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Analysis of network behavior characteristic and  
influence factor based on the peak traffic 

ZHOU Ai-ping, CHENG Guang 
(Key Laboratory of Computer Network and Information Integration, Ministry of Education, 

School of Computer Science and Engineering, Southeast University, Nanjing 211189, China) 

Abstract: Based on the burstiness of network traffic, the peak traffic metric was introduced, and the method which was used 

to evaluate network operation and plan capacity was proposed. The network intrinsic features and the peak traffic for the 21 

CERNET campus networks were analyzed by statistical methodologies (analysis of variance and analysis of covariance), so 

that the peak traffic is mutually independent and follows Gaussian distribution, the network intrinsic features have dominant 

impact on the peak traffic, and the number of network users is highly related to link bandwidth demand. On the basis, the 

linear regression model and capacity planning model were constructed. Experimental results illustrate that the proposed ca-

pacity planning model is used to evaluate the access bandwidth of new campus networks exactly. 

Key words: peak traffic; capacity planning; network intrinsic features; analysis of variance; analysis of covariance; ac-

cess bandwidth 

 

1  �� 

��������	
��������

��	�������������������

��� !"�

[1~3]
�IP #$%&!"�'��(

)�*+,-./.�012����!"���

�3��()*+4567-89:;���()

*+�45���<�=>�?@ AB���<

�����2011-10-02m�����2012-04-13 

�����nopq�rst�u,$�vwxyz{|973},$~{2009CB320505~mno�����vwxyz{60973123~m

�������,${��~�vwxyz{BE2011173~m���|����}�vwxyz 

Foundation Items: The National Key Basic Research and Development Program of China (973 Program) (2009CB320505); The 

National Natural Science Foundation of China (60973123); The Scientific and Technological Support Project (Industry) of Jiangsu 

Province (BE2011173); The Innovation Project of Jiangsu Province 

 

doi:10.3969/j.issn.1000-436X.2012.10.015 



�118� �  �  �  � � 33 � 

�=>�CD���<�EFGE�����!"

��H6IJ�KL���M3NOPQR�S�T

U�0	VWXYZ[\�����!"�

[4,5]
�Van 

De Meent R[6]
]IJ\A&^_=`���<�=

`0=`abc 

 MdC ⋅=  (1) 

960C�MCD��<�0M�M��()*+0

dd 1d � e�	fgh0�MEF���<�GE

()*+ M�!"�� 

Ci0jk3lm�no]pYqrsf��

kWtu/vw<�=>�xyz{|-\	}

~��3�HpY0{������������

� �$PQ�<�=>I�\	f����20

?@����������0�����l��

�

[7]
�3�pY0Berger A ][8]

IJ\A&�X

�<�=>tu0�tu'����,��g�

�03�� �6¡¢�l£¤�02KL��

X¥��¦§� ����Giordano S ][9]
IJ\

	¨A&noX �X�©otu0noX

ª��«¬��0�Xª�������Van De 

Meent R ][6]
'©otu¤®0��no��

�¯°'��!"�qt�Y±� 2¨¯²0�V

3sf³´kW6µ¶��*+�·V�0¸¹º

;»¼����!"��½@����µ¾��

�0�}¯²¿��&ÀÁ���<�=>02l

��&�Á���<�=>�Paxson V][10]
��Â

�������µ¾���ªÃÄÅÆ¤���

�tÇ�ÈÉ�3 �pY0Marques-Neto H T][11]

ÊËf�Ì��*+Í±�	¨�u �ÎÏ�

Ðo0aWebÑÒ0P2P0ÓPjÔ email02�

tu*;ÕÖ×ØÙËf �0'�ÌÚ+tÇ�

®,�g��0l��&��Û�Papagiannaki K

]

[12]
jkqrsf���Ütuvw<�=>

xy0ÝÞJ\3�PQßXY����L0à

á'���L¤no0�â��ãä,å ¯

°³´'noh@¤æçèé� 

êHIJ�¯²ëF�ìí�Y±Hî6�

ïð��àáIJ\KL�����ñò0��K

L�����,"óKL���1ôõ³ö0÷9�

���ør��9ù³Ùqr¯°³´tu ú¯

°³´tu�����R3��dº;_ûü()

 ���Ìhe'KL���ýþ0"óûü()

'KL���ýþ�ã02���Ìh'KL��

�ýþ����âqrA&���Ìh�����

tu0��Â������ÌhªKL���¶L

 D�°�Q�3����0Sâ��KL���

ôõ�÷���ÌhªKL���¶L	D�°

�Q�����03Çd1eABYqrA&��

�Ìh�<�=>tu0jk
q���'�tu

¤\�ì��0��Â���3������

�L���b0ëF�Ö�4
q����ûü

()�KL��X���\h@�������

é ³´�kW0�ëF�ì×¤��<�=

>0¥����� ¦§�� 

2  ���� 

�� 1  µ¶TU�(HT (t))_	���	��

3 ],[ 22
TT tt +− RëF��h@��µ¶L� 

 2

2

1
( ) ( )d

T
t

TT
t

H t A
T

τ τ
+

−
=

∫

 (2) 

Ç60A(t)�M��3 !PQRëF���h@

�� 

�� 2  KL��(X)_µ¶TU�(HT (t))3

],[ 22
TT tt +− R|-�S�L� 

 max ( )T
t

X H t= 0 [0, 24 )t h∈  (3) 

�� 3  TU�¯°(V)_3 ],[ 22
TT tt +− RT

U�(A(t))ªKL��(X)�Q�"#WX� 

 22

2

1
( ( ) ) d

T
t

T
t

V A X
T

τ τ
+

−
= −

∫

0 [0, 24 )t h∈  (4) 

�� 4  #°�h(CV)_TU�D�°ªKL

���$L� 

 
2

, 1,2, ,i
i

i

V
CV i N

X
= = L  (5) 

Ç(5)60Xi, Vi, CVi ³Ù�M% i&�KL���T

U�¯°÷#°�h0#°�hZ[\KL��ª

'�¶L�Q�"#WX� 

3  ����� 

êH()����h@/*&+,-./ 

���01�23º4�%�Q��� Netflow h

@

[13]
05�$6� 172 048, PQ8X� 5min0h

@��PQ1 2011 9 3 : 1 ;� 5 : 31 ;�'

Netflowh@	<èé-�=�TU� A(t)0½@



� 10� ������	
���������������� �119� 

TU�A(t)5>Ë&�KL��X TU�¯°V0

-�PQ?@{Xi, i=1,2,A,N} {Vi, i=1,2,A,N}�Ü

17M\BC 3&�TU�(A(t))0KL��({ Xi, i = 

1,2,3 }) TU�¯°({ Vi, i = 1,2,3 })� 

 
� 1  U1��� 3 !"#
���!"$% 

�\ëF�ì×¤<�=>0DEPQ?@

6�F�;�KL�����Gp HI®,J£

ë'KL�����KLl�ýþ0�E3 2011

9z{Gp	HI®,��M���{kY±èé

-��h@�NO/� 13 f�M����ê0P

h@���\(Q���R3��0aûü()�

���Ìh]�� 1ÞJ\Ëf�M���ûü(

)����Ìh�S�KL��÷()S���6�

1� 1£R0(�����6$�S0Ó)3ô«

¬���b0JS& 30%0µ¶����6�T�

25%,3S:«¬b0U2 ���S���6JS&

60%����S��6)-UVì Wì0º;X

Y�S�KL��ZZ[������S�ûü

()023��ô����6�Sûü()b0U

Vì \ÎKL7]ì�� 

4  ����	
���� 

4.1 ��������	 

àá0ÞJ\KL���¶L D�°45� 

 
1

1
ˆ j

j

N
U

U i
i

X
N

µ
=

=
∑

 (6) 

 ˆ
jUσ 2

1

1
ˆ( )

1
j

j

N
U

i U
i

X
N

µ
=

= −
− ∑

 (7) 

960

jU

iX �M% jf�M��% i&�KL��� 

��Çd6e Çd7e5>KL���¶L 

D�°�45L0a� 2�% 2�3@(M� 

9ù0ÞJ\S�#°�h 

 max
2

max , 1,2, ,
j

i
U

i
i

V
CV i N

X
= = L  (8) 

S�#°�h��\�����!"�¤�0a�

2�% 4@(M� 

Sâ0½@^��0KL���1¶L�

jUµ̂ 0

¯°�

2ˆ
jUσ �ôõ³ö�jk Q-QÜ_`^���

a~r�a�KL���b�Üc~�
�.û=

'd�0�MKL��³ö.û=ôõ³ö

ˆ( ,
jUN µ 2ˆ )

jUσ �aÜ 2 (M0U1��e³KL��

L³ö3'd��fg0(hûi^��0��

U1�KL���1ôõ³ö )ˆ,ˆ( 2

jj UUN σµ �'9j

�M���KL��¤ Q-QÜk�0-�Æ��

Â�� 

� 1 �������	
������������ 

�������/�	
 ���/(Mbit·s−1) ������103

 �����/(kbit·s−1) �����/% 

U1 800 100 325 438/474 813 41/59 

U2 800 21 267 988/477 480 34/60 

U3 500 20 65 832/79 232 13/16 

U4 500 49 75 119/74 655 15/15 

U5 500 33 124 114/131 976 25/26 

U6 300 12 28 605/24 751 10/8 

U7 300 16 162 665/150 999 54/50 

U8 200 10 16 298/12 147 8/6 

U9 200 10 46 599/78 667 23/39 

U10 70 6 10 016/9 619 14/14 

U11 70 4 11 111/8 105 16/12 

U12 30 2 8 795/7 854 29/26 

U13 30 4 6 493/6 800 22/23 
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jUσ /(kbit·s−1) max

jUCV  Shapiro-Wilk(α = 0.05) 

U1 177 437/312 389 73 286/84 923 0.459 6/0.595 9 0.045/0.278 

U2 179 771/380 590 41 826/44 669 0.719 5/0.638 0.015/0.904 

U3 38 374/59 879 9 728/8 141 0.703 0/0.718 0 0.224/0.981 

U4 34 206/49 569 13 169/18 083 0.776 6/0.869 4 0.083/0.042 

U5 96 662/102 358 12 623/10 332 0.668 9/0.646 1 0.357/0.795 

U6 14 941/20 801 4 239/2 373 0.742 8/0.717 4 0.097/0.264 

U7 108 270/116 084 18 805/13 484 0.721 7/0.690 6 0.141/0.758 

U8 7 280/6 455 3 740/1 381 0.795 6/0.822 8 0.014/0.277 

U9 27 867/65 986.0 5 454.0/6 497.0 0.643 9/0.768 4 0.742/0.919 

U10 7 904/7 210 1 637/1 615 0.783 7/0.912 1 0.038/0.432 

U11 7 175/6 419 752/653 0.728 8/0.661 7 0.105/0.954 

U12 7 167/6 033 964/816 0.749 3/0.822 1 0.612/0.390 

U13 3 748/5 300 1 162/1 049 0.766 3/0.731 4 0.235/0.317 
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� 3 �������	
�� µ  σ ���	������� 

�	 
�� ���� ��� ��� �� F� P� 

�� µ ���� 4.281�109 1 4.281�109 1.033 0.331 

  �  4.560�1010(91%) 11 4.145�109 ! ! 

  "� 4.988�1010 12 ! ! ! 

 σ ���� 8.644�108 1 8.644�108 2.153 0.170 

  �  4.416�109(84%) 11 4.015�108 ! ! 

  "� 5.281�109 12 ! ! ! 

#$ µ ���� 3.177�1010 1 3.177�1010 2.396 0.150 

  �  1.458�1011(82%) 11 1.326�1010 ! ! 

  "� 1.776�1011 12 ! ! ! 

 σ ���� 1.019�109 1 1.019�109 1.864 0.199 

  �  6.013�109(86%) 11 5.466�108 ! ! 

  "� 7.032�109 12 ! ! ! 
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�� µ  σ ���	�������� 

�	 
�� ���� ��� ��� �� F� P� 

�� µ %&' 1.870�1010 1 1.870�1010 6.955 0.025 

  ���� 9.211�108 1 9.211�108 0.343 0.571 

  �  2.689�1010(30%) 10 2.689�109 ! ! 

  "� 8.874�1010 12 ! ! ! 

 σ %&' 3.190�109 1 3.190�109 26.016 0.000 

  ���� 2.203�108 1 2.203E�108 1.796 0.210 

  �  1.226�109(18%) 10 1.226�108 ! ! 

  "� 7.916�109 12 ! ! ! 

#$ µ %&' 4.904�1010 1 4.904�1010 5.066 0.048 

  ���� 1.423�1010 1 1.423�1010 1.47 0.253 

  �  9.680�1010(35%) 10 9.680�109 ! ! 

  "� 2.774�1011 12 ! ! ! 

 σ %&' 4.686�109 1 4.686�109 35.323 0.000 

  ���� 2.070�108 1 2.070�108 1.561 0.240 

  �  1.327�109(13%) 10 1.327�108 ! ! 

  "� 9.996�109 12 ! ! ! 
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� 5  �� µ�σ����	
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�� ���� ��/(kbit·s−1) 95%	
�� 

�� µ k = 19 452 [−20 934,59 838] 

  β = 1 596 [407,2 784] 

 σ k = −446 [−9 656,8 764] 

  β = 665 [394,936] 

�� µ k = 26 431 [−54 260,107 122] 

  β = 2 772 [396,5 147] 

 σ k = −2 483 [−11 967,7 000] 

  β = 796 [517,1 076] 
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V1 33 500 27 579/52 163 5 692/18 275 

V2 33 500 229 292/167 193 30 590/35 993 

V3 20 300 37 571/67 759 22 407/19 920 

V4 16 200 17 575/32 965 6 990/16 538 

V5 14 200 49 036/122 303 27 473/45 909 

V6 10 150 21 359/28 324 9 849/14 118 

V7 4 70 8 390/10 189 3 292/6 441 

V8 2 70 6 343/19 919 3 023/1 917 
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