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Abstract: The mutation step-size control for monogenic-mutation-based evolution strategies(ES) is investigated. After
analyzing the relation between the step-size and the progress rate, we propose a step-size control scheme for the monogenic-
mutation-based ES. By transversal simulations, the adaptabilities of the hologenetic mutation operator and the monogenic
mutation operator to the mutation step-size are analyzed by comparisons. Through simulation, it is shown that the mono-
genic mutation with a large mutation step-size may have a promising convergence-rate over a large varying range. This
shows that the single-gene mutation is robust against the variation of mutation step-size. By analyzing the global conver-
gence, we introduce a uniform mutation operator as an accessory operator to improve the global convergence performance.
Thus, a new evolution strategy (µ + λ + κ) − ES is established by combining the monogenic mutation Gauss mutation
and the uniform mutation. Finally, simulation results are given to demonstrate the effectiveness of the algorithm.
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1 ÚÚÚóóó(Introduction)
²;?züÑES(evolution strategies)�CÉ�f

3�)���,¤k�ÄÏÓ�CÉ,¡���ÄÏ
CÉ�f, Rochenberg[1]!Schwefel[2]!Kappler[3]!$
÷[4]ïÄ
�ÄÏCÉ�f�CÉÚ�σ�?z

�Ç!Âñ�Ý�'X,JÑ
U?Ç(progress rate)
Ú?zI(evolution window)Vg,ïá
(µ+λ)−ES

��{. 3©z[5]¥, �öJÑ
�ÅÀJÙ¥�
�ÄÏ�)CÉ�üÄÏCÉ�f, y²
üÄÏ
CÉ�f�?zVÇ�u�ÄÏCÉ�f�?z

VÇ.

�©k©ÛüÄÏCÉ�f�?z�Ç,ïáü

ÄÏCÉ�f�σ��üÑ,ÏLî��ý`²üÄ
ÏCÉ�féσäkûÐ�·A5. ÏL�Û|¢
Uå©Û, Ú\þ!CÉ�f, ïáüÄÏGaussC
É�þ!CÉ�(Ü�(µ + λ + κ)− ES, ��ò
�Ñ�ýO�(J.

2 ¯̄̄KKK£££ããã(Problem statement)
éu·A�¼ê�f(x)�n����`z¯K:

J = max(f(x)), 8ICþx = (x1,· · ·, xi,· · ·, xn) ∈
Sn, Ù¥z�©þxi, i = 1, 2, · · · , n���ÄÏ,
ES�CÉ�f�±L«�

x′i = xi + σi · zi. (1)

ÂvFÏ: 2008−05−04;Â?UvFÏ: 2008−09−09.
Ä7�8: ¥H���E�Æ<âÚ?Ä7]Ï�8(06Y049);I[g,�ÆÄ7]Ï�8(10672197).
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ª¥: xi, x
′
i©O�CÉc!��ÄÏ, zi�Ñl

,�©Ù��ÅCþ, ~^�kGauss©Ù[1,2,5]!

Cauchy©Ù[3]!þ!©Ù[4], σi´IO�, ~¡�C
ÉÚ�. �ÄÏCÉ�f�n�ÄÏÓ�CÉ,üÄ
ÏCÉ�f��Å/ÀJÙ¥��ÄÏu)CÉ[5],
¦^Gauss©Ù�ÅCþ(¡�üÄÏGaussCÉ�
f)!«+¥¤k�N�ÄÏ¦^�Ó�σ.

U?ÇÚ·A�¼ê?zÌÝ[2]´ïþ?z�

Ç�ü«~^�I,cö~^unØ©Û,�ö~^
u�ýO�©Û.

3 üüüÄÄÄÏÏÏCCCÉÉÉ���fff���UUU???ÇÇÇ©©©ÛÛÛ(Analyses
on progress rate of single-gene mutation op-
erator)
éuüÄÏCÉ�f,du�g��Å/ÀJÙ

¥��ÄÏu)CÉ,Ø��À¥x1�)CÉ: x′1 =
x1+σ ·z1, x1å�`ÄÏx∗1�ål�δ,=|x1−x∗1| =
δ, Xã1¤«. XJ0 < z1 < 2δKCÉ¤õ(�
{
üå�,�·A�¼ê3x∗1ü>é¡). duÙ¦Ä
ÏØC, ±ü�ÄÏ�4�:ÄÏål~��ê
ÆÏ"��U?Çϕ, zÑlGauss©Ù, z ∼ N(0, σ),
K�±�

ϕ =
σ√
2π

(1 + exp(− δ2

2σ2
) + exp(−2δ2

σ2
)) +

2δ
w 2δ

δ
fZ(z)dz. (2)

þª¥: fZ(z)��ÅCþz�VÇ�Ý¼ê,éØÓ
�δ�, �ϕ–δ­�, Xã2¤«. ØÓ�δ, �3�A
�σ = σopt , ¦ϕ��. ÏLê�O����σopt-δ
'X­�Cq��^²L�:���,²£8©Û,
σopt ≈ 1.25δ,d��`¤õVÇ�

pemax = P (0 < z < 2δ) ≈ 0.445.

Ï~,æ^CÉÚ�4~�ª,¦üÄÏCÉ�
f�¤õCÉVÇ�±30.445�m.

ã 1 �z1 ∈ (0, 2δ),CÉ¤õ

Fig. 1 Mutation succeeds when z1 ∈ (0, 2δ)

ã 2 ØÓδ��ϕ-σ­�

Fig. 2 Curves of ϕ-σ in different δ

4 îîî������ýýý©©©ÛÛÛ'''���(Transversal simulative
analysis & comparison)
3?z�{��ýïÄ¥, �
u��«?z

�f�k�5,~±�|;.ÿÁ¼ê�`zé�,
�	?z�ê!Âñ5U!O�°Ý��I,ù´�
«l?z��L§�	�{�J��{, �±rù
«�{¡�p��ý�{. du?z�{ëê'�
õ!�Å5r,=lp��	,��f��^,  
du¯õ�ÅÏ�Úëê�K�,¦(JØ
O(.

�öJÑ
�«î��ý©Û{[6],���	?
z�f�,�ëêé?z�J�K�,±����
�*�(J.¤¢î��ý,´3?z?§�ØÓ�
ã(�,½¡?z?§�îä¡),i\�ýf?§,±
ÿÁØÓëê��^�J,§é?z?§�õ�î
ä¡?1�	!�ý!©Û,�¡�î��ý.

±e^î��ý©Û{O�·A�\O?zÌ

ÝΦ�σ�'X,±���	σé?z�J�K�.

ã3(a)(b)©O���ü¸¼êÚ��õ¸¼ê
¦^�ÄÏCÉ�üÄÏCÉ�f�3Ù¥,�

��Φ-σ'X­�.dã3��,�ÄÏCÉ�f�±
����Φ, ��¦σ'��, 
�3é��Cz�
�S; 
üÄÏCÉ�f3σ'��Ú3��Cz

��S,Ñ�±¼����Φ ,`²üÄÏCÉ�f
éσäkÐ�·A5.

(a)ü¸¼ê
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(b)õ¸¼ê
ã 3 �ÄÏCÉÚüÄÏCÉ�Φ-σ'�

Fig. 3 Φ-σ of single-gene mutation and all-gene mutation

5 üüüÄÄÄÏÏÏCCCÉÉÉ???zzzüüüÑÑÑ(µ + λ + κ) − ES

(Monogenic-mutation-based(µ+λ+κ)−ES)
üÄÏCÉES¦^4~.Ú���üÑ, kü

«Ï�¬K�Ù�ÛÂñ5: Ù�,duüÄÏCÉ
��Å/ÀJÙ¥��ÄÏCÉ,CÉ���U÷
ü�ÄÏ��,¬K�Ù�Û|¢Uå; Ù�,4~
.Ú���üÑK��ÛÂñ5,��ì©z[7]\
±y².

�
)ûÏþãü�Ï�����ÛÂñ5¯

K, 3üÄÏGaussCÉÄ:þ, 2Ú\þ!CÉ�
f��N\�f, �E
(µ + λ + κ)− ES , �{
¥, ¦^4~.CÉÚ�üÄÏGaussCÉ�f�
)λ���,±¼�ûÐ�ÛÜÂñ5U,¦^þ!
CÉ�f�)κ���,OrÙ�Û|¢Uå.

�
'��¡/�y`²(µ + λ + κ)− ES �

5U, ±�|;.100�ÿÁ¼ê[5]�~, z�¼ê
­EO�50g,ÂñgêÚOXL1¤«.

L 1 ÂñgêÚO

Table 1 Statistics of convergence

(2 + 8)− ES (2 + 8 + 2)− ES
¼ê

�ÄÏ üÄÏ �ÄÏ üÄÏ

1 0 50 0 50
2 50 50 50 50
3 0 48 0 50
4 0 0 0 50
5 0 0 0 50
6 0 38 0 50

dL1��, üÄÏCÉ�fES, ÙÂñ5U²
wpu�ÄÏCÉES;Ú\
þ!CÉ�f�(µ +

λ + κ) − ES=¦3«+5�é��, �U�ÜÂ
ñ;²ÚO,¦^üÄÏCÉES�O��mwÍ�u
�ÄÏCÉES.

6 (((ØØØ(Conclusions)
ÏLéüÄÏCÉ�fU?Ç�©Û,ïá
Ä

uGauss��©ÙüÄÏCÉES�Ú���üÑ,î
��ýL²üÄÏCÉ�féäkûÐ�·A5.

Ú\þ!CÉ�f��N\�f�ï�(µ+
λ + κ) − ES,äkér�Û|¢Uå,¼�éÐ�
�ÛÂñ5,
�O��má,Âñ�Ý¯.
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