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TECHNIQUE OF MODELING THE INTENSITY OF THE REAL TIME TRAFFIC IN  
A TELECOMMUNICATION NETWORK CHANNEL WITH SWITCHING PACKAGES 
 

In this paper, offers a technique of modelling the intensity of the real time traffic in channel telecommunication 
networks with switching packets which is based on exponential distribution of the moments of the beginning of 
transfer and duration of transfer of real time streams. The implementation of the specified technique allows 
creating the adequate models simulating a process of dynamic change of intensity of the real time traffic in 
channel telecommunication networks with switching packets. 
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Introduction 

 
In modern telecommunication networks with 

switching packets (TNSP) at transferring of speech 
messages and streams of video information the multi-
media traffic is formed. The intensity of the information 
transfer initiated by real time operation of any multime-
dia application is high enough and close to constant 
value, therefore such kind of the traffic is frequently 
called streaming traffic or real time traffic [1 – 3]. For 
qualitative transfer of streaming traffic it is necessary to 
minimize a delay of packages and its dispersion (jitter) 
that is possible at realization of efficient real time 
streams control in the conditions of presence of the lim-
ited network resources [4]. During development the 
methods of management of real time streams in TNSP it 
is expedient to use the mathematical models simulating 
the process of dynamic change of the intensity of the 
real time traffic in a TNSP channel. 

Therefore the scientific problem consisting in de-
velopment of a technique of creation of adequate mod-
els, simulating change in time the size of intensity of the 
real time traffic in the channel of a telecommunication 
network with switching packages is actual. 

The purpose of the article is to receive by means 
of mathematical modeling the correct current values 
which the size of intensity of the real time traffic takes 
in a TNSP channel. 

 
1. A substantiation of characteristics  
of the real time streams transmitted  

by a channel TNSP 
 

For modeling the real time streams transmitted by 
the channel it is necessary to prove the laws of distribu-
tion and the characteristics of random variables S  (an 

interval of time between the moments of the beginning 
of transfer in this channel of the real time streams) and 
T  (duration of transfer in this channel the real time 
streams). Within the framework of the theory of mass 
service we offer the models that adequately describe the 
functioning of telephone channels switching unit on 
which the stream of inquiries for establishing connec-
tion comes [5 – 7]. The most widespread models of re-
ceiving calls in such system and their service assume 
that the density of distribution of a time interval be-
tween receiving calls, and also the density of distribu-
tion of duration of their service submit the exponential 
law. Practical importance of these models is caused by 
the fact that the values of the basic characteristics of the 
mass service system calculated on the basis of the above 
mentioned models will well be coordinated to the results 
of corresponding measurements in really functioning 
networks with switching channels. 

There is an obvious analogy between the two proc-
esses – the service of a call in a traditional telephone sys-
tem of communication and a transfer of a real time stream 
in a telecommunication network with switching pack-
ages. The doubtless similarity of these processes is that 
the moments of their beginning and termination are initi-
ated exclusively by the users and are only connected to 
their subjective needs, instead of technological features of 
information transfer in one or another network. Therefore 
the assumption seems to be proved that the density of the 
distribution of a time interval between the moments of the 
beginning of real time streams transfer, and also the den-
sity of distribution of duration of their transfer satisfies 
the requirements of the exponential law. 

Statement of a problem 
We have set: 
1) The size – throughput of the channel on which it 

is required to transfer the real time streams; 
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2) The set of real time streams }{ i , where 

I,1i   is the number of a stream which is required to be 
transferred on the channel; 

3) The set }{ i , where i is the required val-
ue of intensity of transfer of a stream 1 ; 

4) The set }x{X 11  , where 1x is the value of the 
moment of time corresponding to the beginning of a 
transfer of a stream 1 ; 

5) An interval of time of modeling ]t;0[ кон . 
It is necessary: to determine the values of intensity 

of the real time traffic in a TNSP channel in each pre-
sent situation of time. 

Assumptions: 
1) The interval of time between the next moments 

of the beginning of transfer of real time streams on the 
channel is a random variable S  which is distributed on 
the exponential law and is characterized by an average 
of distribution S ; 

2) Duration of transfer of a real time stream on the 
channel is a random variable T  described by the expo-
nential law of distribution and an average of distribu-
tion T . 

 
2. Development of a technique 

 
The task of receiving the values which are pos-

sessed in a present situation of time by the size of inten-
sity of the real time traffic in a TNSP channel is reduced 
to the definition of size )t(L , i.e. the total intensity of 
the real time streams transmitted on the examined chan-
nel at a present situation of time. 

At defining the size )t(L  it is necessary to take in-
to account, that total intensity of streams simultaneously 
transmitted on the same channel cannot exceed 
throughput of this channel. The transfer of a stream at 
the moment of time is only possible at meeting a condi-
tion: 

c)t(mi  ,                               (1) 
where )t(mi  is a value of total intensity of real time 
streams, which are required to be transferred on a TNSP 
channel at the moment of time. 

The value of )t(mi  is defined from the expression: 
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where )t(li  is a required value of intensity of transfer of 
a stream i at the moment of time t . Having defined on 
the formula (2) the set )}t(m{ i , it is possible to find the 
required value )t(L  as meeting a condition (1) the 
greatest value of total intensity of real time streams 

which are required to be transferred on a TNSP channel 
at the moment of time t : 

.c)t(m)},t(mmax{)t(L ii   
In the formula (2) the values )t(li  are unknown. If 

at the moment of time 
t

 it is required to transfer a 
stream i , the required value of intensity of its transfer 
to this moment of time will correspond to a predeter-
mined value i , otherwise it will be zero: 
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where ix is the value of the moment of time when it is 
required to begin transfer of a stream i ; i  is the re-
quired value of duration of transfer of a stream i . 

According to the assumptions, it is known, that the 
random variable T is distributed on the exponential law. 
Therefore the density of distribution of required dura-
tion of transfer of a stream from the set   can be sub-
mitted as a function: 

T
t

e
T
1)t(g


 . 

To receive the values of any random variable dur-
ing modeling special gauges are used, which, as a rule, 
generate values of the random variable having an even 
distribution in an interval (0, 1). In a reality such gauges 
generate not casual but pseudorandom numbers close 
enough to them. Having a sequence of evenly distrib-
uted random numbers }U{ n  where N,1n  , it is possi-
ble to calculate the values of random numbers }Y{ n  
with exponential distribution and average value   on 
the formula [8]: 

 nn U1lnY  . 
Therefore, using the gauge generating evenly dis-

tributed values of random numbers }U{ i , it is possible 
to receive values }{ i  of a random variable T : 

 ii U1lnT  .                         (4) 
In the formula (3) the unknown is the set of values 

}x{X i . The elements of this set can be found consis-
tently, using the expression: 
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where 1is   is the size of an interval between the mo-
ments of time 1ix   and ix . 

As an example the moments of the beginning of 
transfer of real time streams, the intervals between them 
and the values of duration of transfer of these streams in 
the TNSP channel are illustrated in fig. 1. 

For the solution of a problem put by it is necessary 
to receive the set of values }s{ i .  
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Fig. 1. The moments of the beginning of transfer  
of real time streams, the intervals between them  

and the values of duration of transfer of these streams  
in the channel of a network 

 
It is known, that the density of distribution of the 

random variable S , corresponding to the exponential 
law, looks like: 

S
t

e
S
1)t(f


 . 

Therefore for definition of values }s{ i  of a random 
variable S  it is possible to take advantage of the expres-
sion: 

 ii U1lnSs  .                         (6) 
The technique of modeling of intensity of the real 

time traffic in a TNSP channel, and the block diagram 
of a realization algorithm is submitted on fig. 2, it in-
cludes the following stages. 

1. Input of the initial data (block 1). There have 
been entered the value of the size c , the predetermined 
sets of values }{ i , }x{X 11  , the value уt . 

2. Applications setup for the transfer of   real time 
streams on the channel of a network. At this stage the 
generating numbers }U{ ij  (block 5) and consecutive 

calculation of values is  on the formula (6), ix  on the 
formula (5) and i  on the formula (4) (block 6) is car-
ried out. As a result for each application for transfer of a 
stream i  the values are defined for the moments of 
time ix when it is required to begin the transfer, and the 
required duration i  of the transfer.  

3. Receiving of the required values of intensity of 
transfer of real time streams in the channel of a network 
in a present situation of time t . At the given stage with 
the use of expression (3) the values )t(li  are calculated 
(blocks 7 - 9). 

4. Calculation of values of total intensity of real 
time streams which are required to be transferred in the 
channel of a network at the moment of time t . The es-
sence of this stage is in the receiving by the means of 
expression (2) the values )t(mi  (block 10). 

5. Definition of total intensity of transmitted 
streams of real time in the channel of a network in a 
present situation of time t . In the block 11 the fulfill-
ment of a condition (1) is checked. If the given condi-
tion is fulfilled, the value of the size )t(L  (block 12) 

which has been originally equal to zero (block 3) is up-
dated. The default of a condition (1) corresponds to a 
situation when in consequence of limiting congestion of 
the channel the application for transfer of the stream 

i , arrived at the moment of time t , receives refusal. 
Thus the required value of intensity of transfer of a 
stream i  is nulled (block 13). 
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Fig. 2. The block diagram of the algorithm  

realizing a technique of modeling of intensity  
of the real time traffic in a TNSP channel 

 
Stages 3 – 5 of the technique are cyclically re-

peated with the purpose of receiving the resulting values 
)t(L  for each moment of time t . 

 
Conclusions 

 
Thus, the article offers a technique of modelling 

the intensity of the real time traffic in a TNSP channel 
which is based on exponential distribution of the mo-
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ments of the beginning of transfer and duration of trans-
fer of real time streams. 

The implementation of the specified technique al-
lows creating the adequate models simulating a process 
of dynamic change of intensity of the real time traffic in 
a TNSP channel. 
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МЕТОДИКА МОДЕЛЮВАННЯ ІНТЕНСИВНОСТІ ТРАФІКУ РЕАЛЬНОГО ЧАСУ  
В КАНАЛІ ТЕЛЕКОМУНІКАЦІЙНОЇ МЕРЕЖІ З КОМУТАЦІЄЮ ПАКЕТІВ  

К.О. Польщиков, Н.В. Рвачова, К.М. Любченко 
В роботі запропоновано методику моделювання інтенсивності трафіку реального часу в каналі телеко-

мунікаційної мережі з комутацією пакетів, яка заснована на експоненціальному розподілі моментів початку 
передачі та тривалості передачі потоків реального часу. Використання представленої методики дозволяє 
створювати адекватні моделі, що імітують процес динамічної зміни інтенсивності трафіку реального часу в 
каналі телекомунікаційної мережі з комутацією пакетів. 

Ключові слова: трафік, потік реального часу, експоненціальний розподіл, методика моделювання, те-
лекомунікаційна мережа з комутацією пакетів. 
 

МЕТОДИКА МОДЕЛИРОВАНИЯ ИНТЕНСИВНОСТИ ТРАФИКА РЕАЛЬНОГО ВРЕМЕНИ  
В КАНАЛЕ ТЕЛЕКОММУНИКАЦИОННОЙ СЕТИ С КОММУТАЦИЕЙ ПАКЕТОВ 

К.А. Польщиков, Н.В. Рвачева, Е.Н. Любченко 
В статье предложена методика моделирования интенсивности трафика реального времени в канале те-

лекоммуникационной сети с коммутацией пакетов, которая основана на экспоненциальном распределении 
моментов начала передачи и длительности передачи потоков реального времени. Применение указанной 
методики позволяет создавать адекватные модели, имитирующие процесс динамического изменения интен-
сивности трафика реального времени в канале телекоммуникационной сети с коммутацией пакетов. 

Ключевые слова: трафик, поток реального времени, экспоненциальное распределения, методика мо-
делирования, телекоммуникационная сеть с коммутацией пакетов. 
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