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Method For Determining the Structural Survivability
of Intelligent Superstructure with Decentralized Control
Principle

Liliya Zimenko (ORCID 0000-002-1866-8370)

Odessa National Academy of Food Technologies, Odessa, Ukraine
zimenko. liliya@gmail.com

Abstract. This work is devoted to developing the method for determining struc-
tural survivability of intelligent superstructure (IS) with decentralized control
principle (DCP) in providing intelligent services in Next Generation Network.
To evaluate structural survivability here is proposed a middle-weighed value of
the upper and lower limits of the structural survivability.

Keywords: Structural survivability, intelligent superstructure, the upper limit of
survivability, the lower limit of survivability, decentralized control principle.

1 Introduction

Providing intelligent services (800 service, service VAS — Value Added Services,
services of added value, Freephone — the call paid by those who make a call, Rate
Service — calls with added payment, checking outcoming calls, etc.) is actual. To con-
trol intelligent services (IS) are used intelligent superstructures (IS) with centralized
control principle. But this architecture has some significant drawbacks, so there
should be used decentralized control principle. Due to the necessity to ensure contin-
uous processing of IS applications in various conditions including the cases of ad-
verse effects (AE) at IS with DCP, definition and ensuring the structural survivability
of such system is an important task.

2 Definition and ensuring structural survivability of intelligent
superstructure

According to [1] the survivability of the system — is the system's ability to save and
restore its basic functions at a set volume and during a set time in case of changes in
the structure of the system and / or algorithms and conditions of its operation because
of external adverse.

The intelligent superstructure — is the device that controls the intelligent services —
are additional services of telecommunications network, while providing them there
happens change of the service call process.
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In DCP for serving the applications of IS can be used universal servers for servic-
ing all kinds of applications, and specialized servers — for servicing a certain class of

applications.
General view of DCP, in which specialized servers are used, each of which serves

a certain class of applications for IS is shown in fig. 1 [4]:
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Fig. 1. Intelligent superstructure with Decentralized Control Principle

When servicing the application of IS, the application from the Softswitch comes to
servicing server which directly connected with it. If the server is free and serves this
class of applications, it serves the application. If the server does not serve this class of
IS applications, then the application is sent to the Softswitch, which is connected with
server.

Fig. 1 shows the Softswitches, which are interconnected. At one level between
Softswitches are equal links while when they are used there can be formed set of

routes of service of applications for IS M, = {mskt} where k =1,K , K —anum-

ber of several routes between points s (users) and t (servers of services).

The presented in this work method of providing structural survivability of IS with
DCP realizes a current approach with usage of the proposed indicator of structural
survivability, which is determined on the basis of the upper and lower limits of struc-
tural survivability, the achievement of which is provided by the introduction of struc-
tural redundancy.
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The indicator of structural survivability of IS (P,S ) is defined as the average

weighted of the upper and lower limits of structural survivability. The upper limit of a
structural survivability is based on the use of set of routes to service IS applications —

PuLss - While calculating Py, 55 the routes are considered to be independent and

form a parallel structure. The lower limit of a structural survivability is determined on
the basis of a set of sections which are formed for determining set of routes —

P Lss - While calculating P g5 all the sections form a consequent structure.

Indicator of P,g is calculated according to the formula (1):

P = PuLssWutss * PLissWiLss
Wyrss +WiLss

(1)

where Wy g5 and W g - are significant coefficients which determine the im-
portance for calculation of P)g indicators Py s and P gs . respectively.

The method of determination of Pjg consists of the following parts:

1. Let’s determine the upper limit of a structural survivability in the case of intact at

least of one k-th path m_ift from set of routes M st for servicing IS applica-
tions (2):
I:)ULSS =1- O (1 - O p Xy )’ (2)

k5 = K
mg IM b,y Img

where b xy — is section of the route mé‘t , k=1, K , K=isthe number of set of

routs; P,y —probability of intact the section b,y . which belongs to the rout m;‘t

Xy !
at adverse effect.
2. Let’s determine the lower limit of a structural survivability (3) as the probability of

intact of set of cuts d st Which divide a set of routs M st Oof servicing application
on IS:

Piss = O - O @-py), 3)

d slt Tdg by Td slt

where b, — the section of the cut d ;t (1=1,L,L —isnumber of cuts which

divide a set of routes M ).
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Next, a method of ensuring the structural survivability is as follows:

I. The indicator of structural survivability (formula 1) we compare with the re-
quired indicator Ppeq -

Pis 2 Preq, (4)

Preq - is the required indicator of structural survivability of IS.

If the condition (4) is completed, it means that the required indicator of structural
survivability have been reached, the system IS services satisfies the requirement for
structural survivability. If condition (4) is not done there is a removement to the pro-
cedures of ensuring the necessary indicator of structural survivability.

I1. The task of ensuring structural survivability of IS is formulated as a linear pro-
gramming problem, when having solved it the optimal structure reserved route sec-
tions (cuts) is formed: to minimize the objective function (5) in the performance of
limits (4):

I
CSYS :O C;m; ®min, (5)
i=1

where Cgyg — is the cost of the system of reserve sections;
i — is the number of the section in the system;

n — is the number of sections in the system;

¢j —is the cost of i-th reserved section of the system;

m; - is the frequency of reservation of the i-th section of the system.

The solution of the presented optimization problem is as follows.
Find the optimal structure vector of reserve M (mq, M, ,...m, ) which provides

minimum functions (5) under the limit (4).

[11. The optimal system that is reserved will be shown as follows. First, we find the
one section which provides the most significant growth of structural survivability
value in the whole when you add a reserved element to it. The evaluation of the effec-
tiveness of reserve section is performed by using a gradient method based on indicator
(6), which is calculated for each i-th section when the frequency of its reservation is
increased on one figure [3]:

pi(m; +1) - p;m;
ci*pi(m;)

g(m; +1) = (6)

where p; (m; + 1), p; (m;) - is the indicator value of the i-th undestroyed sec-

tions when its frequency of reservation (m; + 1) and M; respective.
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The need for reservation for each section is determined by taking into account its
impact on the change of values Py gs and Py g5, by using indicators
Jurss (M +1) and g ;g5 (M; +1) which are calculated according to the
formula (7) for set of routs (indicator g ; g5 (m; + 1)) and for the sets of sections
(indicator g || g5 (m; +1)). As aresult, for each i-th section is formed an average

weighted value (7), the maximum meaning of which amongst all derived average
weighted values determines the number of the section for increasing it on one figure
in the frequency of it reservation at this step:

_ Wuyiss Juiss ¥ Witss 9 Liss 7
gaV - [}

2

where gy 55 and g sg - are for values of the upper and lower limits of structur-

al survivability.

At the second and each next step is searched such section (including the one to
which there has just been attached a reserved element), when adding to it another
reserved element again gives the greatest relative growth of indicator value of struc-
tural survivability of the system in the whole. The process of reservation continues
until you reach the condition (4).

Thus, the presented method allows determining and providing structural survivabil-
ity of IS with DCP.

3 Conclusions

The method for determining structural survivability of intelligent superstructure with
decentralized control principle for providing intelligent services on the basis of using
the upper and lower limits of structural survivability of IS, has been proposed here
and it allows to obtain data about the maximum possible values of the system surviv-
ability. Also there has been represented the method of providing structural survivabil-
ity on the basis of using structural redundancy.
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