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ABSTRACT

In this work, we present the results of our empirical study on 802.11 wireless LAN network traffic. We col-
lect the packet trace from existing campus wireless LAN infra-structure. We analyzed four different data sets:
aggregate' traffic, upstream traffic, downstream traffic, tcp only packet trace from aggregate traffic. We analyze
the time series aspect of underlying traffic (byte count process and packet count process), marginal distribution
of time series, and packet size distribution. We found that in all four data sets there exist long-range dependent
property in byte count and packet count process. Inter-arrival distribution is well fitted with Pareto distribution.
Upstream traffic, i.e. from the user to Internet, exhibits significant difference in its packet size distribution from
the rests. Average packet size of upstream traffic is 151.7 byte while average packet size of the rest of the data
sets are all greater than 260 bytes. Packets with full data payloads constitutes 3% and 10% in upstream traffic
and the downstream traffic, respectively. Despite the significant difference in packet size distribution, all four da-
ta sets have similar Hurst values. The Hurst alone does not properly explain the stochastic characteristics of the
underlying traffic. We model the underlying traffic using fractional-ARIMA (FARIMA) and fractional Gaussian
Noise (FGN). While the fractional Gaussian Noise based method is computationally more efficient, FARIMA ex-
hibits superior performance in accurately modeling the underlying traffic.
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V. Traffic Statistics

5.1 Primitive Statistics

7 gL 2005 39 18Y 10A13E 174
72 sl B 1ol £3Id 4EF] dloly]
A Bl ¥ 24X =9 EAE e
ok 7 z7)e] ZFS ethdat, ethsre, eth.dsted
tcp.datoll &l 22 267.4,~ 151.7,~ 2985 18]
270.7 byte °|t} ethsrc@ YUY ALgE o E A
e AAEF o e BAE Za gleh o] Esge|
A B g%l 27lE 1517 dlelEg oE 3009
EQRE] "l 267 BlE mi= 11 oAkl 7

# 1. File Description of Wireless Network

n/n Data set Description of Files
1 eth.dat Aggreage Traffic
Captured at point 1
2 eth.src Upstream Tra.fﬁc
Captrued at point 2
Downstream Traffic
3 .
eth.dst Captured at Point 2
TCP Traffic
4 tep.
cp-dat Captured at Point 2

H 2. Traffic of Data Sets (10:00-17:00, Mar-18-2005)

. Inter Arrival time
Data | Number of | Packet Size (msec)

set Packets ;
2 2
M o o

1
eth.dat] 12,715,077 | 267.4 | 204760 | 2 | 1 e-006
ethsre| 4,554,667 | 1517 | 80103 | .5 |6.7 e-005
eth.dst| 5,586,555 | 298.5 | 239430 S5 17.1 e-005

s

tep.dat] 8,468,547 | 270.7 | 279430 3 4.5 e-005
x10° Aggregation data sets: 1 hour
5 eth.dat) |
- = =gth.src
——eth.dst
5 4f —+—{cp.dat |
2
=
g9
@ 2f
&
1 &

time in 1 hour

% 2. Statistical Analysis for Data Sets
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>
g5 3 5
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0 . —n | 0 . __._
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Packet size (byte) Packet size (byte)
(c) eth.dst (d) tcp.dat
32| 3. Histogram in Data Sets
H 3. Packet Size Statistics of Wireless Network
eth.dat eth.src eth.dst tcp.dat
Rank
Size Average Size Average Size Average Size Average
1 60 24.6 % 60 330 % 62 300 % 40 66.6 %
2 62 16.6 % 74 252 % 60 173 % 1500 121 %
3 74 13.0 % 62 86 % 1514 104 % 66 20 %
4 1514 9.0 % 66 57 % 74 82 % 1488 14 %
5 66 30 % 80 27 % 106 36 % 5 06 %
6 64 28.0 % 1514 26 % 78 32 % 46 06 %
7 214 23 % 102 20 % 64 26 % 192 05 %
8 150 20 % 91 17 % 80 23 % 1420 0. %
9 106 1.7 % 64 14 % 709 20 % 628 04 %
10 94 1.6 % 87 12 % 66 1.5 % 54 04 %
11 78 15 % 82 07 % 84 1.1 % 1400 03 %
12 80 14 % 99 07 % 1434 09 % 1216 03 %
ethdst Z2]% tepdat 9 XA I3 4(a), 40), oldle] /1L ZW e AL Y 47} gtk
4) 3 4@)E B FAE mEl ¥EF Z3 Ao o] AL HE Edoliellx] FEHoE HUHN
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A e A mle
¥ 4. Description of Model Parameters
H Parameter
eth.dat eth.src eth.dst tep.dat
10 msec 100 msec ;| 10 msec | 100 msec ; 10 msec 100 msec | 10 msec | 100 msec
Byte Count 0.82 0.78 074 0.85 0.81 0.75 0.82 0.79
Packet Count 0.84 0.79 0.80 0.79 0.83 0.80 0.84 0.82
H 5. Description of Mode! Parameters
Data set b 2 H Parameter
p (byte) o (oyte) Trace Data FARIMA FGN
eth.dat 267.4 204760 0.88 085 0.82
eth.src 1517 80103 0.85 0.84 0.83
eth.dst 2985 239430 0.89 0.84 0.83
tep.dat 270.7 279430 0.89 0.83 0.83
12 , ; 12 : :
10l | © ethdatwih H=0.88 1oL © ethsrowith H=0.85 Jo
= the least-squares line "L —the least-squares fine a B
@ 8 o 8 59
.
T 6 E g
g 2
-~ 4t - 4t
2 2t
0 i i O : L
0 5 10 15 0 5 10 15
Log(n) Log(n)
{a) eth.dat: H=0.88 (b) eth.src: H=0.85
12 * 12 :
10} © ethdstwith H=0.89 10+ © tcp.datwith H=0.89
8 - the least-squares line 8 e the: least-squares fine
z z
g |
- 4F 4 4t
25 2r
0 ' ' 0 1 '
0 5 10 15 0 5 10 15

Log(n)

(¢} eth.dst: H=0.89

T38| 4. Degree of Self-Similar in Datasets: R/S Plots

Log(n)
(d) tep.dat: H=0.89
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Packet Count
Packet Count

5 10 15 0 1
time (10msec) x 10°

(a) 10 msec (eth.dat)

2
time (50msec) % 10°

(b) 50 msec (eth.dat)

Packet Count

3 4 0 0.5 1 1.5 2
time (100msec) x10°

(c) 100 msec (eth.dat)

120 . - . I

Packet Count
Packet Count

0 2 4 6 8
time (10msec) X 10°

(d) 10 msec (eth.src)

2
time (50msec)

(e) 50 msec (eth.src)

Packet Count

1 15
time (100msec) x10°
(f) 100 msec (eth.src)

Packet Count
Packet Count

4 6
time {10msec)

(2) 10 msec (eth.dst)

2
time (50msec) x10°

(h) 50 msec (eth.dst)

Packet Count

1 15 2
time (100msec) x10°

(i) 100 msec (eth.dst)

Packet Count
Packet Count

6 8
time (10msec} x 10°

() 10 msec (tcp.dat)
1% 5. Byte Count for eth.dat, eth.src, eth.dst, and tcp.dat

VI. Long Range Dependency

6.1 Empirical Observation
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V. Modeling of Wireless LAN Traffic
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