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Abstract: A formal definition of stable peers was presented, a novel method to separate stable peers from all peers and an 

analysis of the session sequence of stable peers in P2P networks. This study uses the KAD, a P2P file sharing system with 

several million simultaneous users, as an example and draws some significant conclusions about stable peers: the stable 

peers is about 0.6% of all peers; the 70% of stable peers possess very long total session time ensured by a large number of 

sessions, and possess large difference between session time; the 30% of stable peers, whose average session time is 1.8 

times of the former, possess long total session time, a small number of sessions and high availability. That these two types 

of stable peers can play their respective roles in constructing hierarchical P2P networks. 

Key words: stable peers; approximate entropy per symbol; classification tree; fuzzy c-means algorithm 

 

1  �� 

� P2P(peer-to-peer)�������	
��


�������������
�����(��

Churn)�� P2P������� !�"#�$%

&��'(
��)*+,-�
./0123.

/456789

[1]

:;<[2]'=> P2P���?@

A
BCA
��A
./ADEFG� Churn�

�����2010-07-029�����2010-12-08 

�����tu0�vwxyaz{|}~973�{|�v����4}2007CB307100�9tud���0�v����4}61139002,

60833002�9tud���v����4}60776807�9����v��x�����v����4}ZXH2010D016�9�t

��I��x��v����4}qd02x04� 

Foundation Items: The National Basic Research Program of China (973 Program) (2007CB307100); The State Key Program of National 

Natural Science of China (61139002, 60833002); The National Natural Science Foundation of China (60776807); The Special Fund of 

Basic Scientific Research of Central Colleges (ZXH2010D016); The Scientific Research Starting Fundation of CAUC (qd02x04) 



� 10� �����P2P�	
��
��������� �35� 

 

HIJK:LMNO�PQRSTUV P2P���

���WX�YZ

[3]

�>[\���]^_`�


a�����b�cd��(super- peer)��cd�

�NefgaA P2P��h�i�Aj P2P��:

Aj P2P���\kG� Churnlmno��pq

r P2P��\Fst�uh

[4, 5]

: 

�Aj P2P����a_`�v]wcd��

�xyz{�|}cd��~�v_`��:��

��Aj P2P �� Chord

2[4]

(;{���� )


Labeled Tree

[6]

(��I����)
2Chord

[7]

9��

_`���]^b�cd�������� P2P�

���t�'��./�BC���b�$ Wang

9�

[6]

��� PPLive

[8]

���[\�� 20%�_`

����F� 80��?@: 

����'_`���P2P���a���^

F�t <�¡�¢£¤�¥_`���¦§¨©

ª5��_`���`«¬­\$® 2¯°1) _`

��±²�³	´´����$;<[4, 9]µ2) _

`��¶K
`«�·¸	´(lifetime�·¸	´

v²��¹ºj»³¼½¾ºj����[¿À

	´)cÁÂ`ÃÄ(ÃÄ¬­vÅ@ÆÇÈÉÂ`

�ÊËÄ)����$�;<[6]�_`���·¸

	´cÁËÌ	´ 40%����Í$�;<[10]�

_`���·¸	´cÁ 1ÎÏ���:CM�Ð�

LF_`��GÑH\�³	´´�YZNO��

�¨©ÒÓ�ÔGÑH\ÕÖYZ23×��H

\ØÙÚ��YZ: 

�F�ÛÜ�
ÝÞ_`���YZ�h�s

ß
UV_`��� P2P���a��àá�Ô;

âã�»ä 2Îåæ�lmhç'èéêë�¨2

DHT;{���� KAD�Æì?@�Æíîï


ðñ»älm:Ô;òó� 2ô�á°1) Â^_`

���iõö`«�÷ø`«�ùC23>[\�

��'�_`���HIúûµ2) 'è_`���

üýþ���YZ�$C����ü��
C�?

´�ü��
�C´�����ü��: 

ÔRS2 KAD ������ç�Æì?@�

Æí�Steiner 9�

[11]

	
F KAD ��� 400 375

Î���j�ü�»³	�é�³	�:Ô;x


> KAD ?@��	��Û������ç���

�²�����ü	´
D�ü	´
r��ü	

´
�ü	´�W�?23UV6:¡¾�Å@÷

Ù��ç���²�fg'���@MÂ^_`�

��iõö`«�̈ �V�� c-�Ä���û(FCM)

� Gyenesei 9�	^�5`½ '�?£úûÆ

�>[\���'�_`��:½¾�`«�üý

þ�!"P#$²��¨¬ÁÑ²�'è_`��

��ü	´ýþ��YZ: 

Ô;�Êy <I��2® 2Îú%°1) Â^

F_`���iõö`«23>[\���'�

_`���úûµ2) Ô;6
	^F�üýþ�!

"P#$²��Ñ²��2sß
��_`���

�ü��YZ:&	�Ô;'� KAD ����(

¢2®)��°_`����D��?£� 0.6%µ

� 70%�_`��¬Á� 30 j�ü*+´	e�

³�n�ü	´Ne�,Wstµo-� 30%�_

`���D�ü	´��¤T� 1/10�.v��s

��³nor��ü	´��¤T� 1.8/: 

2  ���� 

£¤�\0'è����ç��RSÊy'�

�ü	´(��ºj��¼����[¿À�	

´):RSTòY`���[\���j�ü��ü

	´���º1��V�2'è�?3g�úû4

Ì�ü	´�'5
�Ä��Ä9:��t�RS

6b4ÌF©& P2P ����ü	´'5($;<

[3,10~13])�¡�¢£¤�¥�ü	´S7à>ÕÖ

'589`ñ�©Á3:;<�v°P2P ���t

�'��ü	´=­�>�¬­>?'@¢ 1A	

(;<[12]�MhçFîïDE)µP2P���&	¸

���'s´��ü	´:÷ÙEñ�º`B�»

CD���WX�YZ�&	Eª_`���¸�

�: 

Ô;RS�F!�éG\;<RS�F!�

©&:G\;<RS�F!�vH2��IJ

(crawler)K5L� P2P �������ç�?@�

¨4Ì���ü	´
UV69��ç�²��M

IYZµ�Ô;RS�F!�vÅ@���_`B

����ÆN'��¨�_`����üýþYZ

hçF'è:����ÆN'�	�<O4ÌFG

\RS�\0����ç��²�¨Å@÷Ù²

�f�F��'��:ÔRS�G\RS�PQ»

Æ�F_`���'��'è:Ô;xj¬Á4Ì

!Î����ü	´ýþ��RSTU'è��

���ç�:ÑRSVW½XY�ßZ�°¬Á4

Ì!Î����üç�Q[����_`��ò_



�36� �  �  �  � � 32� 

 

`��>[\���'�^Q�h��Æ�Ü�'

è_`��H\��üç�YZ: 

3  ����	
�� 

Ô;[�V�?@vC Steiner 9�

[11]

	
�

Æì?@�> 2006\ 9Ï 23]¼ 2007\ 3Ï 20

]� 179^_�RST�` 5mina�ºj KAD�

����Î����ç�bc�D�dì¢Qef

168Îgh� 400 375Î©&Vi ID:;<[11]²^

KAD�����ü	´à>ijk?α�� 0.6�

Weibull '5(

1 ( )

( ) ( )( ) e

x

f x x

αα βα β β − −= , α,β>0, x
l0):mα<1�Weibull'5v!n����n�o

�p²?'5�n�q®7(r�� KAD �Ñ'

5CD�°��ü	´[�oíY=t�´�ü	

´[�oíY=A: 

Â`�� i����üj?� p

i

�¹ jj�ü�

»³��³	�'=� ( )

J

j

t i � ( )

L

j

t i  (1sjsp

i

): 

�� 1  �� i¹ jj�ü	´� s

ij

= ( )

L

j

t i − ( )

J

j

t i : 

�� 2  �� i�D�ü	´`«�S

i

=

1

�
p

ij

j

s

=∑

: 

�� 3  �� i�r��ü	´`«� µ

i

=S

i

/p

i

: 

�� 4  �� i��ü	´�W�?�w

i

=σ
i

/µ

i

�

o�� ( )2
1

�
p

i i ij i

j

s pσ µ
=

= −
∑

��ü	´�K,:

�W�?�tù�«é�K,�ºø��VQ�

�?@��uB��.�W�?�2+L!"�

(�)r�?©&� 2Î��Î?@�WB�op�

"#: 

�� 5  �� i�UV6`«� a

i

=S

i

/L

i

�o�

L

i

= ( )

�

L

p

t i −

1

( )

J

t i �·¸	´: 

UV6vD�ü	´é·¸	´�oÄ��é

�³	´\0�����^�ü�v�B�

[3]

:U

V6¨©���^����üj?��j��³

	´�4$;<[14]²^�ºÎ���º^_�U

V6� 0.5���2vºj�³ 12h�|�2v�³

4j�j 3h: 

4  ������� 

$¤[ä��G\;<�_`���±²�³

	´´�����`«�·¸	´cÁÂ`ÃÄ�

��:¤T¸��lmv°�³	´´vºÎ��

b�,�w�xäµ�¾T¸��lmv°��²

�!ºnÃÄÂ`sÊË:yfM�Ô;ò_`�

�`«�&	z{D�ü	´´
r��ü	´´

nUV6a���:Ñ`«>»ä 3Îú%HI


�|F�³	´´: 

��»%Â^F_`��Èyz{�D�ü

	´´9HI�PÔz{�¡�}Èyê~ 2Îl

m°1) p�´�D�ü	´
́ �r��ü	´�

a�UV6µ2) �Vp¯úû�(��&	z{»

ä 3ÎPÔz{:Ô�òêë÷ 2Îlm�½�Æ

�>[\���'�_`��: 

4.1  ����� 

ã 1Â^FºÎ�!���'���®%Â�

îïEª: 

1) Å@D�ü	´�[\��ÆN'��òD

�ü	´s������ TS1 ��o-���¼

TS2�:��ºÎ����üýþ���ºj�ü

	´©tf��D�ü	´��s��D�ü	´

���!j�ü	´���÷ø TS1�����½

�©_`: 

 

� 1  �������	
� 

2) Å@r��ü	´� TS2 ����ÆN'

��òr��ü	´s������ AS1��o-

����¼ AS2�:�D�ü	´p´�¤	®�

s��r��ü	´����üj?Y=�:�Ñ

����r��ü	´s�n�üj?Y=���

V AS1�©_`��: 

3) Å@UV6� AS2 ����ÆN'��ò

UV6sA����� AV1��o-���¼ AV2

�:UV6sAEª�üNe��³e`s´��

V AV1 |�©_`��:� AV2 ����H\D

�ü	´p´
r��ü	´p´n�³e`p�

�YZ��Ô;V AV2�_`��: 

4.2  �	��
� 

Ô��V�� c �Ä���û (FCM)

[15]

�

Gyenesei 9�

[16]

	^�5`½ '�?£úûÆ

�'���ò_`��>[\���'�^Q: 



� 10
 �����P2P�������������	� �37� 

 

FCM�ûvº¯Pf�'����û���P

Ô��v�(��'¢&º����Ne�#�

½t��©&�Ne��#�½A:Â`?@�

X={x

1

, x

2

, �, x

n

}⊂R

s

�o� n�?@��øÔ�Î

?:H cÎ����� V={v

1

, v

2

, �, v

c

}�v

i

∈R

s

�

2sc<n:H������ U=(u

ik

)

cn

∈M

fcn

���� u

ik

��F¹ iÎøÔ�f¹ kÎ��B�:FCM�û

�vÉ�(£��?½Aö����'�� U �

���� V: 

FCM�£��(�_ú,���¢½A° 

 

1 1

( , ) ( )

n c

m

m ik ik

k i

J u v u d

= =

=
∑∑

 

o��

1

c

ik

i

u

=
∑

=1�

ik

u ∈(0,1)�m (1<m<∞)����!

²?,

2

ik k i

d x v= − : 

FCM�û�PÔ��$®: 

1) 5`��?£ c(5` c�úûÐÔ�¾%)�

��ö��²� m=23���� V 

(0)

: 

2) hç���Å@ ( )( )1/( 1)

1

1 /

m

c

ik ik jk

j

u d d

−

=
=

∑

2�)�����?�Å@

1 1

n n

m m

i ik k ik

k k

v u x u

= =
=
∑ ∑

2�)�����: 

3) $�

( ) ( 1)l l

J J ε−− <  (l���j?�ε�Ã

Ä)��û�¥µ ¡��¼�� 2)¢£��: 

��V FCM�û	
yÂ`'�?£ c�¡�

'�?£©�¤Ò:Ô;�VF Gyenesei9�	^

�UV¥¦û5`½ '�?£�Ñ�û�PÔ�

��°x
�H`ºÎ½t'�?£(Ô;H� 10)µ

¡¾�> 2¼½t'�?£§j�ºÎ?b�'�

?£k?¨� FCM �ûµ½¾�¬Á'� �²

�Q5`½ '�?£��('� �½A�'�

?£�½ '�?£:HI2�$®: 

Â`?@� X�H���'� cÎ�����

�� V={v

1

, v

2

, �, v

c

}�¹ iÎ��

1

{ ,

i i

X x=
2

, ,

i

x �  

}

�
in

x : 

1) 2�?@� X�ú,σ2

(X): 

2) 2��Î'��ú,�¹ iÎ��ú,° 

 

2 2

1

( , ) ( )

�

�

n

i i i i i

k

X v x v nσ
=

= −
∑

 

3) 2�r�'�?° 

 

2 2

1

Scat( , ) ( , ) ( )

c

i i

i

X V X v c Xσ σ
=

=
∑

 

4) 2�D'�?° 

 ( )max

1

1

min

Dis( ) 1

c

c

i j

j

i

D

V v v

D

=
=

= −
∑ ∑

 

o��D

max

� D

min

'=����Ne�½t�½A

©�: 

5) 2�'� �(cluster goodness index)° 

 G(X,V)=α Scat(X,V)+Dis(V) 
o���!�ªα=Dis(c

max

)�c

max

�Â`�½t'

�?: 

4.3  �������� 

§«'���»ä'�úû� KAD ��ÆN

'�:x 1 Â^F KAD ���'�E�3¬��

²��r�Ä�o�	´�!"� min: 

�

��

� 1 KAD ��������	
��
�� 

�� ����

�����

�	���


��
/% 

	�

��

��

��

�� 

��

��

�� 

��

�� 

� 

� 

� 

TS1 326 733 81.6 335 5 97 0.38 0.66 

TS2 73 642 18.4 22 717 90 519 1.1 0.26 

AS1 69 773 17.4 20 692 94 364 1.23 0.24 

AS2 3 869 0.97 59 253 22 3 318 0.84 0.66 

AV1 1 532 0.38 49 815 21 2 654 1.1 0.36 

AV2 2 337 0.59 65 410 23 3 752 0.73 0.86 

 

­«D�ü	´�[\��ÆN'��½ '

�?£� 9�òD�ü	´½A����¼ TS1��

o-���¼ TS2�:>x 1� 2~3ç�Ò�D�

ü	´½A� TS1 H\$®YZ°1) [w��?

£t���[\��� 81.6%µ2) �üj?v[\

��½A�nr��ü	´|v[\��½A�µ

3) �W�?v[\��½A��®� 0.38µ4) U

V6� 0.66�ÑÄ®jf½tUV6 0.86(^��

AV2�):»ä?@xª°TS1����¯\�??

jY�	e�ü��ü	´Ne�,WsA�n�

üNe��³e`p�: 

­«r��ü	´� TS2ÆN'��½ '�

?£� 4�òr��ü	´½A����¼ AS1��

o-��¼ AS2 �:>x 1 � 4~5 ç�Ò�AS1

H\$®YZ°1) [w��?£pt���[\�

�� 17%µ2) �üj?v[\��½t���¢

94jµ3) r��ü	´� 364min�®´f½Ar

��ü	´ 97min(^�� TS1�)µ4) �W�?v

[\��½t���¢ 1.23µ5) UV6v[\��

½A��®� 0.24:÷Ù?@Eª°AS1����



�38� �  �  �  �  32! 

 

¯\Y=�j��	e�ü��ü	´Ne�,W

st�n�üNe��³e`s´: 

­«UV6�AS2ÆN'��½ '�?£�5�

òUV6½A����¼AV1��o-��¼AV2

�:AV1�UV6� 0.36�ÑÄKaf TS1� AS1

�UV6:LMNO�AV1×H\$®YZ°1) [

w��?£½A���[\��� 0.4%µ2) D�

ü	´�r��ü	´�Af AV2 ���tf

AS1�µ3) �üj?� 21j�ÑÄ°tµ4) �W

�?� 1.1�ÑÄ®jf½t�W�? 1.23(^��

AS1�):»ä?@xª°AV1����¯\�j´

	e�ü��ü	´Ne�,W=­t�n�üN

e��³e`s´:¿Á 3A'�N¾�AV2��

���_`�����z{D�ü	´´
r��

ü	´´nUV6a�YZ:LMNO�AV2×H

\$®YZ°1) [w��?£=­A���[\�

�� 0.6%µ2) �üj?�� 23j�ÑÄ°tµ3)

�W�?�� 0.73�ÑÄ°tµ4) UV6v[\�

�½t���¢ 0.86:»ä?@xª°AV2���

�¯\�j´	e�ü��ü	´Ne�,Wp

t�n�üNe��³e`s�: 

5  ��������	
�� 

��[\��?£ 0.6%�_`��Lz{D

�ü	´´
r��ü	´´nUV6a�YZN

O�¿'è��°1) _`���UV6� 0.86�M

YZ�(�±KF_`����³	´�²4³

�ü	´µ2) _`��×z{�W�?°tn�ü

j?°��YZ�MYZ�(=­\~yîï'è

�ü	´ýþ���YZ�2´hº�Fê_`�

���üç�: 

�ü	´v©tfËÌµ¶�·£��¸Æ»

2 Î=­YP��ü	´�Vb�ºÎ��My�

·£��ü	´ÆN�uö��uö6b§@ 4.2

�Â^���'�úûQÆ�:ò_`����j

��ü	´���º1��V��'�úû��ü

	´ÆN'���ü	´�'���>A¼t'=

� 641min
4 456min
11 299min
26 479min�©¹

Hé÷ 4��ü	´�G�º»'=� a
b
c
d:

$¼Î�ü	´�¼2 641min ������½Ö

Ñ�ü	´Vº» aQxD:÷ø�Î����ü

	´ýþ�GºÎº»ýþ: 

©¹H¼Î_`����ü	´ýþ�

s=ababacba�$ã 2[D�o� a
b� cxD©&

´���ü	´:��ü	´ýþ s�½�� a^

� 4j�'=¾� 1
3
5
8"¿µb^� 3j�

'=¾� 2
4
7"¿µ½´� c^� 1j�¾�

6 "¿:�FÜ�FêÑ����üç��Èy4

³�ü	´ýþ���YZ�}©&´���ü	

´^��j?23�ü	´Ne���"¿0�: 

 

" 2  #$%&��
����'( 

yfM�Ô;�V�üýþ�!"P#$²�

Q���ü	´���YZ�Ñ²��Û�|�ü

ýþ�ª�üýþ!À^��B���ÁÂFª�

üýþ!À^��j?bc23��Ne�©�

bc:$��üýþ s� a^� 4j�'=¾� 1


3
5
8 "¿���Ne�©�
¾� 2
2
3µ

ªýþ ab^� 2j�'=¾� 12
34"¿���

Ne�©�� 1: 

5.1  �	
��
���� 

Ô;�Vf��úûQ`«[��üýþ�

ªýþ!À^�B����²��Ã`°1) ��ü

ýþ�ªýþ!ÀÄ��Ñ²�ÄÄAµ2) !Àª

ýþÅ�ÄP�Ñ²�ÄÄA:>Ã`�Ò°Ñ²

��#f[��ü	´ýþÆ)��bc���ò

Ñ²�ÇÈ�P#$�Ñ¦§�;<[17,18]�PQ

»ÉÊ�Q: 

ËH·£�ü	´�uö�\ÌºÍ� X={x

1

, 

x

2

, �, x

m

}�½Ö�Î����ü	´ýþ�ºÎC

�Â X�ºÍf��\ýýþ�ýþ�´����

��üj?: 

�

��

��

��

� 6  H´�� L ��üýþ s=x

1

x

2

�x

L

�

(x

i

∈X)�!"P#$`«� 

 

1

( ) ( )

L

i

i

E s e x L

=
=
∑

 (1) 

o��e(x

i

)�-�¹ i ÎºÍ¾�üýþ[-��

bc�:bc-��? e(x)Èz{2® 3Î�X: 

�� 1  e(x)>0�}��-�ºÎºÍ�G
-

�ÎÏbc�: 

�

��

��

��

� 2  2¹ iÎºÍEn�ªýþé¹ iÎº

Í¤%�ªýþ!À�Ä��e(x

i

)�ÄÄAµ ¡

e(x

i

)�ÄÄt: 

�� 3  2¹ iÎºÍEn�ªýþé¹ iÎ



 10) *+,-.P2P/01%&����'(23�4 �39� 

 

ºÍ¤%�ªýþ!À�$� 2 Î!ÀªýþN

e�©�ÄP�¡ e(x

i

)�ÄÄAµ ¡ e(x

i

)�Ä

Ät: 

Pf»ä�X�bc-��? e(x

i

)f�$®° 

 

1

( ) ( )

m

j

i j

j

e x ε ε α σ
=

= +
∑

 (2) 

o��ε�A4?��FÐÑ'»�Òµm(m<i)�¤

H`�½t!À´�(m��ÄyÓ��$� m�

ÄpA�%&�'bc�Ô\�2���N$� m

�Äpt�-���9V�2����´�ºÍý

þs�!À^�)µα(α>1)�­?�Ñk?�H¿v
�FI��X 2µσ

j

`«� 

 

2 1

1

i j

d

j id

d

σ λ δ
− +

=

=
∑

 (3) 

o�� 

 

1 2 2 1

1,   

0,   

i j i i j d i j d

id

x x x x

δ − + − − + − − +=


=






� �

��

 (4) 

d � 2 Î�&ªýþNe�©��λ(λ<1)�­?�
Ñk?�H¿v�FI��X 3:õ(4)�ùê�°

$�δ
id

=1�¡´� j �2¹ i ÎºÍEn�ªýþ

�´� j �2¹(i−j−d+1)ÎºÍEn�ªýþ�

9µ$�δ
id

=0�¡�»ä 2Îªýþ©�9: 

í$��ýþ s=ababacba��Hªýþ ababacb

�bc�G2�ó���2�Õ»½¾ºÎº» a

N¾�üýþ[-��bc� e(a

8

)(o�®� 8 x

DºÍ a^��"¿):H½t!À´� p=2�¡ 
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1 2

1 2

( )e a

ε
ε α σ α σ

=
+ +

 (5) 

σ
1

=λ1δ
81

+λ2δ
82

+λ3δ
83

+λ4δ
84

+λ5δ
85

+λ6δ
86

+λ7δ
87

=

λ3

+λ5

+λ7

: 

Ñx�õ�ùê�°�ü	´ a^��"¿'

=� 1
3
5
8"¿�̂ ��"¿ 8� aé"¿ 5


3
1 �©�'=� 3
5
7:�õ(4)�I��

x

8

=a=x

5

=x

3

=x

1

: 

σ
2

=λ1δ
81

+λ2δ
82

+λ3δ
83

+λ4δ
84

+λ5δ
85

=λ2

+λ4

: 

Ñx�õ�ùê�°ª�üýþ ba ^��"

¿'=� 78
45
23"¿�^��"¿ 78� aé

"¿ 45
23�©�'=� 2
4:�õ(4)�I��

x

7

x

8

=ba=x

4

x

5

= x

2

x

3

: 

òσ
1

�σ
2

��õ(5)�õ(5)ö�� 
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1 3 5 7 2 2 4

( )

( ) ( )

e a

ε
ε α λ λ λ α λ λ

=
+ + + + +

 (6) 

÷ø�mk?ε
m
α
λ��ÄÂ`N¾��
üýþ�!"P#$��­õ(1)2�:�Ô;��

���Ä'=�ε=0.1
m=7
α=3
λ=0.1: 

!"P#$�2�;õ���ª�üýþ�

´�
ª�üýþ!À^��j?23!Àª�ü

ýþNe�©� 3Î�Ö�|}!"P#$v»ä

3 Î�Ö�&bV�ÁÂE��Ñ²�&	ÁÂ4

Ìª�üýþ�!ÀB�23!Àª�üýþN

e���"¿0�: 

���uö¾��ü	´ýþ�©&�ü	

´Ne�,©st�×\~yFê!Î����ü

ýþ�©&�ü	´�'5RS��`«F�Î�

ü	´�o[Z�üýþ�^��¦6²�: 

�� 7  HºÎ����üýþ� s=x

1

x

2

�x

L

�

(x

i

∈X)��ÎºÍ^��¦6`«� 

 f(x)=n(x)/L 

o��n(x)� s�[wºÍ x�Î?�L��üj?:

í$��üýþ s=ababacba��a�^�¦6� 0.5: 

5.2  ������	
��
� 

Å@!"P#$�V��'�úû(Ð¹ 4.2�)

�_`��ÆN'��o�½ '�?£� 2�ò

!"P#$A����¼ AE1��o-��¼ AE2

��x 2�x 3Â^F¬����²��r�Ä:

AE1�!"P#$� 0.31�� AE2�!"P#$�

0.95�¤Tp¾TAs�:Ñ?@xª°� AE1[

������ü	´ýþ��ªýþ!À��p 

!µ�� AE2[������ü	´ýþ��ªý

þ!À��p×:>x 2��Ò�AE1��üj?

�� 33j�� AE2��üj?®�� 2j:��

f�üj?���üýþ���üj?���ü	

´ýþ�ªýþ!À��¬­ !:®%Â^ AE1

� AE2oØ�YZ: 

�

��

� 2   ��������	
��
���(1) 

�

� 

�� 

��� 

�	


�� 

	



� 

��	


�� 

��

�� 

��

� 

AE1 0.31 89 939 32.7 3 043 1.1 0.82 

AE2 0.95 10 101 1.98 5 353 0.28 0.95 

 

AE1�D�ü	´�� AE2� 9/����ü

j?�� AE2� 16/����r��ü	´��

AE2� 1/2µ�N AE1��W�?� 1.1��v AE2

� 4/:Ñ�?@xª°1) AE1������üv

Ct�������ü���n�ü	´,Wp



�40� �  �  �  � � 32� 

 

tµ2) AE2 ������üvC���´�ü�

��n�ü	´,WpA: 

��_`���r�UV6�¢ 0.86($x 1

[D)�¡�¿!"P#$'�¾�AE1�UV6�

0.82�AE2�UV6� 0.96�¤TK8f�Ä��

¾Taf�Ä:Ñ?@xª°AE1�����ü�

�f AE2�����üp�ÙÚ: 

º» a
b
c
d'=�x2 641min
4 456min


11 299min
26 479min�'�����ü	´�

÷Ù�ü	´Ne�,©st�b�� a� 7/�

c�� b� 2.5/�d�� c� 2.3/:>x 3�

�Ò�� AE1� a�^�¦6� 0.64�b�^�

¦6� 0.27µ� AE2� a�^�¦6� 0.24�b

�^�¦6� 0.64µAE1 � c
d �^�¦6é

AE2 � c
d �^�¦6=­YP�nq=­A

(c
d�^�¦6N��� 0.1):÷�?@xª°

AE1 � a �^�oíÛaf AE2 � a �^�o

íµAE2 � b �^�oíÛaf AE1 � b �^

�oíµ©�v� AE1 �×v� AE2 ��c
d

�^�oíqs8: 

5.3  ���������
� 

L�_`��­«!"P#$'�NO�Ô;

×Å@�ü	´�^�¦6�_`��ÆNF'

�:x
�2�Î_`����üýþ��Îº»

^��¦6�¡¾Å@½t�º»^�¦6ò��

'=���'�Ã¡�°$�¼����ü��ý

þ�º» x(x=a�b�c�d)�^�¦6½t�½Öò

Ñ���¼ Fx �:x 4 Â^F���Îº»^�

¦6�r�Ä�x 5Â^F¬��²��r�Ä: 

òx 2
x 3�x 4
x 5�o�Ò°1) Fa�

��YZÄ� AE1�=­YP�ò Fa� AE1hç

�Ü�����\ 1 443Î��Ý�f AE1Í�f

Fa�Ñ?£�� Fa?£� 94%��� AE1?£�

89%µ2) Fd���YZÄ� AE2�sYP�ò Fd

� AE2 hç�Ü�����\ 522 Î��Ý�f

FdÍ�f AE2�Ñ?£�� Fd?£� 77%���

AE2?£� 73%: 

� 3 ��������	
��
���(2) 

�� !"��#$%� 

�� 

&' 

�� 

(�� 

)*/% 

a b c d 

AE1 1 619 0.4 0.64 0.27 0.08 0.01 

AE2 718 0.18 0.24 0.64 0.10 0.02 

�

��

� 4 �������	
��
��� 

�� !"��#$%� 

�� 

&' 

�� 

(��

)* 

a b c d 

Fa 1 541 0.39% 0.67 0.24 0.08 0.01 

Fb 677 0.17% 0.21 0.76 0.02 0.01 

Fc 100 0.03% 0.18 0.16 0.64 0.02 

Fd 19 0.01% 0.06 0.14 0.10 0.70 

�

��

� 5 Fa-Fd�
������� 

�� 

���

�� 

�	


�� 

	
 


� 

��	


�� 

�� 

�� 

��� 

Fa 0.33 88 113 33.2 2 838 1.2 0.81 

Fb 0.85 17 564 3.9 3 894 0.34 0.94 

Fc 0.86 37 326 4.4 8 810 0.37 0.93 

Fd 0.95 76 719 2.7 46 231 0.12 0.97 

 

>x 4�x 5�Ò�Fb� Fc�D�ü	´�

Af Fa� Fd�D�ü	´��oØ��²�ÄÞ

f Faé Fd���²�ÄNe:Fb� Fc�YZ=

­�#�����üýþ�!"P#$
�üj?


�ü	´��W�?23UV6PÔ�9µ���

D�ü	´ér��ü	´,=pt�� Fb � b

º»�x��ü	´�t�?��� Fc � c º»

�x��ü	´��?: 

yf÷ø�'�E���2®Å@�üýþ�

!"P#$Q'�'è_`����üýþ��

YZ��9ÈßÅ@©&�ü	´�^�¦6�_

`��ÆN'�'è: 

6  ��� 

Cf_`���Aj P2P����!y��Ô

;'� KAD��ó�F2® 2ô�á°1) Â^F

_`���iõö`«�¨Æ�F>[\���'

�_`��µ2) �_`����üýþ���YZ

hçF�ö'è: 

¬Á'è�� KAD ��_`��&øH\W

X�YZ°� 70%�_`��¬Á�j�ü*+´

	e�³�n�ü	´Ne�,Wstµo-�

30%�_`���D�ü	´Û8f¤T�.v�

�s��³nr��ü	´��¤T� 1.8 /:�

b÷Ù0f_`���)Eñº`��Âù]w

3akUV_`��	
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