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A Note on Evaluation Criteria

@ Quantitative performance measurements, the Success
Performance, abbreviated Sp or FEs, is used as a
measure for the expected number of function evaluations
to reach a target function value.

@ Invariance is a non-empirical statement on the ability to
generalize performance results. Invariance guarantees
identical performance on a class of functions. Possible
invariances are

e invariance against translation, scaling, or even order
preserving transformations of the objective function value

@ invariance against angle preserving (rigid) transformations
of the search space (translation, rotation)

@ Meta-Parameters

e how many parameters of the algorithm need to be adjusted
to the object function?

e how many different setups were tested?

e how many different setups were finally used?
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Methods

@ task: black-box optimization of 25 benchmark functions

@ 25 runs on each benchmark function for each dimension
n = 10,30

@ arun is successful if the global optimum is reached with
the given precision, before the

@ maximum number of function evaluations

5 _
10° forn =10 is reached

FEmax =1 3105 forn = 30

Remark

the setting of FEmax has a remarkable influence on the results, if the target function value can be
reached only for a (slightly) larger number of function evaluations with a high probability. Where
FEs > FEmax the result must be taken with great care.

Reference
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Summarized Results

Empirical Distribution of Normalized Success Performance
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Shown: empirical distribution function of the Success Performance FEs divided by

FEs of the best algorithm on the respective function.
Results of all functions are used where at least one algorithm was successful at least once, i.e. where
the target function value was reached in at least one experiment (out of 11 x 25 experiments).

Small values for FEs and therefore large (cumulative frequency) values in the graphs
are preferable.

FEs = mean(#fevals) X where #£fevals includes only successful runs.
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Function Sets

We split the function set into three subsets
@ unimodal functions

@ solved multimodal functions
at least one algorithm conducted at least one
successful run
@ unsolved multimodal functions
no single run was successful for any algorithm
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Unimodal Functions

Normalized Success Performance, Tabulated

_ _ \‘\2 .
n = 10, FEmax = 100000 (e e 90 e

e el 1000 2400 6500 2900 5900 7100
G-CMA-ES| 6 100%| 1.6(25 1.0(25) 10(25) 10(25) 1.0(25) 1.5(25)
EDA| 6 97%[10.0(25) 4.6(25) 2.5(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) 655(7) 1.0(25) 1.3(25)
BLX-GL50 | 5 83% |19.0(25) 17.1(25) [9] 145(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) [10]  [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) [10] 25.9(24) [8] [9]

- . _ . #all runs (25)
@ First row: Success Performance FEs = mean(#fevals) X Feuccesstul Tuns of the best
algorithm, where #fevals includes only successful runs

@ Table entries: Success Performance FEs divided by FEs 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]
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Unimodal Functions

Normalized Success Performance, Tabulated

2
n=30,FE = 300000 s\ 50
max LS e e e

Sallz) SUEeEEs 2700 12000 43000 59000 66000 60000

functions __rate

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) 71 [6] 6] 3.7(25)
SPC-PNX 4 45% 11.1(25) 26.7(22) [11] 6.1(19) [10] 86.7( 1)
K-PCX 3 43% 1.0(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] 71 [7] 8]
DE 1 17% 51.9(25) [11] 9] [5] [5] [7]
CoEVO 2 7% 519(3) 70.0(8) 5] [10] [t (1]

: . _ e #all runs (25)
@ First row: Success Performance FEs = mean(#fevals) x Fauccessul runs ©f the

best algorithm, where #4fevals includes only successful runs

@ Table entries: Success Performance FEs divided by FEs 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]
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Unimodal Functions

Empirical Distribution of Normalized Success Performance

empirical distribution over unimodal functions
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Empirical distribution function of the Success Performance FEs divided by FEs of the
best algorithm (table entries of last slides).

= ovals) x —2allruns (25) - oals i
FEs = mean(#fevals) X Fauccessful runs* where #fevals includes only successful runs.
Small values of FEs and therefore large values in the empirical distribution graphs are

preferable.
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Solved Multimodal Functions

Normalized Success Performance, Tabulated

o ° N O°
N\ o ; ’6\%‘3 i’ O o xe’\"b%% e\e\%\% 'de’e‘d&‘%

n = 10, FEmax = 100000 16{\6«’0 g?\bexx\g \Q?@g\‘ “ Qe \150“ ,\5‘(\*0‘\
solved success 4700 17000 55000 190000 8200 33000
GCMAES 5 63% 1.0(25) 45(19) 1.2(23) 1.4(6) 4.0(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]1 6.6(19) 1.7(22)
K-PCX 3 40% [10] 2.9(24) 1.022)  [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) 1] [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 0 0% 19] [10] [11] [11] [11] 8]

@ First row: Success Performance FEs = y of the best algorithm
succ

@ Table entries: Success Performance rs normalized (divided) by the first row,
(number of successful runs in round brackets), [rank of median final function value,
where FEs is not available, in square brackets]
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Solved Multimodal Functions

Normalized Success Performance, Tabulated

o° e
\)\90\)“ Qb\a”é\ 0\5@6 . S %‘?p\e
30, FE 300000 RS RN
n =50, FEmax = % X S e¥ N N
4" Q‘XAQ \0?\% \’\\N '\’Le'o \5\'\\‘
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unction: rate
KPCX "4 38% 2.5(10) 3.3(18) 1.0(14) [7] 1.0(5) [11]
G-CMA-ES 5 37% 1.0(25) 8.0(9) 5.3(3) 1.0(1) 1.3(8) [1]
L-SaDE 2 36% 21.3(20) 1.0(25) [4] [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% 32.8(22) [6] [6] [10] 5] [8]
L-CMA-ES 1 20% 1.1(25) [11] [11] [3] 9] [8]
SPC-PNX 1 13% 60.7(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]

: . _ SR #all runs (25)
@ First row: Success Performance FEs = mean(#fevals) X Zovocessfatrans ©f the

best algorithm, where #fevals includes only successful runs
@ Table entries: Success Performance FEs divided by FEs 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]
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Multimodal Functions

Empirical Distribution of Normalized Success Performance
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Empirical distribution function of the Success Performance FEs divided by FEs of the
best algorithm (table entries of last slides).

_ T #all runs (25) T
FEs = mean(#fevals) X Fouccessfal uns? where #fevals includes only successful runs.
Small values of FEs and therefore large values in the empirical distribution graphs are

preferable.
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Never Solved Multimodal Functions

Rank of Final Function Value

G-CMA-ES
BLX-GL50
L-SaDE
DMS-L-PSO
L-CMA-ES
SPC-PNX
EDA
BLX-MA
K-PCX

DE

CoEVO

2 <© ISR
Y A\ 4 ‘\d\’\e‘ N 0\56 « \)(\6% 0(\6\ 0(5\0 |
*60(\6\\,;\696? ef\%: Qo\"‘\: sri\\‘\i\\ ?\%<\ «‘,ﬁ‘:\ 0(\%0‘-\6?%\ @ \&Qv(\d \406;23?%‘.\60‘)\%
o » d\\e \%Qj&)\&?j@ \%Y\\“O a \(\*‘0 \%\e\\!‘o\g\e\{o {Lg\e\\“o (L\\e\*‘o r[L\e\\;‘O rL%Y\\“O{Lb‘\eN‘O{LBY\\“O
55 4 7 1 55 3 25 25 55 15 4 5 25
55 6 15 25 3 S 25 25 55 55 4 5 8.5
55 1 6 55 3 8 75 75 55 55 4 4.5
55 2 35 4 S 8 75 75 55 55 8 5 8.5
55 3 11 75 11 6 5 5 1 3 4 11 45
11 8 8 75 55 3 25 25 55 9 4 5 8.5
55 10 5 9 8 S 75 75 55 8 4 5 2.5
55 7 15 55 7 8 75 75 10 55 10 5 6
55 5 3 25 i 10 11 10 11 15 11 10 85
55 11 10 11 10 3 25 25 55 10 4 5 11
55 9 9 10 9 11 10 11 55 11 9 5 1

@ Table entries: Rank of the median of the final best function values from 25 runs
measured with two digits of precision
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Never Solved Multimodal Functions

Rank of Final Function Value

g € Q0%

= = S u\o“\Q i \\"g\e‘ 2 8 & o ° 0“6\\ 0““(\

n =30, FEmax = 3 x 10 ) 0(\(\\';(\ ede;dede: %Qqaz\ w\a\: \N:\ ® o “2'“(:: O“ez&,ﬂ\ o Y\\%V\o«i&u

mean ® w \'5?’*9 \“@@ \‘JY\\P \6\'\*0 Al “\*‘)\%Nv A% w 10\’\\“) O W 'L'L\'Nb'ib\(““ 'L“Y\\P »Y) Y
GCMAES 41 25 5 65 1 1 6 55 55 55 45 1 35 6 4
EDA 48 75 11 65 8 7 7 1 1 1 45 3 35 25 4
BLX-MA 49 75 4 65 45 10 5 3 3 3 45 7 35 25 4
SPC-PNX 50 75 8 65 8 45 2 55 55 55 45 3 35 25 4
BLX-GL50 51 75 65 2 45 45 3 55 55 55 45 5 7 7 4
L-CMA-ES 56 25 2 10 2 3 10 85 85 85 45 3 35 9 4
DE 61 75 65 65 8 8 8 55 55 55 45 6 35 25 8
K-PCX 62 11 10 10 11 2 1 2 2 2 9 9 9 5 4
CoEVO 85 75 9 65 10 9 9 10 10 10 45 8 8 8 9
L-SaDE = 25 1 2 4 = = = = = = = = = =
DMS-L-PSO - 25 3 2 45 6 4 85 85 85 - - - - -

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