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Abstract: The evolution strategy (ES) based on covariance matrix adaptation (CMA) is an excellent, gradient-free
stochastic local optimization method. The learning mechanism based on CMA enables evolution strategy algorithm to have
invariance to any invertible linear transformation of the search space,and to have outstanding capability for solving the ill-
conditioned and/or highly non-separable problems. The learning mechanism of CMA has a solid theoretical foundation in
mathematics,, which may have a certain reference significance to guide the design of other evolutionary algorithms. This pa-
per aims at analyzing the learning mechanisms of CMA-ES in detail ,and providing its main mathematical foundations. Final-
ly, the advantages and disadvantages of various CMA-ES variants are compared by a series of experiments, and the difference

in performance is compared seriously between our improved variant and other CMA-ES variants.
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Fy | 6.64e+8+5.22¢+7" | 6.18e+9£6.33e+8"

Fiog | 1.78e+5+7.47e+4"~ | 2.03e+5 +4.45e +4 "~

7.59¢ -4 £1.20e -3

2.50e -3 £3.80e -3~

1.64e +3 £1.49e +3~
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(p,, A )-PUd-CMA: 7E B AR PERE 125 T (e, A)-
Cholesky-CMA-ES 53k fEIEEATLE S A>Tl _E P fE
FRARKAY. JHE DR PR A B30 1) DR A HIL A 2 A ) e X531
FETF (A ) -PUA-CMA (14 3£ 35 57 AL 6645 Bip Jr 2240
W AN B S R4 1) BT, 3 BOB AR A8 4 R 0 A nT g
BIRRIN B PR 7 23 KR 5 B 7350, (i, ,A)-PUd-CMA
SR FHRFAE 73 Ak (9 75 AT I 07 22 0 W S0, 107 96 1Y
BUEAE 2= T Cholesky IR0k 1 75 5.

(A ) -sep-CMA HE AR 1 7E 2 W AR H] 53 A WS
Y RRRC L R B 22, A L | m] 23 Y ) L R B,
TP O LA A B W R B 7 25 4 B S Bk 2% T X
RS 8] A e e AN AR . X R g AL T Y B D 2
BT EAZ R AL B AT I ) B AT B O, U AR
HEM F IR 71 A SO B R . B A
PSR SR gk i 2 1) B e ] 7 [ e — > B 4 119 3
%805 B 2 A R 4E 2 1Y) Rosenbrock bR &Y 1 1 X
13T B br AR

7 WHiERREE

CMA 2 2] BL & — PP L T Ge 1+ 0 B 3 0~ J7
25, B A T 3 R b T R ) A R O3 A AT B AL
VR Ok A T A AR AN, D01 3 R A B R Ay
AN ST R A =R ISR RE SR B e IR RS R T
i & 351 ( Estimation of Distribution Algorithms,
EDAs) 48 R 7 AETEE R R AR TS AR 5
FE T T TE Ay B2 1 (A s AR 238 43 A A AR 7 A
T— AR M. K52 CMA-ES 8 33 8811 77 2k
EMRSH( T ZHEEM2RPK) MRS
TORAARAS S0 5 R BE 5 T EDAs 25k S it
TR AT LA RAE AR, ) A AR B A 48 R =5 [|]
RAEA BT A

CMA-ES #iA 2 B LA b 5 HL 5 4 07 i Ak
Bz — X TR AL B, th T A% Se Ak 7
2, AR AR ( BFGS ) (LB h B2 T Rk 45 7E AR L
URF R AN (5 2R WL (AN 2R A RN 2 S i (B e S
TR A ) 25 T B R R M, fir LA CMA-ES 73X 2K
[ b e —Fp Ak BA M S| Sy . CMA-ES 53k R
A LU

(1) CMA-ES X TR it HA & S B0 ™ — R ek B
A WLER L.

(2) CMA-ES HA X4 3825 [ AT 2 Al 3 e PR A8 46t 1Y)
AN O b BRSPS 114 | e 2 1) ™ T AN S5 19 48 )
[B)t HAT TR 3

(3) HARZH % SR s 2 5508 S 1Y) G i 1 2 BB AL 49
R — A EEBMEN ™, CMA-ES 5535 (9 F #iF
BIE m D7 258 C M2 R KA In (o) #2TC

Py, 3 AT LA B 35 B3 vk i A e ke, val b B RE 1) ki
2k

(4) CMA-ES f R R /N N AR 1Y, 55 Tm) R ) 4 3
FLAT 3 /I R S, S 2 il ) A0 44 32 %) 36 4 TS B0
HER/N 2RI .

CMA-ES fEh—Fp Ry R, Rk WE5E 7 1]
s RLR 5 b7

(1) %FF Cholesky P43l 77125 , 7R AR K S £ 1Y
CMA-ES Bk rp iR L A p 42 p, A A Bl
AR, — R Cholesky - A J2 A XFFRAY, Cholesky
R 20 7 7R JC AR B IEAC M 4 B, T AFETH A p, 1Y
ARG T B. WA Cholesky T A 73fift ikt
PRI X A = BDB', W] b3k ) 5 n] 3@ 5t o' AL,
()&l = (x) ) Bl B(z) , Sfefigpoke ™. {E Gy K
13— XF BRI Cholesky PR 43 i A7) & — A7 ff D 1)
[EF

(2) (g, »A)-Cholesky-CMA-ES H7k B AR TE — & 72
JE T RRAR T B B) A2 2% B AR AE R AL ) L, 4
AR A AR JEC BsF (1) 0 255 0] &2 2% B AT 2 — A T 2 i e 1)
Ji] .

(3) 7€ CMA-ES S35 v il TPl Jr 22 46 B A 38 I
SRR H B D AR LM ST AT, R IE Y B e R A
A AE 22 06 bR BB A T8 75 pR AR I 25 ) 1 P R & sk
FL 2 3 T A R ] R

(4) CMA-ES J& —F Jmy &R0 AL 0, 76 42 R 48 &K fig
71 A, HOET— o o g KRR s KR e /R
Koy Aok o 2 R 8 R e 1. FIREE B A R iR
CMA-ES 4 Jsy 38 R A8 1 18 Jr ik 2 4 J5 98 1 — A4~
Jr ).

(5) 3T CMA-ES (1945 5, #8 %R CMA-ES (#3571 i
FHATER , $0e 7 20 EL A A 52 s ] 0 rp 2 02 A 5 1) —
ANEE SIS T 1)
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