On generating self-smilar traffic
using pseudo-Par eto distribution

It has been shown in the literature that self-amilar or long-range-dependant (LRD)
network traffic can be generated by multiplexing severd sources of Pareto-distributed

ON and OFF periods. In acontext of a packet-switched network the ON periods
correspond to packet train — packets transmitted back to back, or separated only by a
relaively smal preamble (as defined in |EEE standard 802.3, for example). OFF periods
are the periods of slence between packet trains.

Multiple sources contributing to resulting synthetic traffic trace may be thought of as
individua flows (connections). It is reasonable to assume that packet Szeswithin a
connection remain congtant. Different connections, however, will have packets of
different Szes.

To generate a Pareto-distributed sequence of ON periods, one can generate a Pareto-
distributed sequence of packet train Szes. The minimum train Szeis 1, which
corresponds to a single packet transmitted.

Pareto didiribution has the following probability dengty function:
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Where a isashape parameter (tail index), and b isminimum vdueof x. When a £ 2,
the variance of the digribution isinfinite. When a £ 1, the mean vaueisinfinite aswell.
For sdf-gmilar traffic, a should be between 1 and 2. The lower thevaue of a, the
higher the probability of an extremely large x. Figure 1 shows the dengity functions for
variousvauesof a.
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Figure 1. Probability density functionsfor Pareto distribution witha =1.1, 1.4, 1.9

Mean vdue of a Pareto digribution equd is

Em:ﬁ%. )

The formulato generate a Pareto digtribution is
_ b
Xpareto = UT (3)

where U isauniformly distributed value in the range (O, 1]

Vey oftenit is dedrable to generate a synthetic traffic of a predefined load. Obvioudy,
the resulting load L isjust asum of loads L; generated by each individua sourcei. Given
N sources,
N
L=a L (4)

i=1

Thus, it isimportant to be able to get agood estimation of the load generated by one
source. Theload generated by one source is mean Size of a packet train divided over
mean Size of packet train and mean Sze of inter-train gap, or putting it differently, itisa
mean size of ON period over mean size of ON and OFF periods.
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Formula (2) gives the mean vaue of atrue Pareto digtribution. However computers usng

equation (3) generate a pseudo- Pareto digtribution. One of problems comes from the fact

that computers cannot generate arbitrarily large value. However, any true Pareto

digtribution of sufficiently large length will have vaues that exceed the range generated

by computers. Thus, what we have is a truncated-value distribution.



Let’ s denote Sto be the smdlest non-zero vaue that uniform random generator may
produce. Then, the generated Pareto-distributed vaues will not exceed g:
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Then, the mean vaue of a Pareto distribution can be caculated as shown below:
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Subgtituting (6) into (7) we get
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Equation (8) gives the mean vaue of atruncated-vaue Pareto digtribution. Now, if we
are given load Li and the packet size k for a given source, we can find the minimum vaue
of the OFF period.

Fird, lets find the mean value of OFF period. From equetion (2) we get
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Let’s denote Morr and Moy to be the minimum ON and OFF periods respectively. We
mentioned above that the minimum packet train Szeisjust one packet, i.e, Moy = 1
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where a oy is the shape parameter for the ON periods, and a orr is the shape parameter for
the OFF periods.
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Denating T, = ;’\‘ and T, = ;FF , we get
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Thus, given vauesfor k, Li, aon, and a orr , the formula (10) gives us the vaue for Mogr
that would result in link load closer to L.

However, if we generate traffic using the above formulas, we will notice the mean vaues
for ON and OFF periodsin the generated series dtill dightly off.

The problem appears to be in the way computers generate Pareto-distributed vaues
(formula3). While Pareto distribution assumes continuous sample space, computers
generate discrete values with uniform probability. The Pareto-like digtribution is
achieved by having higher dengity of samplestoward lower end of the scae. The Figure
2illugratesthisidea. It shows probability distribution function for the pseudo-Pareto
digribution. Note that every vaue has exactly the same probability of being chosen.
Also note that there are no values between 12 and 16, or 16 and 26.
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Figure 2. Probability dendty function for the pseudo-Pareto distribution

If we build digtribution function by aggregating samples over some window sze, we will
get aplot somewhat close to the one shown in Figure 1. But till, no matter how large
our window is, & thetall end the distance between two neighboring points will exceed
the window size. That means that some windows will contain zero samples, even if
number of samples gpproach infinity. Of course, that introduces an error to the mean sSize
of ON and OFF periods.

To correct for this error, we found that the calculated values ON and OFF should be
multiplied by coefficient C
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Thus, formula (11) becomes
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On afind remark, if we chooseaon, and aorr 1o be the same, the equation (13) will
reduce to
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That, however, may limit the usefulness of the traffic generator. It isvery reasonable to
assumethat in red traffic, probability of having extremey large OFF period is higher
then the probability of having extremely large ON period. Tha means that the shape
parameter a oy should be larger than aorr . The above heurigtic coefficient resultsin
generated load being very close to the specified load with al combinations of a oy, and
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