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Abstract The Lamarckian evolution learning strategy (LELS) and Darwinian evolution

learning strategy (DELS) are discussed in terms of their similarities and differences in learn-

ing implementation. The former is based on inheritance of acquired character, i.e., both

phenotype and genotype can be optimized through learning while the later only optimizes

phenotype based on Darwinian selection. The convergence of ELS is proved using Markov

chain theory. And we also theoretically demonstrate that DELS has stronger escaping capac-

ity. These algorithms are applied to 8 standard test functions. Simulation results show that

LELS and DELS yield faster convergence and better global optimization ability than stan-

dard evolution strategies; moreover, DELS also leads to better escaping capacity. Finally,

limitations of the work as well as the future study are discussed.
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[2] ö÷ðøÍÏÐÑ·ùúûü¶ýõ[3]
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(Lamarckian evolution

learning strategy,ra LELS)
�þÿPQÉ��À®¯ûü°±

(Darwinian evolution learn-

ing strategy, ra DELS)
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Fig. 1 The relationship of learning, genotype, phenotype and fitnesscdÀ®¯¶·¼��®¯ÈEÀÆÕw�rÏÀÉÊ»M«Ëpq��Ó�ûüÀËÌÇj�»D®¯¶·FïòÍÀ"IÎÏûüÀÐÁ»%ËÑ/DeÒnðñ��/�01Ç
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¡H¢Àm�

(ïðñÀõýDþÿF�ï),
Ñï�	¿Àþj¢Àm�»®3
�
®¯À��
PQÉ]�Ë��KStÀ��»�fú¼ K­®D�ùØ
Dïðñ��ÀÈEF»¾Ë�sÀËÌ��»ËÀÓÔõ�¾�ï»ËÀ¾��»ÍK�ËÀïôS�
g��s¼�����
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(
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), y_%z{|e-.�%&1�!�>M}~��u�Y7�)>M�����o�[11]
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3 ÇÈÉÊËÌÍÎ
3.1 ÏÐÑÒÓÔÕÖ×ØÙÚÛÜ (DELS) ÝÞßà°ÅÆIá�9â�UH�ãä²³d

µ
9

λ
tå�æç¨

(µ, λ)-LELS, èéê/ë
1) ìíOëî�½ï µ

UUH�ðïñ
1
�GH�á�WeI\UUH�>ò��UH���u�>òsó��W

2)
78ë\Uá�UHôbõ���ö<78o÷½

λ/µ
Uâ��øù½ï

λ
Uâ�UHWú

λ
Uâ�UH�eûb�á�UHF���#§>òW

3)
qrë

λ
Uâ�UHûbNüqrW5Tý%zþd>ò�qrÅÆ�°±þd�

�æÿ#��ÿ��ÆWqro(��UH�tku��O���X{|�!���u>M@½7OW
4)
:;ë\UUH�[Z�����1>òstkP>ò�½	
���X�������9opqr�
�ùòó�W

λ
UUHI"#½	
���

µ
UUHï¨/T��á�UHWê����a����ÅÆ��W����ý� 2).

FNüVT���� �"#��uö<78���/T��tkuFú>�cdWF
DELS

ÅÆI���u�tku!#"_�#$����u%�UH�tku>T�%&tku%�UH���u>T�%W
3.2 ÏÐ'()ÔÕÖ×ØÙÚÛÜ (LELS)*+

1.
F

LELS
ÅÆI�tku,ò[��uWT-0]���u�tku�.�#$�¨/0�!��[ LELS

ÅÆþdx�����tku�Y1M��}~��u�Y1��ú2»�.�3ã#$�ÿ456�W°±¨æÿ�7�F
LELS

ÅÆI�ôtku,ò[��u�zú0Hk
“
op'(1��

”�89W
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Fqr978@c��� DELS
#§>òWqro(��UH�tku��O���X{|W�[þdx�����zABC 3.2,

§z��u2òS��OW
λ
UUHItku�%���X�|�

µ
UUHï¨/T��á�WDEF¸���Fá�UHôbõ������/T� �GöHI�opqrI'(���u

(
tku

)
�Y7W

4 JKLMNOPQRSTUVWXY
4.1 ×ØÙÚÛÜZ[\]^°_§`�NOqr«¬

(ELS),
HI

LELS
9

DELS
ÅÆWBC

ELS
Fñ

t(t > 0)��6G¨
X(t) = (xt,1, xt,2, · · · , xt,N ), xt,l ∈ S,

�
{X(t)}t>0

ðïTUaK .�îb<=�eEcd.¨
E = S

N , t ∈ Z− = (0, 1, · · · , n, · · ·). �[V6G X(t + 1) ezT6fgmh¶i[jk6G
X(t),

�úîl<= {X(t)}t>0

ðïTUmK .n�µ%opWqÕ 1.
Z[

ELS r ãs�O¥¦tCîb7u T = min{t ∈ Z
−

: Ft = f∗}
tåv¢wIxyzs9n .tê� P{T < ∞} = 1 {�ìí6GÀ#t�| ELS

zfg
1
F#} .~�¥�xyzs9W3ãs

f∗ = f(x∗) < +∞
|¨TUxyz4sj{ej

∀x ∈ S ⇒ f(x) 6 f(x∗)
ï� t�|¨TUxyz4s9 [12]

.*+
2.
F\TNO�

t,
Zá�6G

X(t)�78ÅâcdT¢o(�no�6G X(t)zA�¸n
y ∈ S, ê� y 6∈ X(t),

�-F
p(t) > 0,

B(
y ∈ X(t)

nfg
> p(t).5UBC���FNOn\T�It\TUUH%zz��4[

0
nfgn<T¢78ï¨��d.Ie��¸TUUHWZ[�4*ã��
�tÂBC��ï�nWqÕ 2. �����ã�O¥¦ (Continuous parameter optimization problem),

l���
�d.¨�d

n ��hd. Rn
In#¾��

S =

n
∏

t=1

[ai, bi],
eI

ai < bi, i = 1, 2, · · · , n.
�

�
S1

¨xyz49âd.t
S2

¨�xyz49âd.tj{ej S1∩S2 = Φ, S1∪S2 = S,xyz49
x
∗ ∈ S1, {�X ∇f(x) 6= 0, ∀x ∈ S1, x 6= x

∗. �_ S1

¨T��t�úZ�n3ã
f(ω), ω ∈ S1

¨�3ãWq�
1. ê� ELS

��BC
2,
�eF#}¢NOozfg

1
�¥�xyz49t�l

P{T < ∞} = 1, {�ìí²�À#W]^W�[%z��ÿ��ÅÆZ[�3ãxyzs9��n��1t�út ·��
2,
"E��F�TNO�

t(t < ∞), ¡á�UH X(t) 6∈ S1,
sn<78Åâ78o(�n�Tâ�UH

x̂t ∈ S1,
�n<qrÅâncdt"%z(�¢�UH

x̂lt = x
∗,
lzfg

1
�¥�xyz49WeI

x̂lt
¨qronUHW

�BC 4.1 £tF�TNO� t,
n<78Åâncd%zzTU/¾¨

P (t)
nfgô

X(t)
I�TUH78¨��d.I�¸TUe�UHW�útF78<=IZ�TUH

xt 6∈ S1,
n<78Åâcdo7¨

S1

âd.I�¸T9nfg�>¤[
p(t),

�¥¦
S1

âd.nfg>¤[ ∫

S1
p(t), {�UHn§H�¨À#W�útF t

�NOzot©ª
#�TUH¥¦

S1

âd.nfg
Pnot (t)

��ë

Ppot(t) =

t
∏

i=1

(1 −
∫

S1

P (t)) (1)

�
P{T < ∞} = 1 − pnot (t) (2)
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¿h2ÀÁ
t → ∞,

%(
P{T < ∞} = 1 −

∞
∏

i=1

(1 −
∫

S1

p(t)) (3)

∵ 0 <

∫

S1

p(t) < 1 (4)

∴ 0 < 1 −
∫

S1

p(t) < 1 (5)

∴

∞
∏

i=0

(1 −
∫

S1

p(t)) = 0 (6)

l%(�
P{T < ∞} = 1 (7)

���<=%zhPt��nï��ìíGH�À#nW �ÂW
4.2 ÃÄÅÆÇÈÉÊËÌÍÎÏ


(Escaping capacity)
[13] �`ÐPyÑzs9n�Ò4ÓÔnÏ
W±Õ[13] Z|Ö78Åâþd×Ø9�×Ø:;26
�/nÍÎÏ
NüÙ�tÚú¯@t°±dÛÜnmÆ²Ý

DELS
9

LELS
nÍÎÏ
W

�[ ELS
n/01t°±þd26æOnmh0÷½Vn��9t²³�Þ

LELS
9

DELS
0NüÄ�WBCjk9

x0

�yÑ¢�9tmÆT÷½Vn��9¨ë
x0 +Ni(0, 1),eI

i = 1, 2, · · · , k, Ni(0, 1) ß/à�÷½W�[ LELS
ntkunYN��á���unYNt§zâ¦yÑzs9nUHtF78o÷½n/T�tê�ã_FyÑzs9ÓÔ~t"ôö<qr@cä��[Âzs9t�ú�mÆTåÛÜWmÆæ÷½Vn��9¨ë

xi + Ni+1(0, 1),
eI

i = 0, 1, · · · , k − 1, Ni+1(0, 1)
2�ß/à�÷½ntlZ[\TUV÷½n9t��Ú��d�÷½Vn��9W�[ DELS

ntkunYN>Ïá���unY7t§z��u>Úqrnçèséö<78@c���êT�t�ú�mÆæåÛÜWZ[
x0

n£UÓÔ
S(R) = {x : |x − x0| < ε}, ε

¨`ë��nTU¤ãt�ìF÷½
k
UUHItíîïTUUHÐPÂÓÔnfg¨

Pesp .Z[mÆTt�_ï

Pesp1 =1 −
k

∏

i=1

P (|xi − x0| < R) = 1 − [P (xi − x0| < R)]k = 1 − [P (|N(0, 1)| < R)]k =

1 − [

∫ R

−R

1√
2π

exp(
−1

2
t2)dt]k = 1 − (erf(

√
2

2
R))k (8)

Z[mÆætï

Pesp2 = 1 −
k

∏

i=1

P (|xi − x0| < R) = 1 − [

∫ R

−R

1√
2πk

exp(
−1

2k
t2)dt]k = 1 − erf(

R√
2k

) (9)

 ·¿hZ
Pesp1

9
Pesp2

cðt²³ñ
k = 2, 5, 10, 100,êð 2

§åW²Ýð
2 òzhPtyÑzs9nÓÔó4tÐPyÑzs9nòÏôõó¤&NO�ãóötÐPyÑzs9nòÏôõó÷t26mÆ�ø�Âùú&j R

�¤ t2û
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mÆÐPyÑzs9nòÏô��÷tü�x����ý÷T¤&sj R

�÷ tx����þÿ��ts´µ±��ã���|nòÏôt��� k
�÷n ��

�
2 LELS · DELS ¸¹º»	


Fig. 2 The comparison of escaping capacity of LELS/DELS

5 ��
�
����

8���������� LELS/DELS����� 1!"��#LELS/DELS$%�&'()*�+,-%./�01�23456�7 100. 89���:;<= 506�>?@ 1) ABCD5��2) <=EF (G), 3) H�ABI�4) AB95<=EF (G).J
1 KLMNO 8 PQRSTUV

Table 1 8 standard test functionsWXYZ [\
F1 =

2
∑

i=1

x
2
i
x
2
i
, (−5.12 < xi < 5.12) 0

F2 =

M−1
∑

i=1

[100(xi+1 − xi)
2 + (1 − xi)

2 + (1 − xi)
2], (−5.12 < x < 5.12, i = 1, 2, · · · , M) 0

F3 = {
5

∑

i=1

i cos[(i + 1)x + i]}{
5

∑

i=1

i cos[(i + 1)y + i]}, (−10 < x, y < 10) 186.7309

F4 = (4 − 2.1x2 + x
4

3 )x2 + xy + (−4 + 4y2)y2, (100 < x, y < 100) 1.0316

F5 = −

M
∑

i=1

xi sin(
√

|xi|), (−500 < xi < 500, i = 1, 2, · · · , M) 0

F6 = (x2
1 + x2

2)
0.25[sin2(50 × (x2

1 + x2
2)

0.1) + 1.0],−10 6 x1, x2 6 10 0

F7 = 0.5 −
sin2

√

x2
1+x2

2−0.5

[1+0.001(x2
1+x2

2)]2
,−10 6 x1, x2 6 10 0.999

F8 = MA +

M
∑

i=1

(x2
i
− A cos(2πxi)), (−5.12 < x < 5.12, i = 1, 2, · · · , M) 0

��A]^AMD XP 2200+,DDR256M/ WinXP/Matlab6.5. _`abc Matlab <=de�fg[14]
, h&'ijk (

+,-%
) l�m3n�ab�!op LELS/DELS

$%q
ES
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$%�de�����E�l���������p&'ijk� C ���� MEX
��./����&'de�h LELS/DELS ������� Matlab

./�q ES
$% ¡¢£¤¥_` Matlab

¢¦§c�`¨©�ª«.¬E¢¦�� C/C++­����./�®��abh¯°�defg�������%c�±²�¤¨©³´� 2 !"¤�µ¶ ·o¸¹� LELS/DELS !º�CD5��»�¼7
ES � 1/840∼1/2;½¾¿eÀÁÂ` ES. h7�Ã¹�5Ä§c95Å�ÆÇ6+,-45�oÈAB95ÉÊ�EFcËÌ$%�¼ 2∼3Í¤Îc_`CD5�ÏÏÐ`ËÌ$%�!oÑÒ<=EFÓÔ�ËÌ$%»¤�#2Õ¹�c F7 ��� DELS �CD5�Öc ES

$%�¼ 1/840, ÑÒ<=EF¼7 1/270;LELS
$%×*�³´�Øc 1/574 Ù

1/197. J
2 LELS/DELS ÚÛ� ES ÚÛO��ÜÝ

Table 2 The comparison of performance of LELS/DELSWXYZ Þßàá âßãZ äåæç
(è) éêëì\ ëìíãäåæç (è)

(2,14)-LELS 1 0.0141 2E-05 0.0141

F1 (2,14)-DELS 1 0.0109 4E-05 0.0109

(2,14)-ES 20.5 0.0164 0.00042 0.0008

(2,14)-LELS 7.9 0.0172 0.00060 0.00218

F2 (2,14)-DELS 25 0.0408 0.00040 0.00163

(2,14)-ES 776.2 0.1812 0.00046 0.00023

(2,14)-LELS 43.2 0.0469 186.7306 0.00109

F3 (2,14)-DELS 31.5 0.0440 186.7304 0.00140

(2,14)-ES 5523.4 2.3749 186.7301 0.00040

(2,14)-LELS 20.3 0.0265 1.03127 0.00131

F4 (2,14)-DELS 18.8 0.0124 1.03122 0.00066

(2,14)-ES 114 0.0314 1.03128 0.00028

(2,14)-LELS 352.2 0.1610 837.966 0.00046

F5 (2,14)-DELS 136.6 0.0907 837.966 0.00066

(2,14)-ES 473.4 0.1092 837.965 0.00023

(2,14)-LELS 614.1 0.3766 0.00088 0.00061

F6 (2,14)-DELS 339.9 0.1655 0.00087 0.00049

(2,14)-ES 795.8 0.1670 0.00090 0.00021

(2,14)-LELS 19.3 0.0234 0.99963 0.00121

F7 (2,14)-DELS 13.2 0.0171 0.99963 0.00130

(2,14)-ES 11089.3 4.6188 0.99944 0.00042

(2,14)-LELS 36.1 0.0267 0.0004 0.00074

F8 (2,14)-DELS 29.5 0.0125 0.0005 0.00042

(2,14)-ES 160.3 0.0390 0.0005 0.00024

3Å�îïð� DELS � LELS !ºñ�CD5�»�ÑÒ<=EFòó¤ô�8`
F5 ��� DELS �CD5�c LELS

$%�¼ 1/2.58, ÑÒ<=EF¼7 1/1.78;
×*�

F6 ³´c 1/1.81 Ù 1/2.28.
§�8` F1 Ù F2 ��ôõ¤�#8` F1, DELS/LELS ö§ºñ¢5÷·o½¾m2øI�>ù LELS ½¾¿eò�¢ú�ûc�7 F1 ��§�¢�üIý�8` F2 �� DELS �CD5�ÙÑÒ<=EFc LELS � 3 Íþÿ�û�ñc�7 F2 �����üI�»�ò�� LELS ������	�
��ø�¤û
���üI�»�E�� LELS ��òÂ¢ú�h��üI�ÅE DELS òÂ¢ú¤ûÀ������¹� DELS

$%��üI�����` LELS ��ý¤�!���.E�cCD$%�¢�fg� DELS/LELS
$%����¢��Â�Õ�¤
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6  !
"Ôb#c$%�*e&8 /'C=()� /'�Â*�¢��+,`-�c.ø/�0¢��1+,`�Ò���&'#c.2����ø/-��3�¤����45-`678�9�CD&':Á (;< LELS) Ù-`=>��9�CD&':Á (;<

DELS)
�&'Ù?@()A�@B�����C$%�DE��>ùC=���üI������µ¤¨©�F ���C$%G��Â�¡�øD��Ù���.E�¤�������üI�»�îïð� LELS

$%�DEde�H�h������üI�ÅE�
DELS

$%�DEde�H�ûÀq���¹� DELS
G�ò����üI������ý×I�¤Îc��§��¨©#	mCD&':ÁDEde�H�³´�JK%L¹M5�

��ûÀcN��O��P¤
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