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In the modern telecommunication 
networks multiservice traffic is often 

described with the help of distributions 
with «heavy» tails, which allow to 
consider as a model system of mass 
service system type G/G/1.

In practice, in the study of real systems, 
are rarely known laws of distribution 
and service supplied to the input of the 
system of traffic. The study is based on 
representation of the distribution of time 

of service - a probability density function, 
which in turn presented with the help of 
approximation by means of cumulant 
analysis. This approach has a number of 
advantages, because cumulant functions 
are clear an independent statistical 
meaning and may be set to a certain extent 
independently of each other.

Consider the approximation of 
the probability density in a number of 
Edgeworth, the giver of decomposition 
of an arbitrary probability density for the 
derivative of a Gaussian distribution.

W(x) = WG(x)-(χ3/3!)WG
(3)(x) + (χ4/4!)

WG
(4)(x) - (χ5/5!)WG

(5)(x)+ (χ6+10 χ3
2/6!)

WG
(6)(x),                                               (1)

where WG
(k) - derivative of the density 

of normal function.
As a result collected probability 

density comparable with the known 
characteristics of the traffic that is being 
transmitted on multiservice network.

For the study will take a distribution 
function with «heavy» tail (Weibull 

distribution), according to the law which 
will come traffic to the input of the 
network element.

Function of the Weibull distribution 
has the form:

F(x) = 1-e-(x/β)α, x>0, α> 0, β> 0,    (2)

whereα- shape parameter, β- scale 
parameter.

The density of the Weibull 
distribution is as follows (Figure 1):

f(x)=αβ-αxα-1e-(x/β)α.            (3)

It is known that the moments mk 

random variablexWeibull distribution are 
as follows:

mk= βk/αG(1+k/α),              (4)

whereG(z) - gamma function.
For a complete description W(x)find 

the first six points of the expression (4).
The connection between cumulants 

and moments of distributions given by 
the relations:
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6.                           (5)

Based on the foregoing, we can ex-
pand the function in a number of Edge-
worth (1). From expression (1) is directly 
visible to the special value of the cumu-
lants in the evaluation of the probability 
density deviation from a Gaussian distri-
bution.

For the selected values αandβtaking 
into account (4) and (5) we can obtain an 
approximation of the distribution (3) as 
shown in Figure 2.

In the construction of the resulting 
density distribution (Fig. 2) takes 
into account that approximates the 
expression for the density must satisfy 
the normalization condition.

Thus, the resulting approximation 
of the density function of the Weibull 
distribution with cumulants can compare 
it with the theoretical distribution in the 
future to estimate the error variance.

Investigation of density function using 
cumulant analysis allows to take into account 
the properties of the self-similarity of traffic 
and service process. In practice, most simply 
realized the calculation of moments of time 
intervals between packets and time periods 
of service. After obtaining estimates of 
probability densities of the distributions of 
performance evaluation process unit may 
be obtained by a numerical (or approximate) 
solution of Lindley.
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Fig. 1. The density  
function of the Weibull distribution 

withα=10andβ=25.

Fig. 2. Comparison of the two  
densities of the Weibull distribution




