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Abstract: The volatility and self-similarity features of network traffic poses great challenge to network traffic prediction. 

For this purpose, a novel network traffic prediction scheme based on FARIMA-GARCH model was formulated. A novel 

method was used to get a zero-mean traffic series by a piecewise two-way CUSUM detection algorithm. Then the fraction 

difference order was evaluated with precision by the presented bounded search method. After obtaining the model pa-

rameters, the prediction algorithm was conducted by using FARIMA-GARCH model. Compared with the traditional 

method, the limited search method reduces the evaluated error despite a slight computational cost. Then simulation was 

carried out to verify the accuracy of proposed algorithm with real network traffic. The proposed prediction method keeps 

the same time complexity with the FARIMA model prediction method, and the simulation result shows that the root 

mean-square error and relative root mean-square error, which closely resemble the RBF prediction method, is less than 

FARIMA model prediction method. And the interval estimation and volatility prediction performance is excellent. 
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0.60 0.572 0(0.48s) 0.544 1(58.88s) 0.590 4(0.10s) 0.594 1(0.25s) 0.600 5(5.17s) 
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�28� �  �  �  � � 34 � 

( )tX k � 95%���«x� ( )t k∆ ', 

 1, ( ) ( )
( )

0, ( ) ( )
t t

t
t t

X k k
h k

X k k

∈


=
 ∈


∆
∆

    k=1,2,3,


,T 

ºw'��«xþ0Ph;<Z,Ph�	k�5³

ò«xuXVÊ�(IFA, interval forecasting accuracy)

= 

 1

1
: ( )

T

t
k

IFA h k
T =

=
∑

 

�CDswpq�[ ACM SIGCOMM’04®�

�CD���

[35]
5q sig04_ver01(©	 2 �÷)L	

� SIGCOMM’04KL�w4¯�3� 10 000ÐÆ

Ç�Gw½kix°50]±'sig04_ver02 �

sig04_ver03GSL	4±² 2wGw½kix°5 

� 2 ������ 

����� H�� �	 
� 

sig04_ver01(10ms) 0.649 2 0.665 1 2.183 4 

sig04_ver01(100ms) 0.831 5 6.648 9 31.069 0 

sig04_ver02(10ms) 0.717 2 2.034 6 10.545 8 

sig04_ver02(100ms) 0.837 5 20.325 2 206.875 7 

sig04_ver03(10ms) 0.758 5 1.681 0 8.545 8 

sig04_ver03(100ms) 0.853 9 16.806 7 187.432 3 
 

=4!³-ix���}ix��GuX{

|�
�'ÉÏ 3wKL*+ 10ms(}ix��)�

100ms(-ix��)����/f'/f¡�yz

;çÙL	s)ix��e½k�GwÐK'å½

	 2w� 6ó��yz5?¡É��yzG=)¡

2ÂG')Â´¥^� 80%'qg;<µ¶�ÑK

��'�¡qt&°�;<0<�Ù�uX'É

uXÙ�¡Â�CDÙ�a��GH5 

Ò RBFuX{|��Cw',gã|Ê³ix

yz��·ËFÌK�ÍÎix

[19,20]
'%1ÍÎi

xT 15ËFÌKpq��´µ�¬|�Ê³'É

uXéy�°��+��ì= RBF{|uX��'

hi¾¿�-�+¸ÐK� 1 5005 

	3~	5GS0a4Ò}ix��G¹î{|

�uX
�5ºw'RMSEº}»¼uXÙ»�C

DÙ�1�º}'uX��º�5��y½3'ç

.{|�RMSEÒ¢ÞuX�óôG}gFARIMA

uX{|'� RBF{|�ç\s'ÒuXÞK¼n

���¾¿G'ç.{|¼n´�5 

RRMSE��íÚ� RMSE\O'¨�4uX

ÙYCDÙrx�íÚ�»�c�5��y½3'

ç.{|� RRMSEÒ¢ÞuXóôG����5

ÒuXÞK��i'ç.{|� RBF{|�}1�

�'@ FARIMA{|� RRMSEÀÁ��½Pf�

�Â�'Ã©	 5w FARIMA{|� RRMSEÀÁ

��½ 7'1iuXÙ�`Û*+-£\sgCD

Ù� 7U�='uX
�*+ÓPÄ5 

� 3  �	
������� sig04_ver01����� 
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RMSE(FARIMA) 1.628 6 5.314 2 7.704 5 9.476 0 

RMSE(RBF) 1.998 8 1.980 6 1.958 2.999 6 

RMSE(FARIMA-GARCH) 1.568 5 1.874 9 2.757 3 3.302 7 

RRMSE(FARIMA) 1.101 3 3.565 7 5.479 1 6.536 1 

RRMSE(RBF) 1.062 32 1.573 8 1.804 2.106 3 

RRMSE(FARIMA-GARCH) 1.026 2.646 8 4.337 4 5.272 5 

IFA(FARIMA) 95.51% 73.90% 55.92% 48.30% 

IFA(FARIMA-GARCH) 96.61% 90.59% 80.92% 75.23% 

� 4  �	
������� sig04_ver02����� 

��������� ��� 5�� 15�� 25�� 

RMSE(FARIMA) 1.791 1 2.630 8 2.865 7 2.879 3 

RMSE(RBF) 2.357 5 2.365 7 2.349 8 2.315 8 

RMSE(FARIMA-GARCH) 1.702 4 1.753 6 1.960 8 2.285 1 

RRMSE(FARIMA) 1.472 8 2.525 7 2.857 5 2.879 6 

RRMSE(RBF) 1.031 1 1.119 4 1.306 8 1.295 7 

RRMSE(FARIMA-GARCH) 1.114 7 1.400 0 1.697 2 2.569 8 

IFA(FARIMA) 95.22% 91.96% 89.93% 84.13% 

IFA(FARIMA-GARCH) 97.96% 96.44% 95.73% 95.52% 

� 5  �	
������� sig04_ver03����� 

��������� ��� 5�� 15�� 25�� 

RMSE(FARIMA) 3.606 4 5.355 3 8.852 6 9.157 4 

RMSE(RBF) 5.057 7 5.033 6 4.901 7 4.858 5 

RMSE(FARIMA-GARCH) 3.399 4 4.124 1 4.276 9 4.438 0 

RRMSE(FARIMA) 1.664 3 4.207 4 7.152 2 7.839 3 

RRMSE(RBF) 1.301 0 1.480 1 1.874 8 1.915 3 

RRMSE(FARIMA-GARCH) 0.941 1 2.148 2 2.256 5 2.821 9 

IFA(FARIMA) 85.73% 67.93% 55.08% 52.56% 

IFA(FARIMA-GARCH) 92.53% 91.18% 90.01% 87.15% 
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������� sig04_ver01����� 

��������� ��� 5�� 15�� 25�� 

RMSE(FARIMA) 7.706 1 8.410 8 10.471 9 11.411 4 

RMSE(RBF) 9.597 6 10.352 5 10.323 7 10.633 8 

RMSE(FARIMA-GARCH) 4.792 0 8.238 2 9.914 0 10.413 5 

RRMSE(FARIMA) 0.863 6 1.226 4 1.493 5 1.552 4 

RRMSE(RBF) 1.803 0 1.965 9 1.925 7 2.005 2 

RRMSE(FARIMA-GARCH) 0.697 3 0.949 8 1.139 4 1.389 2 

IFA(FARIMA) 92.72% 75.83% 68.94% 62.65% 

IFA(FARIMA-GARCH) 93.38% 91.72% 90.07% 87.09% 

� 7  �	
������� sig04_ver02����� 

��������� ��� 5�� 15�� 25�� 

RMSE(FARIMA) 8.895 8 15.014 6 14.132 2 16.493 7 

RMSE(RBF) 12.498 8 12.112 9 12.481 3 11.002 8 

RMSE(FARIMA-GARCH) 2.546 4 3.488 1 4.554 8 9.192 1 

RRMSE(FARIMA) 0.718 9 1.806 7 1.684 4 2.205 4 

RRMSE(RBF) 0.567 8 0.541 0 0.811 0 0.965 5 

RRMSE(FARIMA-GARCH) 0.284 8 0.618 0 1.136 2 1.205 3 

IFA(FARIMA) 99.15% 88.90% 90.18% 80.56% 

IFA(FARIMA-GARCH) 99.24% 96.13% 96.50% 96.20% 

� 8  �	
������� sig04_ver03����� 

��������� ��� 5�� 15�� 25�� 

RMSE(FARIMA) 17.833 7 24.817 0 26.780 0 25.904 8 

RMSE(RBF) 19.589 5 19.777 35 20.069 6 19.808 6 

RMSE(FARIMA-GARCH) 16.102 7 21.031 8 24.646 7 23.620 8 

RRMSE(FARIMA) 0.667 6 0.917 8 1.020 4 0.996 7 

RRMSE(RBF) 0.774 4 0.949 2 0.971 2 0.965 5 

RRMSE(FARIMA-GARCH) 0.473 1 0.739 2 0.970 6 0.936 4 

IFA(FARIMA) 76.47% 68.91% 61.50% 52.94% 

IFA(FARIMA-GARCH) 89.08% 75.63% 60.50% 63.87% 

 
hi��C�yw½3'4�uXÞK��

�'RMSE� RRMSE¶3J��5ç.{|��

�pÎ$��í^'@ FARIMA{|��1�Ò,

^���Ô
ÀÁ�¼n5@4�ÞK���'IFA

Ò,^���Ô�3Ja�¼n�-1G�'»¼

â��yz�íÐ4¯
�ÉI
¶	SÏ�i

xyz'P���^7±�Êu}'%1Ò2

3b7u}¡'R$�iWL¡ÇCDÙBC;

<'¤>Çu}5�C�y	¼'¢ÞuX�
�

�a�Ä��Ê�5 

ö 6 ���� sig04_ver02 Ò}ix��G�

íúuX�y'pq¢ÞuX5}ix��Ô��

��Z,ÓÏ�ÉI
'¢Ð����Ñ�(4v

Ò5FARIMA;<pqh¬ÛN³'P�,éê

ëÏîÉI
�����(5%1ÒÏ^��ÉI

v'FARIMA ;<uXÙYCDÙÛÓ�-5@

RBF{|h;P�,éuXÏ^ÉI('%��ê

ëyz�Ù�Ú5ç.{|�ù��yz~�'

¤bq GARCHêëyz�~�
'båÏ^ÉI

(v�uXÙa��¹CDÙ'uXéy�°5 

 
& 6  '()*+�,�-./0 



%30% 1  2  3  4 � 345 

ö 7 ���� sig04_ver01 Ò-ix��G�

íúuX�y5,gix����-'Òí³c�

Ô��4yz�ÉI
'%1��Ñ�(�ÐK¼

ný�'��æ?_ÒÐS¢Ð�ÉI(5��C

�y½3'Ò��a��²�Üú'3 î{|uX

�y¶�,é±¸¹CDÙ5PBYö 60]'Ò

¢Ð�ÉI('FARIMA;<IJ4��ÉI'@

P��VÊ±ÊË½ÉI(���'RBF{|��

uX½yz�ÙÔ¹'@�g FARIMA-GARCH�

uX{|¼n%�,éuXÉI(���5 

 
& 7 6()*+�,�-./0 

4  ��� 

ç.øù0��uXw� 2Ð_ÝÞß�ï

�'��34GúûÁ CUSUMüX{|�¾³�

�|'?¡Ò1�¢Ô�3íî�g FARIMA- 

GARCH;<�����uX{|5 

�CDssÕ4¾³��|�
�'Ò Hurst

\K�-¾¿G'º���g¬Û|� R/SGH|5

�?a A-V}~|��4����{�'����

`Û�\�ý}'��â{|�ix���æ?Ì

ÖÒ ( )O KN 'â���Y A-V}~|�ç\s5 

��pqCD�������0�g FARIMA- 

GARCH uX{|�4�CsÕ5ç.{|�

RMSE� RRMSEY RBF{|�ç\s'@�g`

a� FARIMAuX{|5hi0ÉI(�êë�u

X�o¼n�g0a{|'º«x���
���

`a� FARIMAuX{|$°5ç.{|Ò×ÖY

FARIMAuX{|�çd��H{ix���G'

�§4%°��Ù�«x��
�'8¬Ø±�

qg����uX��FÙ¿�ÚÛuÜ�GÝ8

��Þ�¨dßf5 

����� 

[1] PAXSON V, FLOYD S. Wide-area traffic: the failure of poisson mod-

eling[J]. IEEE/ACM Transactions on Networking, 1995, 3(3):226-244. 

[2] LELAND W E, WILLINGER W, TAQQU M S, et al. On the self- 

similar nature of ethernet traffic[J]. Computer Communication Review, 

1995, 25(1):202-213. 

[3] LELAND W E, WILLINGER W, TAQQU M S, et al. On the self- 

similar nature of ethernet traffic(extended version)[J]. IEEE/ ACM 

Transactions on Networking, 1994,2(1):1-15. 

[4] WILLINGER W. Self-similarity in wide-area network traffic[A]. 

Lasers and Electro-Optics Society Annual Meeting[C]. San Francisco, 

USA,1997.462-463. 

[5] HAMILTON J D. Time-Series Analysis[M]. New Jersey: Princeton 

University Press, 1994. 

[6] 789, :;, <=>. ��'?@A"#$�,BCD�[J].

E�FGHIJK,2008,25(8):70-72. 

WANG X F, GAO L, ZHANG X L. A network traffic analysis and 

forecast based on wavelet technology[J]. Computer Applications and 

Software, 2008, 25(8):70-72. 

[7] LMN,OPQ,RS. ��'?TUIVWX !"#$�,�

[J].E�FY3,2007,34(7):47-49. 

BAI X Y, YE X M, JIANG H. Network traffic predicting based on 

wavelet transform and autoregressive model[J]. Computer Science, 

2007,34(7):47-49. 

[8] Z=[,\]^. _`"��'?TUD FARIMA  !"#$�,

���[J].1234,2011,32(4):153-157. 

CHEN X T, LIU J X. Network traffic prediction based on wavelet 

transformation and FARIIMA[J]. Journal on Communications, 2011, 

32(4):153-157. 

[9] TARRAF A, HABIB W, AHMED A. ATM multimedia traffic predic-

tion using neural networks[A]. Global Data Networking Proceed-

ings[C]. Cairo, Egypt, 1993.77-84. 

[10] WANG F, XIA H B. Network traffic prediction based on grey neural 

network integrated model[A]. International Conference on Computer 

Science and Software Engineering[C]. Wuhan, China, 2008.915-918. 

[11] JUN L, LI T, LI X. Network traffic prediction algorithm and its prac-

tical application in real network[A]. IFIP International Conference on 

Network and Parallel Computing Workshops[C]. Liaoning, China, 

2007.512-517. 

[12] ARDHAN S, SATSRI S, CHUTCHAVONG V, et al. Improved model 

for traffic fluctuation prediction by neural network[A]. International 

Conference on Control, Automation and Systems[C]. Seoul, Korea, 

2007.122-125. 

[13] ZHU L, QIN L, XUE K, et al. A novel BP neural network model for 

traffic prediction of next generation network[A]. Fifth International 

Conference on Natural Computation[C].Tianjin, China, 2009.32-38. 

[14] LI X Y. Prediction of traffic flow base on neural network[A]. Intelli-

gent Computation Technology and Automation[C].Changsha, China, 

2009.374-377. 

[15] 7ab,:cd. ��RBFef#$"#$�,g ��[J].E�

FhiIGH,2008,44(13):6-11. 

WANG J S, GAO Z W. Network traffic modeling and prediction based 

on RBF neural network[J]. Computer Engineering and Applications, 



� 3� ������� FARIMA-GARCH !"#$����� %31% 

����1981-��������	
�
�������������������

��� !"#$%&'�()* 

���1964-������+,
�
�-(./012��34�������

 !56'�$2�78��9:* 

���1980-������;�
��
���-(./<������� !=

>?@$ABCD* 

2008,44(13):6-11. 

[16] WEN Y, YANG D Y, ZHAO Y L. Traffic flow prediction based on 

wavelet transform and radial basis function network[A]. International 

Conference on Logistics Systems and Intelligent Management[C]. 

Harbin, China, 2010.969-972. 

[17] jkl,\m. �� ARMA  !"#$�,�[J].E�FnoI

pq, 2002, 39(12):1645-1652. 

ZOU B X, LIU Q. Arma-based traffic prediction and overload detec-

tion of network[J]. Journal of Computer Research and Development, 

2002, 39(12):1645-1652. 

[18] rst,7u,<vw�. �� FARIMA  !" Internet#$���

4[J].E�F34,2001,24(1):46-54. 

SHU Y T, WANG L, ZHANG L F, et al. Internet traffic modeling and 

prediction using FARIMA models[J]. Chinese Journal of Computers, 

2001, 24(1):46-54. 

[19] xyw. IEEE 802.11 z{|}#���~�no��4[D].[�:

[�63,2006. 

FENG H F. Traffic Characterization and Prediction in IEEE 802.11 

WLANs[D]. Tianjin: Tianjin University,2006. 

[20] ��� .��()��BC��GH [M]. �� :��63��

�,2002. 

LV J H. Chaos Time Series Analysis and Application[M].Wuhan: Wu-

han University Press, 2002 

[21] ���,�d,�d.��z{#$���()���"��B�

��.1234,2011,32(11):51-58. 

YANG S M, GUO W ,TANG W. A collision resolution algorithm 

based on time-series forecasting for cognitive wireless networks[J]. 

Journal on Communications, 2011,32(11):51-58. 

[22] WILFREDO P. Long-Memory Time Series : Theory and Methods[M]. 

Hoboken: John Wiley & Sons, 2007. 

[23] ZHANG H F, SHU Y T, YANG O. Estimation of hurst parameter by 

variance time plots[A]. IEEE Pacific Rim Conference on Communica-

tions, Computers and Signal Processing[C]. Victoria, Canada, 1997. 

883-886. 

[24] CLEGG R G. A practical guide to measuring the hurst parameter[J]. 

International Journal of Simulation: Systems, Science and Technology, 

2006,7(2):3-14. 

[25] LAU W C, ERRAMILLI A, WANG J L, et al. Self-similar traffic 

parameter estimation: a semi-parametric periodogram-based algo-

rithm[A]. IEEE Global Telecommunications Conference[C]. Singa-

pore, 1995.2225-2231. 

[26] ABRY P, VEITCH D. Wavelet analysis of long range dependent traf-

fic[J]. IEEE Transactions on Information Theory, 1998, 44(1):2-15. 

[27] ��,�c�. ��'?" Hurst ��V�G�E
�[J]. JK3

4,2005,16(9):1685-1689. 

HONG F; WU Z M. Adaptive hurst index estimator based on wave-

let[J]. Journal of Software, 2005, 16(9):1685-1689. 

[28] WILLIAM R, LES O, MARCO R, et al. Estimators for long range 

dependence: an empirical study[J]. Electronic Journal of Statistics, 

2009.1-16. 

[29] Z��,��2. �FB 2¡¢�"B��B�E[J].£¤I2¥

34,2001,23(1):9-15. 

CHEN Y H, XIE W X. Fractional difference estimation for the pa-

rameters of random fractal signal[J]. Journal of Electronics and Infor-

mation Technology, 2001, 23(1):9-15. 

[30] BROCKWELL P J,DAVIS R A. Time Series: Theory and Methods[M]. 

New York: Springer,1987. 

[31] GARCH  !IGH¦§ [EB/OL]. http://wenku.baidu.com/view/ 

bd93f636a32d7375a41780b7.html, 2011. 

GARCH model application profile[EB/OL]. http://wenku.baidu.com/ 

view/bd93f636a32d7375a41780b7.html, 2011. 

[32] AKAIKE H. A new look at the statistical model identification[J]. IEEE 

Transactions on Automatic Control, 1974,19(6):716-723. 

[33] SHIBATA R. Selection of the order of an autoregressive model by 

Akaike's information criterion[J]. Biometrika, 1976,63(1):117-126. 

[34] HOSKING J R M. Modeling persistence in hydrological time series 

using fractional differencing[J]. Water Resources Research, 1984, 

20(12): 1898-1908. 

[35] Sigcomm 2004 trace dataset[EB/OL]. http://www.crawdad.org/meta. 

php?name=uw/sigcomm2004, 2011. 

 

��� ! 

 

 

 

 

 


