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Abstract: The article proposes a method for constructing the topological structure of the access network of the information
and communication network (ICN), which has a distributed structure. The essence of the method is reduced to the fact that
initially the region is divided into zones, then in each zone a star-shaped graph with a vertex in one of the possible locations of
the switch is formed. When forming the subnet structure in the next zone, a fixed set of terminal systems adds the point where
the switch of the previous zone is located. This approach allows, in the construction of a subnet topology in zones, to
simultaneously form one connected (core) topology of the backbone network between the zones. In the next stage, the
topology of the desired K-connected structure of the distributed access network of the ICN is constructed. The problem is

solved by using sections of dominant sets and P-medians of graph theory.
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1. Introduction

The topological structure of the access level of the info-
communication network (ICN) at the current stage of the
development of network technologies is a complex distributed
structure and consists of broadband communication channels
and the corresponding broadband network equipment. The
access network can be built only from optical lines, but with a
gradual transition from cable network to optical one, it can
have a hybrid structure, communication channels at different
sites have different capacity. In general, the ICN access
network consists of terminal equipment, switching devices and
communication channels, designing and creating it is a time-
consuming process that requires considerable capital
investment [1, 2, 3].

The access network by connecting the global info-
communication network to the backbone transport network
provides access to the dislocated information and other
resources of the ICN, allows for the exchange of data

between dispersed subscribers distant from each other over
long distances [8, 9, 10]. It also provides interworking
between subscribers located within the considered access
level of ICN.

If the access network covers a sufficiently large territory,
then the terminal equipment will be located in different parts
of the region in question and the task arises of constructing a
topological structure of the access network that has access to
the backbone network. Optimal placement of optical switches
and their connection with each other and with terminal means
will significantly reduce the cost of their creation [6, 7].

2. The Method of Forming the
Topological Structure of the Access
Network

The essence of the method is to determine the number of

switching equipment (optical switches and routers), the
coordinates of their installation, the ways of connecting them
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with terminal equipment, and with each other and with the
network equipment of transport level ICN. The access
network (AN) has a rather complex distributed structure and
the construction of its topology is one of the main tasks of the
design of the ICN. This task includes the determination of the
number and location of switches, the optimal choice of
connection scheme for terminal equipment with switches, the
construction of a scheme for connecting distributed.

The method allows sequentially determining the structure
of terminal subnets in parallel to form a single-connected
(core) topology of the communication subnet and
purposefully construct the topology of the K-related structure
of the desired access network (the parameter K characterizes
the number of connections between the access network
switches, K =1, 2, 3,... M-1, M is the number of switches in
AN).

The construction of the access network topology is carried
out in two stages: in the first phase, the topology of the
terminal subnet and the core network of the communication
network are constructed, and in the second one, a K-
connected network of the communication access network is
built.

The solution to this problem begins with partitioning the
region into separate zones, each of which should be serviced
as far as possible by means of its own subnet. At the same
time, the following are considered given:

The territorial and administrative parameters of the region,
where it is planned to create an access network with a
distributed structure;

Coordinates of placement of terminal equipment; the
coordinates of the possible locations of switches, etc.

In each zone, the number of terminal equipment is
determined (taking into account the increase in their number
in the process of network development). The division of the
region into service areas is made according to the degree of
compliance of the optical switch's power.

Formation of the topology of the terminal subnet in the
zone is realized as follows.

Concentrated in the zones of terminal equipment are
served by one switch, so the initial topology is a set of star-
shaped structures (graphs) with centers at one of the possible
locations of the switch.

The optimal structure is the minimum sum of channel
weights-rays. The center will be the desired point of the
optimal location of the switch. Synthesis in the next zone is
implemented in a similar way, but a fixed set of terminal
systems adds one point where the switch of the previous zone
is located. The choice of the location of the switch in the next
zone depends on the number and location of the switch in the
previous zone.

Since at this stage only one connection is organized
between neighboring zones, the variant with the least weight
is naturally chosen. In such a formulation, a matter of
essential importance is the sequence of selection of zones for
synthesis.

The principle of successive transition to synthesis under
the networks of the corresponding zones is as follows.

Each switch of the analyzed zone must connect to one of
the possible switching points of the switch of the next zone,
provided that the switch of this zone does not have a
connection with the switches of other zones.

If the solution of the synthesis problem in the next zone
led to the establishment of a connection between its switches
and the switch of the previous zone, but when building a
network in subsequent zones, a zone with a switch with a
lower weight is identified, then the previously established
connection is broken and a connection is established with the
switch of this zone.

As a result of viewing all zones, an interconnected
structure of star graphs is constructed, the centers (vertices)
of which are connected by shortest paths. In other words, the
shortest single connected graph is constructed, which is the
basis for constructing a K-connected structure with the
required properties.

2.1. Fundamentals of the Theory of Dominant Sets and P-
Medians of a Graph

This problem can be solved by combinatorial methods
using sections of dominant sets and the P-median of graph
theory [4, 5].

As shown in the graph theory, for the graph G = (X, D)
(where X is the set of vertices, D are the correspondences
that show how the vertices are connected to each other and
determines the end vertices of the arcs for which the initial
vertex is the subset X;, X,,..., is the vertex X; € X) is the set
of vertices S € X chosen so that for each vertex X ; not in S
there corresponds an arc from some vertex of S to the vertex
X j, that is.

SUD(S) = X;

Since there is a set of minimal dominant sets, then if P is
the family of all minimal dominant subsets of the graph, then
the number.

BIG] = min]|S]|
Sep

is the dominance number of the graph G, and the set S on
which the minimum is attained is the smallest dominant set
(SDS).

In other words, SDS is the smallest number of vertices
from which all other vertices of the graph are accessible.
Directly from the definition of SDS, the notion of the median
of a graph is derived.

For each tops X | € X, two gear ratios are defined

(SO(X,:) = Z V] * d(XL,X]),
X)'EM
8x) = ) Vyxd(X,X),
X)'EM
where d (X, X ;) is the shortest distance from the vertex X to

the vertex X j;
V ; is the weight of the corresponding vertex;



16 Nishanbayev Tuygun Nishanbayevich ef al.: Method for Constructing the Topological Structure of an Access
Network with a Distributed Structure

d o, 0 ¢ are, respectively, the outer and inner gear numbers
of the vertex X; and are the sums of the elements of the row
of the matrix obtained by multiplying the column of the
distance matrix D (G) = [d (x; xj)] by the weight
corresponding to this column of the vertex vj;

The vertices X, and X, for which

_ in[8, (x;
8o(%o) = ™,

0. (%) = mi;gig((xi)],
are the outer and inner medians of G.

Thus, if S contains P vertices and is a subset of the set of
vertices of X, then P is the median of the graph G is a subset
of P-points from which all the remaining points of the set X
are attained for the minimal sum of distances from them and
the problem of finding the P- central in the general class of
problems of distribution and location of service centers, to
which the task of optimal placement of the switch can be
directly related. In other words, the median vertex of a graph
is a vertex, the sum of the distances from which to other
vertices is minimal.

2.2. The Method of Forming the Access Network Topology
on the Basis of the Theory of Constructing a P-Median
of a Graph

It should be pointed out that all that has been said
concerning oriented graphs extends to undirected graphs. In
this case, the indices a and t in the corresponding equations
will be absent and the equation for the P-median is reduced
to the following expression.

5(%) = > V(X% X),

x]-EM

For non-oriented graphs, the concepts of external and
internal medians are meaningless, since their values are equal
to each other. Proceeding from this, the problem of
determining the P-median for an undirected graph can be
expressed in the terminology of the solved problem of
determining the topology of the access network.

To do this, let's imagine the set of all the points of location
of the terminal equipment (TE), as well as all possible
locations for the switches, as a common set of vertices of X
of some non-oriented graph G with a star like structure.

Since the access network is a distributed structure
consisting of M-service areas and, hence, from M-thermal
subnets, each of these networks is described by a star-shaped
graph G, with the set of vertices X™.

Let X{'- the set of vertices X™ of the graph Gy, where q is
the number of possible locations for the switches in the m-th
subscriber network. Consequently, the gear ratio of the graph
G,, will be equal to

sm(XF) = D VidCKE D)

Xj exm

and the set X! for which
§™(Xp') = min[§™ (X}, )],
Xm € Xm

is the P-median of the graph G,,, which corresponds to the
required points of the optimal placement of the switch in the
m - th zone of AN. Since the zone is a star-shaped structure
with one or two vertices in which the switches are placed, the
problem of finding the P-median reduces to the cases of 1 or
2 medians. The task of searching in terms of integer
programming is formed as follows.

The task of searching in terms of integer programming is
formed as follows.

Let the distribution matrix [ ;] be given, in which

£ = {1 if he vertex X; is attached to the vertex X;
v 0, otherwise,

& =1 in the case where X; is the median vertex and
&j = 0 otherwise.

The problem of determining the P-median reduces to
minimizing the function

qg n
i=1Jj=1
J#i
where -n is the total number of vertices of the graph G, i.e.
the total number of terms of the set X™ under the following
restrictions:
a) any given vertex X; is attached to one and only to one

median vertex X;, i.e.

q
Zfii =1forj= 1,n
i=1

b) the existence of exactly P - median vertices is

guaranteed
z &ij = P,

c) the attachment is made only to the vertices of the
median set

& < & foralli= 1,q,)= 1,n.

When solving the problem of synthesis by this method, the
key is to determine the weight characteristics of the edges of
the graph G, which are directly related to the parametric
characteristics of the external traffic entering the access
terminal equipment, throughput and the technical capabilities
of the switch.

The incoming information flows from the TE to the
communication subnet are transmitted to their destinations
via the real channels of communication, which have a finite
capacity, and the higher the intensity of these streams, the
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higher their throughput capacity should be. If the capabilities
of the dedicated communication channel do not satisfy the
condition of reliability of the stream, then it is necessary to
increase the capacity of the communication channel.

Note that under the capacity of the communication channel
is understood not technical speed of information
transmission, but information transmission speed, taking into
account the necessary means of protecting information from
errors, providing the specified fidelity.

A similar situation is observed in the organization of data
exchange between switches. So, the cost of renting the
channel C;; depends both on the distance Lj, i.e. from the
tariff t (L;), and on the informational speed of the given
communication channel between i-j switches R and is a
functional

Gy = @[t(L), Rij],

where Cj; - the cost of renting the channel between the i-j
switches of the network.

Thus, when constructing a topology as the weights of the
edges (communication channels), the choice of the parameter
characterizing the cost of leasing the communication
channels is justified, since the technical, informational and
economic indicators of the access network are associated
with it.

When choosing the weight of the ribs, one must take into
account the obligatory fulfillment of the condition on the
realizability of the flow. This indicates that the calculated
intensity of the ordering of applications in the channel
between the i-j switches pj; on the basis of the information
speed of the given channel must correspond to the intensity
of the external traffic y entering the given TE.

The expression vj", representing the weight of the jth
vertex of the star-shaped graph of the m -zone, in this case
will reflect the flow characteristics of the transport network.
When all situations are taken into account, expression (1) for
determining the P-median for the case P = 1 in the most
general form will have the form

zm =3 T v (v ) Cir}ﬂ[t(L), Ry] * &},

j=1

vim(y, uij)- characterizes the flow characteristics of the
transport network;

Ci‘j“[t(L), Rij] - characterizes the cost of leasing the
communication channel between the node i and the median
"point" j; &; = 1, if j is the median point, otherwise &;; =0.

However, the described characteristics of communication
channels cannot be considered final, since it does not take
into account the part of the information streams coming to
this channel from the remaining zones of the network.

This cannot be taken into account at this stage of the
synthesis, because of the uncertainty of the a priori intensity
of this part of the flow. Such corrections in all zones are
realized when constructing a finite version of a graph with a
given connectedness and solving the problem of the
distribution of flows.

Thus, the initial topology in the zone is a star-shaped
structure centered at one of the possible locations of the
switch. The optimal structure is the minimum sum of channel
weights-rays. The center will be the desired point for the
optimal placement of the switch.

Synthesis in the next zone is implemented similarly, but a
fixed set of terminal equipment adds one point where the
switch of the previous zone is located. The choice of the
location of the switch also depends on the number and
location of the switch in the previous zone.

Since at this stage only one connection is organized
between neighboring zones, the variant with the least weight
is naturally chosen. With such a formulation, the question of
essential importance is the sequence of selection of zones for
synthesis.

The principle of successive transition to the synthesis of
subnets of the corresponding zones is as follows.

Each switch of the analyzed zone is connected by one of
the possible switching points of the switches of the next
zone, provided that the switch of this zone has no connection
with the switches of other zones.

If the solution of the synthesis problem in the next zone
led to the establishment of a connection between its switches
and switches of the previous zone, but when the network is
built in subsequent zones, a zone with a switch with a lower
weight is detected, then the previously established connection
is broken and a connection is established with the switch of
this zone.

Since each possible switch placement point (PSPP) has its
coordinates (X;, y;), then the parameter space defining its
position in this zone must be metric.

The metric of a given set is the distance between specific
pairs of points, i.e.

pP= (|Xi _Xj| + lyi — v

and the search is carried out in the metric space of parameters
with the metric P.

2.3. Algorithm for Solving the Problem of Building an
Access Network Topology

The operation of the algorithm is represented by the
sequence of the following procedures:

1. Using the orthogonal metric for all matching of the
PSPP points in the considered zone, the value of L (i, j) is
calculated - the distance between pairs of points taking into
account their coordinates describing the mutual position
within the serviced zone.

2. The g-variant of the pair of points of the chosen zone is
chosen in a random way and the star-shaped graphs are
constructed, after which the value of the total weight of the
edges C,

(n+k),

c, = Z Co+Crs

a=1

3. The minimum set is chosen from the obtained set Cq and
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it is taken as the desired center and the transition to the
search for the location of the switch in the next zone is
carried out.

4. All terminal and hanging vertices of the spanning graph
are defined.

5. The connection of all terminal and pendant vertices is
made on the basis of the algorithm for constructing the
minimum weight cycle and the associated structure of the
access network is formed. On the generated topological
structure, routing tasks are solved between the access
network switches.

3. Implementation of the Algorithm and
Analysis of the Results

To assess the effectiveness of the proposed method for

constructing the topology of the access network, a
computational experiment was carried out, for this purpose a
program was developed in the language of JAVA, which
performs the following functions:

Separates the given region into zones. The coordinates of
the network elements of each zone in dynamic mode are
entered in the computer memory. On one side of the monitor,
the coordinates of the network elements are placed. For
clarity, the figure shows an example for the simplest case.

Defines in each zone from among the given "points" the
optimal "point" and its coordinates, where the switch will be
installed and connects the network elements of the zone with it;

Takes the best solution to connect switches each zone to
each other - defines the hanging and end vertices, which are
connected with a lying near the top. The number of
connections between switches must be at least two.

XY

X:375.0
Y:235.0
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Figure 1. Example of the formation of the access network topology in the JAVA language.

A computational experiment was carried out for the
region, consisting of 16 zones. Each zone was asked the
coordinates of the terminal systems and the potential location
of the switch. The results obtained by the proposed method
compared with the method of the Autonomous formation of
network topology without taking into account the location of
switches in the next area. Analysis of the results showed that
the proposed method has allowed to reduce expenses by 8-
10% in comparison with the method of construction of the
access network without considering the characteristics of
adjacent zones.

A program called “network Structure” sent for registration
to the Agency for intellectual property of Uzbekistan.

4. Conclusion

At the present stage of development of IT technology
choice of the optimal structure of the network topology is one
of the main objectives in the design and creation of info-
communication systems and networks.

It should be noted that in some cases when building
large corporate info-communication networks with
distributed structure the topological structure of the
desired network is considered given, i.e. it is based on the

structure of the primary network context, and taking into
account its characteristics are determined by the location
of network equipment, it connects to the terminal assets
and computer equipment that performs the functions of
processing and storage. To connect them together uses the
communication channels of the existing network of public
communication. Further, if necessary, thus created a
transport network is built up by adding network and
communication equipment.

Created in this "primitive" way of the telecommunication
network does not always lead to desired results — some part
of the network will have a singly linked structure and to
increase the number of links is not possible, and the other has
multiple ties with neighboring switches. This eventually lead
to the fact that in one area the network is heavily loaded, the
other is underutilized, etc in such a network, as a rule, not
met quality requirements QoS [11, 12].

It is therefore advisable to build the topological structure
of OCOG purposefully considering the situation, not just
"today" and "tomorrow" day. The proposed method of
formation of the network topology will allow us to generate
network topology while taking into account the random
factors that may arise in the operation of the network.
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