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Introduction 

Nowadays one of the major problems in the field of telecommunications is the designing of perspective access 

networks (AN). The access networks are segment of the next generation networks (NGN) and provide access to 

all basic networks, which services are ordered by the user over a single access line (AL). 

On the basis of the analysis of international standards and recommendations [1] and regional organizations for 

standardization in the field of AN designing the basic models for building of access segment were allocated and 

researched [2-4]. 

As researched AN have set of parameters which is different from the parameters of the existing subscriber 

networks, it’s necessary to analyze and make a characterization of these parameters, to identify the correlation 

between them and bring them into a form suitable for modeling. The optimal network structure and consequently 

its cost will vary depending on the variation of predicted parameters. Even a slight change in the initial values can 

significantly affect the resulting performance, which indicates the importance of researching the question of how 

variations in input parameters affect the network configuration and its cost. 

The necessity of analysis problem’s solving is indicated in the work [4] at the statement of the research problem.  

Made earlier [4-12] analysis of the initial parameters of AN allowed to identify those one that didn’t significantly 

affect the process of network creating and could be neglected and essential in creating AN parameters 

influencing on their structure and cost. To classify parameters by their importance at the AN designing signs for 

the classification parameters were marked. Taking into consideration that there was allocated big number of 

parameters at the access system research for further research chosen parameters were divided into groups. 

All set of the AN parameters is divided into two categories: qualitative and quantitative, which defined by the 

ranges and gradation of values taken by them.  
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Statement of the problem 

The aim of the study is to improve the efficiency of perspective AN designing, to reduce the cost of their creation 

and to improve the operational efficiency. 

The object of the study is the predicted parameters of AN. 

The subject of the study are methods for analyzing the parameters of AN. 

On the base of results presented earlier in authors works [4-12] there are following problems solving in this paper: 

– forming the model for research the effect of the forecasted parameters’ variations on the resulting 

characteristics of AN; 

– identifying the forecasted parameters that affect the values of the AN resulting characteristics; 

– constructing the interrelation scheme of AN parameters; 

– identifying the correlation between forecasted parameters. 

The model for research of forecasted parameters' variation’s impact on the resulting 
characteristics of AN 

The influence of the forecasted parameters’ variation on the characteristics of the designing AN is solved in this 

work. It is done by means of imitating modeling methods. For these purpose it is proposed the structure of the 

research, presented in Figure 1. 

Forecasted parameters are chosen as the initial values. They include, first of all, the number of AN users, the list 

of infocommunication services (ICS), the surface density and the distribution of users at the AN service area, the 

load created by these users and many other variables. To implement the model, simulating the process of AN 

creating, several authors solutions are offered. They allow obtaining optimal values of the AN resulting 

Optimization criterion 

(the network cost, 

the length of access lines) 

 

Determined values:  

- the cost of the equipment; 

- the capacity of access nodes. 

Forecasted parameters:  

- number of users; 

- the list of services;  

- the surface density and the distribution 

of users in service area; 

- the load created by users. 

                Restrictions  

- requirements for the network and network 

equipment  

- the quality of service. 

Characteristics of the access 
network: number and location of 
access points, size of the 

territories served by the access 

points; 

length of local and transport 
access segments. 

A simulation model 
of the process of 

access network 

creating 

Figure 1. The model for research of forecasted parameters' variation’s impact 
on the resulting characteristics of AN 
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characteristics, including number, capacity and location of access points (AP), sizes of areas served by these 

nodes (APT), the total cost of the network. The network cost and the length of the AL local segment are selected 

as the criteria for optimization. Quality of rendering services, network requirements to the network and network 

equipment are specified as restrictions. Peculiarities of the territory where construction of AN is planned and the 

presence of natural obstacles and objects which prevent the laying of lines and installation of AP are also 

considering. Users can connect to service rendering point (SRP) directly without the use of AP. The lines for 

which AP are used may have one-level or two-level structure of the connection, thus possible combinations of AP 

can have place. Options for users connecting to the SRP using direct connection and AL one-level structure: 

through individual AL for users located within the territory served by the SRP, through concentrators (C) for rather 

large groups of remote users, through multiplexers (M, for groups of remote users with digital terminals. Variants 

with two-level structure for connection of small groups of remote users: through concentrators connected to other 

concentrators, through concentrators connected to multiplexers, through multiplexers connected to other 

multiplexers, through multiplexers connected to concentrators. 

AN parameters interrelation scheme 

At the analysis of AN resulting characteristics forecasted parameters affecting the value of properties are 

discovered. Bandwidth of access nodes depends on the forecasted values: the number of users рN  connected 

to the node and the load created by these users: 

),,,,(
2211

nωωωNfω ррAP = ,      (1) 

were: pω  – average bandwidth of one connection to the AP; 

  
1
ω  – bandwidth of the access transport segment connecting AP with the SRP; 

 
2

ω – bandwidth of the link between the access nodes if two-level structure is used, 0
2

=ω  at the one-level 

AP connection structure; 

 
2

n  – number of AP. 

The total bandwidth of the access transport segment's links which are to be connected to the AP at the one-level 

structure is being determined by the forecasted values: 

 ),('

рp ωNfω
21

= .     (2) 

The forecasted surface density η of users and their placing in the service area affect the length of the AL 

segment. 

For the rectangular structure: 

),N,N,N,b,a,b,a,b,aη(ηfl SRPTAPSRPAPAPSRPSRPAPRecS ,
3

= ,  (3) 

where: a, b – sizes of the rectangular sides of the territory served by the AN; 

 aSRP, bSRP – sizes of the rectangular area sides where AL are connected directly to the SRP; 

 aAP, bAP – sizes of the rectangular sides of the territory served by single AP; 

 ηAP – surface density of AP distribution; 

 NAP – number of AL connected to the AP; 

 NSRP – number of AL connected to the SRP; 

 NSRPT – number of AL connected directly to the SRP within the territory served by AP. 

For the radial structure: 
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),N,N,N,m,R,R,Rη(ηfl SRPTAPSRPSRPAPSRPAPRadS ,
4

= ,           (4) 

where R – AN territory radius;  

 RSRP – radius of the territory where AL are connected to SRP;  

 
iSRPR  – radius of thi  SRP servicing;  

 SRPm  – number of SRP connected by AL;  

 RAP – radius of the area serviced by single AP;  

 APN  – number of AP at the APT;  

 
iAPTR – radius of thi  APT. 

Optimal number of AP at the analyzed territory of AN: 

),,(
1105
ωcNfn = .                                                       (5) 

Common equation of AL costs: 

),v,c,N,c,c,ω,l,β,L,c,ω,l,β,L,c,l,c,l(cfC PPL

'

APAPLLLLLТТТТТLCLCТCTC 16
= , (6) 

where for the AL local and transport segments:  

LCTC c,c  – cost of the length unit of the cable path construction;  

APLТ c,c,c   – initial cost of length unit of the cable and AP; 

LCТC l,l  – length of the cable path construction; 

LТ L,L  – total cable length;  

LТ l,l – average length of single AL; 

LТ β,β – coefficient for accounting the dependence between the cable cost and its bandwidth; 

LТ ω,ω  – bandwidth of AL; 

'

APc  – AP cost depending on the bandwidth; 

Pc – cost of the SRP single port; 

Pv – number of SRP ports. 

If the total network cost is being considered as system consisting of many separate components each of which is 

represented as class of parameters with its own set of attributes, it is possible to establish relationship between 

the components of the cost. Such conception allows distinguishing among the set of parameters classes the 

object of research which is represented as AN forecasted parameters. Figure 2 illustrates the relationship 

between the elements which are represented as parameters influencing the AN cost. 

Solid line at the fig. 2 identifying the generalization ratio between the scheme classes, dotted line - the ratio of 
aggregation between the classes. To get the access network cost С it is necessary to specify costs of its 
elements, costs of its installation }{c , to determinate  length of the paths and access lines },{ lL , number of 

access points }{n , bandwidth of AL and AP }{ω . At the definition of these values the forecasted parameters 

appear, including number and surface density of ICS users, specific bandwidth ),,( pp NηωfC = . These 

parameters are specified at the scheme. 
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Figure 2. AN parameters interrelation scheme 

In order to determine the network topology in addition to the forecasted values  pp Nηω ,,  it is necessary 

considering of service area features: form of the territory, its size, the APT size, the size of the territory where 
users connect directly to SRP without the use of AP (SRPT). 

For the distribution of the parameters according to their importance in the process of AN creation features which 
can make the classification parameters are being specifying. As an example: it is possible to classify the AN 
parameters according to the class of serviced areas, because at the network designing it is necessary to take into 
account local features of the territory for which it is being created. These parameters are geographic terrain 
features, population density, surface density of users, their financial facilities, terrain type. 

Conclusion 

The essential difference between the access network parameters and the existing subscriber networks 
parameters has necessitated the analysis of these parameters and identifying of the interrelation between them. 
Relations between the cost components are established during analyzing of the total cost of the network as a 
system consisting of many separate components, when each of them is being represented as class of options 
with its own set of attributes. This conception allowed to reveal correlation between the parameters and to select 
the object of research among the set of parameters classes. Object of research is forecasted parameters of 
access networks. 
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