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A Comparative Study of the Differential Evolution

Based on Continuous Generation Model
by Using Analysis of Variance

KIYOHARU TAGAWAT!

Differential Evolution (DE) is an Evolutionary Computation (EC) for solving
function optimization problems. In order to renew the population in EC, there
are two generation models. The first one is called “discrete generation model”,
and the second one is called “continuous generation model”. Conventional DEs
have been based on the discrete generation model in which the current genera-
tion’s population is replaced by the next generation’s population at a time. In
this paper, a new DE based on the continuous generation model is proposed.
Because a newborn excellent individual is added to the only population and can
be used immediately to generate offspring in the continuous generation model,
it can be expected that the proposed DE converges faster than the conventional
ones. Furthermore, by employing the continuous generation model, it becomes
easy to introduce various survival selection methods into DE. Therefore, three

survival selection methods are contrived for the DE based on the continuous
generation model. Finally, the effects of several factors, namely, the genera-
tion model, the survival selection, the reproduction selection, the population
size, and the interaction among them, on the performance of DE are evaluated
statistically by using the techniques of the analysis of variance.
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Table 2 Analysis of variance of FES on easy problems.

factor Vv F-value P-value
G 0.327 38.867 2.1 x 1079 **
N 45.989 5457.906 2.8 x 107193 *x*
B 114.843  13629.410 2.4 x 107205 **
Gx N 0.006 0.759 0.469
G x B 0.007 0.863 0.353
N x B 12.913 1532.504 6.3 x 107133 *x
Gx N x B 0.006 0.824 0.439
e 0.008

V': unbiased estimate of population variance; G: generation model;

N: population size; B: reproduction selection; e: error

0z*0000000000000 f,(#*)00 (8)000 f(z*) 000000

fo(@") = max{e, fo(z")} (8)
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Table 3 Analysis of variance of FES on hard problems.

factor Vv F-value P-value
G 0.181 0.836 0.361
N 9.677 44.555 4.6 x 10717 k¥
B 22.981 105.806 1.2 x 10720 *x
GxN 1.338 6.163 0.002  **
G x B 0.005 0.023 0.879
N x B 7.721 35.549 3.6 x 1071 xx*
Gx N x B 0.153 0.707 0.494
e 0.217

V': unbiased estimate of population variance; G: generation model;
N: population size; B: reproduction selection; e: error
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Table 4 Analysis of variance of ERR on hard problems.

factor Vv F-value P-value
G 1.691 6.318 0.012 *
N 1.968 7.351 8.0 x 107%  **
B 0.307 1.148 0.285

G x N 0.684 2.557 0.079

G x B 0.153 0.574 0.449

N x B 4.947 18.478 3.6 x 1078  **

Gx N x B 1.417 5.292 0.005  **

e 0.267
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Table 5 Analysis of variance of FES on easy problems (reproduction selection: rand).

factor 1% F-value P-value
G 0.130 90.601 3.6 x 10716 *k

N 59.190 41141.44 1.1 x 107163  *x
Gx N 0.009 6.596 0.001  **
e 0.001

Xy, discrete (Gy)

continuous (Gg)

Nj = 12D N, = 8D N3 = 4D
04 DOOD0OOD FESOOOO Gx NODOOOUOrandO
Fig.4 Mean G X N of FES on easy problems (reproduction selection: rand).
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Table 6 Multiple comparison of FES on easy problems (reproduction selection: rand).

Gm Ny Um,q F-value
G1 N, G2 N, 1.259 1.159 13.890 Hx
G1 N2 G2 N2 0.042 —0.014 4.649 Hk
G1 N3 G2 Ns —1.203 —1.243 2.219

07 000000 FESOODOOOODOOOOObestO

Table 7 Analysis of variance of FES on easy problems (reproduction selection: best).

factor 1% F-value P-value
G 1.575 19.844 1.9 x 107°  **
N 42,409  534.344 1.2 x 107%8
GxN 0.022 0.287 0.750
e 0.079
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Table 8 Analysis of variance of FES on hard problems (reproduction selection: rand). E,UL_J)
factor 1% F-value P-value
G 0.050 0.264 0.608 ... discrete (G1)
N 20.260  105.943 9.9 x 10727  **
G x N 0.186 0.976 0.379 0
e 0.191

09 D0O000D ERROODOOOODOOOOD randd

Table 9 Analysis of variance of ERR on hard problems (reproduction selection: rand).

continuous (Go)

Ny =12D Nz =8D Ng=4D
05 000000 FESOOOO G x NOOOOOUO bestd

factor 14 F-value P-value
G 0.623 2.060 0.153 Fig.5 Mean of G X N of FES on hard problems (reproduction selection: best).
N 5.669 18.723 9.3 x 1078 Hk
GxN 0.127 0.419 0658 011 000000 FESOOO0DO000000 bestD
¢ 0.302 Table 11 Multiple comparison of FES on hard problems (reproduction selection: best).
Gm Ny Um,q F-value
G1 N; G2 Np 0.327 0.073 0.274
010 000000 FESOOUOOOOOODDOODOObestO G1 No G2 Ny —0.097 —0.353 0.279
Table 10 Analysis of variance of FES on hard problems (reproduction selection: best). G1 N3 Gy N3 —0.423 0.472 3.414 *k
factor Vv F-value P-value
G 0.494 1.052 0.307
N 1.833 3.898 0.023 * 012 000000 ERROOOOODOOOOOODObestO
G x N 4.420 9.398 1.6 x 1074 *x Table 12 Analysis of variance of ERR on hard problems (reproduction selection: best).
€ 0.470 factor 1% F-value P-value
G 1.625 4.826 0.030 *
N 3.555 10.559 6.2 x 1075  *x*
G xX N 2.515 7.470 8.9 x 107% Hx
goo30bo0obooobooboobOOobooooooooobObobOoOoobOoooOOoDbOO FO . 0.336
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ERR
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continuous (Go)

Ny =12D N, = 8D N3 =4D
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Fig.6 Mean G X N of ERR on hard problems (reproduction selection: best).
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Table 13 Multiple comparison of ERR on hard problems (reproduction selection: best).

Gm Ny Um,q F-value
G1 Ny Go Ny —0.136  —0.238 0.061
G1 Ny G2 Ny —0.152 —0.161 | 5.0 x 1074
G1 N3 G2 N3 —0.060 0.748 3.891  **
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Table 14 Two factors and their levels.

factor level-1 level-2 level-3
survival family random worst
selection (A) (A1) (A2) (As)

reproduction

selection (B) rand (B1)  best (B2) _
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015 000000 FESOOOOOO
Table 15 Analysis of variance of FES on easy problems.

factor A% F-value P-value
A 5.004 135.535 7.3 x 10751 **
B 91.355  2474.226 3.8 x 10776 *x
Ax B 2.192 59.388 2.1 x 10718  *x*
e 0.036

V: unbiased estimate of population variance
A: survival selection; B: reproduction selection; e: error

FES

1 rand (B1)

-1 best (Bg) —

family (A1)
07 000000 FESOODOO Ax B
Fig.7 Mean A X B of FES on easy problems.

random (Ap) worst (Ag)
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Table 16 Multiple comparison of FES on easy problems.

A. By Ja,b F-value
A1 By As By 1.246 1.175 0.273
Ay By Az B, 1.246 0.194 59.929  **
As By Az By 1.175 0.194 52.102  **
A1 B A3 B —0.793 —0.813 0.021
Aq Bo As B —0.793 —1.010 2.535 *
As Bo A3z Bo —0.813 —1.010 2.092
Ay By Ay By 1.246  —0.793 225.565  **
As By As By 1.175  —0.813 214.364  **
Az By Az B> 0.194 —1.010 78.670  **

017 000000 FESOOOOOO
Table 17 Analysis of variance of FES on hard problems.

factor \% F-value P-value

A 0.365 1.638 0.198

B 20.977 94.166 1.3 x 10716 *x*
AXB 0.547 2.457 0.090

e 0.222
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