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The tax competition mode based on industrial clusters

WU Bin, YANG Si-jia, YIN Jia-li
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Abstract The paper tried to build a tax competition model by the reference of industrial clusters rents

variable, and discussed the government’s choices of tax rates and its effective factors under the circumstance

of centralizations and decentralizations. The results show that, under the impact of clustered rents, the

government is capable to fix tax rate and choose regional infrastructure patterns to influence the choice of

enterprises’ investment location, whose capital is undivided. This paper, by forming the central and local

governments’ effective functions and correlated restricted terms, elicits the optimal equilibrium solution

for tax competition between the central and local governments, besides, the paper discusses factors for the

establishment of this solution.
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�Æ/0236, �1�32�������3
���	�����	, ���4�+4��

��45��� �. 4, 
7
������56�, �
�8'�35�9���79��36�48
	���5����'+6�6���
���45. �9�:Æ, %'��! ����������
�%$7�%7���&�. 9��:, '"���
��5:���7
, ��6��84	���'#�
�(����
973��)�8; [11−12],�	�*8�5:��:9
<3�9��� [13]. �0��
� ;(���
��7�''��������:<, (�$:�������	���&%=���
;<. �0)�==
�>?
;+3>?�����	;<<�=>, =>�":

@�, 3�,?=, )@? [14] �@A	�
B>
������?C, D�9 µα εai. 4, A��
�'�B����	�'@��-$�A (&$����������./��), ����)�57���
���	��:���.

@C, ��
�ÆE��=��'+6�=>.

@@, ���
�36�4��+���8	, ��7����
45
F���%7
�A;B

2��� ��8	�36�48	GH�:����7
#C.

@A, �2���'D��+�%�����	�����	.

�0�&"�: @CD+��	�����	; @@D+I�40B�'D�
���45%7
��;
@AD+��
+40B����
��45��;@CD+ �4�+40B����45��%7
$
B; @JD+��.

2 1i234j56

2.1 789:
1. 7
'D���KC�
. 'D�
�D�	�, �>?;E<E. ���
E	�79�	��8

	
%7�L36�4
2. 
D3��
�, ����
<E�L
2�E	���� C; 9�D+
F��G9��, %���F�4=�	�, %�����F<E.

2. �
����4M. 'D�
�9�F, 79�>��+��F��� (�9GL"��!)� G
9), ��������GH7
�9G:�#C. �>?�
 N�O���. �����HH> θi. θi =

ti Ei. D' ti  i ��  �����,Ei ��45 i ��%7��A�IL��MH.

3. 'D�
�G79'D�����+�$P. +��I qi, 4,  ��
79
��E i A, ��
?H θi, ���� qi θi, 'D�� (1 − qi) θi.

4. ��45�EQ
2I����. ����J@�, 
��������ÆEA> (=��'+6
) �)J���. �J�'(��E'�45, ��KK�@K�E'L, '(24��E M� ��O
�������;#C.

5. 7
��=�������$,  ���$�������9�IJ�N, IJ��'A9< 1.
��'�45���� (i) 
��L, i ��;	��KO36�&8	 βi, D' βi ∈ [0, 1], RL���
����L, '�����D
����#'�KO36�&8	 β(β ∈ [0, 1]) �S/. ;����8	�
+M
 [0, 1] Æ.

6. �����5�B��9�N�O
2�����
2, ��
2D��<#����BT�D;

���36�4�GH�:�U9. 4, N��8	 β ���4=
 i ��G, ��;B�MO���
�� f (βi, β), f (βi, β) � |βi − β| �!�PNI. �P�!, �: f (βi, β) = χ (βi − β)2, 4 f (βi, β) 
���F��G9��
2��D+, 9�D+I��� N�O���
2. D', χ QL������

���BO�GH���*��:. "���
 i ��� j ���GH, �G, χi < χj .

7. �����NI

�R49�E, ��MPNN�N�O��
�N��. ����N�O L �NI, Q�E����
7
#C, �E i���NI Fi (L), Fi (L) = L

γ
i . SQNPN L�AEN�OG���, D' 0 < γ < 1.

8. ����
���� µa εai ����'�B����	�'@�����RO (V>?(��D�F), µa F�

=97��� A����A�Æ(���:, D�8<, SW7� a 'A���5�����8<. ��
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�����;T7�W ���, T���"DTU, �
VF7[@K%D+�A. %�X, ��Q���
�	��W"�Y�0B, �� ��;@��Æ(�A�N���7���	�56ZU��, εai  i

����8	 a �����	��:. ���������+M�B Gumbel +M, 4 εai �B Gumbel
+M, εai B Gumbel +M'X7[\����.
2.2 BkCDE

1. ���A

]S Jayet � Paty[15]  �E i ���A9<: Qi = Fi (Li) + µa εai; Qi ��
�
	�36�4A
\(��. ��7
�
�
'7��E
���D7�. %��X7��D7�I�� ρ ≥ 0(�F�� 
�V5YZ), ρ�F;G@�. M'��;+�!: T���L�45
 "]��E�L�U�
D�"L
W��'7��E�L.

2. 'D�
?IL��
� ωi(L) Q;��F^U, Li N�FMH�<'GPN�X�I, 'D�
?IL��: Si =

Ei +∆ Wi; Ei �FIL���MH: Ei = Fi(Li) − f (βi, β) − Li ωi(Li) − ρ, ∆ Wi IL���?Y:
∆ Wi = Li ωi(Li) −

∫ Li

0
ωi(l)dl.

'D�
^IL?���Æ��4 S1 > S2 > · · · > SI ��E+8, �� Si > 0. �F45�E i �

_MH Ei − θi +µa εai, 9����_MH ∆ Wi + θi. "���@K µa, I� �45_MH�<��
E; "��
�@K µa, �([_����A_MH Ei − θi, ���F4=�'(B�Z`�:�VH9
�.

3. VH9�
� N �	�O��E�I�, Q t = ti, i ∈ N �R���O��E�9��, �7� a +� �. �

�Z`�ARO�<'[M%7�E
�, DI��	� Ei − θi +µa εai �<�(, 8M��45M�
�D7�.

�F45�E i �'(�:

Pi (N, θ, µa) = ϕ (ξ (N, θ, µa)) e(Ei − θi)/µa−ξ(N,θ,µa)

= ϕ (ξ (N, θ, µa)) e[Fi(Li)−f(ai,a)−Li ωi(Li)−ρ−θi]/µa−ξ(N,θ,µa) .

�F45�D7��'(�: P0 (N, θ, µa) = exp (−ξ (N, θ, µa)) .

%G ξ (N, θ, µa) =
∑

j∈N

e(Ei − θi)/µa , ϕ (x) = (ex −1) /x. 
%� log (ξ) �IL��A_MH��<�U

�S��	�"DI�. JW5�WXa.

4. �������
"� µa Y�b, 4SQ α 7���@��������Z#, X7I ����\], TU� `�

�:Z#. IL��A_MH Ei − θi �\������, "�%��A�<�_MH(, cd �F4
5 �E��<'(*�^� 1.

N µaa><G,IL�A_MH'(��\����B<�e#. Nf��(Vg�G[, P0 (N, θ, +∞)
= e−N , Pi (N, θ, +∞) =

(
1 − e−N

)
/N �]� Ei � θi U9, �F�45IVFI@, TU� `�:"

��<.

KL 1 �
'�3545�E��8	��9�������_MH�bA��45��E�?�.
NF7����A5�����8#, �� ��45�����879; �Q, N���A5��7��
��:���:8<, �
���798#, ��45�?��]� Ei � θi U9.

3 MNlOPmnoQRS2pq

3.1 rstTuUVv
�����
KL
2��O��E�$ N , ;���Ec�����T�<MA�'D�D�\

�, ��
���FW��XU��U9��!). ���7��_^:

1. ���
79�E8	, 
2�� C ��	���O��E, ���IK79�, Q�
�'(

Y���XY'h_���, ��S��.�3 t = ti, i ∈ N ;
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2. �F@K�E�$ N 'R��E i �X7� εai, 
Z�U9
����;

3. �F45���E%7��, PNX�	dY, ]�;

4. 'D�
(^I�E�$ N `T�����i��. P", N45�jk_M�<�����G,
�
79���!) (��) �� Nash ��.
3.2 Z[w\]Cxy
3.2.1 rstTz{

'D�
��&$�F_M�jk_M, 3% α ∈ [0, 1] �'D�
 jk�aM��F�_MHeO
�:. `e�: N α = 0; SW'D�
���jk_M; N α = 1 SW'D�
����F_M, ��, 'D
�
�� M :

M = (1 − α) (∆ Wi + θi) + α (Ei − θi +µa εai) = (1 − 2α) (∆ Wi + θi) + α (Si +µa εai) .

3.2.2 ^_|Z[C`a
�G, µa  0. �'Hb�� M �<', "��<�(, �F45
IL?MH Si �<��E i;

"��M�, B��Fh`T�D7�. ?aM�jk��F�b: jk�� ∆ Wi + θi, �F�� Ei − θi.

'D�
���45'�S/, 
�� M �<G'D�
U9�E i ��� ti.

4:

max M

s.t. (IR) Si ≥ 0 ⇒ Ei − ti Ei ≥ 0

(IC) ∀j �= i, Si ≥ Sj ⇔ Ej − tj Ej ≤ Ei − ti Ei

@��f��	��F����(��AMH; @C�f��	��F45�E i����<��AM
H. cl, N Si −(Ei − ti Ei) = Sj −(Ej − tj Ej) G, @C��	��m�, SW
�E j, ∆ Wj + θj = K.

�2@���	, ��B�m�: ∀j, 0 ≤ ∆ Wj + θj = K ≤ Si.

1. jk_M�<'�'D�

M = ti Ei +∆ Wj = ti ×

[
Fi(Li) − χ (βi − β)2 − Li ωi(Li) − ρ

]
+ ∆ Wj

�� ti = 1; ��'�:

�F_M: Ei − ti Ei = 0.

'D�
?_M: M = Si = Ei +∆ Wi = Fi(Li) − χ (βi − β)2 − Li ωi(Li) − ρ + ∆ Wj .

���
?_M: Si = (∆ Wi +qitiEi) + ((Ei(1 − ti)) − C = ∆Wi + qiEi − C.

2. �F_M�<'�'D�

M = Si − (∆ Wi + θi) = Ei − ti Ei=(1 − ti) ×

[
Fi(Li) − χ (βi − β)2 − Li ωi(Li) − ρ

]
.

� M �<, B� ∆ Wi + θi �#, �G, 4jk_M: ∆Wj + θj = 0.  � θj = −∆Wj = tiEi;

ti = −∆ Wi /Ei = −
[

Li ωi(Li) −
∫ Li

0

ωi(l)dl

]/ [
Fi(Li) − χ (βi − β)2 − Li ωi(Li) − ρ

]
.

'D�
?_M:

M = Si = Ei +∆ Wi = Fi(Li) − χ (βi − β)2 − Li ωi(Li) − ρ +
[

Li ωi(Li) −
∫ Li

0

ωi(l)dl

]
.

���
?_M:

Si = (∆Wi + qitiEi) + (Ei(1 − ti)) − C = (2 − qi)∆Wi + Ei − C.

��'�:

KL 2 �>?������, ��F_M�<'E��'D�
D��45\U���N�O��
�2, U����N�g��;���Aca���, %�&$��D+�h`�)Jib���A, ��
@�D�La�A; ���jk_M�'D�
D��45�[M�: �\��")U�, �
c^��
W��c45G;@��DIL���MH>�, �G, ;��?IL�A��jk+b.
3.2.3 _|Z[C`a

1. E�NI
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�G, µa <� 0. �'Hb�� M �<', "��<�(, �F45
IL?MH Si �<��E
i; "�M, B��Fh`T�D7�. ?aM�jk��F�b: jk�� ∆ Wi + θi, �F�� Ei − θi.

7
����QTU� `�56�, �G, ��B�
�
;	���E�$ N '45
��E, "�
�F�45�D7�, cd�45(�?aM"��<��E, %��EH i.

4:

max M

s.t. (IR) Si ≥ 0 ⇒ Ei − ti Ei ≥ 0

(IC) ∀j �= i, Si +µa εai ≥ Sj +µa εaj ⇔ Ej(1 − tj) + µa εaj ≤ Ei(1 − ti) + µa εaj

m���
��E45�@C��		�
�': %SW: "���b3m�dn���d�,M∆ Wj

+ tj Ej = K ��=WJ.

2. �F_M�<'�'D�
����
>?���eM�'D�
, M�E���IL��F_M E (Si +µa εai) �<. D	�	�O��

E
�9 θ, �:���'D�
�c45.

M = Ei − ti Ei+ µa εai = (1 − ti) ×
[
Fi(Li) − χ (βi − β)2 − Li ωi(Li) − ρ

]
+ µa εai .

"'D�
�ecTU, µa Y�b, SQ α 7���@��������Z#, X7I ����\
]. IL��A_MH Ei(1 − ti) �\������, "�%��A�<�_MH(, cd �F45
 �E��<'(*�^� 1. 'D�
@K���45�?aM Si +µa εai �<Q(��E i. 8M
�c45�d�F45�D7�, Uh]�"L�L.

N�
j�TU� `0B, µa a><, �G, IL�A_MH'(��\����B<�e#. N µa

f��(VgG, P0 (N, t, +∞) = e−N , Pi (N, t, +∞) =
(
1 − e−N

)
/N �]� Ei � ti U9.  ��

�", 
���A_M Ei − ti Ei+ µa εai �<, NQVN Si = Ei(1 − ti) G Si +µa εai "��<, �G:

ti = (Ei −Si)/ Ei = −∆ Wi / Ei.

KL 3 N�
j�TU� `0BG, �T�F_M�<'�'D�
79��c�� ti = −∆ Wi /

Ei. �;� �;���E i, ��c�M�. �"�, 'D�
�%�M�����aMib�
�F,
%7k�h`. �G, �F��
�AMH�<'�E�. l�, ���
o� ��E	�E�lp�
�, D��M.  �, �T�F_M�<'�'D�
m\�����
�(�����
�_M�<'.

3. jk_M�<'�'D�
����
�F
�E i �LA, jk��_M ∆ Wi + ti Ei −C. T`VH9�, �
(35U9	��E�

8	���U9�F45�E i �'( Pi (N, t, µa) ��F45�D7��'( P0 (N, t, µa), �G, D
?�b5��;T7�5������: µa �>�. �G, 'DU��'�IL��;��E�jk�_
_Mn��:

E (∆V (N, t, µa)) =
∑
i∈N

(∆ Wi + ti Ei)Pi (N, t, µa) − NC.

>?���jk_ME��'DU��, �G, ���fjk�__M�' E (∆V (N, t, µa)). 4�
'D�
��TA>gM�<, �jk_M)��
U��b�(>�''�45,  ��
�F�M
H�#� ρ ��	��jk_M�<. �G, ���
��jk_M'f�'D�
����E�, �]

�;\h���oe��.

 ��E�$ N , � E (∆V (N, t, µa)) �jk_M)�'D�D������c45.

E (∆V (N, t, µa)) =
∑
j∈N

(∆ Wj + tj Ei)Pj (N, t, µa) − NC.

D' Pi (N, t, µa) 
�:�ff'��:

Pi (N, t, µa) = ϕ (ξ (N, t, µa)) e(1−ti) Ei /µa−ξ(N,t,µa) .

�� t0 =
[
t0i (N, µa)

]
, i ∈ N ��!)��cb3, 
Q ξ0 = ξ

(
N, t0, µa

)
.
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g'ph, 32 Z0
i =

(
1 − t0i

)
Ei /µa. '�:

∂ Pj

∂ti
= −Ei µ−1

a

∂ Pj

∂Zi
= −Ei µ−1

a

[
δij Pi −ϕ′ (− ξ0

)
eZ

0
i + Z

0
j

]

= −Ei µ−1
a

[
δij −

ϕ′ (− ξ0
)

ϕ (−ξ0)
eZ0

j

]
Pi,

D'N i = j G δij = 1, 8Mb, M:
∂E (∆V )

∂ti
= Ei Pi +

∑
j∈N

(
∆ Wj + t0j

)∂ Pj

∂ti

= Ei Pi −
∆ Wj + t0j Ei

µa
Ei Pi +

ϕ′ (− ξ0
)

µϕ
(− ξ0

) Ei Pi

∑
j∈N

(
∆ Wj + t0j Ei

)
eZ

0
j = 0.

 �,  ;�� i ∈ N ,

∆ Wi + t0i Ei = µa +
ϕ′ (− ξ0

)
ϕ (−ξ0)

∑
j∈N

(
∆Wj + t0jEi

)
eZ0

j

'�: ∆ Wi + t0i Ei �X i �'��', Q,

∆ Wi + t0i Ei = µa +
ϕ′ (− ξ0

)
ϕ (−ξ0)

∑
j∈N

(
∆Wj + t0j Ej

)
eZ

0
j

= µa +
ϕ′ (−ξ0

)
ϕ (−ξ0)

ξ0
(
∆Wi + t0i Ei

)
= µa +

(
1 − ϕ

(−ξ0
)−1

) (
∆Wi + t0i Ei

)
;�:

∆ Wi + t0i Ei = µaϕ
(
ξ0

)
(1)

E
(
∆V

(
N, t0, µa

))
=

(
∆ Wi + t0i Ei

) ∑
j∈N

Pj

(
N, t0, µa

) − NC

=
(
∆ Wi + t0i Ei

) [
1 − P0

(
N, t0, µa

)] − NC

= µaϕ
(
ξ0

) (
1 − e− ξ0

)
− NC (2)

��, Si

µa
= Z0

i +∆ Wi + t0i Ei

µa
= Z0

i +ϕ
(
ξ0

) ⇔ e
Si
µa = eϕ(ξ0) eZ0

i .
%�X�:

e
S(N,µa)

µa =
∑
j∈N

eSi /µa = eϕ(ξ0) ∑
j∈N

eZ
0
i = ξ0 eϕ(ξ0) (3)

Q,
S (N, µa)

µa
= ln ξ0 +ϕ

(
ξ0

)
(4)

ξ0 (N, µa) = ξ
[
N, t0 (N, µa) , µa

]
.  �;�� i ∈ N , � (1) J''@:

∆ Wi + t0i (N, µa) Ei = µϕ
[
ξ0 (N, µa)

]
> 0, D��SW: V���U9
q�L, jk����AaM

c�i. Q ∆ Wi + t0i Ei (N, µa) �]W�b, Mc� i �>3.
�J (2) '@, jk�ILaM E

(
∆V 0 (N, µa)

)
= µaϕ

[
ξ0 (N, µa)

]
> 0, %r ϕ (x) = (ex − 1) /x.

��'W, �TA>ILaM�<'�'D�
, (��dnig�[M.  �jk_M�<'�'
D�
��dnig��	�hKm�Æ/�	, D��*����
45����
��LG, �45
 D�GH���. �TA>ILaM�<'�'DU����jk_M'f�'DU����c45
�����I�, N�F: A�G�'(h45�D7�.

�� ξ0 (N, µa) �WJ (4)S(N,µa)
µa

= ln ξ0 (N, µa) + ϕ
[
ξ0 (N, µa)

]
�i�!.

KL 4 N e
S(N,µa)

µa =
∑

i∈N

eSi /µa ⇔ S (N, µa) = µa ln
( ∑

i∈N

eSi /µa

)
G, J (3) � (4) SW: jk��F

IL�aMI�Zs� S (N, µa) '� N . "�
WJ S (N, µa) = S (N ′, µa) ', �Kj�E N � N ′, �
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�D3�F�'( 1 − P0 (N, µa) = 1 − P0 (N ′, µa) ����, 
%�D3c�F��Erjk�aM*
����. ��, S (N, µa) �	�O��E�?>aM�IL�<�. �&$������, N'DU��
U9	�;��EG, ���FJi', �D3�F%2D'���E�'(8<. �FJj'�I�
�TU� `�A�. "��D�@K
�F��c45, �I��45��D'����E
.

4 dNlOPefoQRSpq


+40B� (���
���U�4), Z`�:���VH9�, ���
��NI:

E (∆ Vi (N, t, µa)) = (∆Wi + ti qi Ei)Pi (N, t, µa) − C.

���
��'45;':

maxE (∆ Vi (N, t, µa)) = max [(∆ Wi + qi ti Ei)Pi (N, t, µa) − C] ,

4:
∂E (∆ Vi (N, t, µa))

∂ ti
= qi Ei Pi (N, t, µa) + (∆Wi + qi ti Ei)

∂ Pi

∂ ti
= 0.

J@:

∂ Pi

∂ ti
= −µ−1

a Ei
∂ Pi

∂ Zi
= −µ−1

a Ei

[
Pi −ϕ′ (− ξe) e2 Z

e
i

]
= −µ−1

a Ei

[
1 − ϕ′ (− ξe)

ϕ
(− ξ0

) eZ
e
i

]
Pi,

4:
∂E (∆ Vi (N, t, µa))

∂ ti
= qi Ei Pi −Ei

∆ Wi + qi ti Ei

µa

[
1 − ϕ′ (− ξe)

ϕ
(− ξ0

) eZ
e
i

]
Pi = 0.

 �:

∆ Wi + qi tei Ei

µa
= qi

[
1 − ϕ′ (− ξe)

ϕ
(− ξ0

) eZ
e
i

]−1

= qi

[
1 + (ξe)−1

(
ϕ (− ξe)−1 − 1

)
eZ

e
i

]−1

(5)

 �;�� N , � te(N, µa) ���
��)���3, Q

ξe(N, µa) = ξ [N, te(N, µa), µa] .

Æ:J&JW
 ξe � te ���+3 i &�
�:���.:
∆ Wi + qi tei Ei

µa
= qi

[
1 + (ξe)−1

(
ϕ (− ξe)−1 − 1

)
e(Ei(1−te

i ))/µa

]−1

, ∀i ∈ N,

ξe =
∑

j∈N

e(Ei(1−te
i ))/µa �kÆ� Ze

i = (Ei(1 − tei )) /µa �!NI,  � ξe, ∆ Wi + qi tei Ei � Ei(1 − tei ) �

�'fL��, 4�!U�j.
�G, Si = (∆ Wi + qi tei Ei) + (Ei(1 − tei ) − C) ���IL�aM, D': ∆ Wi + qi tei Ei − C ��


����N��jk_M���, Ei(1 − tei ) ��
�;@��IL�A�A. "�
�E i Æ���

'��ILgM$
�E j �J, 
tk��r, M�E i ��F�ILaM*�$
�E j �Æ, 4:

∆ Wi + qi tei Ei > ∆ Wj + qj tej Ej , QEi(1 − t
e
i ) > Ej(1 − t

e
j).

��jk�ILaM ∆ Wi + t0i (N, µ)Ei ��E�>3. ��F'�B?ILaM'BÆ��E@M.

Q,

Zi =
Ei(1 − tei )

µα
> Zj =

Ej(1 − tej)
µα

, P
e
i = ϕ (− ξe) eLi > P

e
j = ϕ (−ξe) eLj .

��'�[� 5.
KL 5 ���E�IL��?aO8Æ, MD3�F�'(8<, jkB�F�
�@M8J, M�

gY��I�IL�_M�'*8<.

5 MNhdNlOPRS2pqij2kl

N'D����
c�jk_M�<'E�, $B�4�+40B����45��:
∂E (∆V )

∂ ti
− ∂E (∆ Vi)

∂ ti
=

∑
j∈N,j �=i

(∆ Wi + ti Ei)
∂ Pi

∂ ti
> 0,



1160 , - 1 5 / 2 1 . 2 � 30�

∂E (∆V )
∂ t0i

= 0,
∂E (∆ Vi)

∂ t0i
< 0.

 ��79�'+l���, � Ki (t) �E i �� ti GD35���F?I. �E�� ti 8�, �
��!���I Ki (t), %���M!%�k�S�, 4: 
qÆ����, ��'��
����A�'
(�����4�F��.

�	'����'+6�, 4�����E�����2o�(D3Æ(��. ��R���Ec�
�\�
��'(, IL�2� Pi (N, t, µa) qi ti Ei. "�\h� i ���� ti, �G, "�:

−µ−1
a Pi ξ−1

[
1 − ϕ (ξ)−1

]
eZj < 0;−∂ Pi /∂ ti = µ−1

a Ei Pi

[
1 − ξ−1(1 − ϕ (ξ)−1)eZj

]
> 0.

%!�D3�F�'(.  �, N����'+6G, ���A��:
D�, ��
����� tei (N, µa) < t0i (N, µa);
DC, "� Ei(1− tei (N, µa)) + µa εai > Ei(1− t0i (N, µa)) + µa εai �F�MH��!�
, cd��D

3�F�'(*8<, 4 1 − P e
0 (N, µa) > 1 − P 0

0 (N, µa).
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{| b} 1 2~~

���J45
 i ��%7
�, Mcl,

Pi (N, t, µa) = Pr {Ei(1 − ti) + µa εai ≥ 0, ∀j, Ej(1 − tj) + µa εaj ≤ Ei(1 − ti) + µa εai} .

U�32�3 Zi , � Zi = Ei(1 − ti)/µa, M�:

Pi (N, t, µa) = Pr
{
Zi + εai ≥ 0, max

j∈N,j �=i
Zj + εaj ≤ Zi + εai

}
V� z \kd�, N G (εa) = exp (− exp (−εa)), 
Q ξ−i (N, µa) =

∑
j∈N,j �=i

eZj G:

Pr
{

max
j∈N,j �=i

Zj + εaj ≤ z

}
=

∏
j∈N,j �=i

G (z − Zi) =
∏

j∈N,j �=i

exp(e−(z−Zi))

= exp
(
−

∑
j∈N,j �=i

e
−(z−Zi)

)
= exp

(
− e−z

∑
j∈N,j �=i

e
Zi

)

= exp
(− ξ−i e−z

)
= exp

(
− e−(z−log ξ−i)

)
= G

(− (
z − log ξ−i

))
.

max
j∈N,j �=i

(Zj + εaj) = log ξ−i + η−i 
%r η−i ���T` Gumbel FM�X7'�3:

X7�	 εaj ,j ∈ N , �*�E	�, %*SW η−i � εaj ��*E	�.

Pi (N, t, µa) = Pr
{

Zi + εai ≥ 0, max
j∈N,j �=i

Zj + εaj ≤ Zi + εai

}
= Pr

{
Zi + εai ≥ 0, log ξ−i + η−i ≤ Zi + εai

}
=

∫ +∞

− Zi

G
(
Zi − log ξ−i + εai

)
dG (εai) .

� αi = Zi − log ξ−i + εai, ξ (N, µ) =
∑

j∈N

eZj = ξ−i (N, µ) + eZi , ϕ (ξ) = (eξ −1)/ξ, M:

Pi (N, θ, µa) =
∫ +∞

− log ξ

G
(− log ξ−i + αi + log ξ

)
dG (αi −Zi + log ξ)

=
∫ +∞

− log ξ

exp
(− elog ξ−i −αi − log ξ

)
eZi −αi − log ξ exp

(− eZi −αi − log ξ
)
d αi

=
∫ +∞

− log ξ

exp
(− (ξi−1 /ξ) e− αi − ξ−1 eZi −αi

)
ξ−1 eZi −αi d αi

= ξ−1 eZi

∫ +∞

− log ξ

exp
(− (ξ−i + eZi) ξ−1 e−αi

)
e−αid αi

= ξ−1 eZi

∫ +∞

− log ξ

exp
(− e−αi

)
e−αid αi = ξ−1 eZi

∫ +∞

− log ξ

dG (αi)

= ξ−1 eZi [1 − G (− log ξ)] = ξ−1 eZi
(
1 − e−ξ

)
= ϕ (−ξ) eZi .

M�F45�E i �'(�:

Pi (N, t, µa) = ϕ (ξ (N, t, µa)) e(Ei(1−ti))/µa−ξ(N,t,µa)

= ϕ (ξ (N, t, µa)) e[Fi(Li)−f(ai,a)−Li ωi(Li)−ρ−ti Ei]/µa−ξ(N,t,µa) .

 �F45�D7��'(� P0 (N, t, µa) = exp (−ξ (N, t, µa)). %G ξ (N, t, µa) =
∑

j∈N

e(Ei(1−ti))/µa ,

ϕ (x) = (ex −1) /x. 
%� log (ξ) �IL��A_MH��<�U�S��	�"DI�.


