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Abstract. The comparative assessment of the level of channel capacity of different variants of 
the structural organization of the automated information processing systems is made.  The in-
formation processing time assessment model depending on the type of standard elements and 
their structural organization is developed. 

1 Introduction 
Nowadays the Use of informational technologies and the automated information processing systems 
(AIPS) in various spheres of economy and the industry showed their high efficiency at the solution of a 
wide class of tasks [1–4]. At the same time the analysis and study of the processes of assessment and 
comparison of various forms of the structural organization of the AIPS on the basis of standard 
elements and different types of program information support is important and critical [5, 6]. 

2 The theoretical part 
In a number of scientific sources the variants of the organization of the automated information pro-
cessing systems (AIPS) of various functional purposes were considered. In the applied theory of the 
mass service the mathematical models [5, 6] allowing to receive the quantitative assessments of a 
number of parameters of functioning of the systems of such class are developed. In the same place it is 
shown that there are different approaches to the organization of polyphase subsystems of AIPS that 
allows to combine the program, technical means, information and intellectual support depending on 
the tasks solved by AIPS, and requirements to the systemic resources. Therefore for the purpose of 
obtaining recommendations about the use of rational variants of creation of the AIPS with different 
structure and characteristics of elements we will make the quantitative assessment of their effective-
ness in the range of the systemic parameters which are of practical interest. 

We will choose the variants of creation of AIPS on the basis of the decentralized and centralized 
structures as the studied ones (Figure 1). 

The presented variants are the main types of structures allowing to create the complex multipurpose 
AIPS [7, 8]. The mathematical models of processes of their functioning are rather well developed.  As 
the measure of comparison we use the efficiency factor [1] estimating the average intensity of an out-
put informational stream from the standard element of the AIPS.  The ratios of the indicators charac-
terizing the superiority on performance level of one variant of creation of the AIPS in comparison with 
another one will be the criterion of efficiency.  
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Figure 1. Basic structures of the AIPS of collective type: a) – decentralized on the basis of personal 
computers; b) – centralized on the basis of two-level network. 

 
With the purpose of study of influence of different structural features of creation of subsystems of 

the AIPS we will accept the following restrictions and assumptions. 
The total intensity of processes of transformation of information at each phase of the system is 

identical in sense of the following ratios [5, 6]: 
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where I, J и L, S – respectively the number of elements of the competing variants at each level of 
creation of the system. 

At the same time we will accept that the costs of realization of the variants are also equal.  Such as-
sumption generally is not true, but it allows to simplify the analysis and to make the quantitative as-
sessment of the influence of structure and characteristics of the variants on channel capacity of the 
AIPS. 

Taking into account the above-said we will take the loss in channel capacity of one variant in rela-
tion to another as the measure of comparison [7, 8]: 
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where μ′, μ″ – respectively the intensity of service of applications by the information-computer en-
vironment; aL′ , aL ′′  – respectively the mean number of the active computers (servers) in the compared 
variants; E – the number of identical structures in the variant. 

The schedules of dependence of the indicator (3) as a function from the parameters E, L, N, ρ are 
presented at the Figure 2.  

As their analysis shows [9,10], at observing the conditions (1,2) and with any values of E, L, N, ρ 
the centralized structure realized in the form of the collective AIPS in comparison with the variant on 
the basis of independent personal computers is more preferable on the level of a channel capacity. The 
difference is the highest in the range of parameters 110 10ρ− ≤ ≤ , 1 8l≤ ≤ , 8 50N≤ ≤ . Here the var-
iant with the centralized structure has the  channel capacity by 10÷45 % higher than with the decen-
tralized one. The maximal difference is at the values of the parameters L = 1, N > 50 and ρ = 1-2 and 
reaches the value of 50%. At L = N, and also in the range of ρ < 10-2 and ρ > 102 essential differences 
are not observed and the variants are equivalent in the channel capacity. In this case it is necessary to 
consider other indicators entering the criterion of effectiveness (3). 
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Figure 2. The comparison of the level of channel capacity of the variants of creation of AIPS: the 
decentralized one on the basis of personal computers of the type E{M/M/1(μ´)/1(λ´)}and the 
centralized one on the basis of 2-level network. 

 
It is also necessary to notice that the change of the indicator Е for the decentralized variant does not 

influence the value of the expression (3). It is connected with the fact that the increase in number of 
personal computers linearly increases the channel capacity of the whole system, but at the observance 
of the conditions (1, 2) the efficiency of separate structure also linearly decreases. 

The need of use of hierarchical two-level structure conforms well to the principles of division of 
tasks and resources. 

The best efficiency of the centralized structure is reached due to higher value of the coefficient of 
use of computing resources. However the centralization of computing tools at N > L leads to emer-
gence of turns at the requirement of systemic resources therefore the time of processing of the array of 
information increases. 

Therefore with the purpose of the study of influence of parameters of the considered variants on the 
time of transformation of information we will introduce the function [11] 
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where прT ′′ , прT ′  – the mean time of transformation of the array of information in the centralized 
AIPS on the basis of network and the decentralized structure on the basis of personal computers re-
spectively. 

Using the similar approach, we will present the expression (4) as  
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where E – the number of personal computers; N – the quantity of ARM in the network. 
 

 
Figure 3. The comparison of the time of transformation of information for different variants of crea-

tion of AIPS. 
 

The analysis of results of the study of (5) as the function from the systemic parameters E, L, N, present-
ed in the Figure 3 shows that time of transformation of information strongly depends on the values of the 
listed parameters.  

ТSo, at the observance of conditions N ≥ E and with any L, N, ρ the decentralized structure on the 
basis of personal computers will be more preferable in sense of the time of transformation of infor-
mation, i.e. the inequation ω(Тпр) > 1 will be true. 

At N < E and defined values of the parameters L, N the information processing time in the central-
ized structure can be less, than in the decentralized one. 

The increase in the parameter N leads to the increase in the of values of the function (5), and for the 
parameter L the inverse dependance is observed, i.e. the higher is the coefficient of centralization of 
computing means N/L, the less preferable is the network variant of creation of AIPS, than the variant 
on the basis of personal computers other factors being equal. 

In general the duration of transformation of information for the considered variants in the range of 
parameters ( )1 1 100E = , ( )1 1 8L = , ( )1 1 50N = , 2 210 10ρ− < <  can differ by more than two or-
ders. 
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The made analysis allowed to reveal the regularities and to receive the quantitative assessments of 
temporary parameters of functioning of the AIPS depending on its structure and characteristics of the 
making elements. 

3 Conclusion 
The made analysis allowed to reveal the regularities and to receive the quantitative assessments of 
temporary parameters of functioning of the AIPS depending on its structure and characteristics of the 
making elements. 

Acknowledgments 
This study (research grant No № 8.2.24.2018) was supported by the Tomsk State University 
competitiveness improvement programme 

References 
[1] Nikolaev V N 2015 Technical and economic models of geographic information systems of the 

scientific and production enterprises: monograph  (Kursk, Publishing house of SSU) 
[2] Nikolaev V N 2014 The methodology of construction and use of innovative geographic infor-

mation systems: monograph (Kursk, Publishing house of SSU) 
[3] Nikolaev V N 2013 Management of life cycle of innovative GIS: monograph (Saarbrücken,  

Palmarium academic publishing) 
[4] Nikolaev V N, Dafalla A A B, Pleskanos L V, Kassim K D A  2013 Telecommunications and 

Radio Engineering 72(13) 1219–1225 
[5] Kalashnikov B B, Rachev S T  1988 Mathematical methods of creation of stochastic systems of 

models of services (Moscow, Science) 
[6] Buslenko N P  1968 Modelling of the complex systems (Moscow, Science) 
[7] Nikolaev V N 2005 Control system and informational technologies (3) 70–74 
[8] Nikolaev V N 2006 Control systems and informational technologies 3(25) 19–22 
[9] Maslak A A, Nikolaev V N 2013 Information and measuring and operating systems 11(8) 46–

49 
[10] Yurchenko A  et al 2016  MATEC Web Conf. 79 01085 
[11] Makariun I V, Nikolaev V N 2013 Proceedings of higher educational institutions. Geodesy and 

aerial photography (1) 93–100 

II International Conference "Cognitive Robotics"                                                                               IOP Publishing
IOP Conf. Series: Materials Science and Engineering 363 (2018) 012031    doi:10.1088/1757-899X/363/1/012031

6


