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Abstract A bilevel programming model, which regards the most optimal income of the society and the water

users as the targets, is established to analyze the effectives of government organization in macroscopically

controlling the water market in order to optimize the water resources allocation by utilizing the initial

water rights allocation and water resources rate. Then, the application of the model and its algorithm are

illustrated with a simple example.
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x
F (x, y)

s.t. G(x, y) ≤ 0

min
y

f(x, y)

s.t. g(x, y) ≤ 0

(1)

� Ç
: x ∈ Rn, y ∈ Rm, F, f : Rn × Rm → R, G : Rn × Rm → Rp, f : Rn × Rm → Rl. x  �
ß 7
Ð
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�

ï ÎXö
èXêXõ�$ ¿ /�Ô&%n·Õ�éµ Â�Ã����
� æj· 7�Ð y, þ�' �
ß 7
Ð
��(�)�* õ
ß 7�Ð
�·�+ ��, ë�- ² ��.�/�0�1�2�3 [8] .4&5�6�7�8�9�:�;�<�=�>�?�@�A�B�C�D�E&F�G�H�1�7�I�J�K
, L�M�N�O�P�Q�R 5�S�T�U&V�W�X [9] Y[Z�\]�^

[10] _ C�D . `�a�b F�@ ,
H�c�d�efEgc�h�i�j�k�l�m�n R c�o�G�H�p�q�1�7�I�J�K , L�M�r�s�R 6�78�9�t�u�v�w�x�c�h�i�y�z�{�|�C�D

.

3 }�~������������������������
3.1 ���������W�:���j�k�l�m���{�1���c����

Q, L ��c�h�i�����0�� , ������� Y ��¡�¢ z _�£�¤ ��0�¥�¦�§�¨�©
R c , L�M j�k�l�m�©���{�p�q�1���ª�c�«�; ��¬ ��0 R c . �®�¯ W���ª�c�«�� w,

c�h�i�°�±��
t, Pi ²³�´

i µ�R c�o , ¶�·�¸ c�«�� ri, ¹�º ��»�¼�½�¾ :
n
∑

i=1

ri + w = Q (2)

¿ ¼ ² ³ R c�o�1 ·�¸ c�«�;�À���ª�c�«�Á�Â�n�:�����{�1���c���Ã _ . Ä Pi

A�B�¨�c����
di, Å�Æ�Ç c���

qi, (di ≥ ri, di ≥ qi), ¶ ¨�c�È�É di − qi

:�;�T�Ê�Ë�Ì R c�;�À�Í�Î R c�Ï�± _�Ð ¼�Ñ�2 .
=

qi > ri,Ò a c���Ó�5�c�«�Ô , Õ�a 1�c�� qi − ri

¨�©�H�c�«�S�Ö�d�e ¿�×�Ø
; Ù Á ,

=
qi < ri

Ô
,
:�;�H�c�d�e ¿

Ú�Û Õ�Ü 1�c�« .
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ó�ô c�d�e �õ�ö�÷�ø�ù d�e , ú d�e Z�\�û ��¨�J�K�ü�ý�1�8�þ õ��ÿ 1 ,
Ò c�h�i�� �Q�� Ô ,

c
Z�� Î ; Ù Á ,

c Z »�� . ��������ø�ù t�u�1�k�����	 [11],
c�d�e�1�c�«�S�Ö Z�\ :�; ² ³ � : p(x) =

a − bx, (a, b > 0),
¼�E

x
��d�e���¨�1�È�É

,
Ò

x =
n
∑

j=1

(rj − qj), 
�¯ q�Ë�c�½ r��� � si(di − qi), ¹�º
���

si(0) = 0, ��� s′i(di − qi) > 0; R�� Pi

1 Ç c���0 �� � fi(qi), ¹�º ��� fi(0) = 0, f ′

i(qi) > 0. R c
� Pi

1�������0��
:

Vi = fi(qi) − qit − si(di − qi) + (ri − qi).p





n
∑

j=1

(rj − qj)



 (3)

�
p(x) = a − bx, (a, b > 0) ��� (3)

¼
,
:�;����

:

Vi = fi(qi) − qit − si(di − qi) + a.(ri − qi) − b.(ri − qi).





n
∑

j=1

(rj − qj)



 (4)

����k���1 µ���R c�o , ¶�Ç c�1�� 1 õ������! 1�/�0���Ó . L�M�"�# � R c�o Pi ��� Ï�0���Ó����6�7�8�9�t�u�1�»�7�C�D
,
Ò

(LL) max
qi

Vi = fi(qi) − qit − si(di − qi) + a.(ri − qi) − b.(ri − qi).





n
∑

j=1

(rj − qj)





s.t.qi ≥ 0 (5)$
V0

��j�k�l�m�%���1�c�h�i�°�n���ª���0
, & � :

V0 = h(w) + t

n
∑

i=1

qi (6)

¶ E h(w)
����ª R c�Ï�0 �� , ��� h(0) = 0, h′(w) > 0.

¹�º £�¤ ����0 VT = V0 +
n
∑

i=1

Vi,
�

(4) Y (6)
¼ ����' k�� :

VT = h(w) +
n
∑

i=1



fi(qi) − si(di − qi) + a.(ri − qi) − b.





n
∑

j=1

(rj − qj)



 .(ri − qi)



 (7)

����c�h�i�j�k�l�m
, ¶ ��{ ·�¸ c�«�;�À�^�q�c�h�i�°�1(� 1 õ�) c�d�e�*�+�,�] , -�.�/ ��c�h�i0 � 1 £�¤ ��Ï�0���Ó , L�M t�u�1 ¿ 7�8�9�C�D�� :

(UL) max
ri,w

VT = h(w) +

n
∑

i=1



fi(qi) − si(di − qi) + a.(ri − qi) − b.





n
∑

j=1

(rj − qj)



 .(ri − qi)





s.t.

n
∑

i=1

ri + w = Q

n
∑

i=1

qi + w ≤ Q

ri ≥ βi

w ≥ α

π1 < t ≤ π2 (8)

¶ E , βi > 0
� R c�o i

1���1���c ��¬ , α > 0 õ�2�3 ��4 ��� ¨�c�� .
¿ 7�8�9�C�D�E&1

qi õ 4&»�7�89�C�D
(LL)

F � Ú v�1 .5�¿ F�@
,
:�;�6�¾ ` »�1�c�h�i�y�z�{�|�1�6�7�8�9�t�u :

max
w,t,ri,i=1,···,n

VT = h(w) +

n
∑

i=1



fi(qi) − si(di − qi) + a.(ri − qi) − b.





n
∑

j=1

(rj − qj)



 .(ri − qi)





s.t.

n
∑

i=1

ri + w = Q

n
∑

i=1

qi + w ≤ Q
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ri ≥ βi

w ≥ α

π1 < t ≤ π2 (9)

max
qi

Vi = fi(qi) − qit − si(di − qi) + a.(ri − qi) − b.(ri − qi).





n
∑

j=1

(rj − qj)





s.t.qi ≥ 0

i = 1, · · · , n¿ @�6�7�8�9�C�D
(9)
A�B ¿ õ�C � Õ�µ »�7�2�3�o�1�6�7�8�9�C�D [12] . D�E 6�7�8�9�t�u (9) F�ÅG 1 Ù�Q Ú ,

c�h�i�j�k�l�m�T�Ê ¶ ]�^�1�2�3 ÿ � ,
Ò ·�¸ c�« ri

1���{�;�À�c�h�i�°
t
1�^�q�v�ü�ý Rc�o�1 Å�Æ�Ç c�� qi. H�I ²KJML R 6�7�8�9�t�u�v�?�@�c�h�i�j�k�l�m�n R c�o�Á�N�1�7�I�J�K õ <�=1

; D�E , - ²�O ¿�P ,
c�h�i�°

t ) £�¤ ����0 VT Q ��ü�ý .
ô . G�R t�u (9)

1�»�7��!S ����T�U�V ,c�h�i�° õ T�Ê�ü�ý µ�� 1�2�3�v�ü�ý £�¤ ����0�1 .
» O ��W Ú 6�7�8�9�C�D (9)

1�p�X � Ñ Ð�Y .

3.2 ������Z�[p�\�v�]
,
6�7�8�9�C�D�1 � Ñ õK^`_�a�b 1 .

¥�A ¿
,
6�7�8�9�C�D õ p µ NP- T C�D ,

p�\  G�H
Õ�c ¼�Ô�N�1 � Ñ�d Y .

ô . ,
4&5�6�7�8�9�t�u N�O�P�Q�R 5�e Õ A�B�C�D , / ��f #�)�g�h C�D�*�+�i

^M_�j�� >�k�l ,
����i�p�m ^M_ A R 1 � Ñ Ð�Y [13] .

» O ��n�o�p R�q�r�s��� Ð�Y [14−15]
v � Ñ�6�78�9�t�u

(9).
��i�t�u�����6�7�8�9�C�D�1���y�Ñ

, ¯ W�6�7�8�9�C�D (9) v�w�` » ¯ W .

(H) ) 5�W�q�1 ¿ 7�2�3 ÿ � ri, w, t,
»�7�8�9�C�D�1��!S �� Vi

�Kx �� .

`�y�¯ W�z�{ (H)
��� v�w , ¹�º »�7�C�D (LL)

E ´
i µ 2�3�|�}�1 K-T

��y���z�{�:�;�~��
:

f ′

i(qi) + s′i(di − qi) − a − t + b.



ri − qi +

n
∑

j=1

(rj − qj)



+ λi = 0

λiqi = 0, λi ≥ 0

¶ E , λi

�
Lagrange ��� .

;�»�7�C�D�1
K-T

��y���z�{ ��� »�7�C�D , � Ô Ç������� z�{�� ¿ 7��!S
�� 1 s�c ,

:�;�m���6�7�8�9�C�D
(9)
1 ` » s C�D :

maxh(w) +
n
∑

i=1



fi(qi) − si(di − qi) + a.(ri − qi) − b.





n
∑

j=1

(rj − qj)



 .(ri − qi)



− M.

(

n
∑

i=1

λiqi

)

s.t.
n
∑

i=1

ri + w = Q

n
∑

i=1

qi + w ≤ Q

f ′

i(qi) + s′i(di − qi) − a − t + b.



ri − qi +

n
∑

j=1

(rj − qj)



+ λi = 0 (10)

ri ≥ βi

w ≥ α

π1 ≤ t ≤ π2

ri, qi, λi ≥ 0

i = 1, · · · , n

¶ E M
����1 s�L�� . s�� [15] ¬ J |�7�8�9�C�D (10)

n�6�7�8�9�C�D
(9) C ��Ã � 1 ÷�� ��y�Ñ�� , �

� G�H�����1 s�L�� M∗ > 0,
=

M ≥ M∗
Ô

,
|�7�8�9�C�D

(10)
1���y�Ñ I�õ C�D (9)

1���y�Ñ
. L�M��© L R���� 1�y�z���� � Ñ�C�D (10),

��:�;�����C�D
(9)
1���y�Ñ

.
» O ��W Ú C�� 1 � Ñ���� :�

1 ����� W Ú ·�¸�s�L�� M > 0,
;�À����

η > 0.



Ý
6 Þ ßáàãâ , ä : åãæãçãèãéãêãëãìãíãîãïãðãñãò 119

�
2 � p R »�7�C�D�1 K-T

��y���z�{ ��� »�7�C�D , � Ô Ç�������� z�{�� s�c ,
��6�7�8�9�t�u

(9) � z���Ã Q 1�|�7�8�9�C�D (10).�
3 ��� Ñ�|�7�8�9�C�D (10),

������y�Ñ
(w, t, r1, · · · , rn, q1, · · · , qn, λ1, · · · , λn).

�
4 � `�y n

∑

i=1

λiqi = 0, & ������y�Ñ , ��� ; ��&�� M = M + η, �K� � 2.

¿ @�d Y 1��� �� ¬ J h�¡ 5 s�� [14]
E&q�k

4
1 ¬ J ,

��i�¢�£�¤�¥
, H�¦��
 W Ú�§�¨ 1 ¬ J Ê�© .ª H � Ñ�C�D (9)

Ô
, "�# © ��¯ W�z�{ (H)

��� v�w . `�y z�{ (H)
�  � v�w , ¹�º :�; L R�) �S �� ��t�© �� Î�1�«�t�d Y , `�¬� d Y [16] Y¯® ��° d Y [17] )�± 7�8�9�C�D (9)

*�+ � Ñ .

3.3 ²�³
¯ W�´�p 2�3 :���j�k�l�m���{�1���c���� 90 µ m3, 2�3K¶ ��· µ�R c�o , R c�o�p�Â R c�o ± ,

¨
c�����¸��

45 µ m3
Â

47 µ m3. R c�o�p�1 Ç c�Ï�0 �� Â�Ë�c�½ r��� ��¸�� : f1(q1) = 0.6q1; s1(d1−

q1) = 0.2(d1−q1)
2. R c�o ± 1 Ç c�Ï�0 �� Â�Ë�c�½ r��� ��¸�� : f2(q2) = 0.7q2; s2(d2−q2) = 0.25(d2−

q2)
2.
��ª�Ï�0 �� � : h(w) = 0.4w.

c�h�i�°�±��
t
}

/m3,
c�d�e Z�\ �� � : p = 0.9 − 0.01x. R c�oc�«�»����

: r1 ≥ 35, r2 ≥ 45, w ≥ 6,
c�h�i�°�±

0.3 ≤ t ≤ 2.0.
��; ¿  É�Â ²�¹ ¼ ��� ¼ (3)−

¼
(5),

' k�:�� : V1 = 0.6q1 − 0.2(45 − q1)
2 − q1t + 0.9(r1 − q1) − 0.01(r1 − q1)(r1 + r2 − q1 − q2), V2 = 0.7q2−

0.25(47−q2)
2−q2t+0.9(r2−q2)−0.01(r2−q2)(r1 +r2−q1−q2),

£�¤ ��Ï�0 VT = 0.4w+t(q1+q2)+V1+V2.

��� (9)
¼�:�;�6�¾ ` »�c�h�i�y�z�{�|�1�6�7�8�9�t�u :

max
w,t,r1,r2

0.4w + t(q1 + q2) + V1 + V2

s.t.r1 + r2 + w = 90

q1 + q2 + w ≤ 90

r1 ≥ 35

r2 ≥ 45

w ≥ 6

0.3 ≤ t ≤ 2.0

max
q1

0.6q1 − 0.2(45− q1)
2
− q1t + 0.9(r1 − q1) − 0.01(r1 − q1)(r1 + r2 − q1 − q2)

s.t.q1 ≥ 0

max
q2

0.7q2 − 0.25(47− q2)
2
− q2t + 0.9(r2 − q2) − 0.01(r2 − q2)(r1 + r2 − q1 − q2)

s.t. q2 ≥ 0

;�»�7�C�D�1
K-T
��y���z�{ ��� »�7�C�D , Ç�������� z�{�� s�c ,

ô�º � Ñ�Ã Q 1�|�7�8�9�C�D�:;����
: r∗1 = 39 µ m3, r∗2 = 45 µ m3, w∗ = 6 µ m3, t∗ = 1.5

}
/m3, q∗1 = 40.4 µ m3, q∗2 = 43.6 µ m3.*�p��

, `�y ��c�h�i�1�°�± t
Í�Î

, �® W t ≥ 3.0, ¶�Ü 1�z�{�» �ÿ ,
X�d�:��

: r∗1= 39 µ m3, r∗2

= 45 µ m3, w∗= 6 µ m3, t∗ =3.0
}

/m3, q∗1 = 36.9 µ m3, q∗2= 40.8 µ m3. H � ²KJ `�y Í�Î�c�h�i�°±
,
· µ�R c�o Å�Æ�Ç c�����¼�4 . H n�A�B�½�¾ õ Ã�¿ � 1 , � Ô I ] J i�F�6�¾�t�u�1 � k�� .

4 ÀÂÁ
r�s Í Ú i�c�h�i�y�z�{�|�1�6�7�8�9�t�u , R 6�7�8�9�t�u�?�@�i�c�d�e�S�Ö�E&c�h�i�j�k�l�m `�ÃT�Ê ·�¸ c�«���{�Â�c�h�i�° ) c�d�e�*�+���Ï�>�,�] , � W Ú i�6�7�8�9�t�u ^M_ ��Ï�> � Ñ Ð�Y .

4&5
r�s F�Í Ú 1 Ð�Y �� ¨�©�� Ú�Ä R c�o Ç c���J�5 ·�¸ c�«�;�À�c�h�i�° 1���y�Ñ �Å , L�M�Æ�C ��A RZ É .ô . É���Ç Ú 1 õ H�t�u�1�6�¾�Ê�©�E&c�h�i�j�k�l�m�1��!S ���õ ��Ó�z £�¤�È�É ÏÅÊ , H�¦�Ë�Ì iÍ�Î�Ï 1�Ð�Ñ _ C�D .

¥�A ¿
, Ò i È�É Ï�Ê , ��¡ C�D I�õ�Ó�Ô�ÕKÖM× ��J�Ø�1 . L�M�`�Ã � Í�Î C�D�Ù �
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��c�h�i�y�z�{�|�1�6�7�8�9�t�u�Á�E õ�Ú o�Û�v�1�k�l Ð � .
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