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Abstract The lake water environmental problem has been more and more serious. It is a very important

subject to find a more effective way of water pollution control. In this paper, the lake water environ-

ment decision support system (DSS) is set up, using the knowledge and methods of complex system and

multi-agent modeling. The various entities in the lake water environment (such as government, polluting

enterprise and a lot of aquatic organisms) are abstracted as the agents, which have some certain intelli-

gence. A method based on reinforcement learning is proposed to achieve the intelligent prediction and

warning of the lake water pollution. At last, a preliminary simulation experiment is conducted on the

application of Taihu Lake basin. The experiment results show that the proposed method is effective.
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.0.%&7&,, .0.'/5601.; (/� (1983–), ", ,,9##, &$3$', 3$+4: ''-).



1778 5 6 2 0 / 0 7 1 1 � 32�

)�,*/1�
�	3�"2�3��-4.$	��,2:;/����
�	.����3�,���
������� ����	�	��56Æ2 [7−8].

3<�������	.�����4, �����������, 
����+- (agent) ��	�
�	�����, 5�7�� �34�=>��, ?8	�4 agent ���	9���*�=>, ,���
�@�	���$5:�.�	��	�. -;, �5�����	���5, �"<.�A, <.65=>
7?�@, A/�73�	���.

2 010 agent 23145627389

2.1 :;4 agent 5<=>?@67
�� agent ������66��	A7, �� agent ���!8��	88;�%�, ��*/8

9������"7��8=>��!8'B����9. ��� agent ��	
�3�, � 20 :B 70 �
8;���C:= <���	��%99�	, 5;���������	=3, :;C9:�>D�
<E�����	��, -��>D<E=���C�3����� agent �������F?	@>. .
��1�	��
�3�, ��� agent 	��
��
D��#�: ;��
#<=;>D�<E���
��	����8;�. >�?/8D%A	�33�, ���� E?+-"�	�3, ?8E?+-G
<�	��"��B@, 
=���:8. A�>H���C:=�CE?�33�5�D99, ��Æ4
	BF�9. �6?C��+-E#�	���I��/��	��. D�EF�1�	<E=GG��	
A7, �@F#HGHAD��#GGIJ	+-	�%;, K@F>D���-=���99 	�
/ [9−11]. ��� agent 	����
L 1 DI.

agent 1

...

...

n
agent n

agent n

1
agent 1

agent

A 1 BC> agent ?DEFG

J��A�*�, ��� agent 	
�3���B)��#B"�%;H�@����	��, ��
Æ4	�J�9. ��73�6+��/�>D�<E����CK�����	
��<.��, D73
�;/��@		�����	<M6"2.
2.2 :;4 agent =H5IJKALBMNOP

��	���A���@�#N8�, K�LL�IN3J J���IN3J	��C���, ND
-#M-E<F�	�	8�.

�KM� agent 	6N+����3������E. �� agent 	���� , G�4 agent  �
�	�	O�, �4 agent ?8���6NO��&NIJ, �IJ�"�*F>, ,�	�, -;D	��
/���. %���� agent 	��	����� , D��4+	� agent, ���C agent #L�"I
JH$, LO�C agent 	�-"�. �4 agent 		�D8=�	�����	-G	�5���M�	
G�	PQ, -;, 	����� 	+	�4 agent DJ���	N���, �	�3J�"�H. ���
agent ��	��	�����	�KIP
L 2 DI.

+L 2 �, +	�4 agent ��� &NIJ, 5��C agent �"IJH$, D�/IJI3��
� , 
����, J/3���IJ�"F>�*, -G,�	�, ÆD	��/���.
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1
agent 1

n
agent n... agent

A 2 BC> agent FG?QRSMTNDEUV

3 WXYZ[45627389\1]^

3.1 :;_O`a5 agent KAbP
4�=>L�RRQ=>�,RRQ=>�4,�8=>��X=>	%�R��CS=>��	�

����. 4�=>3�?8���	KTH$�SS��	)�IJ, 5?8TMIT�D?N	"@
�"UG, ?8#L	VU�U�, �%=>:-#	�N [12−13].

�- agent;/4�=>,�	�	�3���
5 agent	O!�NVQ��	TM�RTM, BP
agent �;DS
��!�NND	AQ, T�TDV2��!�NND	AQ. �- agent ;/4�=>
		�6N+�+9�S (A)�=>S (L) �	�NDS (P)W��RE [14]. �- agent?89�S (A)
W��� (>D���8���) ��)� s 	M�U�����	�� k; 	�NDS (P) J�����
�	M���DY�	�N��, ,�	� d, 5�/���; ���	� d 	�/D, )�� s N�� s′,
5:�TM r(K� agent 	"�,�SXMXY); agent =>S (L) J���	TM< r ������ k,

F agent 	�N��.
3.2 :;_O`a5IJKALBMNVcdW

���� agent ��	��	����� , ;/4�=>, ���	�	���. ��4�=>	
��	���������
L 3 DI.

1
agent 1

n
agent n...

 L

 A

 P

r

k

agent

d

A 3 BCeXfg?QRSMTNDEY-hZ

�L 3  , 9�S (A) +�� agent �>D���8���	[Z, �T/ x �=I agent ���	\
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-M�, /DQ=I:
x = {x1, x2, · · · , xn}, n ≥ 1 (1)

� xn =I agent ������Y.�	�-Z�. k ��-	��, �=I�:

k = {k1, k2, · · · , kn}, n ≥ 1 (2)

=>S (L) 	=>ZU+��]���3V, [W9�S (A) [	�-�� k ���	TM< r, L
�=I�: L= {r, k}. � ��TM< r =I�:

r = {r1, r2, · · · , rn}, n ≥ 1 (3)

L [;\BTPQ agent 	9�S (A) �	�NDS (P).
	�NDS (P) +�[:9�S (A) �=>S (L) 	PQ, =I�: P = {L, A} . G� agent ?89

��=>;D[		�X4/ d �=I, ����Y	�	W>, =I�:

d = {d1, d2, · · · , dn}, n ≥ 1 (4)

4 ^ijk

3<�5������\Z�"<.�A, ��5�����	����
��� agent��	���
��. D5���� 	�!�-, 
_X�\�]]���!���(�]^����G��	 agent, D
4�=>��;/:��� , �4 agent ?8������C agent 	H$, ���M�PQ. _X agent
���	����� ^�+	� agent 	[^, ���SNIJ, 5J/�!��������	@��
��$, J���	TM, :�>�	��	��3J.
4.1 l`mno4 agent MN=H

���5�����	��	�� , +�O�_X�\�]]����(Y4�^, ��Z��A�
�	��, 3<�
�� agent ����T\�_X agent, \�]] agent ����( agent �����
^, � _X agent �+	� agent, �-G	�	G��/, �	������]���3V, [W�5
���� &N	IJ��\�]] agent ����( agent H$	IJ. ��HG� agent 	���, _
_�G4 agent 	��.�Z��"��7�, �-��8�
D [15]:

1) �_X agent  	�������_�B@9Z��"��7�, ND7<`��8=�	 5 �C
��N�`a: \<]� x1�<3__a3 x2�̀ WM]M< x3��a^]M< x4�_�9� x5.

2) ��a��*]]"�������	PQ, b������7�bc[/�"��7�, �T�c
	]]�5, 
�]]��Æ3���"�PQ`d.$����. ND	C�`a�: ]]-= x1�]]

\� x2�]]Je x3�]f\^� x4�COD \^� x5�_]\^� x6.
3) ��a��*��(������	PQ (�T+�@_��!de���), b������b(

 D``(�cdg��"��7�, ND	C�`a�: COD g� x1�TN g� x2�TP g� x3.
4.2 dp agent q_O`ar7s5KAeW

���� agent��	�������	����� , _X agent��+	�4, b���*, BT
\�]] agent ����( agent 		��H���		�8��abc�, $.PQ	, `bb���4
agent 		�8��"�*. ��4�=>	�4 agent 		�8�
D:

(�)�9�S (A) �5����&NIJS:�-�� k

#c�K�, �TZ���	SN8�, G��� k 	�3aQ�: k = x1 + x2 + · · · + xn, ;/:�4
agent �� 	�-��aQ�:

_X agent ��_�B@9 kG ��aQ�:

kG = x0 + ax1 + bx2 + cx3 + dx4 + ex5 (5)

\�]] agent ����7�bc[ kE ��aQ�:

kE = x0 + ax1 + bx2 + cx3 + dx4 + ex5 + fx6 (6)

���( agent b(!de�`(�\g� kA 	��aQ�:

kA = x1 + x2 + x3 (7)

�Ah�Q x0 �fR�, {a, b, c, d, e, f} ��N�	i.
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H@<M [14], D����83AhaQ (5)–(7) �"<.�A, ��� 1996–2000 �5���� 
�4 agent 9�S (A)  	 k <, 
= 1 DI.

(c)�=>S (L) �9�S (A)  SSIJ
+A7���, L= {r, k}, � r �TM<, k ���� agent �� �4 agent J����	9�,

S:	�-��. TM< r /�����Uj	F>�����:

ri =

⎧⎪⎨
⎪⎩

rG = yG/(yG + yE + yA)
rE = yE/(yG + yE + yA)
rA = yA/(yG + yE + yA)

(8)

Q , r =IO4 agent �����/;	TM<; y ��G4 agent 	��<�"d��7�DS:	<,
K: yi = ki/max(ki), ��@	�8� , TM< r  �R�, ?8dÆ r <	
���"	�, r <f
, �
����� �4 agent 	�	PQ�/f
. +aQ (8) S��4 agent =>S (L)  r 	�-<
= 2
DI.

g 1 1996–2000 thu agent ? k v

�b
k i

kG kE kA

1996 7 0.895 7.43

1997 8 0.618 7.52

1998 15 0.967 6.71

1999 12 0.793 7.69

2000 13 0.612 7.70

g 2 1996–2000 thu agent ? r v

�b
r i

rG rE rA

1996 0.20 0.39 0.41

1997 0.25 0.28 0.47

1998 0.35 0.35 0.3

1999 0.31 0.32 0.37

2000 0.35 0.25 0.40

(W)�	�NDS (P) �=>S (L)  SNIJ
�TD	�NDX4=I�: d = {dG, dE , dA}, � dG +V�/, �* dG�dE�dA W�<, 
5

d <ee, T_X agent b��89��.�Z�	
�,�.;	�H, �b�\�]] agent ����
( agent �"LO (5
�H\�[	aNd5��), �aR�����S:��fUj. +4�=>A7
�� P = {L, A} S�-G	�< d �: di = (ri + ki)/ki, D k <��:.B��c;, 7aQN�:
di = (ri + yi)/yi. �-��aQ�:

di =

⎧⎪⎨
⎪⎩

dG = (rG + yG)/yG

dE = (rE + yE)/yE

dA = (rA + yA)/yA

(9)

+aQ (9) S� 1996–2000��4 agent 	�NDS (P)  d 	�-<, f= 3 DI, d <	N���
L
4 DI.

g 3 1996–2000 thu agent ? d v

�b
d i

dG dE dA

1996 1.42 1.41 1.43

1997 1.47 1.44 1.48

1998 1.35 1.35 1.34

1999 1.69 1.38 1.37

2000 1.40 1.39 1.40

��� agent ��		�����?8_X agent J�	�NDS (P)  	�< d 	N�, �5��
�\�]]�"��. _X agent ?89�S (A) ������"9��=>, 5��C agent H$IJ,
J/TM< r #LfR	�< d, 5:�>�	��	��	�3J. +L 4 ���, 1998 ��\�]]
agent		�< dE �jNe��C�4 agent 		�<, 1998�;_X agent 	�< dG 
Æ�&�, \�
]] agent 		�< dE K;��D&�, kg_X agent ?8�H���_�B@9Z�<, �4��C
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1.3
1.35

1.4
1.45

1.5
1.55

1.6
1.65

1.7
1.75

1996 1997 1998 1999 2000

d

dG

dE

dA

A 4 1996–2000 thu agent ? d vkXwxA

agent IJH$, �5���\�]]�"��H���. K�=g, ;��]�M	gl99, �)]]�
lmJe-
�, �5����	gd?Nhe��, �Q5�H-��m:Ff. +�5����m[	
�	��n�	, ���gh 1998 �=h� “i�"@” 3J, 5�i�D�O5���\^��	�	
]. #j “i�"@” 3J9gO�, 5����S:���Uj. Ah�@	���	��@�8��3�
A65�3�Q, �%��kg�73�8/��������	����.

5 yz{

��������������, �]]�_X�>D+-	H�, ���>D�<E�����	W
>, ��i��	
�, 5�"��	oh�$��k, 2:�"l=:	F>��. 3<__?8 agent A
7�]^�� j�	7?+-, 
���� agent ��	�������	�����, RS��
�Z
k���-�, ���&�, 5D4�=>3�;/:� agent 	����� , ���	�<	���
�, ?8�+	� agent 	�<	�*, �"�$�k, 5,�>�	�. BT�J��j	��k$��
�	��i>�, �ib�,��H, �%

&��	���	���.

FADh, 4�=>;/:� agent ��	������"	, D�!3�;/��������	
����� ���	��������@kjG<,D�f	������fGj�������	
� agent ��, 5���	������"U��nc.
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