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CMA-ES

Algorithm 1 default-CMA-ES

fixmxTAX
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CMA-ES

Algorithm 1 default-CMA-ES

Given: my € RY, o9 > 0, G ESﬂ+, Py e RY, ps e R4
For t =0,1,2,...:

fixmxTAX

Armand Gissler (Polytechnique) BBOB 2023, Lisbon, Portugal 3/18



CMA-ES

Algorithm 1 default-CMA-ES
Given: mp € R, 00 >0, G € Si+, Py € RY, p§ € RY
For t =0,1,2,...:

o Ul i,..., U} ~N(O,1g)
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CMA-ES

Algorithm 1 default-CMA-ES
Given: mp € R, 00 >0, G € Si+, Py € RY, p§ € RY
For t =0,1,2,...:
o Ul y,..., U} ~N(O,Ig) 7
e sort f(m; + UtC,_Ll/2 Uiq) ! —
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CMA-ES

Algorithm 1 default-CMA-ES
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CMA-ES

Algorithm 1 default-CMA-ES
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C! variant of CMA-ES

Algorithm 2 d-CMA-ES
Given: mg € R?, 09 >0, Gy € 89, p§ € RY, p§ € R
For t =0,1,2,...:

o Ul y,..., U} ~N(O,Ig)

e sort f(m; +otCtl/2U{+1)

1/2 ';)\
® Miy1 = My + UtCt/ Zfl: tl‘+1
° pliy = (1—co)pf + ac, Z, 1 Wi Ut+1
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C! variant of CMA-ES

Algorithm 2 d-CMA-ES
Given: my € R?, 09 >0, Gy € 89, p§ € RY, p§ € RY
For t—0,1,2,...:

o Utir,- s Ul ~ N(0, 1)

e sort f(my + o+ C; 1/2 Ut+1)

o mt+1—mt+atC Z LowiUEA

o Pl =(1—co)pf +ac, Ly wiliy

® 0441 = atexp< = <w — 1))

o pip1 = (1—co)pf + ac Cl/ wi Ui

e Gnu=(01-a-¢)G+ Cl(Pt+1)(Pt+1)T

o iy wi (U0 (o)

Armand Gissler (Polytechnique) BBOB 2023, Lisbon, Portugal 4/18



C! variant of CMA-ES

Algorithm 2 d-CMA-ES
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One path variant of CMA-ES

Algorithm 3 a-CMA-ES
Given: my € RY, o¢ > 0, COES+Jr Py € RY, pgeRd
For t =0,1,2,...:

o Upipi-oo Uiy ~ N(0, 1)

e sort f(mt—l-UtC/ Ut+1)
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One path variant of CMA-ES
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CMA-ES without cumulation on the stepsize

Algorithm 4 s-CMA-ES
Given: mg € R?, 09 >0, Gy € 89, p§ € RY, p§ € R
For t =0,1,2,...:

o Ul y,..., U} ~N(O,Ig)

e sort f(m; +otCtl/2U{+1)

® Mpy1 = m;+ Utcg/z > wiUEA

o pfi1 = (I=eJp7 +ac, 21ty Wil

® 011 = 0peXp (C—Z (% — 1))
P = (1 —cc)pi + o C1/2 Ut+1
e Gri=(1-a—-c)G+ Cl(pt+1)(pt+1)T
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CMA-ES without cumulation on the covariance matrix

Algorithm 5 d-CMA-ES
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10 variants of CMA-ES

e default-CMA-ES

e d-CMA-ES: with a smooth update on the stepsize
e a-CMA-ES: using one path for both cumulations

e s-=CMA-ES: no cumulation on the stepsize

e c-CMA-ES: no cumulation on the covariance matrix

o ad-CMA-ES, sd-CMA-ES, cd-CMA-ES, sc-CMA-ES,
scd-CMA-ES
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10 variants of CMA-ES
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d-CMA-ES: the parameter d, has to be scaled correctly
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d-CMA-ES: no significant differences
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a-CMA-ES
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Conclusions

e For theoretical purposes, we introduce several modifications
to CMA-ES

e None of them break the algorithm — in the sense that the
algorithm still converges to the solution of the problems it

already solved

e Cumulation on the covariance matrix is important for the
performances of the algorithm on highly ill-conditionned

problems

e Otherwise there is no significantly remarkable loss of
performances due to these modifications
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Thank you!
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