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Appendix A

Parameter dependence of jDE

Section 3.4.2.6 concluded that a disadvantage of the jDFE algorithm of Brest et al. [2009] is
that it contains 16 parameters which may have to be fine-tuned for optimal results. This
appendix empirically shows that jDF is sensitive to at least two of these parameters.

An experiment was designed to determine how various combinations of values for 73
and 75 affect the offline error of jDE. The first parameter, 73, is the age that must be
reached by the best individual in a sub-population before the sub-population may be
reinitialised. The second parameter, 75, is the age that must be reached by an individual
in a sub-population before the individual may be reinitialised (refer to Section 3.4.2.3).
Brest et al. [2009] suggested that 73 = 30 and 75 = 25 be used as defaults.

Four benchmark instances were utilised in these experiments: GDBG function Fj
using change periods of 5 000 and 100 000 function evaluations, and GDBG F}5 using
change periods of 5 000 and 100 000 function evaluations. Change type 17 was used in
5 dimensions for all four environments. All the combinations of values for parameters 73
and 75, which were increased in increments of 5 from 5 to 50, were evaluated. Results were
averaged over 30 repeats of each of the experiments.

Figures A.1 to A.4 give the offline errors of jDFE on F3 with a change period of 5 000,
F3 with a change period of 100 000, F5 with a change period of 5 000, and F5 with a
change period of 100 000, respectively. The settings for 73 and 75 had a large impact on
the offline error, especially when using a change period of 5 000.

The optimal settings for 73 and 75 on F3 with a change period of 5 000 were found to
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Figure A.1: Offline errors of jDE on the
GDBG function Fj3 using change type
T1 in 5 dimensions with a change period
of 5 000 function evaluations for various
combinations of settings for the parame-
ters 3 and Ts.
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Figure A.3: Offline errors of jDE on the
GDBG function Fj using change type
T1 in 5 dimensions with a change period
of 5 000 function evaluations for various
combinations of settings for the parame-
ters 73 and 75.
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Figure A.2: Offline errors of jDE on the
GDBG function F3 using change type T}
in 5 dimensions with a change period of
100 000 function evaluations for various
combinations of settings for the parame-
ters 73 and 5.
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GDBG function Fj using change type T}
in 5 dimensions with a change period of
100 000 function evaluations for various
combinations of settings for the parame-
ters 73 and Ts.
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be 73 = 50 and 75 = 5. The values 73 = 15 and 75 = 50 were found to be the optimal
settings on F3 with a change period of 100 000. The optimal settings for 73 and 75 on Fjx
with a change period of 5 000 were found be 73 = 45 and 75 = 10. The optimal settings
for 73 and 75 on F5 with a change period of 100 000 were found be 73 = 20 and 75 = 40.
The average offline errors produced by the optimal settings were found to be statistically
significantly better than the average offline errors produced by the default settings in each
of the four environments. jDF is thus clearly sensitive to values of the parameters 73 and

75.
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Appendix B

Additional Results - Chapter 4

This appendix contains results that were omitted from Chapter 4 due to space constraints.
Tables B.1 and B.2 give the performance analysis of CDE compared to CPE on variations
of the standard set of environments. Tables B.3 and B.4 give the performance analysis
of CDE compared to RMC. The comparative performance analysis of CDE and CjDE is
given in Tables B.5 and B.6.
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Table B.1: CDE vs CPE performance analysis - Part 1

Cp 100_| 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || Total
Set. [ Max 5 Dimensions
MPB
C, 1 ) 70 10 010 | 10 10 10 10 70 10 T1 ]0 10 4]0
5 (2) 70 |0 0|0 71 |0 1/0 2 |0 2 ]0 71 |0 1]/0 8 |0
10 (2) 10 11 010 0|0 1/0 1/0 10 70 10 1]0 4 |1
20 (2) 170 10 010 010 1]0 1]0 10 ) 1]0 510
40 (2) 10 |1 0 ]0 0|0 70 |0 70 |0 1]0 70 |0 10 2|1
80 (2) 70 |0 0|0 0|0 1/0 1/0 1/0 71 |0 70 10 4 |0
[¢] (6) T0 10 010 010 10 10 10 10 10 T0 10 310
S (6) 1012 010 71 10 4 |0 5 |0 5 10 174 |0 15 10 124 |2
GBG
Fla (6) T1 10 | 11 O 010 | 7110 T0 10 T0 10 010 T1 0 T4 J0
iy (6) 11 |0 010 010 | 1012 71 [0 T0 10 010 010 T2 12
Py (6) 70 10 010 010 | 71 0 12 10 11 0 010 0 10 40
F'3 (6) 71 |0 0|0 0|0 010 170 [0 0|0 1/0 0|0 2 |0
Fy (6) T1 [0 010 | 7210 010 T1 10 010 10 010 5 |0
Fs (6) 010 010 010 010 70 10 010 011 010 011
Fo (6) 010 | 71 10 010 012 10 11 010 T0 10 010 713
Ty (7) 010 010 010 | 1011 T1 J0 010 T0 10 010 T1 11
T (7) 010 010 010 111 T2 |1 010 71 |0 010 T4 |2
T3 (7) 010 0|0 010 1]1 0|0 0|0 70 |0 010 7111
Ty (7) 71 |0 71 |0 71 |0 0|0 0|0 0|0 170 10 0|0 3]0
Ts (7) 173 |0 71 |0 T1 |0 00 0|0 0|0 1/0 010 6 |0
Te (7) 170 10 70 10 170 10 01 ) 11 0 011 71 |0 3|2
All (54) 4 ]2 | 1210 | 1310 | 77 |4 | 710 |1 | 17 |0 6 |1 16 10 145 |8
Set. Max 10 Dimensions
MPB
C, 1 [©) 010 010 70 10 010 010 010 010 010 70 10
5 (2) 010 010 T0 10 010 010 010 010 010 T0 10
10 (2) 010 010 10 11 010 010 010 010 010 10 11
20 (2) 0|0 0|0 0|0 010 0|0 0|0 71 |0 010 71 |0
40 (2) 0|0 0|0 0|0 010 71 |0 0|0 170 10 0|0 71 |0
80 (2) 010 0|0 0|0 010 70 10 0|0 70 10 010 70 10
C (6) 010 010 011 0 10 11 |0 010 11 |0 0 10 12 |1
S (6) 010 010 T0 10 10 10 10 10 010 10 10 010 10 10
GBG
Fia (6) 1]1 71 |0 010 010 1011 11 |0 70 10 010 183 |2
1y (6) 010 | 1011 010 111 T0 10 010 T0 10 010 1112
Ty (6) 010 010 010 010 10 11 010 71 |0 010 T1 11
Fs (6) 010 010 | 7110 010 010 010 T2 [0 111 14 |1
Ty (6) 71 |0 010 | 1010 010 0 10 0 10 010 011 71 /1
F’5 (6) 0|0 1/0 70 |0 010 0|0 0|0 0|0 171 |0 172 |0
Fe (6) 010 100 | 1011 010 010 010 010 10 10 T1 |1
Ty (7) 010 1]0 10 11 010 010 010 010 71 |0 2 |1
To (@) 11 J0 100 | 1110 | 11 J0O 010 010 11 |0 10 11 5 |1
T3 (7) 70 |0 0|0 0|0 010 0|0 0|0 170 10 71 |0 10
Ty (7) T1 [0 010 010 010 T0 11 010 T0 10 10 10 T1 |1
Ts (@) 10 11 T 1 010 010 70 10 010 10 70 10 T2 |2
Te (@) T0 10 010 010 | 1011 10 11 71 |0 10 10 11 1213
All (54) T2 01 | 1811 | 1712 T1 1 T112 T1 0 110 T2 12 715 19
Set. Max 25 Dimensions
MPB
Cs 1 (2) 0|0 0|0 0|0 0 10 0|0 0|0 0|0 010 010
5 (2) 010 00 0|0 0 ]0 00 0|0 00 010 010
10 (2) 0|0 0|0 0|0 010 0|0 0|0 0|0 0|0 0|0
20 (2) 0|0 00 0|0 010 0|0 0|0 0|0 0|0 010
40 (2) 010 010 010 010 010 010 010 010 010
80 (2) 010 0|0 0|0 0 /0 0|0 0|0 00 010 0|0
C (6) 010 0|0 0|0 010 0|0 0|0 0|0 010 0|0
S (6) 0|0 0|0 0|0 010 0|0 0|0 0|0 010 0|0
GBG
Fla (6) 10 11 T0 10 T010 | 7011 010 010 010 010 012
1y (6) 010 T0 10 | 7011 010 010 010 010 010 011
Fy (6) 010 10 11 010 010 010 010 010 010 011
F'3 (6) 010 70 |0 010 0 /0 0|0 0|0 0|0 010 70 10
Fy (6) 010 10 10 010 | 1011 010 71 |0 011 10 11 1113
7y (6) T0 11 11 [0 010 | 71]0 010 0 10 011 T0 10 T2 12
Fe (6) T0 10 | 10 10 010 | 1010 0 10 010 10 10 11 71 11
T (7) 1012 | 71 10 010 | 1011 010 010 012 010 115
T (7) 010 | 1011 10 11 T0 11 010 010 T0 10 010 013
T3 (7) 010 010 010 170 10 010 010 ) 010 1]0
Ty (7) 010 0|0 010 70 |0 0|0 0|0 00 10 |1 011
Ts5 (7) 0|0 0|0 0|0 71 |0 010 0|0 0|0 70 |0 1|0
Ts (7) 010 010 010 10 10 010 71 10 010 T0 11 T1 |1
All (54) 1012 T11 | j017 | 1112 010 11 10 1112 1012 T4 110

326



APPENDIX B. ADDITIONAL RESULTS - CHAPTER 4

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Table B.2: CDE vs CPE performance analysis - Part 2

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || Total
Set. [ Max 50 Dimensions
MPB
Cs 1 (2) 010 70 |0 0|0 00 0|0 010 0|0 70 10 70 |0
5 (2) 010 70 |0 0|0 0|0 0|0 010 0|0 71 |0 71 |0
10 (2) 010 71 |0 0|0 1]1 0|0 010 010 0|0 72 |1
20 (2) 01 010 010 010 010 010 010 010 10 11
40 (2) 010 0|0 0|0 0|0 0|0 010 010 0|0 70 |0
80 (2) 010 0|0 0|0 0|0 0|0 010 0|0 0|0 70 |0
C (6) 010 0|0 0|0 71 |0 010 010 010 0|0 71 ]0
S (6) 01 ) 010 1011 010 010 010 11 0 12 12
GBG
Fia ©) 70 10 70 10 T0 10 010 010 010 70 10 010 70 10
Fip (%) 70 10 70 10 10 11 010 010 010 70 10 010 10 11
Ty (6) 1011 71 [0 010 010 010 010 71 |0 010 12 |1
Fy (6) 10 11 10 10 010 010 010 010 010 12 0 12 |1
Ty %) 010 10 11 010 010 011 011 010 010 10 13
Fx (6) 010 ) 010 11 0 010 1011 010 010 12 ]1
Fg (6) 010 10 10 010 70 10 010 10 [0 010 010 10 10
Ty () 010 10 10 010 ) 010 10 11 11 0 010 12 |1
Ty @) 010 10 11 010 010 010 70 10 0 10 010 011
Ts @) 1011 10 10 10 11 010 010 70 10 010 010 012
Ty &) 10 10 71 /0 010 010 011 10 11 010 010 712
Ts @) 10 11 11 10 010 010 10 10 10 10 010 110 2 |1
Te () 170 10 70 10 010 010 70 10 70 10 010 1]/0 E)
All (54) 1013 13 11 10 11 12 11 1011 1012 71 |0 3]0 19 19
Set. Max 00 Dimensions
MPB
Cs 1 (2) 010 0|0 0|0 0|0 0|0 010 71 |0 0|0 71 |0
5 (2) 010 00 0|0 0|0 0|0 010 0|0 0|0 010
10 (2) 010 010 010 010 010 010 010 010 010
20 (2) 010 0|0 0|0 0|0 0|0 0|0 0|0 0|0 010
40 (2) 010 0|0 0|0 0|0 0|0 010 0|0 0|0 010
80 (2) 010 0|0 0|0 0|0 0|0 010 010 0|0 010
C (6) 010 0|0 0|0 0|0 00 010 71 |0 010 71 |0
S (6) 10 10 010 010 010 010 70 10 70 10 010 10 10
GBG
Fiq (6) 71 |0 010 010 010 1011 70 10 71 |0 7111 13 |2
Fip (%) 0 10 010 010 010 10 11 10 11 70 10 10 11 1013
Py (6) 010 010 010 010 010 110 10 11 010 TT 11
Fs (6) 0 10 010 010 010 010 2 10 010 010 12 10
Fy (6) 010 0|0 111 0|0 010 1|0 010 010 72 |1
Fs (%) 71 |0 010 11 |0 010 010 10 10 010 1012 2 12
Fo (6) 010 71 10 70 10 111 010 70 10 10 11 T0 10 312
Ty (7) 010 70 10 170 10 010 010 72 |1 170 10 1112 313
T &) 010 7100 | 71 |0 010 10 11 70 10 011 70 10 212
Ts @) 71 10 010 10 11 010 10 0 11 [0 10 10 11 13 |2
Ty (@) 10 10 010 10 10 010 70 10 70 10 0 11 T0 10 10 11
T @) 71 10 0 10 70 10 011 7011 70 10 0 10 10 11 1113
T @) 10 10 010 11 J0 11 0 10 10 71 |0 010 70 [0 13 |0
Al (54) 72 10 71 10 T2 |1 11 11 1012 14 |1 212 1714 713 |11
Set. | Max All Dimensions
MPB
T, 1 (10) 70 10 70 10 70 10 10 1[0 70 10 12 J0 10 510
5 (10) 70 10 10 10 11 10 110 2 10 2 10 11 10 2 0 9 |0
10 (10) 011 71 |0 T0 |1 2 |1 1]0 110 70 10 110 6 |3
20 (10) 0|1 0|0 0|0 1/0 1/0 1|0 172 |0 1/0 6 |1
40 (10) 0|1 010 0|0 70 10 10 1/0 70 10 10 3 |1
80 (10) 70 10 010 010 1]/0 1]0 1]0 1]0 170 10 4 |0
C 6) 10 10 010 10 11 2 10 2 10 110 210 70 10 711
S (6) 1013 71 [0 71 /0 21 5 10 5 10 10 16 10 126 |4
GBG
Fla (30) | 1812 | 7210 70 10 71 11 7012 71 10 71 10 72 11 710 16
Fip (30) 11 |0 10 11 1012 1713 11 11 10 11 70 10 10 11 13 19
Ty (30) 10 11 1T 11 T0 10 11 J0 12 11 210 12 |1 70 10 18 |4
F3 (30) 7111 70 10 10 70 10 70 10 2|0 ) 13 |1 1710 |2
Ty (30) | 12 10 10 11 3|1 10 11 7T 11 2 |1 71 11 10 12 19 18
Fs (30) 11 11 310 10 2 [0 10 10 011 1012 1712 18 16
I (30) 70 10 3 10 011 713 10 11 0 10 71 11 70 11 15 17
Ty (35) 7012 2 10 011 712 71 10 212 17112 T2 12 79 111
T (35) | 1110 12 12 2 |1 212 12 12 010 2 |1 10 11 111 19
Ty (35) 71 11 70 10 012 111 70 10 71 10 2 10 71 11 16 15
Ty (35) 172 |0 72 |0 10 010 1012 10 11 011 10 11 15 15
Ts (35) | 1412 | 13 i1 10 T 11 10 11 70 10 12 [0 7111 112 |6
T (35) 10 10 10 10 10 1712 1111 14 [0 11 11 12 12 110 16
Al (270) | 18 18 [ 110 I3 615 | 712 (9 | 711 16 | 713 |3 | 114 [5 | 712 I8 186 147
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Table B.3: CDE vs RMC performance analysis - Part 1

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || Total
Set. | Max 5 Dimensions
SRS ) 0 10
5 2) 010
10 2) 0 10
20 @) 010
10 @) 0 10
30 2) 010
c ©) 010
S ©) 010
Fig (6) 6
Fip (6) 6
P () ;
F3 (6) 10
Ty ©) G
Ty ) G
Fg (6) 2
T (7) 6
T, Q) 5
Ty @) 5
Ty (7) 6
Ts (7) 5
To @) 5
All | (54) 23
Set. Max
S )
5 @)
0 2)
20 2)
10 2)
80 @)
C )
5 ©)
Flia (6)
F1p (6)
Fy (6)
F3 (6)
Fy (6)
Fs (6)
Fe (6)
T (7)
Ty (7)
T3 (7)
Ty (@)
Ts (7)
Ts (7)
All | (54)
Set. Max
AN ) 010
5 ©) 0 10
10 2) 010
20 @ 010
10 @) 0 10
20 ) 0 10
C (6) 010
S ©) 010
Fra ©) 010
Ty (& 1010
Ty ) 010
PN ORI
T § 0 10
s ©) 111
Fo ©) 010
Ty ) 011
To (7) 010
Ty @) 010
T, @ 010
Ts (7)
T @)
NN
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Table B.4: CDE vs RMC performance analysis - Part 2

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || _ Total
Set. | Max 50 Dimensions
MPB
Cs 1 70 10
5
10
20
40
80
C
S
Fig
Frp 010
T 011
7 o1
Fy 011
7y 010
Fg 0 |0
T 010
To 010
T, 011
T, 011
Ts 011
Te
All
Set. 100 Dimensions
Cs 1 0 |0
5 010
10 0 |0
20 0 |0
40 010
80 0 |0
C 0 |0
S 0 |0 12 |4
Fia 10 10
Fip 1011
Fo 0|0
7 010
Fy 0 |0
F5 0 |0
Fg 0 |0
T 0 |0
To 0 |0
Ty 011
Ty 010
T 010
Te 0 |0
All 011
Set. [ Max All Dimensions
MPB
Cs 1
5
10
20
40
80
[€]
S
Fra 113
1y 012
Fo 012
7 01T
Ty 112
I 111 I
Fg 70 10 I
T 1012 15 L6 |
75 EREERECEN|
T3 ]
T 116 16|
Ts 1
Te I
All I
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Table B.5: CDE vs CjDE performance analysis - Part 1

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || _ Total
Set. | Max 5 Dimensions
MPB
C. 1 ) 011
5 2) 012 012
10 ) 012 012 0 10
20 @) 012 012 012
40 (2) 02 02 02 10 |1 71 ]1 16 18
30 2) 011 012 012 10 11 10 11 11 11 T1 11 1719
T G) 015 715 213
S ) 015 015 213
GBG
Fig (6)
Fip (6)
Fa (6) 10 10 12 12
F3 (6) 1012 1016 1016 1016 1016 1016 14 133
Fy (6) T1 14
Fs (6) 1218
Fo | (6 | 110
T (7)
T () 1111
T3 (7) 1011
Ty (7)
Ts (7 10 10 1114 1313
Te (7) Tols
All (54) | 110115
Set. Max 10 Dimensions
MPB
. 1 ) 012 012 11 I
5 ) 012 012 T 11 I
0 ) 012 012 012 I
20 2) 012 012 012 I
10 ) 012 012 012
0@ 1012 01z 01z I S S S N S WO | S E N E R
C 6) 016 016 214 I
ST ® | Tole | Tol6 | 1016 [ 2421 |
Fia (6) 1111 I
e |
Pl 6
G P S 0 . | 2
Fy 6
Fs (6)
TR0 EENER S ENE|
Ty 7
Ty (7)
T3 (7)
Ty (N
Ts (7)
Ts (7)
Al | (54) | 114 118
Set. Max 25 Dimensions
MPB
Cs 1 (2) 0|2 0|2 0|2 111 111 [ 1111 1619
5 ) 011 012 T 11 111 111 T1 11
10 (2) 012 012 011 111 1]1 17 17
20 ) 012 012 012 111
10 ) 012 012 012
80 (2) 0|1 02 02 17012 71 )1 1718
C (6) 015 016 114
S (6) 0|5 0|6 0|6 1015 1114 115 128
GBG
Fiq (6)
Fip (6)
T ) 113 111
F3 (6) 12 12 016 016 1213 1014 1016 1016 1016 14 139
Fy (6) 112 111
I ) 715 313
To G) 2 12 715 T3 13 1213
T
To 214
T, 113 12 12
Ty 2|5
Ts 016 215 13 14 13 14
Te 213 213
All 113 134 1720 123
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Table B.6: CDE vs CjDE performance analysis - Part 2
Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || __ Total
Set. | Max 50 Dimensions
MPB
Cs 1 (2) 02 012 012 111 111 111 111 1]1 15 111
5 (2) 0|1 012 011 111 1]1 111 111 1]1 1519
10 (2) 012 012 011 111 111 1]1 111 111 15 110
20 (2) 012 012 012 111 1]1 1]1 17619
10 @) 012 012 012
80 @) 011 012 012
C (6) 014 016 014
S ©) 016 016 016
GBG
Fiq (6)
Fip (6)
Ty ©) 2 13
F3 (6) 218 1016 1016 1015 1015 1016 1016 1016 12 143
Ty (6) 213 TT 11
Fs (6) 111 17016 1015 12 12 116 119
Fg (6) 212 17015 12138 173 13 13 13 11138 1721 |21
Ty (7) 114
Ty @) 714 213
Ty @) 714 713 T2 19
Ty @ 713
Ts (@) 114 1215 1215 12 14 12 12 119 124
Te @) ERE; T3 13
All (54) 117 122 1712 130 119 |26
Set. Max 100 Dimensions
MPB
Cs 1 (2) 02 012 012 111 111 111 111 111 5111
5 (2) 012 012 012 111 1]1 1]1 111 111 5111
10 @) 012 012 012 111 111 111 111 111 5111
20 (2) 012 012 012 111
10 2) 011 012 012
30 2) 012 012 012
s] ©) 05 016 016
S G) 016 016 016
GBG
Fia (6)
Fip (6)
I (6) 213
F3 (6) 213 1016 1016 1016 1016 1016 1016 1016 12145
2 ©) 313
Fs (6) 012 1016 1016 1014 1114 1313 1218 1114 17132
Fe (6) 213 1016 1113 12 14 12 14 1114 117 126
) @) 016
T2 (7) 214
Ts @) 115 013 313
T, @) 215 212
T @) 213 313
To @) 013 313
All (54) | 116 128 | 112 |32 T20 127
Set. [ Max All Dimensions
MPB
C. 1 | (10) T0 19 1718 317
5 (10) T0 18 0110 715
10 (10) 10 110 0110 016 1387 138
20 (10) 10 110 0110 0110
10 (10) 70 19 0110 0110
80 (10) 1017 0110 0110 1316 183 141
C ©) T0 125 7129 5121
S (6) 10 128 0129 2127 111 116 714 14 181 1143
GBG
Fiq (30)
F1y (30)
I (30) 1718
Ty (30) 0126 T4 121 T4 122 T0 127 T0 130 10 150 10 150 117 1194
Ty (30 6110
T (30) T8 18 3121
Fo (30) 9110 5120 110 114
T (35) 7110
Ty (35) 6114
T, (35) 7114 17113
Ty (35) T17 120
Ts (35) 14 124 113 |19 1716 |16
To (35) T10 112
All | (270) | 178 198 | 174 1146
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Appendix C

Additional Results - Chapter 5

This appendix contains results that were omitted from Chapter 5 due to space constraints.
Table C.1 and gives the performance analysis of CDE compared to DynDE on the n,
standard set of environments. CDE and DynDE used equal numbers of sub-populations
as numbers of peaks. Table C.2 gives the performance analysis of DynDE10 compared to
DynDE on the n, standard set of environments. The comparative performance analysis
on variations of the standard set of DynPopDE versus DynDE is given in Tables C.3 and
C.4.
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Table C.1: CDE vs DynDE performance analysis on the n, standard set

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || Total |
Set Max 5 Dimensions
np 5 (2) 010 70 10

10 2 010
25 (2) 0 10
50 (2) 010
100 (2) 010
200 | (3 | 7010

C (6) 0 |0

S 1 (& [ 1010
All (12) 0 10
Set. Max 1
np 5 (2) 010 1011 [ 1010 ] 010 1011 011 010 118
10 (2) 10 10 111 111 T0 10 010 010 011 011 217
25 (2) 0 [0 111 111 111 011 011 515
50 (2) 0 10 0 10 0 10 T1 11 111 111 111 011 715
100 (2) 0 ]0 0 ]0 010 71 1 1]1 111 111 1]1 5 15
200 (2) 010 010 010 10 11 111 111 111 111 715

C (6)

S (6) 1011 1013 1013 1014 1014 1016 1014 11125
All (12) 1111 | 1213 | 1313 T4 14 | 1415 | 1316 | 1215 || 121127
Set. Max 25 Dimensions
np 5 2) 0 10 T0 10 T0 10
10 (2) 010 10 10
25 (2) 0 10 010 1)1
50 (2) 010 010 101
100 (2) 010 010 010 T1 |1 T1 |1 111 T1 |1
200 (2) 0 10 011 01 1012 71 |1 1]1 171 11 14 17

[€] (6) 010

S (6) 10 10 1112 1112 12 12 10 13 10 |1 T1 |1 16 111
All (12)

Set. Max 50 Dimensions
np 5 2) 0 10

10 (2) [

25 (2) 010 170 10O
50 (2) 0 10 0 10
100 (2) 010 10 10 010
200 (2) 0 |0 170 10 010 1012 11 ]1

[ (6) 010

S (6) 0 10
All (12) 0 |0
Set. Max 100 Dimensions
np 5 (2) T0 10 T0 10

10 2 011
25 (2) 010 010
50 (2) 0 10 0 10 0 10
100 (2) 0 |0 0 10 010
200 (2) 0 10 0 10 010 1012

C (6)

S (6) 10 |1
All (12) T1 1
Set. Max All Dimensions
np 5 (10) T1 11

10 (10) 10 11
25 (10) 10 10
50 (10) 10 11
100 (10) 70 10 170 10 70 10
200 (10) 70 10 71 |1 10 |1 1117

C (30)

S (30) 16 16
All (60)
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Table C.2: DynDE10 vs DynDE performance analysis on the n, standard set
Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || _ Total

Set. Max 5 Dimensions
np 5 (2) 170 12 1012 [ 1012 [ 1012 1012 1012 71 |1 71 |1 12 114
10 2) 10 11 70 10 70 10 i 70 10 10 10 70 10

25 (2) 012 012 012 012 0|2 15 110
50 (2) 012 012 012 012 012 16 110
100 (2) 011 012 012 012 012 16 19
200 2) 011 012 012 012

C 6) 113 117 015 114 114 16 124
S (6) 114 115 015 015 015 14 127
All (12) 217 219 10110 119 119 30 |51
Set. Max 10 Dimensions
np 5 @) foli [ 101z | f0l2z [ 101z | 7012 7012 7111 T012 T1 114
10 2) T0 10 T0 10 T0 10 T0 10 T0 [0 T0 [0 10 10 T0 10 T0 10
25 (2) 10 11 1012 012 012 177
50 ) 10 12 012 012

700 @) T1 11 012 012

200 2) 71 11 011 012

C (6) 12 12 015 717 015
S (6) 713 014 015

All (12) 218 718 10110

Set. Max 25 Dimensions
np 5 @) foli [ 1012z | 101z [ 7101z [ 70lz [ 101z | 1012 T Y
10 (2) 170 10 70 10 70 10 70 10 70 10 70 10 70 10 00 70 10
25 ) 1 11 T 11

50 @) 111

700 2) 111

200 )

C 6) 1113

S ©)

All (12)

Set. Max 50 Dimensions
np 5 ) Toli [ f0lz [ 101z [ 71012z [ 701z [ 1012z [ 101z [ 71012 [ 1015
10 (2) 70 10 70 10 70 10 70 10 70 10 70 10 70 10 70 L0 70 1O
25 )

50 2)

100 2)

200 )

c ©)

S ©)

All (12)

Set. Max 100 Dimensions
np 5 | (2) 7010 | 1017 | 1012z [ 1012z | 1111 | 1012 | 1111 [ 101z [ 121il
10 T0 10 70 10

25

50

100

200

C

S

All

Set. Max | All Dimensions |
np 5 | (10) T015 T019 [ 10110 T0 110 1119 T01i0 | 1317 T118 T5 168
10 0

25 5

50

100

200

c

S

All 121 127
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Table C.3: DynPopDE vs DynDE performance analysis - Part 1

Cp 100 [ 500 [ 1000 | 5000 | 10000 | 25000 | 50000 | 100000 ||  Total
Set. [ Max 5 Dimensions
MPB
C, 1 2) T0 10 T0 10 T0 10
5 (2) 170 10
10 (2) 170 10
20 2 011
10 (2) 2 T1 11
80 (2) 012 10 11 170 10
[¢] (6) 112
S (6) 113
GBG
Fiq (6) 3 016
Fiy (6) 13 13 1118 014 015 015 118 |22
Fy (6) 015 016 016
s (6) 0 10 T011 T0 11
Fy (6) 118 015 016 016 116 |23
s (6) 016 016 016 016 016 T12 |31
Fo (6) 10 11 T1 11 016 016 016 016 016 T3 132
T (7 1115 116 115 015 115 115 114 131
T> (7) 215 116 116
T (7) 1012 217 116 116
Ty (7) 13 14 12 14 116 116 116
Ts (7) 1138 116 116
Te (7 1313 158 14 116 116 116
All (54) 17 129 118 |35 113 |36
Set. Max 10 Dimensions
MPB
Cs 1 (2)
5 (2)
10 (2)
20 (2)
40 2
80 (2)
C (6)
S (6)
Fla (6) 015
F1p (6) 3 016
Fa (6) 4 016
Fs | (6) 7 K] [ 12129 |
Fy (6) 4 015 016
F5 (6) 6 016 016
Fg (6) 6 016 015
T, (7) 6 017 016
Ty (7) 5 017 017
T3 (7) 017 016
Ty (7) 016 116
Ts (7) 014 015
T, ™ 016 [ 1116
All (54) 121128 | 19137 111 |36
Set. Max 25 Dimensions
MPB
Cs 1 (2)
5 (2)
10 (2)
20 2
40 (2)
80 (2)
C (6)
S (6)
Fia | (© T2 12
Fiyp, (6) 1138
Ty (6) 015 4 014
Fs3 (6) 016 6 016
7y (6) 715 7 014
F5 (6) 016 6 016
Fo (6) 016 6 115
T (7) 215 5 115
T> (7) 215 5 016
T3 (7) 215 3 112
R [ 11l6 | 11l6 [ 1116 7| 1017
Ts (7) | 313 13 13 213
Te (7) | 1313 | 71214 | 7215 1016 017
All (54) \ T21 129 | 118 129 | 112 130
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Table C.4: DynPopDE vs DynDE performance analysis - Part 2
Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || _ Total
Set | Max 50 Dimensions
MPB
Cs 1 (2) 71 |0 2 /0 2 |0 2 ]0 2 ]0 2 /0 2 |0 71 |0 14 |0
5 (2) 71 |0 2 |0 2 |0 2 ]0 2 ]0 2|0 1]0 71 11 13 |1
10 (2) 010 2|0 2 |0 2|0 2|0 2|0 1]0 1|0 12 |0
20 (2) 0|0 1/0 2 |0 2 ]0 2 ]0 2|0 1/0 1|0 11 |0
40 (2) 0|0 2 /0 2 |0 10 2 ]0 2 |0 2 |0 2 |0 13 |0
80 ) 011 10 210 10 210 111 111 110 19 13
c (6) T0 10 5 10 6 10 6 10 6 10 16 10 13 10 211 734 |1
S (6) T2 |1 5 10 6 10 20 6 10 15 |1 15 11 5 10 138 13
GBG
Fia (6) 2 |0 4 |0 6 |0 6 |0 6 |0 16 |0 6 |0 74 |1 740 |1
T (6) 310 5 10 6 10 5 |1 5 |1 5 11 5 |1 13 2 137 16
Ty (6) 6 10 5 10 21 014 016 015 015 015 T15 126
Ty 6) 013 014 016 016 016 016 016 016 10143
Ty (6) 16 10 5 10 2 [0 012 016 015 016 015 T13 124
Ty (6) T2 10 210 2|1 713 713 014 014 015 T10 120
To ) T0 10 015 016 016 016 016 016 016 T0 141
Ty (7) 3]0 4 |2 4 |2 215 215 215 215 215 21 129
To (7) 3|1 4 |2 213 214 2|5 2|5 215 215 19 |30
T3 (7) 3]0 3 |2 3 |2 214 215 215 215 115 18 |28
Ty (7) 4 |1 5 |2 73 13 115 115 116 116 017 16 |35
T @) 21 5 11 5 12 312 717 T2 12 213 213 126 [18
Te @) 210 210 3 2 T2 |2 T2 14 T2 14 T2 14 015 T15 |21
All (54) T21 |4 733 |9 T32 |14 T22 122 T2/ 128 T22 |28 T19 129 T4 131 T187 [165
Set. Max 100 Dimensions
MPB
C. 1 ) 010 111 111 111 T1 11 111 111 T1 11 T7 17
5 (2) 010 111 1]1 1]1 ) 111 1]1 01 16 16
10 (2) 0|0 1]1 1]1 1]1 1]1 1]1 1]1 011 617
20 (2) 010 11 111 111 111 11 111 011 617
40 (2) 0|0 111 1]1 111 111 111 10 |1 011 517
30 2) 0 10 011 111 T11 T11 11 111 TT 1 617
¢ (6) 0 10 5 10 16 10 16 10 16 10 16 10 15 10 T2 10 T36 10
S (6) 010 016 T0 16 T0 16 T0 15 T0 16 T0 16 1016 T0 141
GBG
Fra ©) 2 10 270 5 10 271 12 717 017 016 120 117
Ty ) 310 40 5 10 41 42 714 016 016 121 |19
I (6) 6 10 6 10 2 |1 016 016 016 016 016 T14 131
Ty (6) 012 015 015 016 016 016 016 016 T0 142
Ty G) 610 6 10 10 016 016 016 016 016 T13 130
T ) 2 |1 4 /0 40 3 [0 2 [0 T1 11 713 713 718 |8
Fo (6) 70 10 T0 16 016 016 016 016 016 016 T0 142
Ty (7) 3]0 4 |2 3 |2 014 016 017 017 017 10 |35
T @) 40 42 T3 13 714 714 016 017 017 77 135
Ts 7 101 3 |2 712 314 314 1714 115 016 16 128
Ty (7) 4 |1 5 |2 4 |2 016 016 016 017 017 13 137
Ts5 (7) 2 |1 4 |2 4 |2 314 214 214 015 116 18 |28
Te (7) 2 |0 4 |1 2 |1 214 214 016 016 016 12 128
All (54) 719 |3 729 |17 123 |18 T17 152 T16 153 79 189 T6 143 T3 145 T122 1230
Set. [ Max All Dimensions
MPB
Cs 1 (10) 6 |0 9 |1 9 |1 711 711 8 |1 5 |1 4 |1 55 |7
5 (10) 2 |0 8 |1 9 |1 9 |1 9 |0 7 |1 6 |1 5 [2 55 |7
10 (10) 10 9 |1 9 |1 9 |1 9 |1 8 |1 711 5 |1 57 |7
20 (10) 011 7 |1 9 |1 9 |1 9 |1 9 |1 711 6 |1 56 |8
40 (10) 0138 7 11 9 |1 711 9 |1 8 |1 711 7 |2 54 |11
80 (10) 015 12 |2 711 8 |1 9 |1 6 |2 712 6 |1 45 |15
¢ (30) 3 |2 723 10 129 |0 129 |0 129 |0 124 |0 117 10 112 |2 166 |4
S (30) 6 |7 119 |7 1723 |6 1720 |6 123 |5 122 |7 122 |7 721 |6 17156 |51
GBG
Fra (30) i1 J0 25 10 28 0 T28 |1 T28 12 T20 18 T10 116 6121 T156 148
T (30) 14 |1 27 |0 27 |1 120 |8 119 |9 713 113 3120 7122 1132 |74
Fo (30) 24 |0 28 |0 20 |3 112 |14 9118 2125 1127 0127 96 | 114
Ty (30) T0 110 T0 117 T0 123 T2 125 7124 5122 6121 8119 25 1161
Ty (30) 725 10 723 10 T16 12 T10 115 7121 7125 0127 0127 87 1115
s (30) 10 14 116 16 T11 110 7121 121 1123 1125 1126 76 1136
Fg (30) 71 11 12 14 T2 120 0 130 0 130 0130 0 130 1128 16 1183
Ty (35) 1721 |2 20 |9 112 |17 5 126 6 127 5 128 5129 4 128 78 1166
T (35) 115 |2 20 |7 118 |12 T15 116 T13 119 7126 7130 5131 95 1143
Ts (35) 19 15 19 |6 715 (9 718 |16 17 [17 711 121 6126 3125 98 1125
Ty (35) 720 |3 24 |9 718 110 T6 125 T5 127 T3 131 2132 2133 80 1170
T (35) T12 |4 21 (3 23 16 T18 |14 T16 116 T12 114 6121 6125 T114 101
Te (35) 17 10 17 |3 18 |5 T4 115 T13 119 T6 126 7128 2130 T80 1126
All | (270) | 193 |25 | 1163 |44 | 1156 |65 | 7125 [118 | 1122 1130 | 190 1158 | 165 1173 | 153 1178 1867 1886
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Appendix D

Additional Results - Chapter 6

This appendix contains results that were omitted from Chapter 6 due to space constraints.
Tables D.1 and D.2 give the performance analysis of jSA2Ran compared to DynDE on
variations of the standard set of environments. Tables D.3 and D.4 give the performance
analysis of SABrNorRes compared to DynDE on variations of the standard set of environ-
ments. The comparative performance analysis on variations of the standard set of SACDE
versus DynDE is given in Tables D.5 and D.6. Tables D.7 and D.8 give the performance
analysis of SADynPopDE compared to CDE on variations of the standard set of environ-
ments. Tables D.9 and D.10 give the performance analysis of SADynPopDE compared to
SACDE on variations of the standard set of environments. The comparative performance
analysis on the n, standard set of DynPopDE versus SACDE is given in Table D.11. Table
D.12 gives the performance analysis of SACDE compared to CDE on the n,(t) standard
set of environments. The comparative performance analysis on the n,(t) standard set of

SADynPopDE versus SACDE is given in Table D.13.
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Table D.1: jSA2Ran vs DynDE performance analysis - Part 1

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 ||  Total

Set. | Max 5 Dimensions

MPB
Cs 1 (2) 70 |0 70 |0 70 |0
5 2 70 10
10 )
20 ) 0 10
10 ) 0 10
30 2 0 10
C (6) 0 10
S (6)

GBG
Fla ©) T0 11 714 016 016
T (6) T 11 015 016 016
F (6) 0|0 10 |4 016 016 016 113 124
Ty (6) 0 10
F, (6) 011 10 16 016
Fs (6) 0|0 1115 016
Fe (6) 0 10 713
Ty &) 010 1116 116 716
T, @) 011 115 016
T3 (7) 0|1 215 115
Ty ™ 011 1015 215 1716
Ts @) 1213 214 015
Te (7) 70 10 173 13 115 215
All (54) | 1213 T17 130 | 113 133
Set. Max 10 Dimensions

MPB
T, 1 &) 010 7111 70 10 70 10 7010 | 1011 |
5 ) 0 10 70 10 10 10
10 ) 0 10
20 [®)
0 2 10 10
80 (2)
¢] (6) 70 10
S (6)

GBG
Fia (6) 0|0 0|4 016
Fiy (6) 010 015 016
Py (6) 011 13 13 13 13 014 016
Ty (6) 0 10
Fy (6) 010 13 13 1114 1016
Ty %) 010
Fe (6) 0 10
Tq (7) 0|1 13 14 116
Ta (7) 010 1314 214
Ts ™ 010 12 12 314
T, @) 0 10 1714
Ts (7) 0|0 1213 314
Te &) 0 10 217
All (54) T19 127
Set. Max 25 Dimensions
C. 1 @) 010
5 2) 011
10 2 0 10
20 2) 010
10 ) 0 10
50 ) 0 10
C (6) 0 10
S (6) 011
Fla ©) 011
1y (6) 011
Fo (6) 011
Ty (6) 012
Ty (6) 011
Fy (6) 011
Fo (6) 0 10
Ty &) 011
T, @) 010
Ts (7) 011
Ty (7) 0l1
Ts (7) 013
Te @) 011
All (54) 018

338



4

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
QWoud” YUNIBESITHI YA PRETORIA

APPENDIX D. ADDITIONAL RESULTS - CHAPTER 6 339

Table D.2: jSA2Ran vs DynDE performance analysis - Part 2

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000
Set. | Max 50 Dimensions
MPB

Total

(=] =] o] Ken] Fon] o] e} Ken)
[=][=] =] f=l o] o] (=] {=l

ISIRSIRSI RSN

Set. 100 Dimensions
MPB

T1 |1 T1 11
101 L]

Oo|~|~|Oo|o|o|jo|lo

o|o|~|o|o

Set. [ Max All Dimensions
MPB

GBG

&

|~

w

=}

=
DS =S
AR Grfa| o

I

|

w

wt

<

e
NN EES
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Table D.3: SABrNorRes vs DynDE performance analysis - Part 1

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || Total

Set. | Max 5 Dimensions
MPB

1] @

5 ©)

0 ©)

20 @

10 2)

30 2)

C (6)

S (6)
GBG

Fig (6) 1012

Fipy (6)

Fy (6) 1011 1111

[ (6 | O

Fy (6) 1011

Fs (6) 1015 12 12 1114 1114

Fe (6)

Ty (7) 10 14 12 12

T (@)

T @) 011

Ty (7) 014

T @) 011

Ts (7)

All | (54)

Set. Max 10 Dimensions
MPB

oA )

5 (2)

10 2)

20 2)

10 ©)

80 @

C (6)

5 ©)
GBG

Fia [ © 17

TG o1

1B (6) 013

Fs ©) 012

Ty (6) 011 111

Fs (6) 213 1113 1115 1213 1114 1016 1115 1015 18134

Fo ©) 011

T @) 012

Ty @) 010

T3 (7) 1111

Ty (@) 1016

Ts (7) 1012

Ts (7) 111

Al | (54)

Set. Max 25 Dimensions
MPB

I @

5 @)

10 2)

20 @)

10 2)

20 ©) 10 12

c ©) T0 11

S (6)
GBG

Fia (6) 014

Fiy (6) 014

12 ©) 016

Ty () 016

7, (6) 016

F5 (6) 1218 1016 17016 1016 1016 116 |31

Fe (6) 014

Ty ) 713

To (7) 116

T3 (7) 114

Ty (7) 115

Ts (7) 116

To @) 716

Al | (54) | 111132
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Table D.4: SABrNorRes vs DynDE performance analysis - Part 2
Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || _ Total
Set. | Max 50 Dimensions
MPB
.1 ] (@ 7111
5 ) T1 11
10 2) 10 11
20 @
10 ) 011
20 ) 011
C (6) 014
S (6)
GBG
Fla 6) 013 T2 12
Fuy (6) 015 1113
T ©) 016 T112
Ty G) 016 T1 |1 T1 13 113 112 114
Ty (6) 016 T0 11
Fs (6) 1213 1114 1114
To ©) 016
Ty (7) 114
T (7) 115
Ts @) 15 111
Ty (@) 716 T3 12
Ts (7) 116
Te @) 716 3 13
Al | (54) T9 137
Set. Max 100 Dimensions
MPB
Cs 1 (2) 012 111 1]1 1]1 111 1]1 71 ]1 1]1 719
5 (2) 012 111 1]1 1]1 111 1]1 71 1 1]1 719
10 (2) 012 1]1 111 111 1]1 1|1 10 11 0|1 519
20 (2) 011 111 1]1 1]1 111 101 10 |1 011 518
40 (2) 012 111 1]1 1]1 111 1]1 71 [1 011 619
30 2) 012 T T 11 T 11 T 11 T 11 717
s] ©) 015
S (6) 016 1015 70 |5 10 16 1016 1016 170 |6 10 146
GBG
Fla ©) 013 713 I
Ty ) 016 715 I
I (6) 016 015 I
() 716 713 tols [ 11515 |
Ty ©) 016 015 I |
Fs (6) 1 |
Fe T 1 Tole | |
NG TT5 i |
Ty (7) 115 1 |
T, [ 1715 i |
T T Y i |
T, () | Tils i |
Te (7) 116 1 |
All (54) 16 144 I \
Set. Max All Dimensions
MPB
C. 1| (10)
5 (10
10 (10)
20 (10)
10 (10)
=0 (10) T3 15
C 30)
5 30)
GBG
Frla | (30) 0113
Fu (30) 2117
Ty (30) 0122 7719
Fs (30) 7121
Ty (30) 0120 15 17
Fs (30) 110 117 T8 119 17 120
Fo (30) 2117
T (35) 7118
T, (35) 6117
Ty (35) 7116
T, (35) 5127
T (35) 7121
Te (35) 6119
All (270) 155 1136
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Table D.5: SACDE vs DynDE performance analysis - Part 1

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || Total

Set. | Max 5 Dimensions
MPB

.1 ] (@ 70 10

5 (2)

10 )

20 2)

10 2)

50 ©)

C (6)

S (6)
GBG

Fla 6) 013

T (6) 012

Fo (6) 012 71 |1 711 173 13 13 13 12138 1218 115 118

T3 6) 012

Ty (6) 012

Fs (6) 015 12138 1114 1015 116 120

Fe (6)

) 7 015 T112

T, ) 113

T3 () 011

Ty ) 017

T 7 011

Ts (7)

All (G4 | 112 117

Set. Max 10 Dimensions
MPB

Cs 1 (2)

5 (2)

10 2)

20 )

40 (2)

80 (2)

[¢] (6)

S (6)
GBG

Fra | (© 11

T, | (0 ]

Fa (6) 014 1111

s (6) 015

Ty (6) 013 10 11

Fs (6) 313 1113 1115 1213 1115 1213 1014 1114 111 130

Fo 6) 712

T, (@) 713 T2 13 13 13

T, (@) 112

T3 (7) 113

T, (@) 017

T ) 012

Te ) 712

All (54) | 116 119

Set. Max 25 Dimensions
MPB

Cs 1 (2)

5 (2)

10 )

20 )

10 2)

30 2) 10 10

C G) T0 10

S (6)
GBG

Fla ) 013

Ty 6) 016

I (6) 016 10 10 111

Fs (6) 016

Ty 6) 016 70 10

F (6) 1218 1016 1016 1016 17016 116 |31

Fs (6) 015

T, (7) 114

Ty (7) 115

T3 (@) 115

Ty ) 716 12 12

Ts (7) 116

Te (@) 716

All | (54) | 11132
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Table D.6: SACDE vs DynDE performance analysis - Part 2

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || Total
Set. | Max 50 Dimensions
MPB
Cs 1 (2) 010
5 (2) 010
10 2) 010
20 (2) 0|0
10 2 011
80 (2) 012
C (6) 012
S (6) 011
Fla | (© 017
iy (6) 016
Fo (6) 016
F3 (6) 016
Fy (6) 016
7 (©
Fg (6) 016
Ty (7) 115
T (7) 116
Ty (7) 116
Ty (7 116
Ts (7) 115
Te (7) 116
All (54) 16 137
Set. Max 100 Dimensions
MPB
Cs 1 (2) 012 1]1 111 111 1]1 11 71 |1 101 719
5 (2) 012 111 1]1 1]1 111 1]1 71 1 1]1 719
10 (2) 012 1)1 11 1]1 1]1 11 10 |1 011 519
20 (2) 012 1]1 111 111 1]1 1]1 10 11 012 15 110
10 2) 012 111 111 111 111 111 T1 11 012 16 110
80 2 012 T 111 111 T 11
[€] (6) 016
S (6) 016
GBG
Fiq (6) 013
Fiy, (6) 016
7y (6) 016
Fa (6) 016
Fy (6) 016
Fs (6)
Fg (6) 6
Ty (7) 5
To (7) 5
T (7) 5
Ty (7) 6
Ty (7) 6
Te (7) 6
All (54) 16 145
Set. Max All Dimensions
MPB
C. 1 | (10)
5 (10)
10 (10)
20 (10)
40 (10)
80 (10) 14 |4
C (30)
S (30)
GBG
Fia | (30) 0117
iy (30) 0 21
Fy (30) 0124 12111 1719
F3 (30) 0125
Ty (30) 0123 1319
Ty (30) 112 114 112 115 17118 17 120
Fg (30) 3120
T (35) 4 122
Ty (35) 5 121
T3 (35) 7120
Ty (35) 3132
Ts (35) 3120
T (35) 5 120
ALl | (270) | 151 [150
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Table D.7: SADynPopDE vs CDE performance analysis - Part 1

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || _ Total
Set. | Max 5 Dimensions
MPB
C, 1 [©) 2 10 011 1012 011 012 012 T0 12 71 11 T3 111
5 2) 2 10 2 10 2 10 012 012 012 T1 11 011 1718
10 (2) 2 |0 2 /0 2 [0 2 |0 10 1/0 2 |0 1/0 13 |0
20 (2) 2 |0 2 |0 2 |0 2 |0 2|0 2 |0 2|0 2 |0 16 |0
40 (2) 2 |0 2|0 2 |0 2 |0 2|0 2 |0 2 |0 2 |0 16 |0
80 (2) 2 |0 2 /0 2 |0 2|0 2 ]0 2 |0 2 |0 2|0 16 |0
C (6) 6 |0 5 |1 5 |1 4 |2 3 ]2 3|2 5 |1 4 |0 35 |9
S (6) 6 |0 5 |0 5 |1 4 |1 4|2 12 12 12 736 110
GBG
Fia (6) 11 112 T2 12 112 4]0 6 10 6 10 6 10 133 |7
Fiy (6) 2|1 218 1015 015 015 4 |1 6 |0 6 |0 1720 |20
Py (6) 2 |0 a1 14 |1 12 41 6 |0 6 |0 6 |0 136 15
T (6) 011 3|1 10 10 6 |0 6 |0 6 |0 6 |0 6 |0 133 |2
Fy (6) ) 3 1 T3 12 115 015 015 013 2 0 113 121
Fs (6) 71 |1 016 016 016 016 016 016 016 11143
Fo (6) 10 311 713 016 015 015 015 10 14 T8 129
Ty (7) 6 10 016 016 716 115 113 12 5 12 121 130
Ty (7) 2 |0 5 |1 218 214 314 4 |3 4 |3 4 |2 1726 |20
Ts (7) 4|0 6 |1 12 |1 213 213 1|3 1|3 12 128 |16
Ty (7) 014 014 T0 15 716 217 1.3 1.3 12 115 131
Ts (7) 10 31 T3 12 113 3 12 3 /1 41 5 |1 726 |11
Te (7) 4 |0 5 |2 13 |2 214 314 314 12 41 128 |19
All (54) 129 |4 | 129 |16 | 120 121 | 120 129 | 121 126 | 129 (21 | 183 |17 | 134 |12 1215 146
Set. Max 10 Dimensions
MPB
C, 1 [©) 2 10 10 10 T1 11 T1 11 T1 J0 10 T1 J0 9 |2
5 (2) 2 [0 2 0 10 10 11 10 11 011 011 10 10 5 14
10 (2) 2 10 2 |0 2 [0 [ 1012 012 012 012 719
20 (2) 2 |0 2 |0 2 |0 2 |0 1/0 1/0 1/0 1/0 12 |0
40 (2) 2 |0 2 /0 2 [0 2|0 2 ]0 2 |0 2|0 2 /0 16 |0
80 (2) 2|0 2 |0 2|0 2 |0 2 |0 2 |0 2 |0 2 |0 16 |0
C (6) 6 10 5 |0 10 13 13 213 12 12 12 12 2 |1 726 |11
S (6) 6 |0 6 |0 6 |0 15 10 14 |1 T4 |1 T4 |1 11 139 |4
GBG
Fia (6) 2 |1 014 015 014 1112 16 |0 6 |0 6 |0 721 |16
1y (6) 2 |1 015 016 015 10 14 13 |2 6 10 5 10 116 123
Ty (6) 012 012 114 217 T3 13 13 13 10 6 |0 719 |18
F5 (6) T0 12 T1 11 016 016 1013 T4 [0 6 [0 6 [0 117 118
Ty (6) 71 1 012 013 214 12 13 213 13 13 5 [0 115 119
7y (6) 12 12 016 016 016 016 016 1016 016 T2 174
Fe (6) 2 0 32 114 016 016 016 T016 T016 T6 156
T (7) 4 |0 016 017 017 017 114 13 13 5 |2 113 136
T (@) 1.0 713 017 017 714 12 15 |2 512 117 127
Ty (7) 11 11 T1 11 113 213 213 15 |2 15 |2 12 T21 |17
Ta (7) T016 017 017 017 016 T2 15 13 13 12 T9 143
T5 ™) 1012 112 715 214 3|2 14 |2 5 (2 5 |2 721 |21
T ) 13 J0 713 015 017 015 12 15 1.3 5 12 115 130
All (54) 721 |9 T15 122 | 112 134 | 112 138 | 112 131 | 124 [23 | 131 |18 | {34 |14 T161 1189
Set. Max 25 Dimensions
MPB
C, 1 @) 10 2 [0 11 10 11 111 11 11 11 10 9 |4
5 (2) 1]0 2|0 71 |1 111 1|1 111 111 71 11 9 |6
10 (2) 1]/0 2|0 71 |1 111 1]1 111 111 71 1 9 |6
20 (2) 1l0 2 0 2 |0 10 11 10 11 012 012 012 518
40 (2) 1[0 2 |0 2 |0 71 ]1 711 011 012 012 1717
30 2 70 10 2 |0 2 |0 2 |0 2 |0 2 |0 2 [0 2 [0 714 [0
C (6) 10 10 6 10 312 115 115 115 115 114 114 126
S (6) 15 10 6 0 6 |0 5 [0 5 [0 T4 |1 12 12 739 |5
GBG
Fla (6) 117 016 016 016 015 T3 J0 76 10 76 10 116 127
1y (6) 114 016 016 016 016 112 T5 10 76 10 113 130
Ty (6) 015 015 015 016 016 115 114 218 7 139
F'3 (6) 015 014 016 016 016 016 016 016 0 145
Fy (6) 015 015 015 016 015 115 214 213 5 138
12 (6) 6 10 12 T3 13 016 016 016 016 016 113 135
Fe (6) 014 016 016 016 016 016 016 016 0146
Ty (7) 3 [1 016 017 017 017 016 215 215 7 144
Ty (7) 114 116 017 017 017 015 215 213 6 144
T (7) 115 716 716 017 016 015 213 T4 |3 9141
Ty (7) 116 017 017 017 017 116 215 1215 6 150
Ts (7 115 113 114 017 016 1.3 13 T4 |3 115 134
Te (7) 716 716 716 017 017 T115 T2 15 T2 15 T8 147
All (54) 113 127 | 116 134 | 112 139 16 147 16 145 T11 136 119 133 121 130 1107 1291
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Table D.8: SADynPopDE vs CDE performance analysis - Part 2

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 ||  Total
Set. | Max 50 Dimensions
MPB
Cs1 (2) 10 1/0 11 111 11 11 11 71 |0 8 |5
5 (2) 1|0 1|0 111 11 111 1]1 111 71 1 8 |6
10 (2) 1]/0 1/0 1]1 1]1 1]1 111 1]1 71 |1 8 |6
20 (2) 1]/0 1/0 1/0 1012 0|2 1]1 0|1 0|1 4 17
40 (2) 70 10 2|0 1]/0 7111 1012 1012 012 012 419
80 2 1012 1.0 2 10 71 [1 T1 11 T1 11 012 012 619
C (6) 10 11 1.0 113 1016 T016 1016 016 015 T2 133
S (6) 74 |1 6 |0 6 |0 15 |1 14 |2 15 |1 3 |2 3 |2 136 |9
GBG
Fla (6) 017 015 015 016 016 016 75 10 76 10 T11 132
1y (6) 016 016 016 016 016 016 15 10 16 10 T11 136
F> (6) 016 016 016 016 016 016 016 10 11 0 143
F'3 (6) 016 015 016 016 016 016 0 10 |6 0 147
Fy (6) 016 016 016 016 016 016 016 T3 10 3142
7y (6) 6 10 6 0 6 10 313 113 114 115 T115 725 120
Fg (6) 016 016 016 016 016 016 016 1016 0148
Ty (7) 115 716 716 017 017 017 215 T3 13 S 146
T (7 716 116 716 017 017 017 215 13 13 S 147
T3 (7) 115 115 115 116 016 017 115 1213 7142
Ty (7) 116 116 116 017 017 017 115 173 13 7147
Ts5 (7) 116 115 116 116 016 016 215 1213 8 143
Te ) 716 716 716 116 716 716 317 T3 13 112 143
All (54) 110 |36 113 134 113 |38 18 146 15 147 16 147 114 137 119 125 188 1310
Set Max 100 Dimensions
MPB
C, 1 ) 012 011 012 012 012 012 1012 T1 11 1114
5 (2) 012 0|1 012 012 012 012 71 1 012 1114
10 (2) 012 012 012 012 012 012 012 012 0116
20 (2) 011 011 012 012 012 012 012 012 0114
40 (2) 012 0|1 012 012 012 012 012 012 0115
80 (2) 011 0|1 012 012 012 012 012 012 0114
[€] (6) 014 01 016 016 016 016 016 016 0141
S (6) 016 016 016 016 016 016 115 115 2146
GBG
Fia 6) 013 015 016 016 016 016 016 15 10 5 138
Fip, (6) 014 016 016 016 016 016 016 16 10 6140
Fo (6) 016 016 016 016 016 016 016 016 0 148
F3 (6) 016 014 016 016 016 016 016 016 0146
Fy (6) 016 016 016 016 016 016 016 016 0148
7y (6) 16 10 6 |0 6 |0 6 [0 5 |0 5 |0 5 |1 12 143 |3
Fg (6) 016 016 016 016 016 016 016 016 10 148
Ty () 714 1716 716 716 716 716 716 317 T10 144
To (7) 115 116 116 116 016 016 017 215 6 147
Ts (7) 117 115 716 716 716 116 716 214 9143
Ty (7) 116 116 116 116 116 116 116 215 9 147
Ts (7) 116 115 116 116 116 116 716 314 T10 145
Te (7) 716 115 716 716 716 716 716 314 110 145
All (54) 16 141 16 140 16 148 T6 148 15 148 15 148 16 148 T16 137 156 1358
Set. | Max All Dimensions
MPB
T, 1 (10) 6 12 12 315 1316 317 316 316 15 12 T30 136
5 (10) 6 12 711 5 14 T2 17 217 217 715 215 T30 138
10 (10) 6 |2 712 6 |4 5 15 316 316 716 316 137 137
20 (10) 6 |1 7 11 7|2 415 315 4 15 315 315 37 |29
10 (10) 5 2 8 |1 712 6 14 15 15 715 716 716 43 |31
80 (10) 43 7 1 8 |2 7 13 17 13 713 16 |4 16 |4 52 |23
C (30) 112 |5 117 |2 713 |12 18 122 16 122 16 121 18 120 17116 177 1120
S (30) 121 |7 123 |6 123 |7 719 |8 717 |11 T17 [11 716 [12 716 [12 1152 |74
GBG
Fia (30) 7113 7122 2124 1127 5119 115 [12 723 |6 729 |0 86 1120
1y (30) 5116 2 126 0129 0128 0127 T8 117 122 |6 129 |0 66 1149
Ty (30) 2119 7120 5122 6 124 7122 T10 120 111 116 714 |10 59 1153
Fs (30) 0120 J 115 0127 6 124 6 121 T10 118 T12 118 112 118 50 1158
Fy (30) 5118 3 120 8 122 3127 2125 3 125 5122 1712 |9 36 | 168
7y (30) 121 |3 716 [14 715 15 9 121 G 121 G122 G127 15 125 84 1145
Fo (30) 16 116 6 121 2125 0130 0129 0129 0129 10 128 14 1207
Ty (35) 715 |10 2130 2132 2188 2 132 6 126 12 |21 18 |16 59 1200
To (35) 6115 9 122 4 129 3 131 4 128 8 128 13 122 16 |15 63 | 185
Ts (35) 8115 T10 118 6 121 6125 5 124 T10 12 13 119 16 |14 75 1159
Ta (35) 3128 2130 2131 2133 3130 T8 127 11 122 1156 117 76 1218
Ts (35) 19 7116 7123 8126 7122 112 118 16 117 19 |13 80 | 154
Te (35) 110 |18 9122 6 |25 4 130 5128 18 126 14 120 17 |15 73 1184
All (270) | 179 1117 | 179 146 | 165 1180 | 1562 1208 | 149 1197 | 175 1175 | 1105 [153 | {124 [118 1627 11297




UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

APPENDIX D. ADDITIONAL RESULTS - CHAPTER 6 346

Table D.9: SADynPopDE vs SACDE performance analysis - Part 1
I

Cp 100 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 ][ _ Total

Set. | Max 5 Dimensions

MPB
C, 1 [©) 2 |0 1012 1012 012 012 012 1012 012 12 117
5 2) 210 T1 11 10 11 012 012 011 T0 11 012 T3 110
10 2) 2 10 1.0 T1 11 011 011 011 T1 1 011 T516
20 (2) 010 2 |0 10 111 011 011 T0 11 011 T4 15
10 2) 010 2 |0 2 |0 71 1 10 11 J0 10 [1 011 17 13
80 2 010 2 |0 2 |0 12 |0 11 [0 11 10 T1 J0 T1 /1 710 |1
[¢] (6) 73 10 5 |1 41 13 |2 1112 T1 11 T1 |1 T013 118 |11
S (6) 13 |0 3 |2 213 1115 T1 14 17 14 1115 11 15 113 128

GBG
Fia (6) 4]0 76 10 T4 10 T2 12 T2 13 T2 13 T113 T013 721 |14
Fiy (6) 3 10 1313 13 13 1015 1015 1015 1118 4 |2 114 126
Py (6) 3 |0 15 10 5 [0 14 |1 14 |2 14 |2 13 |1 3|2 131 |8
T (6) 10 1015 016 016 016 016 016 015 11 140
Fy (6) 510 T3 |1 41 115 115 115 015 016 T15 128
Fs (6) 4 |0 1015 016 014 013 013 013 213 16 127
Fg (6) 2|0 71 |0 013 016 016 016 016 016 13 133
Ty (7) 7 10 1114 015 017 017 017 116 116 10 | 42
T ) 40 T4 |2 43 215 215 115 114 213 20 127
Ts (7) 110 15 |2 4|2 113 113 213 113 13 13 18 119
Ty (7 6 10 12 13 114 016 017 017 016 716 10 139
Ts (7) 310 T3 10 12 317 T3 13 T3 13 213 114 722 |19
Ts (7 1]/0 1313 1313 114 1115 1115 015 115 111 130
All (54) 128 [0 | 126 117 | 122 123 | 111 136 19 136 19135 | 17133 | 110 135 T122 1215
Set. Max 10 Dimensions

MPB
Cs 1 (2) 172 |0 0|1 011 011 0|1 011 0|1 011 12 17
5 (2) T1 0 012 012 012 012 012 012 012 11117
10 (2) 170 10 012 012 012 012 012 012 012 10 114
20 (2) 1]0 012 011 011 0|1 012 0|1 011 119
40 2) 10 012 T1 1 T1 /1 011 011 011 011 318
80 (2) 10 011 T1 |1 T1 11 T1 1 111 011 011 517
C (6) 10 015 12 13 12 13 1113 11 14 013 013 17 124
S (6) 510 015 1015 1015 T0 15 1015 015 015 15 135

GBG
Fia (6) 2|0 015 013 1013 1018 1013 013 10 14 12124
1y (6) 310 015 017 T015 10 15 T015 015 T2 12 15 131
Ty (6) 310 012 112 T3 13 T3 13 T3 13 213 213 T17 119
F5 (6) 310 015 016 T016 T016 T016 016 017 T3 139
Ty (6) 3 10 012 012 T3 13 13 13 12 13 213 114 717 120
7y (6) 310 T2 12 T2 12 13 |2 T3 13 13 |2 32 312 122 |15
Fg (6) 2 ]0 014 016 016 016 016 06 016 2 140
T (7) 710 017 017 017 017 017 017 116 8 148
T (@) 2 [0 014 013 214 214 717 014 013 7126
Ty (7 210 112 112 3 12 312 312 312 T2 12 T18 |14
Ty (7) 310 015 016 1016 T0 17 016 T0 16 11156 T4 141
T5 ) 310 112 213 T3 13 13 13 T3 13 13 13 T3 13 721 |20
Te ) 210 015 10 14 T116 T116 1116 T116 1116 17 139
All (54) 725 0 T2 135 T5 133 T11 136 | 110137 | 19137 | 17136 T8 153 T77 1247
Set. Max 25 Dimensions

MPB
C, 1 2) 10 012 011 011 T1 1 T1 11 T1 1 011 T4 18
5 (2) 1]0 0|2 012 012 012 012 012 012 1114
10 (2) 1/0 012 012 012 012 012 012 012 1114
20 (2) 70 10 012 012 012 012 012 012 012 0114
40 (2) 70 10 012 012 012 012 011 012 011 0112
80 (2) ) 012 012 012 0|1 011 0|1 011 1110
C (6) 70 10 016 016 016 015 014 015 014 0 136
S (6) T4 |0 016 015 015 115 115 115 015 7 136

GBG
F1q (6) 3]0 015 016 016 015 015 014 014 3135
1y (6) 5 |0 016 016 016 016 015 015 014 5 138
Fy (6) 5 |0 015 014 016 016 015 015 013 5134
F'3 (6) 3]0 016 015 016 016 016 016 016 3141
Fy (6) 510 014 015 016 015 015 015 014 5 134
Ty (6) 011 013 112 T2 |1 13 [0 6 10 16 [0 6 10 124 |7
Fo (6) 3 |0 016 016 016 016 016 016 016 13 142
Ty (7) 6 |0 016 116 116 116 116 116 116 112 |42
Ty (7) 4 |0 017 017 016 116 116 114 113 8 139
T3 (7) 4 |0 016 015 017 015 114 115 112 7134
Ty (7) 3|1 016 017 116 116 116 116 116 8 144
Ts (7) 310 014 014 016 015 114 114 114 6 131
Te (7) 4 |0 016 015 016 016 116 116 116 7 141
All (54) 128 |1 10 147 11145 12148 14 144 17141 17141 16 136 155 1503
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Table D.10: SADynPopDE vs SACDE performance analysis - Part 2

Cp 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 || _ Total
Set. | Max 50 Dimensions
MPB
C, 1 @) 10 012 012 012 012 011 011 011 1111
5 (2) 1/0 012 012 012 012 012 012 012 1114
10 (2) 10 012 012 012 012 012 012 012 1114
20 (2) 70 10 012 012 012 012 012 012 012 0114
40 (2) 1]0 012 012 012 012 012 012 012 1114
80 (2) 2 |0 012 012 012 012 012 012 012 2 |14
C (6) 10 016 016 016 016 016 016 016 1142
S (6) 5 |0 016 016 016 016 015 015 015 5 139
GBG
F1q (6) 2 |0 014 015 016 016 016 015 014 2 |36
1y (6) 2 [0 016 016 016 016 016 015 016 2 141
F> (6) 3 10 016 016 016 016 016 016 016 3142
F'3 (6) 4 |0 016 015 016 016 016 016 016 4 141
Fy (6) 4 |0 016 016 016 016 016 016 015 4 141
Fs (6) 7111 012 011 0138 112 112 2 |1 2|0 7112
Fg (6) 2 |0 016 0|6 016 016 016 016 016 2 142
Ty (7) 2 |0 016 016 016 116 116 116 116 6 142
Ty (7) 2 |0 017 016 017 017 017 017 016 2 147
T3 (7) 2|0 015 015 017 016 016 014 015 2 138
Ty (7) 4 |1 016 017 017 017 017 116 116 6 147
Ts5 (7) 10 015 016 016 016 016 016 014 1139
Te (7) 7 10 017 015 016 016 016 016 016 7142
All (54) 724 |1 T0 148 T0 147 T0 151 T1 150 T1 149 T2 146 T2 144 T30 1336
Set. Max 100 Dimensions
MPB
C, 1 ) 72 J0 012 T1 11 111 111 111 111 111 T8 18
5 (2) 70 |0 012 [ 1]1 1]1 1]1 1]1 1]1 618
10 (2) 70 10 012 012 1]1 1]1 11 11 111 519
20 (2) 71 10 011 0|2 111 1]1 1]1 111 111 618
40 (2) 70 |0 011 011 011 1]1 1]1 1]1 1]1 4 17
30 2 T0 10 011 011 011 10 11 111 011 011 117
[€] (6) 72 |0 016 016 016 1016 016 016 016 12 142
S (6) 11 10 013 12 12 10 15 10 16 10 5 |0 5 |0 128 |5
GBG
Fia 6) 11 [0 015 016 016 016 016 016 016 1141
Fip, (6) T1 1 014 016 016 016 016 016 016 1141
Fo (6) 011 016 016 016 016 016 016 016 0143
F3 (6) 3]0 015 015 016 016 016 016 016 3 140
Fy (6) 1]0 016 016 016 016 016 016 016 1142
F5 (6) 7111 01 011 012 012 012 014 014 1117
Fg (6) 70 |0 016 016 016 016 016 016 016 0 142
Ty (7) 71 |0 016 016 016 016 016 016 016 1142
T> (7) 170 10 016 017 017 017 017 017 017 0 148
T3 (7) 71 |1 014 016 016 016 016 017 017 1143
Ty (7) 17112 017 016 017 017 017 017 017 1150
Ts (7) T0 10 016 016 016 016 016 017 016 0143
Te (7) 14 J0 014 015 016 016 016 016 017 7140
All (54) 110 |3 10142 12 144 14 144 15 144 16 144 15146 15 146 1871518
Set. | Max All Dimensions
MPB
Cs 1 (10) 8 |0 019 117 117 217 216 216 116 17 148
5 (10) 5 |0 119 118 119 119 118 118 119 12 160
10 (10) 4 |0 118 119 118 118 118 218 118 12 157
20 (10) 2 ]0 217 117 2|7 117 118 117 117 11 |50
40 (10) 2 |0 217 316 217 216 215 117 116 15 144
80 (10) 4 |0 216 316 316 215 315 115 116 19 |39
C (30) 7 10 15124 16 122 15123 12122 12 |21 11121 10 122 128 | 155
S (30) 718 [0 13 122 14 121 15 121 17 120 18 119 17 120 16 120 158 1143
GBG
Fia (30) 12 |0 6 119 4 120 2123 2128 2 123 1121 0121 29 | 150
Fry (30) 14 |1 3124 3 125 0128 0128 0127 1124 6 120 27 1177
Fo (30) 14 |1 5119 6118 7122 7123 7122 5121 5120 56 | 146
F3 (30) 14 |0 0127 0127 0 130 0130 0 130 0130 0127 14 1201
Fy (30) 18 |0 3119 4 120 4 126 4 125 3 125 2125 1125 39 1165
7y (30) 19 13 2113 3112 5112 7110 710 |9 711 [10 713 |9 160 178
Fg (30) 179 |0 1122 0127 0 130 0 130 0 130 0 130 0 130 10 | 199
Ty (35) 23 |0 1129 1130 1132 2182 2 132 3131 4 130 37 1216
Ty (35) 12 |0 4 126 4 126 4 129 5129 3129 2126 3122 37 | 187
T3 (35) 10 |1 6119 5120 4 125 4 122 6 121 5121 6119 46 | 148
Ty (35) 17 |4 2 127 1130 1132 1134 1133 2131 4 130 29 | 221
Ts (35) 10 |0 4 117 6121 6125 6123 7122 6123 5121 50 1152
Te (35) 18 |0 3 125 3122 2128 2129 3129 2129 3130 36 1192
All (270) | 1115 b | 128 [189 | 140 1192 | 728 [215 | 129 [211 | 152 1206 | 128 1202 | 131 |19 1321 11414
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Table D.11: DynPopDE vs SACDE performance analysis on the n, standard set

Cp [ 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 [[ _ Total |
Set. Max 5 Dimensions
np 5 (2) ‘
o @
R ) |
50 1 (2 \
100 2 \
200 (2 |
C ©) \
S ©) \
All (12) |
Set. Max 10 Dimensions
5 () | 7010 ]
0@ R L 1 B A £ LR
25 2 0|0
50 (2) 11 ]
100 (2) I
200 (2) I
T [ ® I
S @) I
All (12) ]
Set. Max 25 Dimensions
np 5 (2) 011 011 T1 11 1111 [ 1011 | T4 16
10 (2) 1 0|1 011 10 |1 10 |1 1012
25 2) 0 012 012 T1 /1 T1 /1
50 (2) 0 012 011 T1 1 I
100 (2) 1 012 111 I
200 (2) 0 012 10 11 ]
C (6) 1 014 T1 /1 I
S [ (®) 1 016 | 1016 [ 110127 |
All (12) 2 10 110 1117 ]
Set. Max
np 5 (2) 1 011 011 011 T0 11 011 011 T2 17
10 (2) 1 011 011 1 1012 012 012 12110
25 (2) 2 011 012 1 111 01 01 1819
50 (2) 2 012 012 1 1]1 1]1 1]1 15 110
100 (2) 2 0|1 012 1 11 11 11 16 19
200 (2) 2 0|1 012 1 111 111 111 17519
C (6) 7 011 014
S (6) 6 016 016 6 10 16 10 16 10 16 16 142
All (12) 10 017 10110 1116 | 1417 [ 1317 | 1817 | 123154
Set. Max mensions
np 5 2) T T 11 T1 1
10 (2) 1 111 T1 11
25 (2) 1 T 11 10 11
50 (2) 0 0 10 I
100 (2) 0 ]
200 (2) ]
T ® IS W ENER | WA R
S (6)
All (12) ]
Set. Max All Dimensions
ny 5 | 1318 ]
1o B A R 2 B 3 U2 S A | W 2R EZ
25
50 \
100 |
200 |
C \
s |
Al \
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Table D.12: SACDE vs CDE performance analysis on the ny(t) standard set

Cp [ 100 | 500 | 1000 | 5000 | 10000 | 25000 | 50000 | 100000 | Total ]
Set. Max 5 Dimensions
np 10 (10) T2 17 7113 T0 13 7112 7113
25 (10)
50 (10)
100 (10)
200 (10)
pc 5 (10) 71 (1
10 (10)
20 (10)
10 (10)
80 (10)
C (25)
S (25)
All (50)
Set. Max 10 Dimensions
np 10 (10)
25 (10)
50 (10)
100 (10)
200 (10)
pc 5 (10)
10 (10)
20 (10)
40 (10)
80 (10)
C (25)
S (25)
All (50)
Set. Max 25 Dimensions
np 10 (10)
25 (10) T112
50 (10)
100 (10)
200 (10) 1112
pc b (10)
10 (10)
20 (10)
10 (10) 1112
80 (10)
C (25) 1016
S (25)
All (50)
Set. Max 50 Dimensions
np 10 | (10) 015
25 (10) 016
50 (10) 013
100 (10) 013
200 (10) 716
pc 5 (10) 114
10 (10) 014
20 (10) 014
40 (10) 013
80 (10) 018
C (25) T0 115
S (25) 7118
All (50) 11123
Set. Max 100 Dimensions
np 10 (10) 1016 215 5 515
25 (10) T019 215 5 515
50 (10) T0 110 015 5 315
100 (10) 018 015 5 215
200 (10) 018 014 5 215
pc b (10) 019 214 5 215
10 (10) 019 715 5 215
20 (10) 018 115 5 315
40 (10) 018 015 5 515
80 (10) 017 015 5 515
C (25) 0117 I
S (25) 0124 10124 10122 10125 10124 10125 10121 | 10117 ][ 101182 |
Al_| (50) U177 | 14124 | Teilze | Tefl2zs | Teiles | 117125 | 120 [2] [ 1729 1799 |
Set. Max All Dimensions

np 10 (50)

% 1 G0)

50 (50)

100 (50)

200 (50)
pc b (50)

0 (50)

20 (50)

10 (50)

30 (50)

C (%)

S (125)

ATl (250)
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Table D.13: SADynPopDE vs SACDE performance analysis on the n,(t) standard set

C 100 | 500 [ 1000 [ 5000 [ 10000 [ 25000 [ 50000 [ 100000 ] Total

Set. Max 5 Dimensions

np 10 (10) 8 |0 1710 [0 710 |0 10 |0 10 |0 179 |0 179 |0 10 |0 76 |0
25 (10) 7 |0 17 10 17 10 10 |0 10 |0 10 |0 10 |0 10 |0 71 |0
50 (10) 3 10 11 |0 13 10 10 |0 10 |0 10 |0 10 |0 10 |0 57 |0
100 (10) 3 [0 T2 12 7111 10 |0 10 |0 10 |0 10 |0 10 |0 56 |3
200 (10) 2 |0 012 012 10 |0 10 |0 10 |0 10 |0 10 |0 52 |4
pc 5 (10) 8 |0 4 |3 2 |1 10 |0 10 |0 19 |0 10 |0 10 |0 63 |4
10 (10) 6 |0 3 |1 3 10 10 |0 10 |0 10 |0 19 |0 10 |0 61 |1
20 (10) 310 3 10 5 ]2 10 |0 10 |0 10 |0 10 |0 10 |0 61 |2
40 (10) 310 5 |0 5 |0 10 |0 10 |0 10 |0 10 |0 10 |0 63 |0
80 (10) 3 10 5 |0 6 |0 10 |0 10 |O 10 |0 10 |0 10 |O 64 |0
C (25) 12 |0 711 |2 9 |3 25 |0 25 |0 25 |0 25 |0 25 |0 157 |5
S (25) 11 |0 19 |2 712 |0 25 |0 25 |0 24 |0 24 |0 25 |0 155 |2
All (50) 23 |0 1720 |4 1721 |3 50 |0 50 |0 49 |0 49 |0 50 |0 312 |7
Set. Max 10 Dimensions

np 10 (10) 6 |0 012 510 8 |0 19 |0 18 |0 17 10 16 10 149 |2
25 (10) 6 |0 015 013 710 179 |0 10 |0 10 |0 10 |0 152 |8
50 (10) 310 016 015 7 10 710 |0 10 |0 10 |0 10 |0 50 |11
100 (10) 10 016 017 6 |0 1710 |0 10 |0 10 |0 10 |0 47 |13
200 (10) 3 |1 016 017 2 |1 18 |0 9 |0 19 |0 10 |O 41 |15
pc 5 (10) 6 |1 014 115 8 |0 710 |0 9 |0 79 |0 79 |0 52 |10
10 (10) 4 |0 015 114 6 |1 18 |0 9 |0 1710 [0 179 |0 47 |10
20 (10) 2 |0 014 012 4 |0 1710 |0 710 |0 179 |0 1710 |0 145 |6
40 (10) 510 015 114 710 1710 |0 1710 |0 1710 |0 19 |0 152 |9
80 (10) 2 |0 017 217 5 |0 18 |0 179 |0 18 |0 179 |0 143 |14
C (25) 5 |0 10 119 11116 12 |0 22 |0 23 |0 22 |0 21 |0 106 |35
S (25) 1714 |1 1016 14 16 18 |1 24 |0 24 |0 24 |0 25 |0 133 [14
All (50) 1719 |1 10125 15 122 30 |1 46 |0 47 |0 46 |0 46 |0 239 |49
Set. Max 25 Dimensions

np 10 (10) 5 |0 019 019 215 15 |2 5 |1 5 |0 15 |0 127 |26
25 (10) 6 |0 017 019 016 13 |2 5 |0 5 |0 16 |0 125 |24
50 (10) 310 019 019 018 12 |2 4 |0 8 |0 1710 |0 127 128
100 (10) 510 118 017 018 12 12 5 |1 8 |0 9 |0 130 |26
200 (10) 3 |0 018 019 018 1016 4 |2 7 11 9 |0 123 134
pc b (10) 5 |0 118 019 115 173 13 7 10 8 |0 8 |0 33 |25
10 (10) 4 |0 017 018 016 4 |2 6 |0 8 |0 8 |0 30 |23
20 (10) 3 10 017 016 117 213 5 |1 7 10 8 |0 26 |24
40 (10) 6 |0 019 0110 018 213 3 |0 5 |0 8 |0 24 130
80 (10) 4 |0 0110 0110 019 113 213 5 |1 7 |0 19 |36
C (25) 4 |0 0125 0124 0125 10113 73 13 10 |0 16 |0 33 190
S (25) 1718 |0 1116 0119 2110 712 |1 120 |1 23 |1 23 |0 199 148
All (50) 1722 |0 1141 0143 2135 112 114 123 |4 33 |1 39 |0 1132 | 138
Set. Max 50 Dimensions

np 10 (10) 4 |0 10110 10 110 1019 019 4 15 13 14 4 |1 115 148
25 (10) 4 |0 10110 10 110 10 110 017 015 1113 3 |2 18 147
50 (10) 3 10 019 1019 10110 017 015 7111 5 |0 19 141
100 (10) 310 019 10 |1 1019 019 017 72 |1 5 10 110 145
200 (10) 2 |0 018 1019 10 110 018 016 113 6 |1 19 145
pc b (10) 4 |0 0110 To 110 1019 016 115 214 712 114 146
10 (10) 3 10 0110 To0 110 10110 017 114 112 710 112 143
20 (10) 2 |0 0110 1018 1019 017 115 1]1 5 10 9 140
40 (10) 2 |0 1019 0110 0110 0110 116 173 |0 2 |0 8 145
30 (10) 510 1017 0110 0110 0110 018 1115 212 8152
[¢] (25) 4 |0 0121 0125 0125 0125 10123 11110 15 13 110 1132
S (25) 1712 |0 0125 0123 0123 0115 T4 15 17 |2 718 |1 141 194
All (50) 1716 |0 0146 0148 0148 0140 T4 128 18 112 123 |4 151 | 226
Set. Max 100 Dimensions

np 10 (10) 2 |1 118 119 15 15 515 515 515 15 15 29 1438
25 (10) 4 |0 013 117 315 515 515 515 15 15 28 |35
50 (10) 10 112 016 315 515 515 515 5 |4 25 |32
100 (10) 1]0 014 017 215 4 15 5 |5 5 15 5 |4 22 135
200 (10) 11 016 018 015 215 515 515 513 18 138
pc 5 (10) 310 017 216 4 15 415 515 515 5 14 28 137
10 (10) 10 2138 016 4 15 515 5 15 5 15 5 |4 27 133
20 (10) 2 [0 014 018 315 15 |5 5 |5 5 5 5 |3 25 135
40 (10) 11 014 019 115 1415 515 515 515 21 139
30 (10) 2 |1 015 018 115 1815 515 515 15 15 21 139
C (25) 310 0110 0124 10 125 10 125 10 125 10 125 10 |21 31155
S (25) 6 |2 2113 2113 1713 |0 1721 |0 725 |0 125 [0 125 |0 1119 |28
All (50) 9 [2 2123 21387 113 125 121 125 125 |25 125 |25 725 |21 1122 1183
Set. Max All Dimensions

np 10 (50) 25 |1 111 129 116 128 125 |19 29 |16 31 |11 29 |9 30 |6 196 119
25 (50) 27 |0 7125 8129 20 121 27 |14 30 |10 31 |8 34 |7 184 |114
50 (50) 13 |0 2126 3129 20 123 27 |14 29 |10 34 |6 40 |4 168 |112
100 (50) 13 |0 3129 1132 18 122 26 |16 30 [13 35 |6 39 |4 165 |122
200 (50) 11 |2 0 130 0135 12 124 20 |19 28 |13 32 |9 40 |4 143 |136
pc 5 (50) 26 |1 5 152 5131 123 |19 27 |14 31 |10 34 |9 39 |6 190 [122
10 (50) 18 |0 5 126 4 128 20 122 27 |14 131 |9 33 |7 39 |4 177 |110
20 (50) 12 |0 3125 5 126 18 121 27 |15 31 |11 32 |6 38 |3 166 |107
40 (50) 17 |1 5 127 6 133 18 123 26 |18 29 |11 33 |5 34 |5 168 123
30 (50) 16 |1 5129 8135 16 124 22 |18 26 |16 29 |11 33 |7 155 [141
C (125) 28 |0 111 [77 110 192 37 175 147163 751 |51 58 |35 167 |24 1309 1417
S (125) 61 |3 112 162 118 161 158 |34 182 |16 197 |6 103 |3 17116 |1 1547 |186
All (250) 89 |3 123 1139 128 1153 195 1109 1129 |79 1148 |57 1161 |38 1183 |25 1856 603
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List of Symbols

a general counter

b general counter

c change counter

Cp change in p-th peak location

d average location of all individuals
d; j-th component of vector d

fdescription ~ underlying benchmark function

Ip p-th peak / underlying benchmark function

Ip,opti optimum value of the p-th underlying benchmark function
g generation counter

hy height of p-th peak

1 individual index

j dimension / component index

Jrand randomly selected index

k sub-population index

I F location of the global optimum of dynamic function F'
l_z; location of optimum of function f,

Iy j-th component of location of optimum of function f,
Ne total number of changes in a dynamic environment

ng number of dimensions
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Nexcess
Neaxp
Nfree
Ng

nr

nrk

ng

Ns

Uz

=R 3 Qy

=

rj
Tbrown
Tdev
Texcl
Tconv

Tpop,k

threshold of number of free swarms

number of experimental environments
number of free swarms

number of generations

total number of individuals in population including sub-populations
number of individuals in k-th sub-population
number of sub-populations

number of peaks

number of samples

total number of function evaluations

vector used in GDBG

peak / underlying function index

GDBG control parameter index

random number

random vector

random number associated with dimension j
Brownian radius

deviation from which rp,own 1S selected
exclusion radius

convergence radius

population radius of of k-th sub-population
GDBG selected dimensions

time, generation counter

i-th DE trial vector

j-th component of i-th trial vector

i-th DE mutant vector

j-th component of i-th mutant vector
width of p-th peak

global optimum

i-th individual in the population
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Ti ke i-th individual in the k-th population

Tij j-th component of i-th individual

Tpest best individual in the population P, since the last change in the environment
Tpest(9) best individual in the population P, in generation g

Tpestk best individual in sub-population Py since the last change in the environment
Torown Brownian individual

Ui personal best of i-th individual

gji global best

4 general individual

Aig age of i-th individual in k-th sub-population

B basis function in MPB

C(a,b) random number from Cauchy distribution with median a and scale value b
Cr crossover factor

Cr; crossover factor associated with i-th individual

Crnew; new crossover factor associated with i-th individual

Cs change severity

Ct change type

Cp change period

D diversity

Det change detection strategy

Dap average diversity per sub-population

Epc(Z;(t), c) error of ¥; immediately before the c-th change in the environment

F function to be optimised

Fopti global optimum of function F

F scale factor

Fi scale factor associated with i-th individual
Frew; new scale factor associated with i-th individual
Fi lower bound of scale factor in jDFE

Fu range of scale factor changes in jDF

g DE variant greediness factor
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H performance measure

Hog,q average offline errors of an algorithm on environment a

L Longest diagonal in the search space

M,, maximum number of peaks

M, maximum fraction change in the number of peaks

N(a,b) random number from normal distribution with mean ¢ and deviation b
P, population

P k-th sub-population

P, archive sub-population

R rotation matrix

Ry, relative fitness of k-th sub-population

RE relative error

S stagnation function

S ng dimensional search space

T transformation matrix

T set of all time steps

Ul(a,b) random number between a and b sampled from an uniform distribution
Vinaz, F upper search range bound of function F'

Vinin,F lower search range bound of function F

Vinaz,f, upper search range bound of underlying function f,

Vimin, f, lower search range bound of underlying function f,

Whest(9) function value of the best individual within a window of w generations

Waworst(g) function value of the worst individual within a window of w generations
method of selecting the DE base vector

number of DE difference vectors

o

B

0% method of producing DE trial vectors
n constant controlling gradient step sizes
A correlation in peak shifts

p1-.-P5 parameters

0 parameter
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of, stretch factor associated with f,
S value used in GDBG
T1...T14 parameters
(EQ vector of GDBG control parameter €2
b0.q g-th component GDBG control parameter €2
O max maximum value of the GDBG control parameter {2
OQ,min minimum value of the GDBG control parameter §2
severity by which the value of the ¢-th component GDBG control parameter
¢Q,sev .
Q is changed
w parameter
Uy weighting factor of p-th underlying function used in GDBG
w window size
Q GDBG control parameter
P performance value

Pr. performance value of k-th sub-population
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List of Abbreviations

API Average Percentage Improvement

CDE Competing Differential Evolution

CESO Collaborative Evolutionary-Swarm Optimisation
CPE Competitive Population Evaluation

DE Differential Evolution

DOP Dynamic Optimisation Problem

DynPopDE  Dynamic Population Differential Evolution

EA Evolutionary Algorithm

EO Extremal Optimisation

EP Evolutionary Programming

ES Evolution Strategies

ESCA Evolutionary Swarm Cooperative Algorithm
GA Genetic Algorithm

GDBG Generalised Dynamic Benchmark Generator
MGA Multinational Genetic Algorithm

MMEO Multi-Phase Multi-Individual Extremal Optimisation
MPB Moving Peaks Benchmark

PSO Particle Swarm Optimisation

RMC Reinitialisation Midpoint Check

SACDE Self-Adaptive Competing Differential Evolution
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SADynPopDE Self-Adaptive Dynamic Population Differential Evolution

SOS Self-Organizing Scouts
SBGA Shifting Balance Genetic Algorithm
SDE Self-adaptive Differential Evolution

SPSO Speciation-based Particle Swarm Optimisation
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Appendix G

Derived Publications

This appendix lists the publications that have resulted from this study.

M.C.

M.C.

M.C.

M.C.

M.C.

du Plessis and A.P. Engelbrecht. Improved differential evolution for dynamic opti-
mization problems. IEEE Congress on Evolutionary Computation, pages 229-234.
IEEE, 2008.

du Plessis and A.P. Engelbrecht. Self-adaptive competitive differential evolution for

dynamic environments. IEEE Symposium on Differential Evolution. IEEE, 2011.

du Plessis and A.P. Engelbrecht. Using competitive population evaluation in a dif-
ferential evolution algorithm for dynamic environments. Furopean Journal of Oper-

ational Research, 218(1):7-20. Elsevier, 2012

du Plessis and A.P. Engelbrecht. Differential evolution for dynamic environments
with unknown numbers of optima. Journal of Global Optimization. Springer, Avail-

able online February 7, 2012

du Plessis and A.P. Engelbrecht. Self-adaptive differential evolution for dynamic en-
vironments with fluctuating numbers of optima. Metaheuristics for Dynamic Opti-

mization, E. Alba, A. Nakib, P. Siarry (eds.), Springer, to appear 2012
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