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Performance Analysis of Long-range Dependent Internet Traffic

According to Relevant Time Scales

YUSHENG JI,7 TAKAYUKI FUJINO,t SHUNJI ABE, JUN MATSUKATA?
and SHOICHIRO ASANOf

In recent studies, fractional Brownian motion has been proposed to analyze nowadays in-
ternet traffic, which are found to be fractal than the classical Poisson-based models. However,
due to its simplicity, fractional Brownian motion is only efficient for approximating the per-
formance of a class of exactly self-similar traffic, whose correlation property can be described
by a single Hurst parameter. In this paper, we examine the queueing behavior of long-range
dependent internet traffic which has a more general correlation property. We propose an ana-
lytical method by focusing on the relationship between time scales and queueing performance.
The properties of traffic data discussed in this paper are extracted from traffic traces of real
networks, such as a wide area backbone network and a LAN. Results produced by simulation
using real traffic data are compared with analytical results carried out by our method.
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Fig.1 Examples of Variance-Time plots of observed
traffic.

2000000000000000m 0000
XM\(k) 00000000 Variance-Time 0 0 00
0000000000 00000D0 20000000
00000000 2)0000ooooog XM (k)
000000 mO000000 —2(1-H)O00O
000000oooon

0000000000000 LANOOOODOOO
000000000000000000000000
000000000000000000000000
O00O00SINETHY 0000000000000
000000000000 2001 00000 OSINET
00000000000 OC-30 ATMOOOOD
00000000000 OC3MON'YODOOOODO
000000000000 ATMOODOO0OO0O00O00
00000 IPO0O0OOOOOOOO IPOOOOO
O0IPO0O0O0OO000O0O0OO000000LANDOO
00000000 Otepdump'® 000000000
000 LANOOOODOODOODOO0O00000000
000D000000000000000000000
00000 IPODO0ODOODOOD IPOOOOO
OO0 IPO0O0OOOCOOOOOOOO

010400000000000 Variance-Time O
0000000000000 20010 2000 8000
0000000000000000000000000
XM OODO00O At =tpe1 —ta(n=0,1,2,...)
00000000000000000000 mAt O
000000000000000000000000
ooooo X™(x)0DODO0O0O0 mOOOODOO
000000000000000000000000
000000000000000000000000
000000At0000 100000000000
0001000 mO000000000000000
000000000000O000



Vol. 45 No. 5

01000020000000000 WANODOD
00000000000 0000000000D0Oo0
00000000000 0000000000000
00000000000 000000000000
00000000000000000 2000 LAN
00000000000 0000000D0O0000?2
000D0000000000000000O0WANDO
000000000 O000O00ooono

000000D00000000000000000
0000000000 0000000m 00000
000000000000 000000000000
0000000000000 D000000 05000
000000000 0600000000000
000000000000000000000000
000000000000 000000D000000
00000 1000000000000 LANOOO
000000000000000000000000
000000000000000000000000
00000000000

000000000000 00000000000
0000000 1000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0®Oo00o0o0000o0o
00000000000 00000O0TCPOOOD
00 Self-Clocking 0 D0 O00D0OO0O00DODOOD
0000000000000D00000000000
000000000 000000000000000
000000000000 000000000000
00000000000 0000000000000
000000 ooooooooooooooooo
000000000000 00D0000000000
00000000000000000000000O
0000000000000000000000000
000000000000000000000000
0000000000 00000000

Norros 0 0 0 00 Fractional Brownian Motion
OFBMOOOOOOO0O0O0ODOOODODOOO
0Oo0ooooooo®900000 ADO00000
«000D000 FBMOODOODOOOODOO ¢000
000000000000 00000000

A(t) = Xt + VaZp (t) (4)

Zy(t) 000 0000 Var[Zy(t)] = t**00000
00000 Helo51)00000 FBMOOOOO
OOOFBMOOOOODOODOOOOOOOOOO

ooooooooooooooooooooboobooooo

1401

O0O0{\e, H}O300000000000O0O00OO
gooocoooooobooooob 20000000
goboooooooooooooooooobooo
0iid. 0000000 FBMOOOOOOOOOFBM
gooooboobooboboooooooobooon
gbooob10b0boo000000b00o00oooDoon
gooboooooobooooooooooooboo
200000000000000O0O0O0O0O00000
O00000000oo0ono {\e,H}O 300O0O0OOO
gooooooooooooooo

3. DO00O0O0OobOOoOoooooooobooobo

00 1) 0000000000 coouoooo
00 {\e,H}OOO FBMUOOOOOODOOOODO
gbooooooooooooboobobooooo

2(1—H)

Pr(Q >xz)~e ® as r — 0o (5)

gooooood

_ 1 {(C—)\)(l—H)}QH

= 2a\(1 - H) H
Ooooooboboooooobooooooooo ta
Ogoooooboooooooooooono

Pr(Q > x) > I%l;)g(PI‘(A(t) > Ct+ x)

-5 (CF) @

0000¢()O0D0O000000000000000

Y

- 1 <2

@(Z)ZE/Z e Zdy
oooog

0000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 0000000000
00000D00D0000000000000000
0000000000000 000000000000
0000000000000000000000000
0000000000 O000D000d Relevant Time
Scaled” 000 DO0O0O00OODOOOOOOO Critical
Time Scaled® 0000000000 O0OOOODOOO
00000000000000o0oooooooog
oooooooooog

000000D0000000000 200000
OO0 FBMOOOOOOOOOOO ¢+00000O
ooo



1402 goooooooo

x H

SO AI-H @

0000000U0oo0oUoooU (p)ooooo
0000o00ooooUoooo tooooooo (mo
J000OO00O0OO0ODOO0OCODOOOoOooOoDoO <0
o000 Cc-A0000D0D0DOODODOOOOOODOO
HOOOODODDOODOOO 2000000000
ooooOoo (0 t0 000000000000
goooooooobooboooooobobooboooo

O00000oooooooooooo too (2
0000 mO0000 mAtOOO0O Variance-
Time O0DOO0O0OO0OOOOODODODODOCCOO
goooboooobooOooOoooooooOooooog
00000od0ooogooooooobooooooo

3.1 000O0O0O00ODOO0OOOOOoO

0000ooDooooooOoooooooooooo
000000ooooooooooooooooooo
gooooooooobooo 20010509000 3
OOooooog 1o000000 SINETOOOOOOO
0000000 O000000DbOO0g Variance-Time
O0doodb0 m=200000000000000
0o00ooo0oOoOooOo 2(xUoOoooooooo
200000000000 0O00CCOO0ObOODOOO
000000 LinelDOO000O0OO0OOOODDODOO
0 H,O00OODOOODOOoOoODOoDOoOoOOoOoooooOo
00 Line200 00 00000D00OOOOOOO Ho O
000200000000 —2(1—Hy) < —2(1—H>)
goobooooooooboH, <H,O000O00O0O
gooboboooooboobo2000000D0DO0000
ooooobO2000000000D00DOO0DO0OO
ooooo

Linel 000 Line200000 100 200000
goooo0o0oooOoOOOo0obDDOOoOObOoOooogo
dooooO0obooooboooooDiob0 FBMOO
000000000000 OLinel O Line20 000
0O FBMOOOOOOOO (5)00000000 2(b)
000 Approx.10 Approx.20 200000000
goooobooooooooboboD 20000000
gooooboobooooooboboooobOoobooooon
goooooooooOooboOobbDOobboooobo
ooooa/coo ns%oooo

goobooooooodoouo 200 FBMODOO
O00000o0ooUoooooooU 2(b)0OoOO
000 2(a)0 20000000000000000O
J00o0o0ooO0o000ooooooooooooog
0O02(Mm)0200000000000000000

t

May 2004

1e+09

WAN.May09.2001 +
\ Line1: H=0.69 — ——
N Line2: H=0.932-----
'
A
—_ *‘ﬁk
s 5
L1e+08 Y
I ¥,
e N ,
c
5 %
.g o ‘"‘V:th’
P N,
\ g
\ Mm
1e+07 N +*+;ﬁ.+)¢
\ ++
. . LN L . .
1 10 100 1000 10000 100000 1e+06 1e+07

m

(a) 50 900000 Variance-Time 000 20000000

oo
1 T T T
F~~_ Approx.1 ———
01l ~. Approx.2 ------ ]
N
\\
0.01 \
hET \
_ Tl \
X 0.001F ... \\
€] )
o 0.0001 F ‘\.\
\ N ~
1e-05 b \
\
\
1e-06 \
\
\ .
1e-07 . . *
10000 100000 1e+06 1e+07 1e+08

Queue Length x (bits)
(b) () 000DDOO0O 200 FBMOOOOODOOOOOOO

02 200 FBMOOOOOOOOODOODOODOODOO
oo
Fig.2 Traffic approximated by two FBM processes.
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Fig.3 Traffic approximated by three FBM processes.
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Table 2 Abscissa values in Fig. 3.
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