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Absrtact. The article is dedicated to the structure of functionally persistent subsystem of information exchange (SIE) in the system of
airspace control. Taking into account the character of hierarchical structure of the subsystem of information exchange the research
was carried out with the help of graph model, namely the questions of best-connected structures were considered. Mathematical
model of functionally persistent subsystem of information exchange is an unoriented graph with reliable vertices and unreliable edg-
es. Optimal algorithm during the choice of topology of functionally persistent subsystem is offered. Given algorithm allows to get the
estimation of functional persistence of system relatively expeditiously.
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Introduction. The research of existing scientifically justi-
fied approaches [1-3] to improving of the effectiveness of
complicated technical systems, to which subsystems of
data transferring belong entirely, allowed to make a con-
clusion about establishing in the last several years the new
priority approach, connected with ensuring the character-
istic of functional persistence in the system.

Under the functional persistence of the object should
be understood its tendency to continue performing its
functions during preset time in the limits, which are preset
by regulatory requirements in conditions of counteraction
and influence of malfunctions and failures [3]. The re-
search showed that functional persistence of complicated
technical subsystem combines the qualities of faultless-
ness, reliability and survivability. Functional persistence
is ensured by the use in complicated technical system
different existing types of indulgence (structural, informa-
tional, temporal, loading etc.) through redistribution of
resources with the aim of eliminating the consequences of
emergencies.

Related publications. Analysis of the works [4-7] was
carried out in the area of projecting optimal topologies
SEI and it revealed two classical approaches to the target-
setting:

- synthesis of the network on the criterion of the mini-
mum of average time of delay in notice in the network
with given limitations on reliability and cost;

- synthesis of the network on the criterion of the mini-
mum of the cost with limitations on the indicators of reli-
ability.

In [8] the use of structural indicators of reliability and
coherence (degree of output arcs) were considered. At the
same time, probabilistic characteristics of elements of the
network - probability of the fault of network nods and
channels of data transmission - were not taken into ac-
count. Lately heuristic algorithms are widely used for
solving the tasks of optimization of networks of big size
[9]. Complexity of their use is due to the adaptation of
their parameters. Research in the sphere of structural reli-
ability of systems [10], the quality of their functioning,
analysis of the criteria of assessing findings, accounting
plurality of really existing limitations for the tasks of big
size almost unexistant.

The aim of the article is development and research of
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the methods and algorithms of analysis of functional per-
sistence, as well as synthesis of optimal topologies of
subsystem of information exchange with the aim of ensur-
ing functional persistence.

Materials and methods. To reach the target will be
used its graph representation as the most widespread and
easy form of representing the structures in general. Let's
say that the vertices of the graph are the nods of commu-
tation, and the edges are communication lines. The meth-
ods of theory of graphs and theory of multitudes were
used for research. The results of the work of the algo-
rithms of structural coherence of subsystem on the indica-
tor of probability of coherence, which allows to reveal
vulnerabilities of the topology of subsystem, the reserving
of which will allow to significantly increase the persis-
tence of subsystem.

Analysis of the works [9-12] in the area of functional
persistence and structural reliability allowed to define a
lot of quantitive indicators of assessing structural reliabil-
ity: minimum cut and probability of coherence. The mul-
titude of methods of calculating the probability of coher-
ence of subsystem of information exchange, like any oth-
er complicated subsystem, fall into two independent sub
multitudes: precise and crude methods of calculation.
Practical use of any method is defined by the task-setting,
the level of precision of initial probabilities of operability
of the elements of the system (subsystem). Some precise
analytical methods are developed for definite structures of
systems of data transmission. Precise methods of defining
the probability of coherence considered in [3] can be
used only for systems in which the number of nods of
commutation is less than twenty. Under condition of in-
creasing the number of nods this task becomes unfeasible
on modern computer facilities. For practical realization of
analysis and synthesis of functionally persistent subsys-
tem of information exchange it is reasonable to use crude
methods. So in the article while defining the probability
of coherence crude methods are used.

Results and discussion. The structure of the subsys-
tem of exchanging information is represented as an unor-
iented graph G(V, E), vieV, ejeE, i,j=1,...,N, which is
described by adjacency matrix S
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where V — set of the vertices of the graph;

if ; € E:
if e; ¢ E.

E — set of the edges of the graph.

In the graph G(V, E), the vertices of the graph v; are
nods of commutation of SIE, and the edges of graph ejj—
lines of connection

For SIE let's say that the system should perform two
main functions:

—processing, storing and retrieving of the necessary in-
formation;

— transmitting the information between the nods of
commutation

Basing on above we can formulate the main require-
ment to functional persistence of SIE:

1. To ensure functionality of all nods of commutation
(NC):

w, eV <=awl(r)=1 r<[0t),

where V = {Vi } —a set of nods commutation SIE;

co(r) — Boolean function, which takes value 1 if

the NC is functional and 0 — otherwise;
7,t —time of exploitation.

2. To ensure information transmission through main
and reserve routes:

YV, Vv, < 3v; e I, i, j=12,..,n,

where I'; —a set of achievable vertexes of the graph

from the vertice V, ;

N — number NC in the subsystem of processing the in-
formation.

According to above, the method of the search of mini-
mum cut graph (Shtor-Wagner algorithm) is used to de-
fine the probability of coherence [13]. The work of the
algorithm starts with giving the adjacency matrix of an
undirected connected graph is given to the inputs of the
algorithm. The result of the work of the algorithm is the
global incision, that is to say the set of edges of the graph
with minimal total weight, the removal (damage) of any
edge divides the graph into two unrelated subgraphs. On
each iteration we have two sets of graph G : the set of
vertices, which are included in some subset 4 and the set
of other vertices. With the help of the Shtok-Wagner algo-
rithm it is possible to find the incision between them. Ob-
tained incision is put into the set of local minimum inci-
sions, from which the global minimum incision is chosen
later.

At the beginning of the work of the algorithm in adja-
cency matrix C graph G all edges are given the weight

W, =1,t=1,...,m. Shtok-Wagner algorithm realizes

(n-1) iteration, and each of them is made of the following
successive steps:

Block diagram of Shtok-Wagner algorithm is repre-
sented on fig.1

Stage 1. Enter an auxiliary set of vertices 4, which is
empty on the first stage: A=

Stage 2. Add to set A one arbitrary vertice of graph G,
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eg. i, e{l,n} tA=AU{i}
Stage 3. Find the total weight of W edges, which com-
bine the vertices of the set 4 with all other vertices of

graph:W = Z z W;

ieA jeA

Adjacency matrix

!

mA=g

!

to choose i A =4 U{i}

‘ to chooseV; €V

wiA, V) = max{w(4, v)vad}
I

Sawve the incision ;€ G

¥

Combine the two vertices that are
added to the set 4

v

Remowve the edge that is incldent
to these vertices
¥
Fold the weight of the edges in

the combined vertices
T

minC;,{ = 1,--,n

Fig. 1. Block diagram of the Shtor-Wagner algorithm

Stage 4. Find vertice K ,which is not included in set 4,
and which has maximum total weight of the edges from it
to the vertices, which are included into the set A, that is

ZWik .= max ZWij Add vertice « to set 4.
icA I=A icA

Stage 5. Repeat stages 3 and 4 until A is equal to set V
of the graph G : A=V

Stage 6. Combine two added vertices to set 4 as the
last and the second to last, to one. While this the edge
incident with this vertices is removed and the weight of
the edges appeared after merging the vertices is calculat-
ed. Put down the value of total weight of the edges (inci-
sion power) to the set of local reserves. Incision is memo-
rized into some interjacent set S.

Stage 7. Repeat stages 2-6 until on the iteration (n-1)
graph G consists of one vertice.

Stage 8. Choose from the set of local minimal incisions
S the least incision, which will be the estimation of struc-
tural coherence of SIE.

So, while building up the structure of SIE it is possible
to estimate different topologies of the structure by the



lead indicator, which defines the set of minimum inci-
sions of the graph-model SIE.

Proposed indicator of probability for estimating the
functional persistence of SIE, which is defined by the
minimum number of incisions of the graph-model with
the lowest probability of fault, allows to localize the most
vulnerable parts in the topology of network. Also it is
necessary to mention that in need of estimating vulnera-
bility of SIE in the process of its functioning if there are
conditions of the faults of channels and their restoration, it
is necessary to constantly monitor the conditions of net-
works for defining minimum incision of active configura-
tion of the topology of the network and redistribution of
download between channels.

Analysis of active configuration of network allows to
predict critical conditions, when as a result of the influ-
ence of internal and external destabilizing factors on the
channels of transmission there is a potential threat of the
fault of all the network or its part. Practical realization of
the algorithm of the search for critical parts in the network
will allow to significantly improve functional persistence
of the network.

Science and Education a New Dimension. Natural and Technical Sciences, 1X(31), Issue: 250, 2021 Feb.  www.seanewdim.com

Conclusions.

1. Using the minimum incision of the graph as the in-
dicator of reliability while projecting the topology of sub-
system of information processing in comparison with
such indicator as minimum level of output arcs of the
graph, generally allows to increase the functional persis-
tence of the topology of the system. Increasing the value
of minimum incision of the graph influences the increase
in possible routs of delivery the information packs and
consequently improves functional persistence of subsys-
tem of data transmission and demotes probability of isola-
tion of separate system nodes.

2. ldentifying minimum incisions in subsystem of in-
formation processing of the system of airspace control
allows to identify vulnerable places in the structure of the
network. Apart from that, minimum incision corresponds
to the area of the network with the lowest capacity.

3. The results of the work of the algorithm of analysis
of structural coherence of subsystem of information ex-
change by the indicator of probability of coherence,
which allow to identify vulnerable places of the topology
of the subsystem, are shown. Reservation of these places
will allow to significantly increase functional persistence
of the system of airspace control.
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