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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 Q = {w;}, where

i=11 is the number of a stream which is required to be
transferred on the channel;
3) The set A ={\;}, where A;is the required val-

ue of intensity of transfer of a stream ©; ;
4) The set X; = {x;}, where x is the value of the

moment of time corresponding to the beginning of a
transfer of a stream o ;

5) An interval of time of modeling ® =[0;t

KOH] *

1t 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 L(t), 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 L(t) 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:

m;(t) <c, (1
where m;(t) 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 m;(t) is defined from the expression:

I (1), i=1;
mi_l(t) + li(t), 2<1< I,

where [;(t) is a required value of intensity of transfer of

a stream ; at the moment of time t. Having defined on

the formula (2) the set {m;(t)}, it is possible to find the

required value L(t) 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:
L(t) = max{m;(t)},m;(t) < c.
In the formula (2) the values ;(t) are unknown. If

at the moment of time , it is required to transfer a

stream ; , the required value of intensity of its transfer

to this moment of time will correspond to a predeter-
mined value A; , otherwise it will be zero:

AL if te[xx; + 1],

ll(t)z{ 1 [ 1 1 1] (3)

0, if te[x;;x;+714],
where x;is the value of the moment of time when it is

required to begin transfer of a stream ; ; t; is the re-

i
quired value of duration of transfer of a stream o; .
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 {2 can be sub-

mitted as a function:
t

LT
aO—Te .

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,} where n = LN, it is possi-
ble to calculate the values of random numbers {Y,}
with exponential distribution and average value o on
the formula [8]:

Y, =—aln(l-U,).

Therefore, using the gauge generating evenly dis-

tributed values of random numbers {U;}, it is possible

to receive values {t;} of a random variable T :
5 =-Thn(1-U;). )
In the formula (3) the unknown is the set of values
X ={x;}. The elements of this set can be found consis-
tently, using the expression:

X1» 1=1,
Xi= (5)

Xi-1 +Si_l,2SiSI,

where s;_; is the size of an interval between the mo-
ments of time x;_; and x;.

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;}.
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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:

f(ty=1e 5.
S

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

s; =—SIn(1-U;). (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 A ={L;}, X; ={x;}, the value t.

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

calculation of values s; on the formula (6), x; on the
formula (5) and t; on the formula (4) (block 6) is car-

ried out. As a result for each application for transfer of a
stream ©; the values are defined for the moments of
time x; when it is required to begin the transfer, and the
required duration t; 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 I;(t) 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 m;(t) (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 L(t) (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
®; , arrived at the moment of time t, receives refusal.

Thus the required value of intensity of transfer of a
stream o; is nulled (block 13).

Calculation
Si 5 Xl' 5 Tl'

li) =2
N E—

Calculation
m; ()
T

Il
[

i

12
[ L(1) = m; (1)
P— |

End

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
L(t) 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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PenenzenT: n-p TexH. Hayk, npod. A.JL. JIsxoB, 3aB. kadenporo KOMIT IOTEpHUX iH(POPMAIiITHUX TEXHOIOTIH 1 cuc-
Tem [lonTaBCchbKOro HaliOHANBEHOTO TeXHIYHOTO YHiBepcurety iM. HO. Konaparioka, [TonTaga.

METOJUKA MOJAEJIOBAHHSA IHTEHCUBHOCTI TPA®IKY PEAJIBHOT'O YACY
B KAHAJII TEJIEKOMYHIKAIIMHOI MEPEKI 3 KOMYTAIIIEIO ITAKETIB

K.O. Ilonvwuxos, H.B. Peauoea, K.M. /TIroouenko

B po6oTi 3amponoHOBaHO METOUKY MOJCTIOBAHHs IHTCHCUBHOCTI TpadiKy peaqbHOro 4acy B KaHalli TeIeKo-
MYHIKaliiHOT Mepexi 3 KOMYTali€lo MaKeTiB, sIka 3aCHOBAaHA Ha €KCIIOHEHIIaJIbHOMY PO3IIO/IiJIi MOMEHTIB MOYaTKy
nepenadi Ta TPUBAJOCTI Mepeaadl MOTOKIB PeajbHOr0 yacy. BUKOpHCTaHHS MpEICTaBIEHOI METOAMKH JIO3BOJISIE
CTBOPIOBATH aJE€KBATHI MOJEINI, IO IMITYIOTh MPOIEC AWHAMIYHOI 3MiHH IHTEHCHBHOCTI TpadiKy peanbHOro 4acy B
KaHaJli TeJIEKOMYHIKaI[IfHOT MEPeXi 3 KOMYTAIi€l0 aKeTiB.

Karudosi cioBa: tpadik, MoTik peanbHOro 4acy, eKCIOHEHIIANBHINA PO3IOILIT, METOMKA MOJICITIOBAHHS, Te-
JICKOMYHIKaIliifHa Mepeka 3 KOMYTAIII€I0 TTAKETIB.

METOJUKA MOJAEJIUMPOBAHUA UHTEHCUBHOCTHU TPA®UKA PEAJIBHOI'O BPEMEHU
B KAHAJIE TEJIJEKOMMYHUKAIIMOHHOM CETA C KOMMYTAIIMENA MAKETOB

K. A. Ilonvwuxos, H.B. Peauesa, E.H. JIlo6uenko

B craTne NpeAIOKCHa MCTOAMKA MOJCIIMPOBAHNA NHTCHCUBHOCTHU Tpa(bm(a PCaIbHOTO BPEMECHHM B KaHAJIC TC-
J'IeKOMMyHPIKaHPIOHHOﬁ CCTHU C KOMMyTaL[PIeﬁ IMaKE€TOB, KOTOpas OCHOBAaHa Ha SKCIIOHCHIHAJIbHOM PAaCIIpCACICHUN
MOMCHTOB Haudajla nepeaadyv U UIMTCIBHOCTHU IE€p€Aadr IOTOKOB pC€aibHOI'O BPEMCHHU. HpI/IMEHeHI/Ie yKaSaHHOﬁ
MCTOAUKH IMO3BOJIACT CO3/1aBaTh aJICKBATHBIC MOACIN, UMUTUPYIOIUE MPOIECC TMHAMUYCCKOI0O USMCHECHHS MHTCH-
CHUBHOCTH Tpa(bm(a pCaIbHOT'O BPpEMEHHU B KaHAJIC TeHeKOMMyHHKaHHOHHOﬁ CCTHU C KOMMyTaLIPIeﬁ IIaKCTOB.

KarwueBble ciioBa: Tpa(l)I/IK, IIOTOK pC€ajibHOI'O BPEMCHHU, SKCIIOHCHIIMAJIBHOC PACIpPEACICHUA, METOAUKA MO-
JCIINPOBaHUA, TCJICKOMMYHUKAIIMOHHAA CETh C KOMMyTaL[I/Ieﬁ ITaKCTOB.
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