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I. Introduction

The goal of this paper is to propose the analysis method
of processes in an unreliable telecommunication system by
the means of Markov changes. Moreover, our proposed
analysis method based on macro states of Markov chains is
much simpler than the detailed Markov processes applied
previously by authors for analysis of such unreliable
telecommunication systems [1-8]. A lot of effort has gone
into the study of unreliable telecommunication systems. A
rich literature exists in the area of data packets
transmission process analysis in the telecommunication
system by the means of Markov chains [9]. The majority of
them analyze the processes in the system using detailed
Markov chains [6, 7]. These papers present some examples
of elementary Markov model for unreliable systems.
Complex systems give rise to large and complicated
Markov models. Several techniques are used for the
automatic generation for large Markov chains models and
balance equations [8, 10]. The literature on the research
topic has hundreds of papers with exact analysis of such
systems. One possible way to solve this problem is to use
macro state Markov models. An implementation of macro
state Markov model can simplify the evaluation of
performance measures of complex systems, such as
telecommunication networks. The present paper, on the
other hand, obtains exact analytical results for the
evaluation of telecommunication system performance
measures using the investigation method based on macro
state Markov process. We extend the application of
Markov model for unreliable system investigation.

The paper is organized as follows. The section I
introduces to the necessity of the macro state Markov
model for telecommunication system investigation. The
unreliable data packet loss system with two data packet
transmission channels is presented in the section II. The
analysis, employing macro states Markov chains, of system
with two unreliable channels loss system is described in
the section IIl. The comparison of system performance
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measures is presented and discussed in the section IV. In
the section V we give our conclusions.

Analysis of an unreliable telecommunication system
with data packet loss

Consider a system that consists of two unreliable
transmission channels with losses and Poisson data packet
arrival rate A as shown in the Fig. 1. Data packet
transmission durations over each channel are distributed
exponentially with intensities ; and w,. Each channel is
characterized by the failure rates y;, y, and the failure’s
repair rates ry, r;.

A :(> M7, 1, First channel
:(> 575, T,  Second channel

Fig. 1. The structure of telecommunication system with two
unreliable channels

The detailed diagram of the system state transition is
depicted in the Fig. 2.

Fig. 2. Detailed Markov chains of an unreliable system with two
channels, data packet losses and Poisson data packet arrival

The processes in such system can by presented by the
Markov chains, which show the changes between the
following system states:



00 — both channels are free;

10 — first channel is occupied, second channel is free;
01 — first channel is free, second channel is occupied;
11 — both channels are occupied;

20 — first channel is failed, second channel is free;

02 — first channel is free, second channel is failed;

12 — first channel is occupied, second channel is failed;
21 — first channel is failed, second channel is occupied,
22 — both channels are failed.

Using the global balance concept, we can easily write
down the following equations of the Markov states (Fig. 2)
probabilities Pyy for the evaluation of the unreliable
system:

(A+71+72)Po0 — 1 Pro — #2Po1 —1Pro —rPo2 =0;

A
A+ +71+72)Po _EPOO —upP 1 —rPp =0;

A
(A+py+y1+72)P01 _EPOO - P -y =0

(4 +uy +y1+72)P 1 — ARy — AP =0; (1)
(A+y1+1m)Pop — P2 — 2P0 —72FPo1 —11Pa2 =0;
(uy+71+1m2)P2 APy —72Po —72P 1 =0;

(A+y2 +r)Py —u2Pr1 —y1F0 — 72800 —12 P22 =0;

(12 +72 +1)Py1 = APy —71F01 = 7181 = 0;

(n +r2)Py —r1Po2 —71P2 —72P20 —72P21 =0;

Poo +Po+Py1 +P1+Pop+Pp+Py+Py1 +P =1,

To solve these equations, we obtain the unreliable
system state probabilities Pxy and then proceed to find the
following system performance measures:

1. Data packet loss probability

Poss =P1+ P2+ Py . 2

2. Served traffic intensity in the first and second
channels (data packet transmission channel utilization):

{YI=P10+P11+112; )
Y, =Fy+PA+Py.
3. Probabilities of failure of the first and second
channel:
{PIF:P20+P22+P21; )
Pyp =Fyp + Py + ).
4. System faulty probability:
Py =Py, . (5

Analysis of the system with two unreliable channels
using the Markov chains with macro states

In this chapter we present the analysis of loss system
with two unreliable data packet transmission channels by
the means of Markov chains between the system macro
states (Fig. 3) for the telecommunication system shown in
Fig. 1.

In the macro state AA system works as a classical
M/M/2/2 system with loss.

In the macro state AF system transmits data packets as
a classical loss system M/M/1'/1 via the first channel.
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Fig. 3. Markov chains for the macro states of an unreliable
system

No service

In the macro state FA system transmits data packets as
a classical loss system M/M/1°/I via the second channel.

In the macro state FF system is faulty.

Let’s denote the macro state probabilities of the
unreliable system:

e P, — probability, that both channels are available;

e P,r— probability, that second channel is failed;

e Pp,— probability, that first channel is failed;

e P — probability, that both channels are failed.

Using the global balance concept, we can easily write
down the following equations for the Markov states
probabilities Pyy for the Markov process shown in the Fig.
3:

(1 +72)Pga —12Pyr —11Ppy =0;
(r1+n)Pyp —72P14 —11Ppr =0;
(r2+n)Ppg = 11Pyqg—12Ppr =0; (6)
(n+n)pr =11Par —72Prg =0;
Pyy+Pry+Pyp+Prp=1.

To solve these equations, we obtain the unreliable
system state probabilities and then proceed to find the
system performance measures.

Let’s take case when u=uy=u and the number of
channels v=2, then the performance measures of such
system in each macro state are calculated as follow.

In the macro state AA system performance measures
are defined as:

1. Data packet loss is given by Erlang’s B formula

(A p)"
V!
=0 7
3 (Al " @
k=0 k!

Loss 44

In our case, when v=2, we have
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2. Served traffic intensity by each channel (data packet
transmission channel utilization)
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YIAA = YzAA (9)

3. System faulty probability
Py = Py - (10)

Data packet transmission quality measures in the
system macro state FA and macro state AF:

1. Data packet loss probabilities due to Erlang’s B
formula, when v=1, is given by

- A (11)

P =P = .
Lossp, Loss 4 1+ﬂ//1

2. Served data packet traffic intensities by each channel
are given by

Y, =Yy, = (A1)~ Progg s i) - (12)

Then performance measures of the unreliable system
can be written as:
1. Data packet loss probability

P Loss =PAA .PLossAA +PAF 'PLossAF +PFA 'PLossFA . (13)

2. Mean value of each data packet transmission channel
utilization:

Y2 =Y2AA 'PAA +Y2FA 'PFA.
3. Probability of failure of the first and second channel:

{PlepFA + Prp; (15)

Py =Pyp + Ppp.

Comparison of system performance measures results

In this chapter we compare the results, which were
provided by the proposed macro state Markov model and
the detailed state Markov model. From the results of the
tests one may observe that our proposed method exactly
reproduces the performance measures of the investigated
unreliable system.
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Fig. 4. Results of data packet transmission loss obtained by the
means of detailed states Markov model — P, and the macro
states Markov model — P, as a function of data packet arrival
rate A, when p=uy=p= 2000 pack/s, ;=1/5000 [hours™],
%,=1/1000 [hours™'], »,=r,=1/24[hours™']

Comparison of data packet loss in the system is taken
when the initial parameters of the investigated system are
J=1000 pack/s, 1, =t,=u= 2000 pack/s, y,=1/5000 [hours™],
7,=1/1000 [hours™], r1=r,=1/24[hours™]:

A. For the detailed Markov model P,,,,=0.0840915.

B. For the macro state Markov model P,,,=0.0840916.

More detailed comparison of the results, obtained using
both Markov models, as a function of data packet arrival
intensity A are shown in the Fig. 4 and Fig. 5.
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Fig. 5. Results of data packet transmission channels utilization
obtained by the means of detailed states Markov model — Y, ,,Y>,,
and the macro states Markov model — Y;,Y>3 as a function of
data packet arrival rate A, when u;=u,=u= 2000 pack/s, y;=1/5000
[hours™'], %,=1/1000 [hours™"], r,=r,=1/24[hours™]

The comparison of the results, which are presented in
the Fig. 6 and Fig. 7, shows very negligible differences.
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Fig. 6. Difference between the P, results from the Fig. 4
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Fig. 7. Difference between the data packet transmission channels
utilization results from the Fig. 5
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Our proposed analysis method of macro state Markov model has the advantages over detailed state Markov model. The data packet
loss in telecommunication system with the unreliable data packet transmission links is modeled as a continuous time and the discrete
states Markov process. The advantages of the macro state Markov model method were demonstrated by modeling two channels
unreliable telecommunication system with losses and providing some numerical illustrations. The application of the proposed method
for analysis of an unreliable data packet transmission system and queueing system is discussed. All investigated systems are presented
according Kendall’s notation. On the basis of the reached outcomes it is possible to say that there are negligible differences between the
results of macro and detailed states Markov models for the wide value parameters of investigated unreliable loss system M/M/2/2. 1ll. 7,
bibl. 10 (in English; abstracts in English and Lithuanian).

R. Rindzevi¢ius, P. Tervydis, A. Daunys. Markovo procesy su makro biisenomis metodas nepatikimoms telekomunikaciju
sistemoms analizuoti // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2012. — Nr. 2(118). — P. 73-76.

Pasitilytas Markovo procesy su makrobiisenomis analizés metodas turi pranasumy, palyginti su detaliy baseny Markovo modeliu.
Telekomunikacijy sistema su duomeny pakety praradimais, esant nepatikimoms duomeny perdavimo grandims, modeliuojama tolydaus
laiko ir diskrec¢iy buiseny Markovo grandinémis. Makrobliseny Markovo modelio analizés pranaSumai pagristi analizuojant dviejy
nepatikimy duomeny perdavimo kanaly su duomeny pakety praradimais telekomunikacijy sistema, o palyginimui pateikiamos skaitinés
iliustracijos. Aptariamos galimybés pasiiilytajj metodg pritaikyti nepatikimoms sistemoms su duomeny pakety praradimais ir jy
eiliavimu nagrinéti. Nagriné¢jamos sistemos pateikiamos remiantis Kendalo zyméjimais. M/M/2/2 dviejy nepatikimy kanaly sistema su
duomeny pakety praradimais buvo modeliuojama naudojant makro- ir detaliy biiseny Markovo grandines, o gauty rezultaty skirtumai
yra labai nedideli. Il. 7, bibl. 10 (angly kalba; santraukos angly ir lietuviy k.).
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