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Une machine ou un systéeme peut-il évoluer ?
Peut-on développer un systéme ayant des propriétés de résilience et de régénération ?
Ces créatures peuvent-elles apprendre et qu’est-ce que I'apprentissage artificiel ?

Une machine peut-elle créer ?
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VIE ARTIFICIELLE

The Big Bang

Notion de
Systémes Complexes

Auto-Organisation
Emergence de propriétés
Autopoiese

Once inside the shape, robots move until they either are about to exit the
shape, or bump the previous robot. When this occurs, they join the shape.

Course of Mathieu Arlat
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1. Les éléments essentiels

Le nucléoide et le cytoplasme

1 PHYLOGENETIC MODEL:
ABILITY TO EVOLVE, TO TRANSFORM GENETIC MATERIAL TO

PRODUCE DIFFERENT SPECIES.
2 ONTOGENETIC MODEL:

ABILITY TO GROW FROM A SINGLE CELL BY DIVISION AND
DIFFERENTIATION.

-
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3 EPIGENETIC MODEL: * g

ABILITY TO LEARN (NERVOUS SYSTEM, IMMUNE SYSTEM)

4288 génes CHARLES DARWIN 1809-1882
1,3 mm (1300 pm) — cellule 2/3 pm ?
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MORPHOGENESIS

ARTIFICIAL EVOLUTION GENOTNSE PHENOTYPE
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PHYSIC SIMULATOR

PHYSICALLY SIMULATED CLOTHING
BY CCP (EVE Online)
USING NVIDIA APEX

NVIDIA

NICOLAS LASSABE

1 PHYLOGENETIC
MODELS




MOLECUBE

Molecubes
Open Source Modular Robotics Platform

www.molecubes.org

Hod Lipson
Victor Zykov
Phelps Williams
Nicolas Lassabe
Hang Li
Andrew Chan

Cornell Computational Synthesis Lab

Modular Robots
Roombot, Symbryon : European Projects

“RESILIENT MACHINE”

Resilient Machines through Continuous
Self-Modeling

Josh Bongard, Victor Zykov, Hod Lipson

Cornell University

Resilient Machines Through Continuous Self-Modeling
(Science Journal 2006)




SELF ASSEMBLY

Festo, Germany Boston Dynamic




REPLICATION (REPRODUCTION)

NERI OXMAN

AIRBUS
OCTOBOT

SE] Printing, l“o]ding and Soft Lithograpl\y




ORGAN PRINTING 2 ONTOGENETIC MODELS

SELF REPRODUCTION
&

DEVELOPMENT

Artificial Embryogeny : “methodological approach for reaching

Sean V Murphy & Anthony Atala. Wake Forest University Stanley & Miikklainen 2003
2 2 3

“Nature Biotechnology

« Design a machine that can design other machines »
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LA CELLULE 3D PRINTER : THE RIBOSOME

Code ADN iy uiiyn®af

Energie

Réticulum
endoplasmique

NOBEL PRIZE 2009
ADA E. YONATH WEIZMAN INSTITUTE
THOMAS A. STEIZ, YALE UNIVERSITY
Images Drew Berry, Ethan Gray VENKI RAMAKRISHMAN MRC, CAMBRIDGE

Gene Regulation in Biology GENETIC REGULATORY NETWORK

o ) IN CELLS
+ Gene regulation in developmental biology

- During the development of an organism, the —
GRN allows for: : ,
> the segmentation of the embryo (ex: drosophila)

Pl | ACTIVATE OR INHIBIT
REGULATORY SEQUENCE IN THE DNA
y, < SEQU _E ACTIVATE OR
NOT THE GENE EXPRESSION

SENE EXPRESSION DETERMINE THE
FUNCTION OF THE CELL

(Tomer et al. 2012)




Artificial Gene Regulatory Networks FROM ONE CELL TO A MORPHOLOGY

: - . AND METABOLISM
+ Computational models: “Object-oriented” models

t=0

Input prot.

Regulatory prot.
Output prot.

Enhances
— Inhibites

PHD JEAN DISSET

Mécanique et Chimie des cellules virtuelles

* Systeme masse-ressort-amortisseur

* Division

* Adhesion ‘ L ‘ " . & .
* Collisions

* Morphogenes (molécules diffusées)

PHYSICAL (BULLET)

CHEMICAL (CELL20ORGAN)

* Nutriments

HYDRODYNAMICAL ® Energie

~




There are 4 possible actions for a cell

(reproduce)
(inactivity)
(programmed death)

State “A” (going deeper into

the specialization tree)
 Physical properties
< Chemical properties

Chemical input  Mechanical input

(morphogens Internal

gradients) | data
\ -

Division

Quiescence -
Apoptosis

ORGANOGENESIS

fertilised egg
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S connective tissue,
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ORGANOGENESIS

J PATTING - N

\ Mass Mass 4
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Real time demo
ultra simple morphogenetic engineering proof of concept




Performances
2 gave evolution four materials:

Self Organizing
Multicellular Structures:

Muscle:  contract then expand

Tissue: soft support

. Muscle2: expand then contract

Application to cancer simulation

J. Disset, S. Cussat-Blanc, Y. Duthen

Bone: hard support

Corruci, Cheney, Lipson 2016

update duration (s)

0 5000 10000 15000 20000 25000 30000 Doursat, Sanchez 2014
# cells

Jonathan Pascalie 2016

MORPHOGENETIC
SYNTHETIC BIOLOGY

Biologie + Ingénierie pour concevoir et synthétiser des nouveaux
systemes et fonction biologique

Ty
@QHO'}* Application

Shape engineering

Signal + oscillateur interne => différentiation

.
wp2

L, High Level Language
Declarative Spatial Programming

&
w3

L diate Level Langy
Calculability .t Intermediate Level Language

Complexity Entity based programming

-
WP4

L,: Low Level Language
Regulatory Network Oriented
Programming

3-armed starfish 4-armed starfish 5-armed starfish
Susan Stepney et al. (2012) GroCyPhy Project:

Gardening cyber-physical systems.




o _~___EDITING A GENE USING
Wite desired  eomart DA ‘ THE CRISPR/CAS9 TECHNIQUE

circuit on
sequence :
computer... Gene ircuit ‘a’ n Scientists create a genetic sequence, called n This sequence is added to a cell along with

a "guide RNA_" that matches the piece of DNA a protein called Cas9, which acts like a pair
they want to modify. of scissors that cut DNA,

Cutting
site
\c.no
+

T

Guide RNA

B The guide RNA homes in on the target DNA n Now, another piece of DNA is swapped into
sequence, and Cas9 cuts it out. Once their the place of the old DNA, and enzymes repair
job is complete, the guide RNA and Cas9 the cuts. Voila, you've edited the DNA!
leave the scene.

Guide RNA
Target DNA \’ f
T T

Emmanuelle Charpentier / Jennifer Doudna (Berkeley)

P »l o) 9:48/30:08

3 EPIGENETIC MODELS IMPACT ENTREPRISE

Environnement, Sante, Transport, Commerce, Systemes
Epigenetic : describe psychological Sociaux et Culiurel
development as the result of an ongoing, bi-directional interchange
between heredity and the environment. Algorithmes maitres du monde ?

Artificial Intelligence Google (rachat de Deep Mind)
- IBM Watson
SYMBOLIC (cognitive) Facebook IA
11 mai 1997 Deep Blue / Gary Kasparov Microsoft (Cortana, Bing, Azure ML)

— Apple Siri, emotient Inc, proces

sHh Baidu, EZDL deep Learning
oo pbtcy Amazon, Alexa,
Uber Al, neuro-évolution, developmental learning
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REPRESENTATION DU MONDE

(3500-2000 avant J.-C.)

MEMORY ARCHITECTURE

APPRENTISSAGE

ANIMAUX : NEURC
PLANTES : °

SCIENTIFIC REPg}RTS

ciation in Plants

Vxand

' Learning by Asso
—

Convolution Fully connected
/—%

1 L 3 W F5

256x256 128x128 64x64 32x32 (Output)

LO (Input)
512x512

Deep Learning learns layers of features
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GENERATIVE ADVERSARIAL
NETWORK
https://openai.com/blog/generative-models/

Two networks:

— Generator G: creates (fake) samples that the
discriminator cannot distinguish

— Discriminator D: determine whether samples are
fake or real

compete
Generator Ramssmma Discriminator

Les programmes peuvent-ils créer ?
ou peuvent-ils imaginer ?

DEEP DREAM
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TEXTE VERS IMAGE
TEXTE VERS IMAGE

This flower is
This flower is This flower white and This flower
pink, white, has a lot of yellow in has petals that
Text and yellow in small purple color, with are dark pink
description  color, and has petals in a petals that are with white
petals that are dome-like wavy and edges and
Thi 1L bl striped configuration smooth pink stamen
1S Sma ue
bird has a short
pointy beak and

brown on its wings 64x64

GAN-INT- >
CLS

This bird is

completely red

with black wings

and pointy beak

256x256 !
StackGAN [
&

Zhang et al 2016

TEXTURES

IMAGE VERS IMAGE

* Synthesize textures for input images

Labels to Street Soenc

Aput
Aerial to Map -

out ou u. A output
\' Day to Night Edges to Photo
: E.

output output

Isola et al 2016




TEXTURES CYCLE GAN

Monet _ Photos Zebras T Horses Summer T Winter

Li and Wand 2016 : Photograph : — ) ] Ukiyo-e

SYNTHESE DE VISAGE MIKE TYCA
GENERATIVITE ET HUMANITE




Vie Artificielle
Créatures Artificielles

SELF ASSEMBLY

par assemblage de blOCS

par développement

CHITECTURE BE MEMOIRE

Apprentissage

RENE DOURSAT

Understanding Complex Systems

René Doursat
Hiroki Sayama
Olivier Michel Editors

Morphogenetic
Engineering
Toward Programmable Complex Systems

Self-Organized Systems Self-Organized Systems
Showing an Architecture Showing no Architecture

Architectured Systems | Architectured Systems
Showing no Self-Organization | Showing Self-Organization
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