpretation 
 

-  Differential modelling 
-  Automata & Multi-Agent modelling 

-  Functional modelling 
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Differential modelling 
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Voies commerciales 
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Beaucroissant 
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St	  Anton	  Abbey 

33 webinar Marseille 



13/06/17 34 

Daniel Bernoulli 

Jean d’Alembert 

Ronald Ross 
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P. Ambroise-Thomas A. Turing 

36 

J. GAUDART,…, J. D. & O.K. DOUMBO, 
Modelling malaria incidence. Malaria 

J., 8, 61 (2009). 

À Alger, j’ai abandonné  
mes premières amours  

les mathématiques dites pures  
pour « entrer en médecine» 
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Bancoumana (Mali): selon quel gradient progresse la maladie? 
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Spatial problem 
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2πr perimetric phreatic backwater 

Fractal perimetric superficial backwater 
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Endemic prevalence 

Prévalence = Proportion des 
personnes  

ayant ou ayant eu la maladie dans un  
échantillon et une durée donnés  

Bancoumana (Mali)

Prédiction de la densité des 
infectés 

Observation des cases  
occupées par des infectés 
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J. GAUDART,…, J. D. & O.K. DOUMBO, 
Modelling malaria incidence. Malaria 

J., 8, 61 (2009). 
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Automata modelling 
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Social 
networks 
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Empirical networks 
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          Obesity dynamics       C. Taramasco  Obesity
homophilic graphs 
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Functional modelling  
 

For reducing big data related to 
  

a metabolic pathway 
 

into a few number of attractors 
 

related to the circuits of its 
 

 interaction graph  

13/06/17 webinar Marseille 47 



Life’s complexity: 
from bio-arrays to metabolic pathways 

Bio             arrays 

Metabolic pathways 

Inverse  
Problem 

Direct 
Prediction 

Big Data 

Data analysis 

Model 
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Social Interaction network
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RAG control pathway 
C. Georgescu, PNAS 2008; JD, A. Elena, M. Noual, S. Sené & F. Thuderoz J. Theor. Biol. 2011 
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JD, M. Noual, S. Sené 
Discrete Applied Maths 

(2012)  

l = 3 × r / 2 

Attractor Nb of positive circuits of length r tangent to negative of length l 

JD, M. NOUAL, S. SENE 
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Conclusion 

 

�  Toward a personalized patient time recording 

�  and at the population level, a spatiotemporal 
observation 

�  followed by the steps of big data compression, 
modelling and interpretation 

�  with restitution of information to patient and to 
population 
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