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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. 
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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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( )

( ) ( )

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
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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_`��	
ÆX�àá: 
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��ü	´�UV6 3Îú%�_`��hçFÌ



� 10+ ,-./0P2P12345&'	
6789:; �41� 

 

����1975-��������	�


�����������������

����� !"#$%&'() 

 !"�1978-��*�+,-�	�

�����./��������012

340156) 

�#$�1957-�������7	�

,89:����#
�;</�����

������=>� ?@'(ABC#�

��� !"'(#D��EFGH� I

J#'(ABCK) 

%&�1962-����LM	���

�����#
�;</��������

=>� ANO) 

`���bT<�÷ 3Î�ÖÝv!y�ÍvPÔ

��¡�}Èyðñ÷ 3Î�Öv �½â�Ö2

3��¬e�Ì`ÃÄv �½â�÷òvÔ;�

ºÎ¾£6b:ãO�Ô;®ò_`���'��

�üýþ'èúûGVf KAD ���=\~y

òÑúûGVf'è©&� P2P���÷øÝ�ä

åÑúû�\k�Í�(¢oØP2P���_`�

���ç�YZ�÷òvÔ;�ãº¾£6b: 

����� 

[1] GODFREY B P, SHENKER S, STOICA I. Minimizing churn in dis-

tributed systems[A]. ACM SIGCOMM Conference[C]. Pisa, Italy, 

2006. 147-158. 

[2] ,-., <=, ,>?. P2P 123 Churn @ABC[J]. DE��, 

2009, 20(5):1362-1376. 

ZHANG Y X, YANG D, ZHANG H K. Research on churn problem in 

P2P network[J]. Journal of Software, 2009,20(5):1362-1376. 

[3] YAO Z, LEONARD D, WANG X, et al. Modeling heterogeneous user 

churn and local resilience of unstructured P2P networks[A]. IEEE 

ICNP[C]. Washington, 2006. 32-41. 

[4] JOUNG Y J, WANG J C. Chord

�
: a two-layer chord for reducing 

maintenance overhead via heterogeneity[J]. Computer Networks, 2007, 

51(3): 712-731. 

[5] ,-., ,>?. FGHIJK P2P 123"LM�NOP[J]. 

QRS��, 2010, 33(9):1580-1590. 

ZHANG Y X, ZHANG H K. A load balancing method in superlayer of 

hierarchical DHT-based P2P network[J]. Chinese Journal of Com-

puters, 2010, 33(9): 1580-1590. 

[6] WANG F, LIU J C, XIONG Y Q. Stable peers: existence, importance, 

and application in peer-to-peer live video streaming[A]. IEEE INFO-

COM[C]. 2008. 2038-2046. 

[7] ZHANG Y X, LUO H B, ZHANG H K. Load balancing for two-tier 

Chord system[J]. IET Electronics Letters, 2010, 46(10):685-686. 

[8] HEI X, LIANG C, LIANG J, et al. A measurement study of a 

large-scale P2P IPTV system[J]. IEEE Transactions on Multimedia, 

2007, 9(8): 1672-1687. 

[9] GARCES-ERICE L, BIERSACK E W, ROSS K W, et al. Hierarchical 

peer-to-peer systems[J]. Parallel Processing Letters, 2003, 13(4): 

643-657. 

[10] TIAN J, DAI Y. Understanding the dynamic of peer-to-peer sys-

tems[A]. IPTPS[C]. Bellevue, USA, 2007. 

[11] STEINER M, EN-NAJJARY T, BIERSACK E. Long term study of 

peer behavior in the KAD DHT[J]. IEEE/ACM Trans on Networking, 

2009, 17(6): 1371-1384. 

[12] RHEA S, GEELS D, ROSCOE T, et al. Handling Churn in a DHT[A]. 

Proceedings of the USENIX Annual Technical[C]. Boston, USA, 2004. 

127-140. 

[13] WANG X M, YAO Z M, LOGUINOV D. Residual-based estimation 

of peer and link lifetimes in P2P networks[J]. IEEE/ACM Trans on 

Networking, 2009, 17(3):726-739. 

[14] STUTZBACH D, REJAIE R. Understanding churn in peer-to-peer 

networks[A]. Proceedings of the 6th ACM SIGCOMM on IMC[C]. 

Rio de Janeiro, Brazil, 2006. 189-202. 

[15] BEZDEK J C. Pattern Recognition with Fuzzy Objective Function 

algorithms[M]. New York: Plenum Press, 1981. 

[16] GYENESEI A. Fuzzy Partitioning of Quantitative Attribute Domains 

by a Cluster Goodness Index[R]. University of Turku, 2000. 

[17] TANG S, ZHOU L, WANG X. The classified model for DNA se-

quences[J]. Mathematics in Practice and Theory, 2001, 31(1):19-25. 

[18] PINCUS S M. Approximate entropy as a measure of system complex-

ity[J]. National Academy of Science, 1990, 88(6):2297-2301. 

 

'()*+ 

�  

 

 

 

 

 

 


