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Adaptive genetic algorithm successive approximation and its

application to long-term reservoirs operation

ZOU Jin

(Department of Hydropower, Faculty of Electric Power, Kunming University of Science and Technology,

Kunming 650500, China)

Abstract In traditional genetic algorithm (GA), all chroms in the solution space are feasible; and if the

new chroms created by genetic operation become infeasible they need to be revised. In cascade reservoirs

operation, however, such revising becomes complicated because of the hydraulic and electric connections

between time sequences and between reservoirs. Therefore, an advanced GA — adaptive genetic algorithm

successive approximation (AGASA) — is proposed in this paper, which can do optimizing within a space

including feasible and infeasible schemes, and finally find the optimum by successively altering the space

and adaptively changing control parameters. Finally, a simulated example is provided, and the results

are compared to those obtained by discrete differential dynamic programming (DDDP) and progressive

optimality algorithm (POA) respectively, which indicates the feasibility and validity of AGASA.
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à�Ü
, Ý � ïOð k Ý`w F�ÞOî�ß�à ÔOÕOÖO× , á�â�ã�ä “ )�(�� ”

ç�å�æ���ç ðOò , ñ ÙOÚ�è à� �! çOê
/ , v Ô\Õ\Ö\× "gé\ügêgëg�g)g(g� çgì � ��, ( è\é , ' Ýp�g�g�  g! ì �\
 o\æ T � , ä \ Þgígîgïg�
��  é � . ð s�ñ j Ý`w F�ÞOî�ß�à ÔOÕOÖO×Oç�ò�ó�ô ��N , (�õ�ö�÷gø , 'Oñ Ù���ù �OýOþOÿ ç�ú�AOé����� ��u , 
 DDDP

�
POA

��û  é��OêO×Oç 0 Ö�üOû�, (�j � , ñ�ý ; 8 � B�� .

2 þ ÿ ��������������	�
 (adaptive genetic algorithm successive approximation,
AGASA)

ýOþ ��� ��E�� ØOÙOÚ �O� é�� ,  � v ����A��Vç����^]��  �Z � ,
\ � Ø��������Oç^]����   é . ü

G Ô\Õ\Ö\× ò��g���\þ �g��� , � û G�� �g� mgn , 8���� �gúg� �g� �g�gA�� ç����g� ; � ë _g@���� �
�\ü\ý����� ågæ ,

_\Ù�����! ý�� çgl S ñgUgVg@�"����\ç G\ý�#�$ ,
àgÜ ügfg� Ô\Õg�g�g@ ,

�g�\çg�
� ��%�& å�æ�'�( , �� � j�8 , (���� .

\ ü����OýOþ ����� , �Vë���ð�)OýOþ���% ��*�+Oç ý�#���, ,
�

�OÙ �OýOþ ç ð !�- ��.�K k S � , )�"�v�8�ð�)�/ � ýOþ ç��g�Oê�0 .�KgS � .
à�Ü

, 1�G�2�3�4�5�6�78�9�:�;�<
, =�>�?�@�)�A�B�.�CD#�$ : ����E�F :�G�H�I ( J G�H � ) K�L�M�N�O�P 9 , Q�R�S�T�U�V I�WX E�/�?�Y :�Z�[�\ S�7 Z , ]�^�_�`�a�b�A�B :�c�d K�L�e�f�g�A�B :�h�i K�L�6�7�j�V , k�l�m�n�o�Bp j�q�FD^�r�s�t�u : , v�R�w�x�y�z�{�|�} 8 . L�~ , o�k���������������� :�� 5 , U�������� \ {���]

S�7 Z ��� , ��������������� \ S�7 Z , ������������� , U�������� \������ , ��������������{�} 8�Z .�� 
1 ¡�Y , ¢�£���� ; , ¤�������� [ V I�¥�¦ P�§ : S�7�¨ ( © Xmax ª Xmin «�� : ��� ), ¢�£

l p © [   F : A�¬��® ; ¯�°���e�± c ��� : ������� ��  2 ¡�Y , ²�³D´ H ����� : } 8�Z (
  FDµ�® )¶�· H�I P�§�¡�¸�¹ :�º�»�¼ ¹ ( ½�© [ m�¾ c�: X max ª X min «�� : ��� ), ¤�¢�£�l p�¿ [   FD�®

¡�Y .

S�±�À�Á , ³Â]�Ã�4�Ä�£�^�o ¥�¦ P�§ : V I S�7�¨�Å 8 , ��S�7 Z�Æ ^�Ç�o�]�S�7�¨�È : , L�~����
2�3�4�5 Æ S�±�É�Ê�S�7 Z ( L�¤�Ë�Ì���{���� :�Í�Î ), Ï�������������� \ S�7 Z�c , U�¯ H ������Ð�Ñ: } 8�Z�[ S�7 Z ; Ò�Ó , ³Â]�¯�°���e�± c ��� : ��������Ô�^�o�´ H ��} 8�Z�: K�Õ�@�6�7 :�Ö�× , ¤
FD½�Ø�Ù�Ç�o�S�7 Z , L�~�����2�3�4�5�e�������Ð�Ñ : } 8�Z ½�Ø [ S�7 Z .

Xmax

Xmin

Time

X

0 Ú
1 ÛÝÜÝÞÝßÝàÝáÝâÝãÝäÝÛÝåÝæÝç

X

Xmax

Xmin

0 Time

Width

Ú
2 èÝÜÝÞÝßÝàÝáÝâÝãÝäÝÛÝåÝæÝçé�ê i ��������2�3�4�5 : V�E�ë�ì�í  ���  3 ¡�Y . S�±�À�Á ,

h a�]�3�î�2�3�4�5 , ï�`�^�����Oé�ê i 2�3�4�ð , ñ ¶ O H�I�ò ����e H�I S�P�������� . f�ó�ô�a H�õ ï�`�ö�� :�÷�ø 6�7�ù�ú�û�ü .

(1) l p : ¢�£ 9
³D]�2�3�4�5�^ H l�ý�þ�����4�5 , L�~�l p :�ò�� ÿ � ¼ e�¤���� Î a 8�9 ������� M�N�	�
 . k��

a�¢�£ Z�� f����� :

Ininpop[i][j] = X min[i] + step[i] ∗ j (1)

¤�F , i
[�;������

, j
[��������

, Ininpop[i][j] ^�l p FD¯ j
I�W X E�¯ i ��K�L : ¢�£�� , >�?�¯ i

I�;
�

( ����j�q�F H������ J�� )
¥�¦ P�§ (

H���[ B�A���J�f�����§ ) o�¯ j
I���� F : ¢�£�� . X min[i]

[
¯ i

I�;���¥�¦ P�§ : f���� , step[i]
[ ¯ i

I�;���:�� � , ³Df�� ¥�� :

step[i] = (X max[i] − X min[i])/popsize (2)
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@���F X max[i]
[ ¯ i

I�;���¥�¦ P�§ : @���� , popsize
[ l p :�ò�� , ¤�<�P�§�=�>�Ò�´ .

(2)
º�»�ò���:�?��

�� 
2 ¡�Y ,

¥�¦ P�§�@ ÿ f�� X max[i] ª
X min[i] ^�ý�������� : ¾�P���¾�P : , ¤�� [ :

X max[i] = Xbest[i] + Width,

X min[i] = Xbest[i]− Width
(3)

¤�F Xbest[i]
[ ´ H�@ 2�3�4�5�¡�A�Ñ i

;���:
} 8 � , Width ^ º�»�:�B q , ²�^ H�I ý������
� k ��¾�P : § :

Width(k) = (X max[i](1) − X min[i](1))/k (4)

¤ F , k
� > � � : � � , X max[i](1) ª X min[i](1)CED � ¯ H � � � F ¥ ¦ P�§ : @ ÿ f � . F � , ±

B�A�� [�¥�¦ P�§ , Q�²�G C�D � n�H�I�A�� ( J
� ;�[�K�L ��M�A�� ) ª�N�A�� .

(3) } ò ��������ª�l p ò��
} ò ������� max run

:�÷�� ª�O�P�Q�R�ë
q�Ì�S , o�B p j�q�F , S�T ÷�ø @�T�� .l p ò�� a 8�9 ��� : 	�
�U ò ,

÷�ø � � �
� \ Ê�} 8�Z , � ò Q�Ã�4 ; ��U�� , Ë�E�� ¿�V
O�P : Q�R�ë�q�� � , o�B p j�q�F , S�T�W�Ê�@X � .

[ O oEYEZ HE�E[ q :�\E] f · ��^ 7 ; � ,

S���f���a�l p ò�� 6�7�_�` :

pc pm

Width

popsize

Width

Ú
3 a%b"cÝèÝÜ"d"e"f"g"h"i"j"k

Ú

popsize(k) = max pop − (max pop − min pop) ∗ k/ max run (5)

��F , popsize(k)
� ¯ k ����� ; l p :�ò�� , max pop

� } ò l p � , © [ ¯ H ����� ;�: l p � , min pop� } � l p � , © [ } c�H ����� ;�: l p � , max run
[ } ò ������� .l _�`�mon : ^ , max run ª max pop

\�p�÷�ø � ò , q�Q \�r 	�
�Ã�4�s�q , t�� H�� � c , ²�G�a�}8�Z�:�u�v ½�R � O .

(4)
é�ê i�w M�ö��x [ 	�
�2�3�4�5 Î T : ï�`�ö�� , y�z�{ pc ª�P�|�{ pm

: j�V�^�o�>���6�7 : . } v [7] ~�Á�O H
l�_�` pc ª pm

:�¦��
, ��b ¦�� ��M�O�ö�� : P 9��o� (pc ∈ (0.5, 1), pm ∈ (0, 0.5)), k�� \�� ]�ö���6H���: j�V . L�~�k���a é�ê i�� ��6�7�O � f�m�¾ :

pc =
1

1 + exp(−k1∆ − c1)
, pm = 1 −

1

1 + exp(−k2∆ − c2)
(6)

¤�F , k1, k2 > 0,
[�w Mo�D®���� : P�§ , c1, c2 > 0,

[�w Mo�D®�� ø�: P�§ , ∆ ?�Y�N������ Î ë�q , ³Df
� ?�� :

∆ = Fmax − F avg (7)

��F Fmax

[ } 8�I E ê i q , F avg

[ ê i q ò ]�b�>�l p ¬ ��ê i q :�I E : ¬ ��ê i q .

(5) `�l p : N�¹
³Â2�3�� x S�N�¹�` :�I E , ��` I E : ê i q \�H�������I E�_ 8 , L�~�o�M�N�ð�>�`�l p ; , _�`

��` ��I E�6�7�î Ho� U . k���������ì�� 8 5 , ©���` ��I E � ê i q�� ò Ê � 6�7���ì , ´ popsize
I�W

X E�ô�¸�¹�O�`�l p .

3 �������������������
��  A�B�^ H l Í�¡�: A�B p , ²�³¢��¨�F é @���f : =�£�A�B�¸�¹ , A�B���¤�Ì�A�¥�¦�§�Ô�Ì�C¢¥�¦

§ , ¤ 8�9�¨�©�[ :
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´¶µ ��� :

MaxE = Max





n
∑

j=1

T
∑

i=1

kj · qfj,i · Hj,i · ∆t





¤�F , E
[ ��  Æ�· CD§ , kj

[ C¢¸ j
:�¹�º Á�¥�§�� , qfj,i

[ ¯ j
I A�B�¯ i

I�;���:�· C¢��§ (m3/s),

Hj,i

[ ¯ j
I A�B�¯ i

I�;���: ¬ � A�» (m), ∆t
[�;�� � , k�� [�H�I�� , T

[�¼ È ;�� � , k�� T = 12,

n
[ ��  FD¡�Ì�A�B :�I � . ³D] ;�� ��q � [�H�I�� , ½�@���S�¾�P [ :

MaxN = Max
n

∑

j=1

T
∑

i=1

Nj,i = Max





n
∑

j=1

T
∑

i=1

kj · qfj,i · Hj,i



 (8)

¤�F N
[ Á�¥ .¿�À \�]

:

A�§�¬�Á � ë : Vj,i = Vj,i−1 + (Qj,i + Itrj,i − qj,i) · ∆t, j = 1, 2, · · · , n (9)

¤�F , j = 1 ?�Y ��  F é @�g�£ : ¯ H�I A�B ; j > 1
;

, Qj,i = qj−1,i.C¢¸�Á�¥ ¿�À : N j ≤ Nj,i ≤ N j , j = 1, 2, · · · , n (10)

f�����§ ¿�À : q
j
≤ qj,i ≤ qj , j = 1, 2, · · · , n (11)

B�w ¿�À : V j ≤ Vj,i ≤ Vj , j = 1, 2, · · · , n (12)Â�Ã ¿�À
: qj,i > 0, j = 1, 2, · · · , n (13)

��F , V j , V j , qj
, qj , N j , Nj

C�D [ ¯ j
I A�B : } � B�w (m3), } ò B�w (m3), } � f�����§ (m3/s),

} ò f�����§ (m3/s), } � Á�¥ (kW), } ò Á�¥ (kW); Nj,i

[ ¯ j
I A�B i

;���: ¬ � Á�¥ (kW), Vj,i

[
¯ j

I A�B i
;���:�Ä B�w (m3), qj,i

[ ¯ j
I A�B i

;���: ¬ � f�����§ (qj,i = qfj,i + splj,i)(m
3/s), qfj,i[ ¯ j

I A�B�¯ i
I�;���:�· C¢��§ (m3/s), splj,i

[ ¯ j
I A�B i

;���:�Å A���§ (m3/s), Qj,i

[ ¯ j
I

A�B i
;���: £���¬ � ��§ (m3/s), Itrj,i

[ ¯ j
I A�B i

;���:�Æ ��z���¬ � ��§ (m3/s).

4 ÇÉÈ�Ê�Ë�Ì�Í�Î�Ï�Ð�Ñ�Ò�Ó�Ô�Õ�Ö�×
Ø ��� é�ê i ��������Ù�3�4�5�A Z ±�@ ��  A�B :�8�9 j�q�O�P . ö�Ú   3, ï�` ��Û Ì :

a.
?�� j�q ����: K�L ��Ü�� � :

H�� U���Ý�Þ�� ��Ü , Q W X E���� [ (x1, x2, · · · , xT∗n), ¤���q [
T ∗ n, T

[�;�� � , n
[ ��  A�B I � .

b. Ù�3�4�5�ö����� , ß�à�¢�£�l p�á ¨ ÿ y�z�{ ÿ P�|�{ ÿãâ�ä�[ q ÿ } ò Ù�3�>�� ÿ } ò �������å
.

c.
� � (1) N�¹�¢�£�l p .

d. Ã�4�æ�>�l p F I E : ê i q�� .

e. 6�7�Ù�3�� x : ç�� ÿ y�z ÿ P�| , N�¹�` :�I E .

f. ��` ��I E�6�7�î H ��ì , � 8 N�¹�` : l p .

g. a�`�l p � � (6) j�V�y�z�{ ÿ P�|�{ .

h. è�Q ��Û d–g, é�Ê�ê�ë â�ä�\�] J�ì�Ê�} ò Ù�3�>�� , M�N H ����� : } 8 j�q ��� .

i. o�´ H ��} 8�����: K�Õ�@ , ³¢� (3) N�¹�f H ��Å 8�: ������� , ³¢� (5) _�`�l p ò�� .

j. ³¢� (1) N�¹�f H ��Å 8�: ¢�£�l p .

k. íDÊ ��Û d, é�Ê�ê�ë â�ä�\�] J�ì�Ê�} ò ������� .

5 Ñ�î
Ø Ì G�ï  ���  A�B , A�B Í�Î e ¼ ¢�B�A�� � ? 1 ¡�Y , ³D]�Ì�ð ^�ñ�ò�ó�ô�õ , `�A�f�����§ \��

] 20m3/s, ? 2
[�G A�} ¼�:�ö�÷ ��A , ø�A�Á ��  A�B�o�b ¼�: } 8 j�q ��� .� ¯ 3 ù�¡�ú :���Û 6�7 8�9 , W�¢�£�y�z�{ 0.9, ¢�£�P�|�{ 0.1,

â�ä�[ q 0.01, } ò Ù�3�>�� 100,

} ò ������� 300, } ò l p � 100, } � l p � 10, l p ò���� (5) ��6�7�_�` .

Ã�4 ����û ]�? 3,
x [o� U , ?�F l û Á�O DDDP 5�ª POA 5 :�8�9 ��� ;

 
4–6 Q C�D�ü�ý O ï

l�4�5�A�Ñ : A���P 9 ��ë�® .
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³D? 3 S�±�À�Á , ô ��  Æ�· CD§���þ , AGASA
: ��� U�¤�²�4�5 ��ÿ ; �   4–6 ��À , ³ AGASA ¡

Ñ : A�����ë�®�P 9 U ��� ; L�~�V�E���À , AGASA
:�8�9 ��� `���]�¤�²���l�4�5 , monDO�b�4�5 : S�7Î ª�Ì�� Î .

Ù�� , AGASA
: Ã�4 ; ������]�¤�²�4�5 , ��Ù�o���®�Ã�4 : A�B p ��� 8�9 j�q�F��DS�w�	 , ��½�^

b�4�5�_�`�6 H�� ¾�6 :�
�� . �
1 ������������ÝÛÝå����

2"3
���

V j / � m3 V̄j / � m3 N j /MW N̄j /MW q
j

/m3/s qj / m3/s Zj,0 /m

1 1.996229 6.420204 20 110 20 500 58

2 1.591517 6.318238 10 110 20 500 44

3 0.737154 3.891805 10 100 20 400 20�
2 �����������"j�� (m3/s)

2"3 �� 
4 5 6 7 8 9 10 11 12 1 2 3

1 88.6 140.5 169.9 173.7 288.6 601.5 122 96.3 65.1 81 44.6 37

2 6.75 8.5 10.63 11.5 13.68 20.72 11.23 5.55 3.85 4.5 2.89 2.85

3 8.75 9.5 11.63 12.5 14.68 21.72 12.23 6.55 4.85 5.5 3.89 3.85�
3 !Ýæ�"�#"h"iÝà�$�%�&�'( . )+*

1 3�,+-/. / �"7 2 3�,+-/. / �"7 3 3�,+-/. / �"7 0�,+-/. / �"7 1�2�3�4 / 5
AGASA 2.257 2.9394 2.4454 7.6418 67.7

DDDP 2.0104 2.9645 2.4558 7.4307 0.08

POA 2.2119 2.7725 2.5448 7.5292 0.18

Ú
4 AGASA à���6�7�#�8"k�9 Ú

5 DDDP à���6�7�#�8"k�9

Ú
6 POA à���6�7�#�8"k�9

6 :<;
= }�~�Á�> é�ê i ��������Ù�?�@BA , ¤ Í Þ�C�D�E�ß�F�G�D�H�I�J�K�LNMPO�Q , R�D�S�T�U�V�J�W�XY�Z\[^]�_�`�a�b�c�d�e

, f�g�h�i�j�k�@�l�mNno>�p�q�A�E�r�s�tBu�VBv�w�QBx _By MoJBz�{B|�} . ~��� noJ�C , �o� [^� |�������������@�A�G��\����� e��B�����B���B� J�� c , ������D�}�����������J�Q
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