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Co-evolutionnist processes

Darwinian processes :

¢+ metabolic hypercycles (Eigen&Schuster)
¢ Selection of genes (Fisher, Wright)

¢ Selection of species (Lotka, Voltera)

¢ Selection of clones (Perelson, Stewart,
Varela)

Lamarkian processes :
¢ Selection of strategies (Maynard Smith)




Replicator systems

Abstract unit of selection (Dawkins) :
¢ Genes,

¢ Memes,..

Co-evolutionist interactions between :
¢ The phenotypes in the real world and

¢ Their underlying replicators (organized in
a network of interactions !)

+ «implicit parallelism» (John Holland)
Replication/Variation/Selection dynamics




Fixed Landscape
Optimisation paradigm

9,x(q.t) = x(q, * w(q.x(.,)+d(q) Ax(q.t)
(quick) (slow)

Theorem (Raphael Cerf) : an evolutionary process attain with
probability arbitrary close to 1 all the maxima arbitrary closed to
the global maximum with a population proportional to the
number of these maxima [quasi ESS]

Using the Friedlin and Wentzel theorem: a stochastic dynamical
system visits all its attractors by cycles, hypercycles, .. when
the perturbations tend to zero.




Co-evolutionist Landscape
Equi-adaptation Paradigm

fitness dx(q.t) = x(q, * w(q,x(..t))+d(q) Ax(q,t)
(quick) (slow)

phenotype

Hypotheses :

¢ The mutation process slower than the replication one

¢ The replication process close fo its attractor

* Quantic character of the species distribution
The species are hill climbing (Fisher law)
The species co-evolve (in mean) at level zero (Equi-adaptation law)
The fitness decreases in the occupied sites (Red queen law)

Adaptation processes generalize optimisation processes




Co-adaptive system
as emergence of a whole

Varela & Maturana, Jerne, Edelman, Lovenlock, Luhman

fitness
dx(q.t) = x(q, )* w(q.x(..t))+d(q) Ax(q.t)
(quick) (slow)

A large network of interdependent entities (phenotypes, behaviours,
strategies, routines, habits, norms, conventions,beliefs,..) :
¢ That is mutually sustained by equi-adaptation
¢ That delimitates a tolerant area and a suppressive area (with respect
to « internal » and external invaders)

¢ with punctuated equilibrium (Stephen Gould) separated by co-
evolutionary avalanches of all sizes and duration (power law in the
Kaufman's NK-landscape, studied by Bak and Sneppen)




Example : Mimetism

‘ we may say that all organic adaptation
in a changing environment is a phenomenon
of biological or organic imitation’
Baldwin , 1895
Large sense :
Patterns co-evolution between flowers and insects

Bird's song co-evolution (J. Krebbs experiment,Nature,
271(9),78)

Economic competition, sportive coopetition,




Bird's song mimetic game
Kaneko et Suzuki,93 : Snyers,96

one population (symmetric game) with a “"song" dynamics :
¢ s,,; =f(s;) avec f(s) = 1- q s? (logistic function depending on the
"phenotype q")

Mimetic game : random pair (imitator, imitated)
Tuning phase of the imitator/ imitated: Sy,q qu(a ST'+(1-G) S:)
Test phase : the agents continue with their own dynamics with
distance A
Each imitates the other. One measure A et A'. The best imitator
wins
Matrix of the game : A(q.q") = probability that q wins against q'

dx./dt = x;[(A x), - x.A x]+diffusion




Matrix of the game
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Co-evolution of the population and of the fitness

Population : fitness

- Initial distribution of « q » : equiprobability on [0,2]
- In each run «g» converges to a subset of {1.75, 1.86,1.94}
- Not always all present, but always inside these three values




Crossed mimetism
at the border of chaos
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Each run is converging toward a
subset of {1.75, 1.86, 1.94}

i.e the 3 transitions between
periodic and chaotic phase in the
initial interval [0,2]




Adaptation
i as Dealing with Uncertainty

Knight, 1921

= Situation with a known list of possible
states
= Certain
= Risky
= Uncertain = probability on probability law [e.g.
by exchangeability]
= The list is not known : radical uncertainty




Experiment 1 & 2

- It remains 20 trials with B1 or B2

’7 _‘ - Your knowledge about B1 and B2 :
*B1 : 2 success and 3 failures

1 2 * . 0,
1 [ B2 : 56% of success

Experiment 1 : what is your next trial ?

Experiment 2 : what are your 3 next trials depending on the results ?




Results : inversion of preference
for the first choice

- It remains 20 trials with B1 or B2

’7 _‘ - Your knowledge about B1 and B2 :
*B1 : 2 success and 3 failures

1 2 * . 0,
1 [ B2 : 56% of success

Experiment 1 : what is your next trial ? 19/9

experiment 2 : what are your 3 next trials 8/20
depending on the results ?




Exploration/Exploitation
* Compromise

Unavoidable dilemna in ‘uncertain’ situation :
* short term gain by exploiting the ‘best’
action according to the accumulated
information
* long term gain by further exploring the less
known actions to better evaluate which is the
best.




Exploration/Exploitation
i Compromise

= topic shared by :

= Mathematics (Gittins, 73)

= Economics (Rotschild, 74)

= Evolutionary Computation (Holland, 75)
= crucial for :

= Learning processes

= Evolutionist processes

= Prototypical model : k-arms bandit




When do you stop the exploration ?

possible futures compatible with the present state of
knowledge

(2,3)
-42/ \io
(3,3) (2,4) puis B2
.52/ \20
(4,3) (3,4) puis B2
5)7/ \43
(5,3) (4,4) exploration bonus

The best stopping time is the one that maximes your future
rewards. It is dependent on the responses of Nature




* K-armed bandit theory

= Theorem (Gittins, 73) : the optimal strategies
are index strategies




Playing with the index ...

')2,3)\=;562 0.562=0.4+0.162
.40 .60
(3,3)=.64 (2,4) = .47 puis B2
'%V/\ﬁﬁ
(4,3) =.69 (3,4) =.55 puis B2
Ey/\\fs

(5,3)=.73 (4,4) = .61

Theorem (Weber) : The index is the equivalent constant value of an infinite number of

the same arm
Gittins index = exploitation value+exploration bonus
0.562=0.4 +0.162 for (2.3) above




i Calculating the index

Index of a normal bandit :
v(m,s,n,a)=m+sv(0,1,n, a)
with n = number of trials
m = empirical mean
s = empirical standard deviation

Asymptotical value of a standard normal bandit :

.. 1
Limit v(@,l,na)=—F——
a->1 and n(1-a)->00 2 n+(1-a)




Is it rational to not
converge to the best arm ?

® Theorem (Rotschild, 74) : there is a not null probability
that the best arm will be tried a finite number of times

® Theorem (Leloup, 96) : There is a not null probability that
learning process converges to any arm with not null
probability

® i.e.incomplete learning process is rational !

= i.e.out of equilibrium




Evolutionary Ultimatum game
and its simulation

= Two players (the ‘proposer’ A, the
‘responder’ B) in one shot game

= A proposes how to share 20%

= B accepts or refuses the offer
= If (s)he accepts, the proposal is effective
= |If (s)he refuses, both receives nothing




i What say game theory ?

= The game equilibrium is
= B accepts any proposal
= A proposes 20-¢ $
= Paradox of the ultimatum game :

= The mean money kept by A< 70%

= For the offers < 30% , a rate of rejection =
50%
= Between 20-30% of rejection




Nobody can consider
to be perfect!

n

= Evolutionary ultimatum game played with
Gittins index reproduces the observed
«paradoxical» experimental facts

» Standard deviation of final fortune: 15%

= Even if you use the best possible strategy!
= path dependency from the responses of Nature !!




*&daptive Rationality (1)

= General Conjectures :

= |n uncertain situation, it is not possible to be
perfect both on the strategies and on the global
results.

= Incomplete learning or path dependency from
learning process : even in a stationary
environment, even perfect rational agents
converge to different strategies




i Adaptive Rationality (2)

= Heterogeneity is good for evolutionary
process (Fisher’s law), especially for
crossed-mimetic co-adaptation




Exploration/exploitation in
Evolutionary process

-

L1 [

-

How to play N times with two unknown arms ?

Simple strategy :
-Try n times equally the two arms
- Continue N-n times with the ‘best’

It is quasi-optimal to take n=log(N)
i.e. To give an exponential offspring to the ‘best’

Evolutionary process are quasi-optimal for the compromise
exploration/exploitation (John Holland)




Mitigation of uncertainty

= Only through a much more collective
way to do science :

= associating scientists and physicians, engineers for
observing in vivo and in situ complex systems and sharing
large cohort of exchangeable data

= providing to the society through recurrent international
contests giving these cohorts the «best» integrated model -
i.e. with the best likelihood and the lowest remaining
uncertainty

= through international program (like ESFRI, European
Flagship, GIEC,..) for fixing the decreasing rate of
uncertainty (<=>the increasing rate of the cohort size) in

respect to the societal impact
28




Cargéese 2010 Workshop

/ Which Complex Systems Digital Campus ? \

(CS-DC)
Complex Systems Complex Systems
Digital Institute Digital University
&:S-DI) (CS-D%

Integrated models <4—)» Integrated Knowledge

29




A much more collective way to do
i science for reducing uncertainties

= More and more societal objective (e.g. Personalized Health,
Dealing with a Looming Disaster like Global Warming,..)
needs a radical reduction of uncertainties

= The reduction of uncertainties needs radically new scientific
strategies for observing complex adaptive systems,
combining multimodal multi-scale data in coherent cohorts,
reconstructing theoretically their integrated models.

= through international program (like ESFRI, European
Flagship, GIEC,..) for fixing the decreasing rate of uncertainty
(<=>the increasing rate of the cohort size) in respect to the

societal impact
30




The Digital Campus as
a new Social Intelligent ICT

= for quickly sharing interdisciplinary concepts through
an ubiquitous learning using an integrated map of
knowledge & theories and serious games based on
integrated models.

= for sharing cohorts and theories and constructing
integrated models through an ubiquitous cloud
computational ecosystem.

= for assessing through recurrent international
contests to obtain the «best» integrated model, i.e.
with the highest probability and the lowest remaining
uncertainty. a1




Phylogenesis and Map
of Integrated Knowledge
]




i Societal impact

= Personalized education through
ubiquitous learning and mitigation of the
uncertainty along the professional path

= Personalized health through
personalized prediction, prevention and
resilience

= Prediction and prevention of looming
disaster

33




Thanks
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