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Z Genetic algorithm

3 Differential evolution

4 Covariance matrix adaptation evolution strategy
5 Evolutionary programming

6 Backtracking search optimization

7 Pinar Civicioglu

8 High-voltage direct current
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1: Inmitialize NP, Dim, Maxnfe, Fuay, Fum, mixrate
%% Initialize Population
2: Initialize target population P and historical population hP using Eqs. (1), (2). respectively
Evaluate individuals of P
While termination condition has not been met do
%% selection-1
Update hP vsing Eqgs. (3), (4)
% Mutation
If rand <1 - 2L

6 Maxnfe

1 For 1=1:INP do

8: Generate two random numbers w1, w2 in [0, 1] such that wi+ wi=1

a: Generate scale factor F; based on normal distribution according to Eqs. (12)-(14)
10: Fandomly select indexrin [1, NP] asr# 1

11: Apply mutation operator according to Eq. (10)

e

L

12| End

13:| Else

14:1 Fori=1:INP do

15: Generate two random numbers w1, w2 in [0, 1] such that wi+ wi=1

16: Generate scale factor F; based on normal distribution according to Egs. (12)-{14)
17: Apply mutation operator according to Eq. (11)

18:| End

19: | End

0% Crossover

20: | maprwpio=1

21:| Apply crossover operator for generate trial population T using Eqgs. (7), (6)

22:| Apply boundary control mechanism for T according to Eq. (8)

0% Selection-II
23:| Evalvate individuals of T

24:| Apply the greedy selection between individuals of T & P via Eq. (9) to select better one as P

25| Output the best solution
26:End
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10 |_earning backtracking search optimization

1 particle swarm optimization using dynamic tournament topology
2 Improved artificial bee colony

13 Self-adaptive Differential Evolution
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BSA JDE (LBSA UBSA (slapi o5l .ol 009 auhy 51 s o sire &gy IBSA 0,651 058 o 00sline Uas Sl (ulool y Lol
i, oSl sl 00 )5 S Loy 5o dy 4y s 1 Slital (o i IBSA 1y 55l 098 o0 0anline ¥ JSUs a4 g5 b ga0mme ;0 0l oo
9Fo &b ,o DTT-PSO jzay b god ;o soiu )68 g I IBSA (iiBo & Loy 095 oo oadlive o o8l s a4y s IBSA 2y,
(ads slaclgr 8y bl IBSA (0 oSl g oo <ol YU lis 4 az g5 b cplpl .ol 005 50y Fr g Fa wlgs 50 JDE (2,631

el O 55105 5 BLEST (o 055 (3le5 ey (il &5 el 03y iy 51 g CoiBse £33 5 (ol Sen Ce sy syl

Fwo 51321 )L B+ LCEC 2019 pulgi (595 5590 slaps 5951 g IBSA o 545!y 00l o liio sl = -Y Jous
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F1 F> F3 Fs4 Fs Fe F7 Fg Fg F1o

IBSA Mean 2.06E-04 9.71E+00 2.05E-01 2.07E+00 9.86E-04  8.20E-10 8.60E+01  7.42E-01 7.77E-02  6.07E+00
STD 1.10E-03 1.06E+01 2.06E-01 1.04E+00 2.77E-03 1.61E-10 1.01E+02 4.19E-01 2.11E-02 9.23E+00
NFE 419499.9 500000 427124.2  491522.3 1549159  47594.08 500000 500000 500000 2727134
Score 10 0 9.52 1.32 10 10 0.28 1 2 10

BSA Mean  1.52E-03 1.64E+01 1.65E-01 2091E+00 7.90E-03  8.27E-10 8.67E+01 1.45E+00 1.30E-01 1.07E+01
STD 2.83E-03 1.16E+01 1.96E-01 1.28E+00  9.07E-03 1.77E-10 9.66E+01  2.83E-01 3.13E-02  9.93E+00
NFE 497687.9 500000 500000 497591.6 4199685 191176 500000 500000 500000 433476.3

0

Score  5.12 4.44 0.52 8.84 10 0.2 0.12 1.24 7.72
t-test  + + = + + = = + + +
LBSA Mean  3.84E-03 5.33E+01 2.22E-01 2.39E+00 5.86E-03  2.25E-05 8.29E+01 7.39E-01 7.57E-02  3.01E+00

STD 9.93E-03 3.63E+01  2.05E-01 1.14E+00 6.94E-03 155E-04 9.78E+01  4.34E-01 1.64E-02  7.04E+00
NFE 360771.4 500000 4451411 486328.8 328518.3 65255.96 500000 500000 500000 241470.6
Score  9.24 0 8.36 1.2 9.72 10 0.32 1 2 10

t-test + + = ~ + ~ ~ ~ ~ ~

DTT-PSO Mean 1.15E+04 1.27E+02 3.85E-01 1.23E+01  1.03E-02 2.74E-01 6.34E+02 2.38E+00 6.54E-02  1.58E+01
STD 2.93E+04 4.88E+01 9.82E-02 3.67E+00  9.09E-03 6.46E-01 2.16E+02 5.51E-01 2.68E-02  8.48E+00
NFE 500000 500000 471767.5 500000 355099.2  99354.88 500000 500000 500000 396351.7

Score O 0 2.08 0 7.2 10 0 0 2 4.4
t-test + + + + + + + + - +
IABC Mean 3.64E+05 1.73E+03 2.52E-01 4.61E+00 1.17E-03 3.80E-01 1.38E+02 1.74E+00 9.35E-02  8.95E+00

STD 1.81E+05 4.34E+02 1.87E-01 1.08E+00 2.57E-03  1.70E-01 6.60E+01 1.73E-01 1.44E-02 8.29E+00
NFE 500000 500000 500000 500000 497602.3 500000 500000 500000 500000 500000
1

Score 0 0 1.88 0 6.24 0 0 2 0
t-test + + = + = + + + + ~
jDE Mean 8.62E-10 1.16E+01  3.05E-01 5.85E-01  6.26E-03  9.33E-03 3.59E+00 7.87E-01 6.92E-02  1.23E+01

STD 1.85E-10 2.07E+01  1.82E-01 7.25E-01 6.06E-03 6.60E-02 4.24E+00 2.63E-01 2.19E-02  9.18E+00
NFE 152242.8 500000 460699.6 421932.8 340372.7 43709.6 499881.8 500000 500000 444196.1
Score 10 0 5.36 9.4 8.32 10 1.16 1 2 5.12
t-test = =~ + - + = - ~ ~ +
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