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Abstract

For a long time the Poisson process has been used to
model packet arrivals at Ethernet networks. Recent
researchers proved that the Poisson model is inadequate,
and self similar processes predict the network traffic
better. I was collected traffic samples from one of
Mongolian Information Company in Mongolia and their
statistical distribution has been analysis study of Wireless
network traffic is presented. The characteristics of
measured Wireless network traffic on both selfsimulation
and modeling have been investigated .Result have shown
clearly that the self-similar model is more accurate
indeed than the Poisson model. In our part we are
building the models of self-similar traffic (fractional
Gaussian noise), that can be used to simulate various
protocols such as Telnet, FTP and WWW packets inter
arrival, LAN, WAN, frame relay, ATM, SOHO net.

Keywords: Wireless LAN, network traffic simulation and
modeling.

1. Introduction

One of the most important conceptions of today's
communication networks is network traffic. Over the last
10 years, Network communication technology and
applications activity have been a significant and growing
component of Internet traffic. Integrated broadband
networks are expected to support various traffic types
such as data, voice, image and video. Traffic generated
form these services is substantially different in its
statistical characteristics and the QoS that the network
requires to maintain throughout the session of the call as
well as during the call set up phase. For example, voice
traffic has a bandwidth requirement of several Kbps and
is delay sensitive, while high speed data traffic used for
file transfers or LAN/WAN interconnection is hundred of
Mbps and is loss sensitive. The complexity network
traffic requires modeling and analysis which can be quite
unconventional in the engineering sense. How ever, the
discovery of scaling (self simulation) in the measured
teletraffic has led to modeling solutions that can
approximate the data characteristics much better than
previous techniques. Recent analysis of traffic
measurements shows that data sets exhibit three
characteristic properties: heavy tails, self-similarity and

long range dependence (LRD). The goal of this paper is to
mathematical demonstrate that with experimental and
modeling traffic Cumulative traffic at large time scales
can look either self-simulation or fractal dependent and
simulation ,analysis and modeling for Wireless LAN
traffic. The paper is organized as follows. In Section 2 we
define the term of Mathematical definition for self-
simulation traffic and their properties and Section 3 the
network setup is presented. Section 4 introduces the
estimation of the Hurst parameter and analysis
autocorrelation function for wireless LAN and in Section
5 the paper closes with a section on the results of
estimation of Hurst parameter, analysis results is
presented.

2. Mathematical definition for self-simulation
traffic and Their Properties

Basic definitions of self-similar process are as
follows:

A continuous-time stochastic process {Xt } is
strongly self-similar with a self-similarity parameter H
(O<H<1), know as the Hurst parameter, if for any positive
stretching factor c, the rescaled process with time scale ct,
c HXct, is equal in distribution to the original process

{Xt}. This is means that , for any sequence of time

points t1' t2 *... n and for all c>0,

{c Xctl I cHXHCt2. , CI Xct } has the same

distribution as {Xt, xt2 '. xtn -

In discrete-time case, let

{Xk } = {Xk k = 0,1,2'...} be a (discrete-time)
stationary process with mean ,1 , variance
autocorrelation function

{pk},for k =0,1,2,..., and

a2, and
(ACF)

let

{Xnk ({n) X1X() X...}m= 1,2,3, ..., be a
sequence of batch means, i.e.,
X ()=(Xkm m+ +...+Xkm)/m, k.1.

The process {Xk } with

Pk -kk , as k - oo, 0 < 8 < 1, is called exactly
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self-similar with H = ,2 if Orm) = Pk, for

any m = 1,2,3...... In other words, the process {Xk}
and the averaged processes {X(m) } m .1, have
identical correlation structure.

The process {Xk } is asymptotically self-similar

with H = 1- f (in)~2)' Pk -Pk, as m -~oo.
The most frequently studied models of self-similar

traffic belong to the class of fractional Gaussian noise
processes. The incremental process

{Yk } = {Xk - Xk-I }, k . 0, is called the fractional

Gaussian noise (FGN) process, where {Xk } designates
a fractional Brownian motion (FBM) random process.

This process is a (discrete-time) stationary Gaussian
process with mean ,1 variance

a
2 '[Pk } {jk +1H 2gkH + Ik 1H)} k>o.

2H
p()=k l(I+ I )2H _2+(1I_ 1 )2H

=2 (k k

p(k) k2H g(k )= k2HH(2H -1)k2
s

lim p(k) 2 >I
k->- H(2H-l1)k 2Hf-2

Figure 1 The autocorrelation function of exactly
second-order self-similar process with Hurst

parameter H=0.96098, H=0.6969

Figure 1 shows the autocorrelation function p(k)
as function ofk for two values of the parameter H [0].

For -< H < 1, the correlations decay very slowly so
2

p(k) = oo. This implies that the increment

process Y(t) has long memory.

* Hurst effect. Self-similarity manifest itself by a
straight line of slope A2 on a log-log plot of the R/S

statistic. For a given set of numbers {X1,X29,...,Xn7}
A

with sample mean / = E{Xi} and sample variance

S2 (n) =E{(Xi-A)} , Hurst parameter H is

R(n)
presented by the rescaled adjusted range (or R/S

S(n)

statistic) where
R(n) = max{Zk=l (Xi -Al), 1< k < n}-

min{Zi=1 (Xi - t), 1. k . n}

and S is estimated by S(n) = E{(X1 ,/O)2}

Hurst found empirically that for many time series

observed in nature the expected value of R(n)
S(n)

asymptotically satisfies the power law relation, i.e.,

E S(n) ] enC2H asn oo with 0.5<H<1 and c2

is finite positive constant.

3. Measurements

3.1 Setup up measurement

All realizations of the traffic have been received
during monitoring the main channel wireless the Internet-
provider. The logic scheme of the organization of a
network is presented (displayed) on fig. 2. On
communication equipment of the provider is established
set up the six-sector antenna, to which each sector is
connected the point of access (Access Point) standard
with IEEE 802.1lb.

40 wireless clients are connected to six points of
access antenna of the provider. The wireless client
represents a point of access similar provider to which on
local network Fast Ethernet it is connected one or several
hosts. All clients have been accessed work as transmission
is bridge mode. Routing of all connections, and also the
control and management of throughput (Traffic Shaping,
QoS) are carried out with a router. The each wireless
client have been it throughput from 64 up to 512 with
traffic management. Mechanisms of precede detection of
overloads, such as RED or WRED are not used.

For collecting the traffic the personal computer under
control of operational system Windows XP Professional
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with the analyzer of reports established on it (sniper)
Ethereal which provides accuracy of definition of time of
reception of a package 10-9 sec used

Sniper has been connected to a network so that to fix
the traffic which is passing through a point 1 and
simultaneously through a point 2.

Figure 2. The logic scheme of the organization of

experiment of the traffic.

3.2 The characteristic of realizations

Procedure of record of the traffic has begun on March,
18th, 2005 (Wednesday) at 10.00 and has ended on March,
18th at 17.00 Ulaanbaatar of Mongolia time. The general
duration has made 7 hours. As a result of experiment
following realizations of the traffic have been received:

Wireless eth04.dat - The general (incoming and out
going) the traffic of a level of frame Fast Ethernet, fixed
in apoint 1.

Wireless eth04.src - The traffic of a level of frame
Fast Ethernet, fixed in a point 2, with a direction from
wireless clients to Internet.

Wireless eth04.dst - The traffic of a level of frame
Fast Ethernet, fixed in a point 2, with a direction from
Internet to wireless clients.

Wireless tcp04.dat - The general (incoming out
coming) the traftic of a level of layer TCP, tixed in a point
1 .

Wireless tcp04.src - The traffic of a level of layer
TCP, fixed in a point 2, with a direction from wireless
clients to Internet.

Wireless tcp04.dst - The traffic of a level of layer
TCP, fixed in a point 2, with a direction from Internet to
wireless clients.

Data are presented by two columns of numbers in an
ASCII-format: the first column contains time labels (in
sec.), and the second the general size of the Ethernet-
frame in bytes, or the size of a field of data of an ip-
package in case of a TCP-package.

4. Estimation of the Hurst Parameter and
analysis autocorrelation function for wireless
LAN

The properties of self-similar processes (see Section
2) lead to the following methods to estimate H [4] [7].

1. Time-domain analysis: R/S statistics, using by
writing in C

2. Calculate the Hurst parameter and Autocorrelation
function by used application of Fractal analysis problem
in networks and biology's science (writing by Vyacheslav
Sychyov of institute of Mathematical Problems of
Biology of Moscow , Russia)

A least squares line is fitted to the points of the R/S
plot (see figure 3), where the R/S samples of the external
values of d are not considered. The slope of the regression
line for these R/S samples is an estimate for the Hurst
parameter H. (see Figure 4, H=0.96098) There are
included R/S value in Table 1.

Table 1: Calculated a Hurst parameters
____H=0.962 by MATLAB_____

number N Log(R/s) Log(N)
1 155238 4.97'44d7'4 .1909
2 444190 4.43864S K.64Th69
3 497'42 3.F5147'O5 4.6967'23

4 F5033 2.563358 3.701827
F5 2F518 2.27'6840 3A010F56

Figure 3: RIS plot using by MATLAB

Figure 4: For estimation for Hurst parameter using by
Fractal analysis application (H=O.96098)

4.1 Analysis of Autocorrelation Function for
Wireless LAN

We first analyze wireless LAN internet traffic traces
to obtain their statistical properties and to check an
assumption on their self-similar behavior such as slow
decaying autocorrelation function, long-range dependence.
Figure 5 shows normalized autocorrelations (correlation
coefficients) for wireless Ethernet traces with aggregated
frame with 0.Ols, 0.05s, 0.5s, 5s, 10s. One may notice
slow decay of autocorrelation coefficients with an
increase of the number of lag with are used for the
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calculation of the autocorrelation. One simple explanation
for this phenomenon is the nature of the Network traffic.
Each Applications (WWW, FTP, Telnet, email) session
contains active time periods, when user click on a link
and downloads a page with text and figures, and passive
time periods of perception/ absorption of the information/
contents (reading the text, looking the figures, listening
to audio). Active and passive user periods alternate during
a single communication. The periodicity of
autocorrelation decreases with multiplexing larger
number ofWWW flows on the link [15].

for H. In figure 8 Gaussian motion noise simulations also
exhibits LRD and Self-similar properties in LRD test as
we expected. LRD test applied to the reported traffic
showed the presence of LRD with all most the very near
values for H=0.95098.

. . mao.it W"

Figure 6: Aggregation lOmS

Figure 5: Autocorrelation Function

4.2 The Self-similar nature of wireless LAN traffic

Figure 6, 7 gives a proof of the self-similar nature of
the 7 hours-long segment of the March 2005 trace of
wireless Ethernet traffic described in the top part 3.2. That
is for packet size ranging form aggregated 0.Ols, 0.05s,
0.5s, 5s, 10s), the resulting traffic looks the same and is
distinctly different from white noise.

4.3 Simulation and analysis

We then investigated the measured aggregated Wireless
LAN data traffic. The data traces were selected from the
one of Mongolian Information company in Mongolia of
the measured traces. Wireless LAN traffic contains only
35-40 PC connected to 6 point access pointer antenna. We
generated form the raw packets process using by Gaussian
Motion noise generator in MATLAB. We can estimated
the Hurst parameter from measurement of wireless LAN
traffic than modeled the a traffic data for wireless LAN
data and calculated the autocorrelation function for the
Gaussian motion noise data series and found that it is
strongly correlated ,similar to measurement of the a
wireless LAN traffic data and may have LRD structure. In
this case of R/S plot points are clearly clustered around a
linear line which suggests the presence of LRD with
H=0.962. In figure 8 Gaussian motion noise simulations
also exhibits LRD and Self-similar properties in LDR test
as we expected. LRD test applied to the reported traffic
showed the presence ofLRD with all most the near values

Figure 7: Aggregation 50mS

Figure 8: Measurement of Wireless Data Traffic and
Simulation for Fractal Gaussian motion noise in

MATLAB

4.4 A model for Wireless LAN traffic

Knowing the self-similar properties of Wireless LAN
traffic, there exist sever self-similar processes which can
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be applied to model the traffic [19]. We propose here, for
example, one of the simplest way to model self-similar
tra±c using fractional Gaussian noise (fGn)[14] [3] [13].
The model is given by: X(t) = m + a * ZH (t), where

ZH (t) denotes the fGn with Hurst parameter H, m and
a are the mean and the standard deviation of the model
since fGn is a centralized normal process. Thus the model
has all together three parameters m; U; and H. The
illustration use of the model is shown by applying it to the
Wireless LAN aggregate traffic presented above. m
anda, are estimated from the data to be 12 712076
frame for wireless data traffic. The estimate of the Hurst
parameter of the data is about 0.963 in our previous LRD
test. A comparison between the datagram of the Wireless
LAN traffic data and its simulation given by the model is
shown in Figure 9, 10. It is seen that the model data
closely resemble the traffic.

g ~~~~~~~~~ai

Figure 9: Wireless real data trace

Figure 10: Simulation of wireless LAN trace
by the fGn model

5. Conclusion

In this paper we have presented a comprehensive
study of wireless LAN traffic at self-similar property level.
It has been shown that some widely used models of
Wireless traffic failed to capture the actual characteristics

of the measured traces. We have found that while the
Wireless LAN traffic is the long range dependent, fractal
and self-similar properties Based on these findings the
fractal nature (in Figure 6, 7) of Wireless LAN traffic
aggregation can be expected. We have verified this
assumption by a fractal analysis and proposed the
fractional Gaussian motion noise model for the
aggregated Wireless LAN traffic. We have observed that
like wireless LAN alone can cause the self-simulation
(fractal) properties to the aggregated traffic.However,
detailed and comprehensive studies are required to verify
this conjecture.
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