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Relationship between Hurst Parameters and Amount Variations of Network Traffic
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The Analysis of the network traffic, including the model construction, has been practiced since a self-similarity was detected in the traffic
flow. In case a stationary process obeys a 2nd order self-similar process in a strict sense, the process is characterized by a Hurst parameter
H(0.5<H<1). A real traffic which depends on the network architecture, protocol, or operation condition is hard to be imagined to be quite
consistent with the theory. According to the authors’ observation for more than one year, H seems to have a relationship with the temporal

variation of the traffic amount.
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Fig.3 Investigation example of the self-similar nature

between FGN, Poisson, and the observed traffic in
terms of their time series Xt.

M : mean traffic over Np points at  t;
H, : Hurst parameter over Np points at 1
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various ng. Lower: in case start points are changed, with end points fixed for various n ng.

n FGN(H=0.8) Poisson (H=0.5)
H H
FGN Software In The Internet
Traffic Archive FFT
e " poisson
b C,. 036 ' toahg=04 |~ FGN
1 ; | 09T
1 -
1 o b ﬁ .'\_“' g .d-'-li ‘r ! | F i " E
1 'IL Y XH,I 1,|I-r1' ] |'II r 0.7%
= # ( +, 65
: 1o VL TN ok
- : i . ‘ . . : . <1J-g 2.1.3 Xt
E 18 cC = 05 ] logig=L1 |-
fm 7 f'r\\ K 09z H H
"o 121 SN A T L s ] s 4 t
2 ig TS J\HI |I -if, I} w, \ )"r 0.8§
8|y 07 g
<l \ ] ﬂ-\ A]os
.é A '|I|[ \,_'/ /\.‘_'/ - e d Ta 06z 14 . Np.:&ﬁ«:}mﬁ) . 1.0
S . . - - . 05 CcC =036 log(n)=0.4
P |||oc = ozl log(n)=18 |10 © o ¥ 09 T
| 1 10
é ii ill 11 f I 2[1I 1 oo 8 Il'h\\.\‘ ),gg
1 [ | . I | - o g
©f |y [ =3 00 [y b A fosg 6 fon S 07 5
s A NY e b N AN t"dl VAV / \ e
< LS | VO L% g — 4 H—=, { 5
2 Jf(- - %JI |'.|'rl| .‘I ( frll- p 0.7& £ 2 \// 062
4"|||]‘|' by, S | | A 065 £ 05
2 w, My s R ~ 1 - - - : =0
. . . . . . 05 2 cC_ = 030 log(ny=13
) 10 20 0 40 g 12 wH i fﬂ' 09 T
Spot Nurrber t; "2 10 ) -;’l'lll ) i
S s vy 4 M= 08 3
= LY
Fig.7 Correlation betwee x| and H, along a time series _ 6 :"9} 1'.‘\ '\ 0_7§
Xt over Np=2016 pints. CC, .y is obtained for diverse o4 _A\'\/ “J ! o6
log(ns). g 2 T
© x 05
E 1‘21 oo =010 -". loginy=21 [-°
R/S H g 10 09T
8 os 2
My £
6 g
4 H 4 \/ K / \ pr&
5 2 63
. a . . . . . 0.5
o 2 a 6 8 10 12 14 16
Ns Ne H Spot Nurber
6

Fig.8 Correlation betwee x| and H, along a time series
Xt over Npy=8064 pints. CC, .y is obtained for diverse

log(ns).

0 100


研究会Temp
テキストボックス
－10－


ti=(1=1, 2, . N) H
y7, 7 8
t) R/S R(n)/S(n)
n 4 Np
7 0.4 log(n) log(Np) =log(2016)
=3.3 Np=2016 t
1 5 2016 =7 days
=1 week
2.1.2 R/S
H Ng
7 log(ns) =0.4 1.1, 1.8 3
H 7
t u H
7 Np
# H CC.n
CCun  log(ns)
log(nsg) {log(ng): 0.4<
1.1< 1.8} {|ICC,n |1 0.36>0.25>0.21 }

8 7 0.4
log(n)  log(Np)=log(8064)=3.9
log(ns) = log(ns)=0.4,1.3,2.1 3

H Np=8064
8064 = 30 days = 1 month
CCﬂ—H
log(ns)
J{log(ng): 0.4<1.3<2.1} {ICCnl:
0.36>0.30>0.10}
3.1 H Np
R/S H
Np
9 Np
Np
Np
Xt Xt

0110

0 r(k
1 r(k) Xi
ux=E{X¢}
r(K)=E{(Xe- 1) Ko ) H E{( Xe- 1x)°}

Xy r(k) 2-(b), (c), (d)
FGN

X H =0.6, 0.7, 0.8, 0.9

9 H =0.8
H=0.9 r(k)

. 2) k =1000 r(k)=0

H<0.8 k>1000 r(k)=0

k>1000 k

Np
2-(¢c)
X Np=2016

Np=8064

r(k)

Correlogram

(0] 1000

Displacement k

Fig.9 Correlogram example derived from FGN with
regard to various values of H

2-(c) (d)
r(k)
McLeod Gota

8)
3.2 H Y7,
H
U
H u
H
1/2< H <1


研究会Temp
テキストボックス
－11－


H
H =0.8 H Hurst
4  Np H
H u
2.1.2 R/S pox plots H
H u
CC.n H
H
H
H

pp.770-799, (1951).

8) A. I. McLeod and K. W. Hipel: “Preservation of the
Rescaled Adjusted Range; 1. A Reassessment of the
Hurst Phenomenon”, Water Resour. Res., vol.14, No.3,
pp.491-508, (1978).

9) B. B. Mandelbrot, and J. R. Wallis: “Robustness of the
rescaled range R/S in the measurement of noncyclic
long-run statistical dependence”, Water Resour. Res.,
vol.5, pp.967-988, (1969).

10) , : : :

GS9-7, pp.867-873, (2003).
11)Software In  The Internet  Traffic
http://ita.ee.lbl.gov/html/contrib/fft-fgn.html

Archive:

1) W. E. Leland, M. S. Taqqu, W. Willinger, and D. V.
Wilson, “On the Self-Similar Nature of Ethernet
Traffic”, Computer Communications Review, \ol.23,
No.4, pp.183-193, (1993).

2) J. Beran, R. Sherman, M. S. Taqqu, and W. Willinger;
“Long-Range Dependence in Variable-Bit Rate Video
Traffic”, IEEE Trans. Commun., Vol.43, No.2/3/4,
pp.1566-1579, (1995).

3) M. Takayasu, H. Takayasu, and K. Fukuda: Dynamic
Phase Transition Observed in Internet Traffic Flow,
Physica A, vol.277, pp.248-255, (2000).

4) D. Chakraborty, A. Ashir, T. Suganuma, G. Mansfield
Keeni, T. K. Roy, and N. Shiratori, “Self-similar and
Fractal Nature of Internet Traffic”, International
Journal of Network Management, Vol.14, pp.119-129,
(2004).

5) M. S. Taqqu, V. Teverovsky, and W. Willinger;
"Estimators for long-range dependence: an empirical
study", Fractals, vol.3, No.4, pp.785-798,(1995).

6) W. Willinger, M. S. Tagqqu, W. E. Leland, and D. V.
Wilson; “Self-Similarity in High-Speed Packet Traffic;
Analysis and Modeling of Ethernet Traffic
Measurements”, Statistical Science, Vo0l.10, No.1,
pp.67-85 (1995).

7) H.E. Hurst: “Long-Term Storage Capacity of
Reservoirs”, Trans. Amer. Soc. Civil Eng., Vol.116,

0120


研究会Temp
テキストボックス
－12－




