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Modeling and Analysis of Wireless Lan Traffic
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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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% 1. Wireless Network Configuration
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V. Traffic Statistics

5.1 Primitive Statistics

A7 Edge 2005»# 39 18 1047 174
74 TXJHP*E}. FE 1ol AR 455 dlelH
S Balvk % 20x= Edge] SAE ki
o). F =7]e] H-S eth.dat, eth.sre, eth.dste}
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E 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
3 eth.dst Downstream Tr.affic
Captured at Point 2
TCP Traffic
4 tep.dat
e Captured at Point 2

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

. Inter Arrival time
Data | Number of | Packet Size (msec)
set Packets 5 5
H o H o
eth.dat| 12,715,077 | 267.4 | 204760 2 1 e-006
eth.src| 4,554,667 | 151.7 | 80103 5 6.7 e-005
eth.dst| 5,586,555 | 298.5 (239430 | 4.5 |7.1 e-005
tcp.dat| 8,468,547 | 270.7 | 279430 3 4.5 e-005
x 10° Aggregatlon data sets: 1 hour
sl e eth dat| |
- = -eth.src
—— eth.dst
a4t ——tcp.dat ||

w

N

Byte size per 1 hour

time in 1 hour

1% 2. Statistical Analysis for Data Sets
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= AR5t 23 3(a), 3(b), 3(c) 1E|A
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x 10° Histogram of eth.dat x 10° Histogram of eth.src
10 T T 10 w w
> >
9] )
c c
S 5 g 5
=) o
o o
0 : —.— 0 ‘ —_
0 500 1000 1500 0 500 1000 1500
Packet size (byte) Packet size (byte)
(a) eth.dat (b) eth.src
x10° Histogram of eth.dst x 10° Histogram of tcp.dat
10 w : 10 ‘ ‘
> g
S )
g 5 S 5
o o
g o
0 L 4 0 L —._
0 500 1000 1500 0 500 1000 1500
Packet size (byte) Packet size (byte)
(c) eth.dst (d) tcp.dat
12| 3. Histogram in Data Sets
3 3. Packet Size Statistics of Wireless Network
eth.dat eth.src eth.dst tep.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 12.1 %
3 74 13.0 % 62 8.6 % 1514 104 % 66 20 %
4 1514 9.0 % 66 57 % 74 82 % 1488 14 %
5 66 30 % 80 27 % 106 36 % 5 0.6 %
6 64 28.0 % 1514 26 % 78 32 % 46 0.6 %
7 214 23 % 102 20 % 64 2.6 % 192 05 %
8 150 20 % 91 1.7 % 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 0.7 % 84 1.1 % 1400 03 %
12 80 14 % 99 0.7 % 1434 0.9 % 1216 03 %
ethdst 12|32 tep.dat &) HFE3Q] I3 4(a), 4(b), olgle] =|ES Z &= AL I 47} gk
4c) ok 4@ ¥H AL meE] HEE ZA gick o] HAE Bt Edolxor] FEAoR EH]lH
= Zolth X 3elde dubdQl Hzl =719 vlE k. AR AFE A EH FH 2719 dolR=
55 v gloh izl =2717F 80 mlelE o3t = 2= AREe] o 24 oF 10 % U
d AES T2 Ale] ARES 233 Q= A JrERE 2.6 % STk
o

7F ek of 85 % oSl FHZIEe] 100 Hlo]E
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E 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
i 5. Description of Model Parameters
Data set b 2 H Parameter
fi (byte) o (byte) Trace Data FARIMA FGN
eth.dat 267.4 204760 0.88 0.85 0.82
eth.src 151.7 80103 0.85 0.84 0.83
eth.dst 298.5 239430 0.89 0.84 0.83
tep.dat 270.7 279430 0.89 0.83 0.83
12 . 12
10.| © ethdatwith H=0.88 | jol| © ethsrcuit H0.85 Lo
—the least-squares line 5 ° —— the least-squares line 5.8
P F 4 ~ L o) @
o 8 o 8 2§76
T s ¢
5 6 = 7
o) 0]
a4} ] - 4t
2 : 2!
0 I L 0 L 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 :
10t © eth.dst with H=0.89 i 10t © tcp.dat with H=0.89
—the least-squares line —the least-squares line
ki @8 '
i i
5 6 = '
o} o
- 4t i 4 4t
2f ] 2t ]
0 I L 0 I I
0 5 10 15 0 5 10 15
Log(n) Log(n)
(c) eth.dst: H=0.89 (d) tcp.dat: H=0.89
1% 4. Degree of Self-Similar in Datasets: R/S Plots
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%l 5. Byte Count for eth.dat, eth.src, eth.dst, and tcp.dat
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VI. Long Range Dependency

6.1 Empirical Observation

HA o2 A7 s 2= E Y burstiness
= Andon pAzkl A7 Aes) welse] =
7] ZZAAE 10 msec, 50 msec, L3 100
msec®] 7HAE ZEE 3o @3 F =EZ bursti-
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2}= burstinesst vo2 EQlE = glS AEF
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6.2 Sample Autocorrelation
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