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ABSTRACT
In the given paper large scale redundant complex 

system with renewable units is considered. Two main-
tenance operations – the renewal (repair) of any failed 
unit, and the replacement of failed main unit by redun-
dant one) – are performed in the system. The numbers 
of main units as well as redundant ones, also the num-
bers of replacement servers as well as renewal ones 
are arbitrary. An economic criterion for dependability 
planning (structural control) of considered system is 
introduced; the optimization problem is stated and par-
tially investigated.

1. INTRODUCTION
Economic analysis of large scale complex systems 

(computer and telecommunication networks, gas and 
oil pipelines, power systems, defense systems, trans-
port systems, etc.) is one of the topical directions in 
the modern management science [1-6], [12-16]. This 
problem plays a key role in the dependability planning 
(structural control by economic criteria) of telecommu-
nication and production systems [1], [4].

The object of our study is any large-scale territorial-
ly distributed redundant technical system and its struc-
tural control subsystem. The controlled system consists 
of unreliable, repairable units.

At the same time, telecommunication systems, and 
in particular, Mobile Communication Networks are the 
most relevant (the most suitable) field for applications 
of our research.

Let’s consider the last statement in detail.
Since the beginning of the second half of the 80ies of 

the last century considerable changes have taken place 
in the field of telecommunication, affecting the inter-
ests of telecommunication service providers, as well as 
users and equipment manufacturers.

Here we mean de-monopolization in the field of 
telecommunication services in almost all developed 
countries of the world; creation of open market of tra-
ditional and new types of service and as a sequence, 
intensification of competition between telecommunica-
tion service providers; strengthening of requirements 
on the part of users; rapid development and inculcation 

of new technologies, architectures, etc.
The result of these changes is a considerable in-

crease of interest to the problems of structural control 
and management of telecommunication networks and 
their components.

The essence of this is: low dependability threatens 
telecommunication service providers with not only 
possible loss of clients, but also directly affects the eco-
nomical indices. The refuse of service to users, because 
of non-serviceability of telecommunication means, is 
expressed in lost income and frequently in direct losses 
caused by penal sanctions claimed by users.

Naturally, this problem was in the focus of ITU (In-
ternational Telecommunications Union). Namely, ITU 
has issued recommendation E.862 “Dependability 
planning of telecommunication networks” (Geneva, 
1992), which by ITU’s assignment was prepared by 
Swedish experts.

Recommendation E.862 is concerned with models 
and methods for dependability planning, operation and 
maintenance of telecommunication networks and the 
application of these methods to various services in in-
ternational network.

For all that, this Recommendation gives quite con-
vincing preference to analytical methods for depend-
ability planning, compared to other methods.

In particular, it is ascertained that the application of 
the analytical methods gives economically the best-bal-
anced level of dependability, seen from the customer’s 
point of view. This reduces the risk of customer’s com-
plaints and loss of business to competitors, as well as 
the risk of unnecessary investments. It is, therefore, 
considered to be the best general way of planning for 
administration, as well as for customers [1].

After this ITU has worked out a lot of documents 
on the problems of telecommunication service quality 
and dependability. According to ITU documents Qual-
ity of Service (QoS) is the degree of service a provider 
performs for a client, including the existing agreement 
relation between them (Service Level Agreement -SLA).

SLA between service providers and users regulates 
technical, organizational, legal and financial aspects 
and is becoming an important factor in competition in 
the developed countries.
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A substantial part of SLA is the list of dependability 
indices and the values the guarantee of their provision 
being given by the provider. And this is not accidental, 
as dependability is one of the most important deter-
mining factor of quality.

Thus, service provider, i.e., company that leases tele-
communication channels has to fundamentally study 
his possibilities, collect and process statistic data so that 
to have full idea about the quality of the provided ser-
vice. Only in this way is it possible to rationally estimate 
the given guarantees, compensation forms and size he 
will have to pay in behalf of the client if SLA demands 
will be broken. In these conditions the optimization of 
dependability and structure of telecommunication net-
works and their components acquire particularly great 
importance.

2. SYSTEM DESCRIPTION
The technical system consists of m main and n re-

dundant units. All units are identical. It is supposed 
that for the normal operation of the system, the ser-
viceability of all m main units is desired. However, if 
their number is less than m, then the system continues 
to function but with lower economic effectiveness. The 
main units fail with intensity α  and the redundant 
ones – with intensity β . A failed main unit is replaced 
by a serviceable redundant one if there is such a possi-
bility in the system. In the opposite case (all redundant 
units are non-serviceable, or the serviceable redundant 
units standby are already intended for the replacement 
of earlier failed main units) the replacement will be car-
ried out as soon as it becomes possible. The failed units, 
both the main and the redundant ones, are repaired 
and become identical to the new ones. There are k re-
placement and l repair servers in the system. The time 
lengths of all operations in the system are random vari-
ables with various distributions. Thus, in a natural way 
we have a closed queuing systems (queuing systems 
with finite source) with two types of service − replace-
ment and repair (renewal) (Fig. 1). On the other hand, 
when m is large number (in practice it might be tens, 
hundreds, thousands and more), we will suppose that 
we have infinite source of requests and will get open 
queuing systems.

3. ON ECONOMIC ANALYSIS
The system units as well as maintenance servers 

give different profits depending on their following 
states (positions). 

For system units: 1. main; 2. serviceability redun-
dant one being under replacement; 3. serviceability re-
dundant not being under replacement; 4. failed redun-
dant being under repair; 5. failed redundant not being 
under repair.

For maintenance servers: 6. working replacement; 
7. non-working replacement; 8. working repair; 9. 
non-working repair. 

The profit amount per some fixed time interval 
(time unit) from one system unit or one maintenance 
sever is ic , 9,1=i  for above-mentioned states. Some 
of these ic  may be non-positive.

Denote by iE , 9,1=i  the average number (math-
ematical expectation) of system units or maintenance 
servers at the arbitrary time moment in the steady state 
of system functioning. 

The expressions for iE , 9,1=i  are obtained in the 
works [ 4-21].

Namely, 
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We introduce the function for economic analysis 
of the system. This function expresses the profit of ex-
amined systems per time unit, taking into account the 
above-mentioned values. 

Initial characteristics of considered systems – m, n, 
k, l, α, β, λ,   enter into the expression of profit function 
via ),( jip - probabilistic characteristics of considered 
systems. The expressions for them can be obtained in 
[4-21]. Profit function also depends on c1 ,… , c9  in the 
following way
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Eventually, the problem of system optimization is 

stated as problem of mathematical programming (inte-
ger programming).

Namely, with those fixed m, α, β, λ, μ, c1,…, c9   for 
the considered system to select such values of the pa-
rameters n, k, l (optimal numbers of redundant units, 
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replacement servers and renewal servers) so that the 
profit function F would accept maximum value and to 
determine this value.

That means the solving of problem of analytical syn-
thesis of multi-unit recoverable redundant system by 
economical criterion. 

We believe, this result will be very useful for experts 
working in the field of design, control and management 
of complex systems.

2.3. CONCLUSIONS
Main goal of mathematical model, constructed 

by us, is structural optimization (structural man-

agement) of considered system by economic cri-
teria. Since connections between system’s units is 
fixed, its structural optimization means selection of 
optimal quantity of redundant units maintenance 
servers.

From this point of view, intermediate characteris-
tic values p (i, j), introduced by us, are very fruitful: 1) 
using them it is not difficult to construct mathematical 
model; 2) system’s effectiveness criterion F (n, k, l) is 
easily expressed by their means.

Finally, structural control and management prob-
lem is brought to linear integer programming problem, 
which’s solution is only computational difficulty.
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