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ABSTRACT

According to some discoveries and analysis results of network
measurement in modern communication networks in recent years,
much literature has proven that traffic present the nonstationary
Poisson characteristic at sub-second time scales in IP backbone,

which not accord with self-similarity characteristic for last decade.

This paper presents the binomial measure method for traffic
characteristic analysis. Some novel properties about the method
are also discussed. The method can produces a time series with
self-similarity characteristic, and more, realizes the transition
from self-similarity distribution to Poisson one. The validity of
the method is verified by simulation experiments on NS2. The
purpose of the paper is to provide a comprehensive presentation
of the binomial measure method base multifractal theory in traffic
engineering field.

Categories and Subject Descriptors
1.6.5 [Simulation and Modeling]: Model Validation Analysis,
C.4 [Performance of Systems]: modeling techniques.

General Terms
Experimentation, Performance, Theory.

Keywords
Nonstationary Poisson characteristic, self-similarity, multifractal
binomial measure method.

1. INTRODUCTION

Understanding network traffic characteristics and distribution are
generally viewed as important steps toward the network
architecture analysis and control of network performance. With
the urgent demand of quality of network service, more and more
attention are paid on the analysis and modeling of Internet traffic.

About ten years ago, numerous network measurement studies
showed that Internet traffic exhibited the self-similarity
phenomena, which be viewed as a pervasive characteristics in
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modern high-speed communication networks [1,2,3]. But the self-
similarity of network traffic could not be described by the
tradition short-dependence model-Poisson model. Many traffic
models were put forward to explain the traffic characteristics
[4,5,6,7].because the traffic presents multifractal characteristics,
wavelet analysis is introduces as a powerful techniques for both
modeling and estimation in self-similarity traffic. Multifractal
wavelet models have been developed to generate traffic with
heavy-tailed distribution and long-range dependence at smaller
scales [8].

Starting in 2000, both network structures and applications have
developed dramatically, current network traffic can be well
represented by the Poisson model for sub-second time scales
based on the analysis of the WIDE backbone traces [9]. Paper [10]
argues that towards Poisson distribution of traffic has close
relations with the link load, and the multiplex gain has impact on
it. We think that from the initial stage of Internet to 1984, called
the Poisson traffic model dominant stage; from 1984 to early
2000’s, called the self-similarity traffic model dominant stage;
from early 2000’s to now, called the multi-mode stage, i.e., the
self-similarity distribution and Poisson distribution coexist
extensively in backbone.

The scaling behaviors at small time scales can be described by the
multifractal theory, which detailed the self-similarity behaviors.
In this paper, we present the binomial measure method for traffic
characteristic analysis. Some novel properties about the method
are also discussed. The method can produces a time series with
self-similarity characteristic, and more, realizes the transition
from self-similarity distribution to Poisson one. We study the
impact of the binomial measure method on traffic characteristics.

The remainder of this article is structured as follows. Defines
about self-similarity process and multifractal measures are
discussed in Section 2. An overview of some novel properties
about the binomial measure method is given in Section 3. The
results of applying the methodology to the case study and some
simulation experiments on NS2 are described in Section 4, which
shows the applicability and the effectiveness of the methodology
related to network traffic. Finally, Section 5 concludes the article
and discusses some of the future research works.

2. MULTIFRACTAL MEASURE

Willinger and Wilson in 1993 discovered that self-similarity is an
ubiquitous feature of empirically observed network traffic. This is
an important notion in the understanding of the traffic’s dynamic
nature for modeling analysis and control of network performance
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Self-similarity process is the simple long-range dependence (LRD)
traffic model. Its definition of continuous process and discrete
time process was presented in [3].

Firstly, we give the notion of self-similar processes.

Definition 1[3]: let X (t) is stationary stochastic process, if X (t) is
a self-similar continuous-time stochastic process with stationary
increments, namely, for all & > 0 , have

{X (), X (L), X (t,)}d{a " X (at,), X (at,),--, X (a(t,))}

Where “ =" implies the equality of the finite-dimensional
distributions, and exponent H is the self-similarity parameter. a
is a scaling factor. Intuitively, self-similarity describes the
phenomenon in which certain process properties are preserved
irrespective of scaling in space or time.

Through the data analysis of Ethernet and WAN traffic
measurements, at small-time scales, it has been observed that
Internet traffic presents complex scaling and multifractal
characteristics. The extensively used multifractal definition is as
follow:

Definition 2[11]: In given unit interval 1= [0, 1], which has unit
quality, let us start by splitting 1 into n subintervals, O is defined

as the length of subinterval. Let £ denote the quality of i-th
subinterval ( 0 < 24 <1), then, a(t,) denotes singularity

exponent of £z at to time point. Namely,

| :
a(t,) = lim 1944) @)
50 |g(5)
According to this definition, we will denote a local
parameter H .., to mark the traffic variability.
Definition 3: consider a discrete time series; we define the unit

with energy E,, by splitting unit into two subintervals of equal
length, with the two subintervals proceed in the same manner. At

stage j, have 2 subintervals exist. By the Equation (1),
letd =27 we have
—jH . -
Ei:21|ocalEO (1S|£J)
Usually, supposes Eq=1, then,
IgE,
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Figure 1. Illustration about binomial measure method.

The binomial measure method is based on multifractal notion, in
given unit interval I= [0, 1], we split unit into two subintervals of
equal length. And partition the unit quality into I and 1- I .
Parameter I is random variable. We called it multiplier. We find
that if we select different probability distribution function
about I' .we will get different binomial measure method. In Figure
1, we give the illustration about binomial measure method. In
short, we called the binomial measure method as BM method.

3. BINOMIAL MEASURE METHOD
3.1 Self-similarity Series based on BM
Method

Self-similarity describes the phenomenon in which the behavior
of a process is preserved irrespective of scaling in space or time.
According to hierarchical ideas, we class the Internet into access
network and backbone network, just as shown in Figure 4.in
Section 4. Traffic on access links is aggregated on backbone
irrespective of space or time. We think that multiplier I' has been
adjusted easily, we suppose that I' is independence random
variable in 1= [0, 1] and obeyed uniform distribution. As follow,
we give the strict analysis in theory.

In given unit interval 1= [0, 1], we define a random variable U.

and split unit interval | into 2" subinterval. The stage is m. The
length of each subinterval is equal. Then k-th subinterval was
described as:

1K =[k2™, (k+1)2"] k=04,--,2" -1
Then U (1) is a random variable in subinterval 1

I isarandom variable, m=0,1,2,---, k =02,---,2" -1

Iand I, have the some distribution. Because I is independence

random variable in I= [0, 1] and obeyed uniform distribution.
Namely, I' and 1- I' have the some distribution.

Then, we have Recurrence formula:
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m
Obviously, I, isi.i.d random variable, then U m = Ht‘i
i=1

Consider the relation in logarithm,
m
logu,, =>logr,
i=1

According to the centre limit theorem, when M — o©
logU , obeyed normal distribution. And

Meanis E{logU  } = mE{logr}

variance is var{logU }mvar{logr}
sotoU . its mean is E{U  } ={E(r)}"
variance is var{U, }={Er’}" -272"

log, Er’

Lett=2"" have var{U, } =t~ —t?

When M —> 00 , namely, havet — 0,

Var{UI} - t—log2 Er?

Namely, considering it is function with slowly decline, we think
that the time series is self-similar process, and have

H = —%Iog2 Er? 3)

3.2 Traffic Characteristic Transition based on
BM Method

Many researchers considered traffic modeling from Poisson to
self-similarity for ten years. The puzzling question is that how to
explain the new phenomenon of nonstationary Poisson
characteristic in backbone traffic. We discovered that BM method
can gives a reasonable explanation for the new traffic
characteristic. We select right multiplier to adjust the network
links traffic, then, may transit traffic characteristic from self-
similarity to Poisson distribution. As follows, we give two
properties about the BM method. We use o to replace above I .

Property 1: the BM method has the character of adaptation on
invariable traffic. Different values of O will cause two states of

Network Traffic: 1. 0 = 0.5, the characteristic of traffic is

sustained; 2. p > 0.5, the velocity on equal area become
unequally and burst.

This property is obvious, when O is assigned for 0.5 every time,
the characteristic of traffic will not change actually, when O is
assigned for more than 0.5, the unequal of the velocity causes the
burst traffic. It can be a way to form self-similarity traffic.

Property 2: The shape function of the BM method on burst traffic
represents that different value of © will cause three states of the
network traffic’s characteristics. Suppose the velocity of traffic in
continued intervals are M, and M, , and M, > M, .then, 1. p =
m / (m + m, ) the
2.p>-m /(m1 + mz) , and it is assigned to the bigger velocity
of two areas, the wvelocity will be strengthened; 3.

£ > m /(M +m,) and it is assigned to the smaller velocity

of two areas, the velocity will be smoothly. The follow is the
provability of state 3.

velocity is  sustained;

Prove:

Suppose the velocities of traffic in continued intervals are m1 and
m2, and M, > M, , set Al =M, — M, represents burst of two
intervals. According to the binomial m, ,O(m1 + mz) represents
the variety of the first interval, (:|.—,0)(ml + mz) represents

the variety of the second interval, when o > m, /(m, +m,),
and have:

A, = p(ml + mz)_ (1_p)(m1 + mz)

Then, A, —A, =2[pm, —(1— p)m,] .so we can see that

the burst velocity of two continues intervals become weakly when
we used the BM method.

Secondly, we prove the validity about the method in theory, and
then in Section 4, we give simulation experiment based on NS2.
Let {X(t)},_o ... denote the self-similarity traffic created by

the ON/OFF model in LAN, which is a stationary stochastic
process. We assume there is M flows, the packet series of m-th

fow 5{X (O} 015..50 DX} 010 = X PO

output flows is {Y(t)}_o1,.. . When aggregated flows is

inputted into the backbone links, we let {Y (t)},_o; ,.. denote
the shaped flows by the BM method.

In traffic series, we let packets observed at small-time scales as
unit quality, we use the MB method to split the unit and assign the
value p and 1— p to them. We use such process to carry on the
division and the adjustment traffic in LAN, and suppose the
division process is T, its recurrence formula is:

Sj,k ® :Klle pj,kx ®



2k k
Xj+l pj+1Xj

" ) j=012---T k=012,---2" -
Xj+l (1_pj+l)xj
Moreover, we have
Sj,k =PikPiak., " Pk XO,kO
Pix, = Pi if ki:O;’ 1<i<
Py =1-p k=L

Time scale T, = 27JT0, where, we think observed small-time

scale as unit time, then, Ti may be viewed as piecewise interval,

Pi, is quality factor. So,
k=2"-1

S(t) = zsi,k

Due to p; is a series of independent random variables

with E(pi) =1/2, p;and 1- p; have same distribution. Energy
function is:

E, = Jd [ = Eld,1- EIS()]

Where p, are i,i,d, so E( 0;)=E( 0 ), therefore,

E, = 2'E[p,"IE[p, ] -
= 2'E[p*) E[X,’]

Elp;*1E[X,’]

So,log(E;) = jd+log E[p°]) +10g(E[X,’])  (4)
In wavelet transition, consider the relation in logarithm of energy

function E; and scale i, [12] have

logE; = j(2H .y —D +C (5)

C is a positive real number, Compare Equation. (4) to Equation(5),
then have

1+logE[p*]1=2H,., -1

local

Above mentioned E () =1/2, and var( p )=1/4,

Have E(p%) =var( 0 )+ E(p)* =05

In fact, 0 is obeyed to normal distribution approximately, so,

H,e =1+12109 E[p*] =05

This result stated that if the traffic series are shaped by the
Binomial Measure method, then their local H parameter at small-

time scale equal to 0.5, network traffic can be well represented by
the Poisson model.

4, CASE STUDY AND SIMULATION
An important issue connected with modeling and performance
studies concerns the generation of time series for use in
simulations. Firstly, we use the binomial measure method to
produces a time series with self-similarity characteristic.
We first think that o is an independent random variables in

intervals [0, 1], and it obeyed uniform distribution. According to
above formula (1), we let j is equal to 18, and produce a time

series with length is equal to 28 The series is shown in Figure 2.
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Figure 2. Time series with different interval.

Figure 2.shows a traffic series based on binomial measure method,
Where we find that this series present the scale-invariance
property. The Figure 2. is similar to the Internet trace in [1]. In
Section 3, we proved that the series produced by the binomial
measure method has self-similarity characteristics in the theory.
Now, we use Variance-Time method to fit H value.

351

N + series:H=0.6676
AN .
N —— least squre line:slope= --0.66
Sk — — sloop= --0.5

log(var(X(m)))

15
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log(m)

Figure 3. V-T method for fitting H value.
According equation (3) and 0 obeyed uniform distribution, we

have H = 0.692 in theory, in Figure 2, H parameter is 0.6676.
So this algorithm about self-similarity series produce is effective.

Secondly, in order to verify the validity of the binomial measure
method to transition from self-similarity distribution to Poisson
one, we simulate the model in NS-2[13]. We design a hierarchical
network structure with 3 layers: local network, access network
and backbone network (see Figure.4). In left-hand local networks,



we aggregate lots on/off sources to generate self-similarity traffic
which is used as output of local networks, in simulation; we use
10 LAN sources as local networks. The distribution between on
and off transitions uses the Pareto distribution, the parameter used
in Pareto distribution is & =1.2. The formula of H= (3- & )/2
gives us the relationships between H and & , H is 0.9 theoretically.

Local Networks Access Network Backbone Network

Figure 4. The simulation environment

In our experiments, the bandwidth of local network is 100 Mbps ,
the bandwidth of access network is 2 Mbps, and the bandwidth of
backbone network is 1000Mbps, and links delay is 20 ms, buffer
manage adopt tail-drop technology.

10° 10" 10° 10"

Figure 5. & =1.2, H value with Binomial measure method.

In this experiment, just as shown in Figure 5, we have impacted
the traffic in access link with the binomial measure method, and
use R/S method to fit the H parameter. It is surprised that above
method has great impact on the self-similarity traffic. The impact
factor p shape the traffic behaviors indeed, the progress toward

Poisson can be observed, the value of H is 0.5 approximately.

5. CONCLUSION

Network measurement has proven that traffic present the non-
stationary Poisson characteristic at sub-second time scales in IP
backbone. Poisson and self-similarity possibly coexist in
Internet’s different regions, also possibly mutually transforms
under the certain conditions. We present the binomial measure
method for traffic characteristic analysis. The method can
produces a time series with self-similarity characteristic, and more,
realizes the transition from self-similarity distribution to Poisson
one. The binomial measure method may have important
implications for traffic modeling.
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