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Overview
• empirical research (my methodology)


• what is cGAs  in CMA-ES? 

 is considered to be a replacement/analog for population size,  is a learning rate

• in Evolution Strategies (ES)

• the optimal standard deviation for sampling is proportional to the parent 

number 


• diversity is close to divergence

• premature diversity loss due to genetic drift happens in noisy landscapes

• it’s always the step-size
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Input: m œ Rn; ‡ œ R+; ⁄ œ NØ2, usually ⁄ Ø 5, default 4 + Â3 log nÊ

Set cm = 1; c1 ¥ 2/n2; cµ ¥ µw/n2; cc ¥ 4/n; c‡ ¥ 1/
Ô

n; d‡ ¥ 1; wi=1...⁄

decreasing in i and
qµ

i
wi = 1, wµ > 0 Ø wµ+1, µ≠1

w :=
qµ

i=1 w 2
i ¥ 3/⁄

Initialize C = I, and pc = 0, p‡ = 0

While not terminate
xi = m + ‡yi, where yi ≥ Ni(0, C) for i = 1, . . . , ⁄ sampling

m Ω m + cm‡yw, where yw =
qµ

i=1wrk(i) yi update mean

p‡ Ω (1 ≠ c‡) p‡ +


1 ≠ (1 ≠ c‡)2Ô
µw C≠ 1

2 yw path for ‡

pc Ω (1 ≠ cc) pc + 1I[0,2n]
)
Îp‡Î2

* 
1 ≠ (1 ≠ cc)2Ô

µw yw path for C

‡ Ω ‡ ◊ exp
1

c‡
d‡

1
Îp‡Î

EÎN(0,I)Î ≠ 1
22

update of ‡

C Ω C + cµ

q⁄

i=1 wrk(i) (yiy
T
i ≠ C) + c1(pc pT

c ≠ C) update C

Not covered: termination, restarts, useful output, search boundaries and encoding,
corrections for: positive definiteness guaranty, pc variance loss, c‡ and d‡ for large ⁄

The CMA-ES is an EDA
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The CMA-ES

 are analog

to  in cGA, 

 is analog to 

cm, cμ, c1
1/K

dσ K
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