Modelling self-similar traffic in networks
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It is widely known, that in our days traffic in computer
networks mostly is self-similar (fractal).Unfortunately, this self-
similar traffic, unlike standard Markov traffic, does not have
adequate model. In such conditions, in order to ensure efficient
processing in networks with self-similar traffic, it is necessary to
allocate significantly greater resources, compared to ones in case
of the standard Markov traffic model used before. Such
difference demands to be very careful when estimating
parameters of flows in traffic control and management systems.
In this article it is proposed to use for simulation purposes
MATLAB software pack and its Simulink environment.
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I. INTRODUCTION.

It is widely common for network traffic to be self-
similar (fractal). This has been confirmed long time ago by
many researchers, for example in [1], [2]. In such situation
the memory amount required for the traffic increases by
power or by Weibull law, unlike it has been in classic
Markov service systems, where memory amount was
increasing exponentially. For example, the standard Markov
traffic with utilization o= 0.8 and buffer overflow
probability P, ... = 10™* would require memory capacity of
K =35 data packets. Compared to this, the self-similar
traffic with same utilization level and buffer overflow
probability would require memory capacity of K = 5 - 10°
packets estimated by formula from [2], for Hurst parameter
of H =0.9 (very high self-similarity) in order to provide
efficient service. When designing traffic control and
admission systems, such difference requires caution when
estimating parameters of the data flows.

When examining a system it is very practical to create a
model. In this article we propose to use MATLAB software
pack with Simulink environment. Our choice is based on
following:

e Simulink allows the use of powerful SimEvents
blockset [3], which gives option to create models
of queuing systems;

e Simulink allows to use any MATLAB libraries for
traffic estimation and control blocks, as well as any
custom blocks made by user.

Everything of that beneficially excels MATLAB
amongst other modeling environments. Simevents blockset
includes models for:

e  Traffic sources,

e Queues (including prioritized),

e Servers and other blocks.

Note, that SimEvents toolbox is not limited in any case
by traffic modeling for networks. It provides powerful tools
for other applications as well. A very good example of this —

the article, which describes simulation of the railway
operation [4] in Simulink, using SimEvents blockset.

Il. MODELING G/M/1/K QUEUING SYSTEMS

As it has been mentioned before, the self-similar traffic
prevails in computer networks. In order to create such
traffic, it is necessary for probability distribution function
(PDF) of the packet interarrival time to have a “long tail”.
Two of the most often used distributions with such
property are Weibull distribution and Pareto distribution.
Unfortunately, SimEvents blockset doesn’t include neither
one of these distributions for source entity generators (it
does include Weibull distribution for source number
generators, however). It is possible, however, to use any
external random-number generator to specify time intervals
between two events. Although there is random-numbers
generators for Weibull distribution, we have to estimate
distribution parameters first, since parameters of our
system (intensity of requests, Hurst parameter) can’t be
used directly. There was no Pareto random number
generator in Simulink at the present moment at all.

First, we will create G/M/1/K model in Simulink with
Weibull-distributed interarrival time of requests. Unlike
Pareto distribution, which also provides means of changing
self-similarity of generated data flows, Weibull distribution
can lead to analytical expressions. Weibull distributed
random numbers PDF is as follows:
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where & and § are distribution parameters. These
parameters not necessarily are the same as system’s
parameters. In our case the system can be described with
following parameters:

e 1 —average arrival rate of requests;

e u —service facility rate;

o K —buffer-memory capacity (queue length);

e H — self-similarity (Hurst) parameter, which

variesin 0.3 = H =1,

These parameters can’t be used directly in (1), we
have to estimate them first. Weibull distribution &
parameter can be estimated by H parameter [2]:

a=2-2H. (2)

Weibull distribution & parameter can be estimated by «
parameter and average inter-arrival time (E[x] = 1/1), i.e.:

el = p[r(1+-)] ®)



where I'{ 1} is gamma function, which can be numerically
estimated, see [5] for details. In such case we can express
parameter from (3) as follows:
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In G/M/1/K model (and in P/M/1/K as well), serving
time is distributed exponentially with mean service time
1/u. The maximal length of queue is specified by memory
capacity K. When distribution parameters have been
estimated by calculating (2) and (4), Weibull distributed
random number = can be generated by calculating following
expression:

B=

x = l-In(1 — R)]¥=, (5)
where £ € [0:1] is uniformly distributed random number.

Fig. 1. illustrates full G/M/1/K model. The Time-Based
Entity Generator generates events with time intervals
specified by Weibull distributed numbers generator. The
Weibull numbers generator has been made as a subsystem
with mask, which calculates distribution parameters
according to (2) and (4). Subsystem itself is illustrated in
Fig. 2.

The subsystem includes uniform distribution number
generator, two constant parameters (z and &) and Embedded
Function block, which implements Matlab written function
for generation law (5).

The model includes “Simout” block as well for
verification purposes. It writes all generated random
numbers in Matlab workspace, which allows us to operate
with these numbers. Our goal here is to make sure, that
generated numbers PDF is indeed Weibull law’s PDF.
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Fig. 2. Discrete event subsystem. Event-based random
number generator with Weibull distribution.

The data from simulation can be used to make a
histogram. This histogram can be compared to actual PDF
specified by (1). Fig. 3. illustrates such comparison for 2
hours simulation of the model shown in Fig. 1. on average
computer (approximately 5.6 - 107 random numbers). The
histogram in Fig. 3. shows evaluated PDF from numbers
used in simulation with following parameters:

e A=100 s — average arrival rate of requests,
average interarrival time E[T,] = 0.01 s;
e u =125 s service facility rate, average service
time E[T,] = 0.008 s;
e K =24100 - buffer-memory capacity (queue
length);
e H=09 -
03=H=1,
The actual PDF was calculated according to (1) by
using built-in Matlab function for PDF estimation. As
Fig. 3. shows that created discrete event subsystem can be
used to generate Weibull distributed traffic with specified
self-similarity parameter.
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Fig. 1. Queuing system with Weibull distributed request interarrival time (G/M/1/K model).
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The P/M/1/K model is very similar to previous model. In
this model the source is described as more commonly used
Pareto distributed random event generator.

The model itself remains the same, therefore we only
need to use another random number generator to specify
time intervals between events for the event-based generator.
Pareto distribution function, in general has 3 parameters,
however for network traffic generation the most commonly
used form of Pareto distribution function [2] is:
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where @ an & d are distribution parameters. As it has been
for Weibull distribution, these parameters are not the same
as system’s parameters. In order to generate Pareto
distributed random numbers, we need to estimate these two
parameters first. Pareto distribution & parameter can be
estimated by H parameter [2]:

@=3-2H. (7)
Pareto distribution 5 parameter can be estimated by &

parameter and average inter-arrival time (Elx] = 1/1), i.e.:
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In such case we can express @& parameter from (8) as
follows:
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When distribution parameters have been estimated by
calculating (7) and (9), Pareto distributed random number x
can be generated by calculating following expression:

Jij

R’ (10)

r =

where R € [0:1] is uniformly distributed random number,.

=
1S)
)

T T
1 Histogram

| = Probability Density

N
Q
"

N
o,
N

H

S
3

V4

Decimal Log of Probability

i
]
S

W’%m L

0 10 20 30 40 50 60 70 80
Interarrival time, us

Fig. 3. Experimental histogram for generator used in
G/M/1/K model and PDF of Weibull distribution law.
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The model used for simulation remains the same (Fig.
1.), including all system parameters. The mask of
subsystem in Fig. 2. has been modified according to (7)
and (9), and Embedded Matlab Function block has been
modified according to (10) as well.

The same way as it has been done for previous
simulation results, we have calculated histogram of the
experimental data and actual Pareto PDF, showing them on
same plot, as it is shown in Fig. 4. Note, however, that
Pareto PDF “long tail” is much longer, compared to
Weibull PDF “long tail”, so we had to cut it at value of 200
(with maximum value of approximately 4000).

The actual PDF was calculated according to (6) by
using built-in Matlab function for PDF estimation (without
specifying the 3-rd parameter of Generalized Pareto
distribution). The Fig. 4. shows that created discrete event
subsystem can be used to generate Pareto distributed traffic
with specified self-similarity parameter.

IV. MODELING P/M/1/K QUEUING SYSTEMS WITH
ON-OFF TRAFFIC SOURCE

The previous two simulations can be improved to
describe modern traffic in networks even more precisely.
The traffic in networks is not only self-similar, it also
usually comes in groups of packets followed by intervals
of “silence”. So the traffic has ON-OFF type structure.
This effect can be added in Simulink, as is shown in Fig. 5.
for Pareto distributed self-similar traffic. To create such
model for any other type of source events distribution law
it is sufficient to change that law in respective discrete
event subsystem (in this article: Weibull number generator
and Pareto number generator).

The ON-OFF traffic structure is simulated by Enabled
Gate, which is operated by a service unit (i.e. Server).
Service time intervals specify duration of the ON phase
and for this purpose it is possible to use Event-Based
Random Number block, which supports most common
distributions.
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Fig. 4. Experimental histogram for generator used in
P/M/1/K model and PDF of Pareto distribution law.
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Fig. 5. Queuing system with Pareto distributed request inter
V. CONCLUSIONS

This article shows possibility to use Simulink
environment with SimEvents blockset for network traffic
modeling purposes. Although this blockset has many
available blocks, it is necessary to create custom blocks, for
example to create ON-OFF structure self-similar traffic with
Pareto distribution, as it is described in this article.

Comparison of generated random numbers histograms
with respective PDF of Pareto and Weibull law shows, that
these generators can be used for generating self-similar
traffic, considering it can be described by these
distributions. At the moment, this is considered to be true.
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Sergejs Sarkovskis, Elans Grabs. Sevlidziga trafika modeléSana datortiklos.

Jau plasi zinams, ka misdienu datortiklu trafikam piemit sevlidziga

(fraktala) struktira. Diemz€l, tadam sevlidzigajam trafikam, atSkiriba no

standarta Markova trafika, nepastav adekvatais analitiskais modelis. Tados nosacijumos, lai nodrosinatu efektivo datortiklu darbibu ar sevlidzigo trafiku,
nepiecieSams izdalit ievérojami vairak resursu, neka standarta Markova trafika modela gadijuma. Tada atSkiriba pieprasa lielu uzmanibu aprékinot
plismu parametrus trafika vadibas un kontroles sisteémas. Saja raksta tieck piedavats izmantot simulacijas noltikiem datorpaketi MATLAB un taja ieklauto
vidi Simulink.

Cepreii IlllapkoBckuii, Jy1an I'pad. MoaennposaHue caMonoa00HOro Tpaguka B KOMNbIOTEPHBIX CETSX.

Yike TaBHO M3BECTHO, YTO TPa(hMK B COBPEMEHHBIX KOMITBIOTEPHBIX CETSIX IO OOJBIICH YacTH MMeeT caMonoo0HbIH (ppakTansHeliil) xapakrep. K
COXKAJICHHIO, 1T CaMOIT0100HOTO TpadHKa, B OTINYHE OT CTaHAapTHOr0 MapKOBCKOTo Tpauka, He CyIIECTBYET aiAeKBaTHON aHaJINTHYECKOH MOJICIH.
Ipu Takux ycroBUSX, UL TOTO YTOOBI 0OecnednTs dPHEeKTUBHYIO pabOTy KOMIBIOTEPHBIX CeTeil ¢ caMOnof00HBIM Tpa(uKoM, HEOOXOUMO BBIACIATH
3HAYUTENBHO OOJbIIE PECYpCOB, B CPABHEHHH C MX KOIMYECTBOM JUIS CIIydas MOZAENH CTaHmapTHoro Mapkosckoro Tpaduka. Takoe paznmuane TpeOyer
00JIBIIION OCTOPOXKHOCTH MPH pacyueTe MapaMeTPOB MOTOKAa B CHCTEMaxX KOHTPOJSA M ynpaBieHHs Tpaduka. B naHHOI cTaThe 11 CUMYIAIMH pabOThI
TaKMX CHCTEM IIPEUIaraeTcs HCIob30BaTh mporpammMustii maker MATLAB u Bxomsuryro B Hero cpexy Simulink.



