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Unimodal Functions

Normalized Success Performance, Tabulated
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— 10, FEmay = 100000 o ea®® e o

solved Succ®®®l 1000 2400 6500 2900 5900 7100
G-CMA-ES| 6 100%| 1.6(25) 1.0(25) 10(25; 1.0(25) 1.0(25) 1.5(25)
EDA| 6 97%|10.0(25) 4.6(25) 25(23) 4.1(25) 4.2(25) 9.6(22)

DE| 6 96%|29.0(25) 19.2(25) 18 5(20) 17.9(25) 6.9(25) 6.6(24)
L-CMA-ES| 6 88%| 1.7(25) 1.1(25) 1.0(25) 65.5(7) 1.0(25) 1.3(25)
BLX-GL50| 5 83%19.0(25) 17.1(25) [9] 14.5(25) 4.7(25) 7.3(25)
DMS-L-PSO| 5 80% [12.0(25) 5.0(25) 1.8(25) [11] 18.6(20) 7.7(25)
L-SaDE | 5 77%10.0(25) 4.2(25) 8.0(16) 15.9(24) [9] 6.9(25)
SPC-PNX| 4 67%| 6.7(25) 12.9(25) [11] 10.7(25) 6.8(25)  [10]
CoEVO| 4 67%(23.0(25) 11.3(25) 6.8(25) 16.2(25) [1o]  [11]
K-PCX| 4 62%| 1.0(25) 1.0(25) (8] 19.7(21) [11] 1.0(22)
BLX-MA | 3 49% |12.0(25) 15.4(25) { 0] 25.9(24) 8]  [9]

o Zall runs (25)
@ First row: Success Performance FEs = mean(#fevals) x ﬂumssiul ——— of the best
algorithm, where #fevals includes only successful runs

@ Table entries: Success Performance FEs divided by F£s of the best algorithm (first
row), (number of successful runs in round brackets), [rank of median final function
value, where FEs is not available, in square brackets]

Nikolaus Hansen Compilation of Results on the 2005 CEC Benchmark Function St



Unimodal Functions

Normalized Success Performance, Tabulated
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n = 30, FEmax = 300000 = Eecweaeﬂ;wad@ :; wﬂe&eﬂi:n we@f;ﬁeﬂb@m
SO e 2700 12000 43000 59000 66000 60000
G-CMA-ES 6 90% 1.7(25) 1.1(25) 1.0(25) 1.0(10) 1.0(25) 1.0(25)
L-CMA-ES 5 83% 1.8(25) 1.2(25) 1.0(25) [11] 1.1(25) 1.1(25)
EDA 4 67% 55.6(25) 13.3(25) 5.1(25) 3.4(25) [3] [10]
DMS-L-PSO 4 63% 1.9(25) 10.8(25) 7.9(21) (9] [9] 5.5(24)
BLX-GL50 3 50% 21.5(25) 13.3(25 [7] (6] [6] 3.7(25)
SPC-PNX 4 45% 11.1(25) 26.?(22) [11] 6.1(19) 10] 86.7( 1)
K-PCX 3 43% 10(25) 1.0(25 [6] (8] 7] 1.1(14)
L-SaDE 3 41% 7.4(25) 12.5(24} [8] 9.2(13) [4] (8]
BLX-MA 1 17% 11.9(25) [10] [10] [7] [7] 8]
DE 1 17% 51.9(25) [11] 9] (5] (5] 7]
CoEVO 2 7% 519(3) 70.0(8) 5] [10] 111 [11]
@ First row: Success Performance FEs = mean(#fevals) X Al NG (20} if iy

rsuccessful runs
best algorithm, where #fevals includes only successful runs

@ Table entries: Success Performance 7= s divided by F£s of the best algorithm
(first row), (number of successful runs in round brackets), [rank of median final
function value, where FEs is not available, in square brackets]

Nikolaus Hansen Compilation of Results on the 2005 CEC Benchmark Function St



Solved Multimodal Functions

Normalized Success Performance, Tabulated
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= 10, FEmax = 100000 o oS R o® e o
1 @“B 5 ?\e& J\E}?& I o 15& ® o

solved success 4700 17000 55000 190000 8200 33000

functions rate

G-CMA-ES 5 63% 1.0(25) 4.5(19) 1.2(23) 1.4(6) 40 (22) [6]
L-SaDE 4 53% 36.2(6) 1.0(25) 5] 8] 3.9(25) 1.0(23)
DMS-L-PSO 4 47% 126 (4) 2.1(25) [3] (7] 6.6(19) 1.7(22)
K-PCX 3 40% [10] 2.9(24) 1.0(22) [10] 1.0(14) [11]
DE 5 30% 255(2) 10.6(11) 9] 1.0(12) 8.8(19) 75.8(1)
L-CMA-ES 2 25% 1.2(25) [11] [10] (6] 11 6(12) [6]
BLX-GL50 3 17% 12.3(9) 10.0(3) 5] (5] 12.1(13) 9]
BLX-MA 2 15% [11] 5.7(18) (7] 9] 9] 8.5(5)
EDA 3 9% 404 (1) [9] [4] 2.9(3) 4.3(10) 9]
SPC-PNX 2 1% 383 (1) [8] [8] 5.8(1) [10] [6]
CoEVO O 0% [9] [10] [11] [11] [11] [8]

@ First row: Success Performance FEs = *;;‘L’L‘ of the best algorithm
@ Table entries: Success Performance 7= s normalized (divided) by the first row,

(number of successful runs in round brackets), [rank of median final function value,
where TEs is not available, in square brackets]

Nikolaus Hansen Compilation of Results on the 2005 CEC Benchmark Function St



Solved Multimodal Functions

Normalized Success Performance, Tabulated
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n = 30, FEmax = 300000 16{@3 q‘?‘g‘%ﬁ% ,\n?‘ﬁ{\ 4 qlél@ ﬂ’%ﬁwﬂ% Nﬁx

fj:-;jgngu‘"‘“;i: 6100 99000 450000 5000000 180000

K-PCX 4 38% 25(10) 3.3(18) 10(14; 71 1.0(5) [11]
G-CMA-ES 5 37% 1.0(25) 8.0(9) 3) 1.0(1) 1.3(8) [1]
L-SaDE 2 36% 21 .3(20) 1.0(25) [41 5] 4] [2]
DMS-L-PSO 2 22% 9.8(24) 6] 5] 5] 8.3(4) [4]
EDA 1 20% 21 3(25) [10] 9] [10] 71 [4]
BLX-GL50 1 20% 10.2(25) (5] 3] [4] 8] [4]
DE 1 20% 32 5(22) (6] 6] [10] [5] [8]
L-CMA-ES 1 20% 1.1(25) [11] [11] 3] 9] [8]
SPC-PNX 1 13% 60 ?(16) (8] (7] 2] [10] [8]
CoEVO 1 9% 93.4(11) [9] [10] 9] [11] [10]
BLX-MA 1 7% [11] 6.7(9) 8] 8] 6] [4]

@ First row: Success Performance FEs = mean(#fevals) x ;ﬁuaé{:rel;!;?uﬁiﬁs of the
-|"'-

best algorithm, where #fevals includes only successful runs

@ Table entries: Success Performance 7= s divided by 7= s of the best algorithm
(first row), (number of successful runs in round brackets), [rank of median final
function value, where ¥£s is not available, in square brackets]

Nikolaus Hansen Compilation of Results on the 2005 CEC Benchmark Function St



Never Solved Multimodal Functions

Rank of Final Function Value

n = 10, FE 103 o o &l @ﬁ‘ﬁ, S o ﬁ{@;@“‘f‘@ﬁa
= 1, Tomax = 1 o o 3 3 f
» C’Q{\iﬁ‘ﬂeﬁ;ﬁ‘ﬁaﬁ i{x '3?@2' ﬁ@ﬁﬁﬁ\ﬁ?ﬂ;{@gﬁz@ 0{\1{@ q’;ﬁﬁx \8{@{‘;{‘-‘3&&;{1 Grfl; g @5,?9
ioah ol P awe RN RIS S St S S RS S S R
G-CMA-ES 3.8 55 4 7 1 9.0 J e 25 55 1.5 4 5 25
BLX-GL50 42 55 6 185 25 3 3 289 25 55 55 4 & Bb
L-SaDE 2.2 58 1 6 e 3 8 45 75 Hb 55 4 hH 45
DMS-L-PSO 5.7 55 2 35 4 3 8 F585 Ib 55 55 B 5 Bb
L-CMA-ES 6.0 5o 3 11 75 11 B 5 o 1 3 4 11 4.5
SPC-PNX 6.2 11 8 8 7.5 955 3 29 25 55 9 4 5 85
EDA 62 55 10 5 9 8 3 o Ih 859 8 4% 5 2D
BLX-MA 6.6 585 7 1.9 85 7 8 Tha 5 10 555 10 5 B
K-PCX 7.0 558 5 j 2.5 1 10 11 10 11 15 11 10 85
DE 7.0 % 11 10 11 100 3 25 25 55 10 4 5 ¥
CoEVO 8.2 2.5 9 10 9 1 18 11 H5 11 B ) 1

@ Table entries: Rank of the median of the final best function values from 25 runs
measured with two digits of precision

Nikolaus Hansen

Compilation of Results on the 2005 CEC Benchmark Function Si



BBOB’09

o QyHKUWM 2, 3, 5, 10, 20 1 40 NEPEMEHHbIX C LWyMOM U be3.
* 24 dGyHKUWMM Be3 wyMa

* 30 PYHKLMM C LLYMOM (rayCCOBCKMN LLIYM, PABHOMEPHbIW LIYM,
lwym no pacnpegeneHumio Kown)

NTorn noka He nogBenn (04eHb MHOTMO AaHHbIX, 324 Tabauubl), HO
BIPOP-CMA-ES BbirnsauTt oueHb ybeanTenbHo 1, CKopee BCEro,
byaet «Ha KoHe». Hebonblwoe obcyxaeHne ecTb 34ech:



PacnpocTpaHeHue

Ccblnkn Ha ctaTby, B koTopbix CMA-ES ncnonbsyetca gns pewenus
NpakTUYeCcKmx 3ajau:

TemaTtuka (npumMepbl, HaUMHAA € 1998 T.):
[MTpoMblLIeHHOE NPOeKTUPOBaAHMe.
PoboToTexHuka.

CnHTEe3 NekapcCTs.
HenpounHdpopmatmka
BuonHdopmaTtumka.

OnTumka.

MeaunumHckasa nHpopmaTuka.

Xnumuma

n ap.



[lporpammHasn peaamsauma

« C (ANSI)

blvﬁ?:absifj, cyanf-min(f), greensigma, red:axis atio Chiject Variables (12-0)
10 4 Ei12)=1
wi11)=1
® C + + 3 b 10)=1
- e —— BE)=1

Ifg)=1
i T=1
- (B)=1
51=1
) =1
(3)=1

_mof=1.57654248002510e-15 p(2)=1

10 -2 w(1)=1
o Java 0 2000 4000 GOOO 8OO0 10000 0 2000 4000 6000 8oon 10000

S ——

e Fortran e

Sia1ndan:l Deviations in Coordinates divided by sigma
10 112

e Matlab and Octave

e Python
» Scilab

10
1] 2000 4000 6000 8000 10000 4] 2000 4000 6000 8000 10000
function evaluations function evaluations



JBOJIIOLLMOHHAA cTpaTerusa c
ajanTtaymen MmaTpuLbl KOBapmaLum

C@“ (CMA-ES)

JTa npe3seHTauUA:
http://qai.narod.ru/TomskVVorkshop/cmaes_02_ 2010.pdf

Video games played in the 80's

‘ O PFPacman Maother

_.111 ] GraphJam




