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Context : Neuro-Sciences

Question : influence/role of pre-frontal-cortex in reinforcement-like
learning in rats?
(Context of “Operant Conditionning”, work with Alain Marchand, Bordeaux).
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Context Differential Evolution
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Particle Swarm Opt.
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Global Optimization

» Search space S

» Objective function to minimize
f:§—R

» f is unknown

DE-PSO Experiments References
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o La

P

> X=(o,7,8)7

> f : policy likelyhood
(vector ? traj?)

> ~~ sampled.

» non-convex objective function.

> unconstrained state space.

» Meta-heuristics : Simulated Annealing, Tabu Search, Ant Colony
Optimization, Evolutionary Algorithm (Differential Evolution),
Particle Swarm Optimization, Variable Neighborhood Search, etc.

» Ceci n'est pas exhaustif !
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Differential Evolution (DE) [ston and Price, 1095]

D-dimensionnal parameter vector
7 0 D\T
X = (x st X )

Population of N parameter vectors at generation g

X[g] = {)?I[g]}’ = O’ 7N

Evolution of one parameter vector

1. “mutation” :
m; = f(X[g])
2. “cross-over” :

%lg+1] = { m,  for some j

)_c'f: [g] otherwise
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DE “canonical” : uninformed evolution

Mutation : r1, r» and r; randomly different in [0, --- , N]

Vi =X, [g] + F.(X,[g] — X..[g])

Cross-Over : n and L randomly chosen

Xilg +1] { Xl[g] otherwise

@ forj=(np,o (n+L—1)p
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DE “canonical” : uninformed mutation Lot
- min
X2

- (X [8] = X [e])

o )?rl [g] + F~(ir2[g] - )?l‘3[g])

—

Vi = in [g] + F'(if2 [g] - if3[g])
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DE “canonical” : informed mutation Loris

(zbest[g] - il[g])

Xilg] + A\.(Xpest[g] — Xi[g])
+F'(if2 [g] - )2',3[g])

(Rule] — %))

Vi = Xi[g] + M. (Xpest[g] — Xi[g]) + F.(X,,[g] — X1 [g])
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DE “canonical” : cross-over \l;@kﬁ

Xilg] vi=f(X[g]) Xi[g+1]

ji=0 ji=0 j=0
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Particle Swarm Optimisation (PSO) [Kennedy and Eberhart, 199gris
D-dimensionnal parameter vector and velocity '

X= (Xoa ’XD)T (7)
V= vP)T (8)
(9)

Population of N parameter vectors and velocity at generation g

Xlg] = {(xilg]. vilg])}, i=0,---, N (10)
Initialisation
Evolution of one parameter vector
1. "velocity" :
vilg +1] = f(X[el) (11)
2. "position” :

Xilg + 1] = Xi[g] + Vi[g + 1] (12F)’age 9
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PSO “canonical (oria
Velocity :

> 1 and , are accelaration constants

» R; and R, are uniformly chosen in [0, 1]
> Xihest best past position of i
>

Xj nbest best position in neighbors of i (past??)

Vilg + 1] = Vi[g] 4+ 1. R1.(Xivest[g] — Xi[g]) + ©2.Ra-(Xi nbest[g] — ’?:Eg]))
13

Position :

Xilg + 1] = Xi[g] + vi[g + 1] (14)

Page 10



References
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Context Differential Evolution Particle Swarm Opt.
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: YW
Constraints LOFi

Enforce constraints on particles
» Projection into constrained space
» Periodic Search Space [Zhang et al., 2004]

Fitness
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Neighbors “;alfé'

p

What is Xj npest[g] ?

(%)
Sphere, radius €
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ntial Evolution Particle Swarm Opt. DE-PSO

000080
Neighbors
What is ii,nbest[g] ?
Q00000
O——0 i i i ?
O——0——0——Q@——0«——0
I Iii[g]I
O<—>O<—>T<—>T<—>T—>O
O0—0 I i i ©

Small world
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Neighbors

What is Zi,nbcst[g] ?
© o o o o o©

O o o o o o
o o o o /o o
o /0 o0—e—0

I Xilg]
@ o o o o

©) ©) O O O O

ments References

[e]e]e}

ra v
gori:

Small world with random added links [Saxena and Vora, 2008]
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DE-+PSO Hybrid algorithm [zhang et al., 2009]
@ Population of N particles.
nitialisation Only one particle in e-radius sphere.

4{Update best & neighbors}

‘ nbjzer multiple of | ? ‘

Y N

@ m Special Xi == Xi nbest

L{ nbiter > nbmax ? ‘

Y
End
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DE in hybrid algorithm

Mutation : j randomly different in [0,--- , N]
> Xihest best past position of

> X nbest best position in neighbors of / (past??)

\7,' = zi’nbest [g] + F~(iibest [g] - zjbest [g])

Cross-Over : D; randomly chosen|0,--- , N], Cg in [0,1]

Xilg+1] = { v itj=0D; or with proba C,

i{: g] otherwise

ments

References
[e]e]e}

ra v
gori:

(15)

Page 16



Context Differential Evolution Particle Swarm Opt DE-PSO Experir
oo 00000 000000 ooe 0000

PSO in hybrid algorithm

Canonical version of PSO (small world + 2 rnd links).
Prevent beeing stuck with null-velocity when (X; == X nbest)

i’[g + 1] = ii,nbest [g] + 6.ra;1d
Vilg + 1] = Xi[g + 1] — Xi[g]
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“B2" problem
One global minimum of 0 at (0,0)

25000
20000
15000 /
T
10000 /o
5000 +
L [0
__/ /
-50 ¥

B2(x1,x2) = x2 + 2x2 — 0.3 cos(3mx1) — 0.4 cos(4mxz) + 0.7

. Page 18
—100 < x; < 100,j = 1,2
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Particle Swarm Opt
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Differential Evolution
00000

“ES” problem

Context
(e]e]

(o]
[o]
[ ]
[e]

[e]o]e}

One global minimum of —1 at (w, )

# Generation

Page 19

Es(x1, x2) = — cos(x1) cos(x0). exp(—((x1 — x2)> + (xo — 7)?))
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“GP” problem
One global minimum of 3 at (0, —1)

PR, ’
2 (

AN
SIS,
SIS
3% e

5 10 15 20 25 3
# Generation

GP(x1, %) =14 (x1 +x + 1)2.(19 — 14x; + 3x12 — 14x + 6x1x0 + 3x22)]
X [30 + (2x1 — 3x2)°.(18 — 32x1 + 12x7 + 48x — 36x1x0 + 2753 )]
—2<x <2, j=1,2 Page 20
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“SH" problem
760 local minima, 18 global minima of —186.73.

References
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Fitness
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~200

[—100
150

50 100 200

150
# Generation

SH(x1, x2) = Zj cos[(j + 1)x1 + j] X Zj cos[(j + 1)x2 + ]

j=1 j=1

—10< x5 <10, j=1,2
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