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Introduction: Weakemergence
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« La cellule vivante ne contient rien que 
des ǇŀǊǘƛŎǳƭŜǎ ƳƛƴŞǊŀƭŜǎ ώΧϐ 
et pourtant il est, de toute évidence, 
impossible que les phénomènes caractéristiques 
de ƭŀ ǾƛŜ ǊŞǎƛŘŜƴǘ Řŀƴǎ ŘŜǎ ŀǘƻƳŜǎ ŘΩƘȅŘǊƻƎŝƴŜΣ 
ŘΩƻȄȅƎŝƴŜΣ ŘŜ ŎŀǊōƻƴŜ Ŝǘ ŘΩŀȊƻǘŜΦ 
La ǾƛŜ Ŝǎǘ Řŀƴǎ ƭŜ ǘƻǳǘΣ ƴƻƴ Řŀƴǎ ƭŜǎ ǇŀǊǘƛŜǎΧ».

Durkheim dans les  
« Règles de la méthode sociologique» 



Mac and Mic Jim
The whole is more thanΧ

1 + 1 = 3
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Threeemergentphenomena: 
1) A traffic jam

Å[ΩŜƳōƻǳǘŜƛƭƭŀƎŜ

Mic Jim

Mac Jim

Current Trends in AI - AB Modelling



2) The antsshortestpath
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Mic Jim

Mac Jim



3) Associative memoriesin neural networks

Mic Jim

Mac Jim
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We need to modestly stay reductionist:
Ą no vitalism, no creationism
Ą no mind/body problem

Ą no top-down «supervenience»

Beforeall: Science has to stayreductionnist.
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Still interesting questions:

The phenomenon emerges but «FOR WHO???»

Again and again the «observer» problem

Who is Mac Jim with respect to Mic Jim ?

Can Mic Jim perfectly predict what is seen by Mac Jim ? 
Ą Yes is the answer of reductionism.

Who says the truth ? 

But then, ǿƘŀǘΩǎ ǘƘŜ ƭŜƎƛǘƛƳŀŎȅ ƻŦ aŀŎ WƛƳ ?
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Cellular automata: the perfect illustration of 
weakemergence
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Varela Autopoiesis
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Swarmrobotics: weak? strong ?
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Weak Emergence
= epistemic
= gap impossible to analytically fill
= in the eyes of the human observer
= this new semantic domain simplifies
analysis, understanding, communication
Ą But everything happens «downstairs» !!!!

The big debate on emergence
= 

So classical in epistemology on the status of the 
scientific observer 

Strong Emergence
= ontological
= really there 

.ǳǘ ƭŜǘΩǎ ǎǘŀȅ ǊŜŘǳŎǘƛƻƴƛǎǘ Η

Need for observer emancipation
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Engineering might help



Engineering = Strongbut not spontaneous
bottom-up emergence

Å A car is more than the sum of its parts

Å A computer too

Å Engineering is top-down !!!

Å .ǳǘ ǘƘŜ άƳƻǊŜέ ƛǎ ǘƘŜ ŦǳƴŎǘƛƻƴ for the external user who gains in fitness

Mais en biologie, 

lôing®nieurdoit être aveugle !!!
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.ŜǘǿŜŜƴ ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ǇƘȅǎƛŎǎ Χ ¢ƘŜ ōƭƛƴŘ 
watchmaker of biology

ÅPhysics describes collective phenomenon: the proximate 
cause

ÅThe engineer describes the function: the ultimate cause

Biology

Physics
Proximate
HOW ??

Engineering
Ultimate
WHY ??

Emergent phenomena are strong
for natural selection
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Fig. 2: The three needed ingredients for a collective phenomenon to be qualified as 

emergent. 

The three neededingredientsthat biologyprovidesfor 
a collective system to bestronglyemergent

The gap



ÅSociology= weakemergence

ÅSurprise of the wholewith respect to the parts

ÅIn contrastto statisticsthat bringsback the 
macro to the micro

ÅNeedto resort to computer simulations

Å[ŜǘΩǎconsidertwo verycelebratedexamples
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1) Dirk HelbingςSociologue à Zurich
Foules sentimentales !
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2) Thomas Schelling and segregation

ÅThomas Schelling experiment

ÅHow weakracismcreatesstrongsegregation
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