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Ivaschenko A.V., Syusin I.A., Yumashev V.L. 
PASSENGER TRANSPORTATION THEORY BASED ON A MULTI-

AGENT APPROACH WITH TIME BASED REASONING 
Samara State Aerospace University named by S.P. Korolyov, Russia 

anton-ivashenko@yandex.ru 
 
The problem of effective passenger transportation is one of the most challeng-

ing nowadays. Most transportation companies pay a lot of efforts to find a balance 
between high service level and low costs. In addition to this there should be con-
sidered a requirement to minimize environment pollution and reduce traffic jams 
by consolidation of one-way trips of different passengers. 

To solve this problem there can be proposed a special approach to build an in-
tegrated information space for passengers and carriers based on multi-agent plat-
form. Implemented in software it can force solving real time distribution tasks by 
simulation of negotiation process between the distributed decision makers. Such 
platform can function according to Software as a Service (SAAS) model and thus 
become attractive for small transportation companies. 

Our experience in this area is based on implementing multi-agent solutions 
for passenger logistics [1]. The success of such projects is usually related to the 
adequacy of the developed multi-agent model to real business and its ability to cor-
respond to specific business requirements rooted in decision making software. 
Based on this experience we have formulated a model for agents’ negotiation and a 
method for time based reasoning that can be applied for passenger transportation 
scheduling and provide a balance between service level and costs. 

One of the most up-to-date trends in transportation logistics introduces 5PL 
(Five Party Logistics) concept [2], which is based on implementation of a number 
of services for customers and transportation companies provided by a specially de-
signed software platform. 5PL platform is open for new transportation companies 
and even drivers and help them negotiate with customers in solid integrated infor-
mation space. For example, a new coming taxi driver can use handheld device to 
register and start receiving new orders according to his current position and capa-
bilities. 

One of the main features of such an approach is high uncertainty in number 
and time of resources available. This makes it impossible to solve an optimization 
problem using standard approaches [3] and requires a new technology for re-
sources distribution in flexible and changing environment. 

In addition to this there should be considered a human factor, because the us-
ers of 5PL platform form a certain virtual community that has access to all infor-
mation items and change its behavior in real time to adaptively react to incoming 
events. The decisions are made in cooperation of several actors (drivers, suppliers 
and customers) and essentially there can be no solid decision maker, who solves 
any optimization task. 

Still in terms of balancing of service level and costs there should be formu-
lated an optimization problem, not as a classical statement, but as a management 
strategy. This strategy is introduced by the Centre – a special agent that holds 5PL 
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service and forms certain conditions for interaction between the actors that force 
them producing better decisions. Let us name this concept as “management by 
conditions”. 

As soon as the information space provided by 5PL platform can be treated as 
a complex network of continuously running and co-evolving intelligent agents, the 
whole solution can be based on bio-inspired approach, which requires development 
of new methods and tools for supporting fundamental mechanisms of self-
organization and evolution similar to living organisms (colonies of ants, swarms of 
bees, etc) [4]. Another one requirement for a decision making process based on the 
agents’ negotiation is that the final decision can require a complicated and time 
consuming process of data exchange between the agents. This process should be 
treated as self organization of software agents and human operators, which form a 
heterogeneous information space. That’s why it should be managed to reduce the 
negative effects of human and time factor and assure functioning in real time. 

So solve such a kind of problems there can be implemented a special func-
tionality for statistical analysis based on recent developments in cross-correlation 
analysis of non-equidistant time series [5]. The models and methods of such analy-
sis were successfully probated in social management and can be reused for man-
agement of multi-agent negotiations. 

Let us consider a generalized multi-agent world where orders (or jobs) are 
proceeded to actors or agents. Any actor can be assigned to perform any order, in-
curring some cost that may vary depending on the exact assignment. It is required 
to perform all orders by assigning exactly one actor to each order in such a way 
that the total cost of the assignment is minimized. The Centre is introduced as a 
solid dispatching agent that offers the orders to actors and ensures the effectiveness 
of the whole system. 

The objective of the order agent is to be proceeded by any actor available on 
time (particular KPI can be formulated as an early average absorption). The actor’s 
objective is to receive the most corresponding orders. 

Essentially the problem of passenger transportation innovations consists of 
the challenge to retain or increase service level using saving approaches. In terms 
of service we understand that bus service is cheaper but requires transfer at given 
times and fixed routes. In opposition, taxi service provides individual times and 
routes but does not support consolidation. In other passenger transportation busi-
ness, like railways or airlines the known restrictions caused by problem domain 
feature produce introduction of rules, formalized by specific regulations and con-
sidered in automatic scheduling. 

These rules influence the decision making logic. So when developing a multi-
agent system for each of above mentioned problem domains they need to be for-
malized by program agents’ objectives and constraints. For example, international 
airlines o have long-term plans, on months/year(s) ahead, and taxi service planning 
is usually short-term (hours/days, rarely weeks). 

Considering the event-based indicators for service level and cost, introduced 
above, we propose a new approach acceptable for passenger transportation multi-
agent world that considers time factor. This approach is based on the following 
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principles: 
1. Adaptive planning horizons. In relation to problem domain the space of 

time when events are considered and scheduled is limited. In case the probability 
of changes in long time perspective is high, there is no need to force agents negoti-
ate to reduce the far conflicts. 

However relevant planning time horizon depends on multiple factors includ-
ing time of the day, traffic situation, current location of car, etc. Besides it can be 
individual for every vehicle in the fleet and should manageable. For example, one 
taxi driver can take a long trip and consider next orders in a long shot; another will 
take multiple short trips and require short-term planning. 

To implement this we introduce adaptive planning horizon as a set of avail-
ability intervals that belong to it and initiate agents’ negotiation and scheduling for 
them only. 

2. Rolling schedule. New events of order’s appearance, allocation to vehicles 
and fulfilment form the input data that initiates re-scheduling. This information 
also influences the relevant planning horizon by including new availability inter-
vals or adjustment of their time frames. In such a model each driver can propose 
availability interval for himself (when starting shift work), the centre (representing 
the dispatcher) makes changes according to current planning horizon and the driver 
commits or generates a new option. To implement this we introduce a special func-
tionality of driver handheld device. 

3. Management by conditions. This is a key principle of the proposed ap-
proach, which introduces a sequence of negotiations using the dispatching soft-
ware. Getting the incoming events of orders’ appearance the centre generates of-
fers or bids to the actors (the candidates are determined according to geography, 
their current position and adaptive planning horizon). One order can be offered to 
several actors. The actors that have received a number of offers can choose the 
most profitable for them and commit the assignment. 

This negotiation scheme allows putting into practice schemes that force com-
petition among the actors (to win the most profitable order) and cooperation be-
tween them (by creating temporal groups in the areas of orders’ high frequency). 
This can be implemented e.g. by P2P auction algorithm, which was described in 
details in [6, 7]. In such a way the Center does not distribute all the orders directly 
to actors, but form a sort of conditions (e.g. adapt planning horizons under which 
the actors have a certain freedom of choice). 

It should be mentioned, that generating of events means not only developing a 
number of bids (what order to offer to which actor), but also decision on time when 
to send it. Thus the Center can hold back recent orders and push force the orders 
that are waiting for a long time. To make this decision the Center should consider 
the indicators, introduced above. 

The same model of negotiating can be used both to manage real actors and 
simulate their interaction to produce initial schedules by dispatching office. 

The resulting algorithm is described in Fig. 1. 
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Fig. 1. Time based reasoning at preliminary stage of multi-agent scheduling 
 

References 
1. Glaschenko A., Ivaschenko A., Rzevski G., Skobelev P. Multi-agent real 

time scheduling system for taxi companies// Proc. of the 8-th Int. Conf. on 
Autonomous Agents and Multiagent Systems (AAMAS 2009), Budapest, Hun-
gary, 2009. – P. 29-36. 

2. Hickson A., Wirth B., Morales G. Supply chain intermediaries study. - 
University of Manitoba Transport Institute, 2008. – 56 p. 

3. Leung J.Y-T. Handbook of scheduling: algorithms, models and perform-
ance analysis/ Ed. by J.Y-T. Leung, Chapman & Hall// CRC computer and infor-
mation science series, 2004. 

4. Gorodetskii V.I. Self-organization and multiagent systems: I. Models of 
multiagent self-organization// Journal of Computer and Systems Sciences Interna-
tional, Vol. 51, Iss. 2, 2012. – P. 256-281. 

5. Prokhorov S. Applied analysis of random processes. - Samara Scientific 
Center of RAS, 2007. – 582 p. 

6. Ivaschenko A., Lednev A. Auction model of P2P interaction in multi-agent 
software// Proc. of the 5th Int. Conf. on Agents and Artificial Intelligence 
ICAART 2013, Barcelona, Spain, Vol.1, p. 431-434. 

7. Ivaschenko A., Lednev A. Time-based regulation of auctions in P2P out-
sourcing// Proc. of the 2013 IEEE/WIC/ACM Int. Conf. on Web Intelligence and 
Intelligent Agent Technology, Atlanta, Georgia, USA. – P. 75-79. 



American Journal of Control Systems an Information Technology, 2013, 2 
 

 

7 

Karpuk A.A. 
ANALYTICAL SYSTEMS FOR INFORMATION DEVELOPMENT BY 
RADIO NETWORKS QUALITY EVALUATION AND OPTIMIZATION  

Agat – control systems, Minsk, Belarus 
A_Karpuk@yahoo.com 

 
Radio networks are part of many control systems (CS) geographically dis-

persed objects. In analog radio networks key indicator of quality of each radio line 
(RL) is the signal power at the input of any receiver RL from any transmitter RL 
that will be exceeded for a given percentage of time. In digital radio networks the 
main indicators of the quality of each link are the unavailability index (UVI) and 
the coefficient is severely Errored second ratio (SESR) for a given bit error ratio 
(BER). Values of radio quality depend on the location of radio facilities (RF), their 
operating frequencies, the characteristics of RF, antennas and feeds propagation 
conditions between the RF, the electromagnetic environment in the area of RF. For 
quality evaluation and optimization of radio networks are informational - analytical 
system (IAS) that can be used as standalone system, or be included in the CS. 
When creating IAS for quality evaluation and optimization of radio networks re-
quired solve three tasks, brief description is given in the article. 

The first task is to design a database (DB) IAS. When you turn on IAS in the 
CS should be aware that RF radio networks stored in the objects for which data is 
stored in the database CS, i.e. DB IAS and CS must be integrated. The classical 
concept of the database in accordance with the standard ANSI/SPARC provides 
three levels of data description: external, conceptual and internal. At each level 
used the corresponding data model and database scheme. For complex domains is 
very difficult to immediately build a conceptual and external DB schema, so the 
modern methodologies and CASE - systems database design conceptual level de-
scription of the data is divided into two: information - logical (info-logical) and 
date-logical. On info-logical level DB is described in a form independent of the 
DBMS, at the date-logical level DB described in the data description language of a 
particular DBMS. In the existing methods of designing info-logical domain model 
the task of specialists throughout the domain. But it is possible that no expert who 
knows the subject area of the entire IAS, and there are a few specialists, each of 
whom knows his domain fragment IAS. 

Author developed a methodology for DB design when creating the IAS, 
which differs from the known methodologies opportunity descriptions fragments 
domain as their info-logical models. On their basis, construct a canonical domain 
model of the entire system, which is displayed in a logical, external and internal 
data model DBMS used [1]. In the developed methodology introduced a new type 
of dependency between the attributes of the relational data model, called P - de-
pendencies, based on the properties which solved task of finding minimum and op-
timal elementary bases for the structure of the of functional dependencies (FD) be-
tween attributes [2]. Introduced the concept of generated full substructure structure 
FD on the set of attributes, which are based on the properties necessary and suffi-
cient optimality conditions known algorithms for the normalization of relations and 
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propose an algorithm that gives an optimal solution in any case [3]. 
The mathematical model of the task of conversion of the canonical circuit of 

data domain on storage of direct access is constructed. Result of the decision of the 
task is the generalized physical structure of a DB which is not dependent on type of 
a DBMS which is transformed in the internal circuit of a DB for a specific DBMS 
[4]. In model it is required to discover such parameters of physical structure of a DB 
at which the maximum of the function expressing criterion of efficiency is reached, 
and the system of the restrictions considering maximum admissible volume and 
temporary performances, and also reflecting connections between parameters of 
structure of storage is fulfilled. At a solution of this task formulas for an evaluation 
of volume of a DB and average time of performance of applications are used at 
known volume and temporary performances of canonical model of subject domain 
depending on required parameters of the physical organization of a DB [5]. Because 
of NP - difficulty of a task of construction of the internal scheme of a DB to divide it 
into a population of tasks of local optimization by local criteria of optimality. 

The second task consists that at switching-on in a DB of everyone RL from a 
network of a radio service the system should predict radio service possibility be-
tween RF this RL and not admit switching-on in DB RL, between RF which the 
radio service is impossible. For the decision of this task it is required to estimate 
value of power attenuation or level of fading of a wireless signal on a route of ra-
dio propagation from the transmitter to the receiver. The International Telecom-
munication Union (ITU) published a row of Recommendations which for known 
characteristics of a route of propagation and known propagation conditions of ra-
dio-waves allow calculating value of power attenuation of a wireless signal. How-
ever Recommendations ITU do not contain methods and algorithms for calculation 
of capacity of a wireless signal on an input of the receiver which will be exceeded 
during the given percent of time. In existing techniques of calculation of quality 
characteristics for digital RL it is required to break beforehand the normalized val-
ues UVI and SESR into the items having on influence of a sub refraction of radio-
waves, multipath propagation and easing in settlings, and then to provide a de-
manded store on each of these types of fading. 

Author developed mathematical models, methods and algorithms of forecast-
ing of possibility and an estimation of quality of a radio service between RF for 
networks of an analog and digital radio service for any region of the Earth taking 
into account the fading of a wireless signal caused by a refraction of radio-waves 
in atmosphere, diffraction of radio-waves on obstacles, multipath propagation, 
rains, atmospheric gases and water vapor [6]. New methods of search and classifi-
cation of obstacles are developed for modeling of diffraction of radio-waves on a 
route of propagation of a wireless signal [7, 8]. New algorithms and software for 
calculation of size of fading due to multipath beam spreading, which will not be 
exceeded during the set percent of time on the average the worse month of year is 
developed [9]. For networks of an analog radio service the developed methods and 
algorithms calculate capacity of a wireless signal on an input of the receiver which 
will be exceeded during the given percent of time. For networks of a numeral radio 
service the mathematical model of the registration of a sub refraction of radio-
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waves, multipath propagation and easing in rains is constructed. Methods and the 
algorithms calculating predicted values UVI and SESR without a preliminary parti-
tion of the normalized values UVI and SESR on items are developed [10].  

The third task consists that after input in a DB of all RL networks of radio 
service IAS should check up possibility of teamwork of these RL on the specified 
operational frequencies taking into account their electromagnetic compatibility and 
exterior electromagnetic conditions. At impossibility of teamwork RL the system 
should give to the user possibility of optimization of networks of a radio service, 
including optimization of assignment of operational frequencies RL. It is known 
that if to consider noises only on the main channels of radiation and reception, the 
task of optimization of assignment of operational frequencies RL can be reduced to 
the task of a coloring of the graph and if to consider noises only on the main and 
out-of-band channels of radiation and reception to the task about the travelling 
salesman problem [11]. In spite of the fact that both these tasks are NP - difficult, 
effective algorithms are developed for their decision. However in real tasks of op-
timization of assignment of operational frequencies RL it is required to consider 
also noises on side channels of radiation and reception, including on combinative 
and intermodulation channels. 

Author constructed a mathematical model of the task of optimization of as-
signment of operational frequencies to radio frequency spectral lines by criterion of 
minimization of interference level between RF, different from known mathematical 
models the registration of all possible out-of-band and side radiations and channels 
of reception RF [12]. This mathematical model is named by a multivariate assign-
ment problem. This problem is received from a classical assignment problem at the 
following additional assumptions: one applicant can be assigned to some posts; as-
signment of applicants for posts can lead to incompatibility between applicants. This 
problem is NP - difficult, therefore the approached algorithms are developed for its 
solution: greedy algorithm and algorithms of local search in the set neighborhood 
[13]. In these algorithms estimations of electromagnetic compatibility of any two 
and three RF, working on the given frequencies are used. Questions of calculation of 
these estimations and search of optimal operational frequencies for two and three RF 
are considered in articles [14, 15]. Computing experiments showed that in real tasks 
of optimization of assignment of frequencies RL at enough high density RF various 
RL and a restricted frequency resource the greedy algorithm extremely rarely leads 
to the optimal decision. The determined algorithm of local search beginning opera-
tion from the decision, received by greedy algorithm, almost in 80% of cases finds 
the optimal decision for comprehensible time. In remaining cases the found decision 
is near optimal enough to the decision. 

On the basis of the received theoretical results under the direction of the au-
thor complexes of programs of automation of designing DB for IAS, predictions of 
possibility and an estimation of quality of a radio service between RF analog and 
digital RL, creations of service areas of basic stations, checks of possibility of 
teamwork RL on authorized frequencies and optimization of assignment of fre-
quencies RL are developed. 
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Introduction 
The problem on competitive development of software systems with the use of 

intermodular interaction of Intranet-oriented components virtually exists since the 
latter had appeared [1]. At the same time, continuously upgrading the hardware fa-
cilities, software, and means of telecommunication leads to the permanent appear-
ance of new very complex information-computation systems, for which familiar 
methods of study often render inapplicable [2,3]. 

Therefore, the urgency is dictated by the need to improve the processes of 
competitive elaboration of information systems on the basis of Intranet-interfaces 
through upgrading the technologies and tools for their development. 

1. Theoretical basics for creating the mathematical and program soft-
ware for designing the Intranet-interfaces during competitive development of 
information systems 

In the framework of solution of the problem on redistribution of the available 
resources between projects of the created software, we will construct a theoretic-
multiple model [4]. Let Φ  be a set of projects; I is a set of resources; sJ  is a set of 
works on sth project, 1,..., | |s = Φ ; s

s
J J= U is a set of works on all projects; 

( )sK j  is a set of works, immediately preceding the work sj , ( )s sK j J⊂ ; K is the 
number of types of recourses, 1 | |K I≤ ≤ ; 1 ,...,k k

lR R  are the classes of resources in 
each type k , being interchangeable, k

sR I⊆ , 1,...,s l= , 
1 2

k k
s sR R∩ = ø for 1 2s s≠ ; 

k k
s

s
R R= U  are all recourses of the type k , 1 k K≤ ≤ ; ijm  and ijM  are the mini-

mally and maximally permissible amounts of the resource i , consumed by the pro-
ject j , 0 ij ijm M≤ ≤ < +∞ , i I∈ , j J∈ ; jt− , jt+  are minimal and maximal times of 
implementation of the project j, 0 j jt t− +< ≤ < +∞ , j J∈ ; jx , jy  are the times of 
start and finish of the work j; jx , jy  are integers.  

The volume of work j, performed until the time t, will be denoted through 
jtW , j J∈ . The value jtW  is a characteristic for the state of work at time t. For-

mally, the accomplishment of work involves a change of jtW  from 0 to jW , where 

jW  is the total volume of work j. Let ijr  be the productivity of the recourse i with 
respect to work j, i.e., the volume of work, performed by recourse j per the unit of 
time with respect to work j, 0 ijr≤ < +∞ , i I∈ , j J∈ . 

Certain works with respect to every object have directive terms of completion, 
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violation of which entails financial loses:  
s
dJ  is a set of works with respect to the s th project, having directive terms of 

completion, s s
dJ J⊆ ; s

d d
s

J J= U , dJ J⊆  is a set of all works of the complex, hav-

ing directive terms; and jD  is the directive term of completion of work j, dj J∈ .  
Since all resources are available in a limited volume, we will introduce the 

variables iV , defined as the amount of the recourse i, available to the system at any 
time, 0>iV , i I∈ . We will denote through ijc  the costs paid to use the resource i  
during the work j , 0 ijc≤ < +∞ , i I∈ , j J∈ . We will denote through ijtu  the in-
tensity of consuming the recourse, i.e., the amount of the resource i consumed by 
the work j at time t.  

Introduced variables, in accordance with conditions of the problem, should 
satisfy the following constraints. 

Any work for every project can be started only after finishing the preceding 
works within a given project (the condition of canonicity); therefore, the times of 
beginning and end of work should satisfy the inequality: 

( )
maxs s lj l K j

x y
∈

≥ , s sj J∈ , 1,..., | |s = Φ . (1) 

Any work should last within acceptable limits: 
s s s sj j j j

t y x t− +≤ − ≤ , s sj J∈ , 1,..., | |s = Φ . (2) 
Next, during its implementation, work uses only chosen resources and, at the 

same time, the amount of consumed resources should be within acceptable limits; 
therefore, we obtain the following constraints 

s s s s sij ij ij t ij ij
e m u e M≤ ≤  при [ , ]s sj j

t x y∈ , i I∈ , s sj J∈ , (3) 

where 
0,

{
1,s

s

ij

if resource i is consumed by work j
e

otherwise
=  

During the remaining time, work consumes no resource: 
0sij t

u =  for [ , ]s sj j
t x y∉ , i I∈ , s sj J∈ . (4) 

The total amount of resources of each type kR  should ensure accomplishing 
the entire volume of work sj . Since sij t

u  are integers in the problem considered 
here, the constraint may not hold as equality. Therefore, we obtain: 

sj

s s s
k

x sj

y

ij ij t j
t x i R

r u W
= ∈

≥∑ ∑ , s sj J∈ , 1,..., | |s = Φ . (5) 

The non-violation of directive terms is specified by the inequalities 
s sj j

y D≤ , s sj J∈ . (6) 
Moreover, the resource conditions should be satisfied: the amount of re-

sources of every type with respect to all current works within all projects should 
not exceed the available inventory of resource: 
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| |

1
s

s s
iij t

s j J

u V
Φ

= ∈

≤∑ ∑ , i I∈ , 0t ≥ . (7) 

We add natural conditions on variables: 
ijtu , jx , 0jy ≥ , (8) 

ijtu , jx , jy  are integers. (9) 
Total costs paid to use the resources are 

max

0

t

ij ijt
j J i I t

c u
∈ ∈ =
∑∑∑ , where max max jj J

t y
∈

= . (10) 

Thus, to reduce the variable expenses, it is necessary to minimize function 
(10) taking into account constraints (1)-(9). However, seeking this solution is the 
NP-full task [5]. Therefore, a part of requirements should be considered as “strin-
gent”, violation of which is unacceptable; and some of them can be regarded as 
“desirable” (criteria), i.e., these requirements can be violated, but this will entail 
penalties. 

In accordance with the studied problem of minimization of cost, conditions of 
compliance with directive terms (6) will be considered as these criteria. For this, 
instead of (6), we introduce functions of penalties for violation of terms: 

( ) ( )j j j j jq y y Dγ= − , dj J∈ ,  (11) 
where jγ  is the coefficient of penalty for one-day violation of terms with respect to 
work j. Then, the total penalty will be  

( )
d

j j
j J

q y
∈
∑ . (12) 

Thus, the total cost paid to use the recourses, taking into account penalties for 
violation of directive terms, represents the function 

max

0

( )
d

t

ij ijt j j
j J i I t j J

c u q y
∈ ∈ = ∈

+∑∑∑ ∑  (13) 

Therefore, we get the problem of minimization of the function (13) under the 
conditions (1)-(5), (7)-(9). 

Thus, we created the models of competitive development of programs and 
program systems, notably capable of redistributing resources, taking into account 
the penalties for violation of terms in the process of design, and ensuring an opti-
mization of the parallel creation of program systems. 

2. Modeling the design of Intranet-interfaces of human-machine systems 
on the basis of project group technology 

Relying upon the set theory and group theory, we will describe the model of 
project groups [6]. We introduce the following sets: 

Ω is the set of all interface users, 
ΩR is the set of reserve interface users, 
ΩE is the set of active interface users. 
For the above-mentioned sets, it is true that: 
ΩR ⊂ Ω,  (14) 
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ΩE ⊂ Ω,  (15) 
R EΩ ∪ Ω = Ω ,  (16) 
R EΩ ∩ Ω = ∅. (17) 

We introduce into consideration the project groups on the set Ω: K is the root 
group of interface users, Si , i ∈ N (from here on, N is the set of natural numbers) 
are structural groups of interface users, C j , j ∈ N are structural-working groups of 
interface users, Wk, k∈N are working groups of interface users, Rm, m∈N are the 
role groups of interface users, and Tp, p∈N are system groups of interface users. 
For the above-mentioned groups, it is true that: 

K ⊂ ΩR,  (18) 
RK Ω= , (19) 

∀ i ∈ N: Si ⊂ ΩE , (20) 
∀ j ∈ N: Cj ⊂ ΩE , (21) 
∀ k, m ∈ N, k ≠ m: k mS S∩ = ∅, k mC C∩ = ∅, (22) 

i j E
i j

S C+ = ΩU U ,  (23) 

∀ k ∈ N: Wk ⊂ ΩE ,  (24) 
∀ m ∈ N: Rm ⊂ ΩE ,  (25) 
∀ p ∈ N: Tp ⊂ ΩE . (26) 
Group K includes reserve interface users. Groups S i , Cj (i, j ∈ N) are subsets 

of ΩE; an active user take a unique part in structural and structural-working groups; 
moreover, if the user participates in any of the groups S i (i∈N), he participates in 
neither of groups Cj (j∈N), and vice versa; active users of interface surely partici-
pate in any of groups Si or Cj (i,j∈N). Groups Wk, Rm, Tp are the subsets of ΩE. 

Let, on ΩE, there exist the sets α, β, γ of interface users, belonging to any of 
the groups Wk, Rm, Tp (k, m, p ∈ N), such that: 

α = k
k

WU , (27)  

β = m
m

RU , (28)  

γ = p
p

TU . (29) 

Then, it is true that: 
k

k

W ≥ α∑ . (30) 

m
m

R ≥ β∑ . (31) 

p
p

T ≥ γ∑ .  (32) 

That is, an active interface user can take the multiple parts in working, role, 
and system groups. 

Next, we will consider the communication model of hierarchical relation of 
different types of groups. In Table 1, possible variants of hierarchical subordina-
tion between types of groups of the information-managing interface [7] are indi-
cated with asterisks.  
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Table 1 - The hierarchy of groups 
No. Descendant group 

 
Ancestor group  

Structural 
group 

Structural-
working 
group 

Working 
group 

Role 
group 

System 
group 

1 Root group *     
2 Structural group * * * * * 
3 Structural-working group * * * * * 
4 Working group   * * * 
5 Role group    * * 
6 System group     * 

 
We will describe the graph model of the system of demarcation of users’ 

rights. We represent the model of the system of demarcation of rights in the form 
of graph G=(X,U,Ф), where X is the finite set of vertices; U is the finite set of 
edges (arches); Ф is the incidence relation; X∩U = ∅, the vertices of which will be 
users, groups, objects, and roles, and the edges will be the relations between them. 
Let Y be the set of vertices corresponding to the users and groups, O be the set of 
vertices corresponding to objects, and P be the set of vertices corresponding to 
roles: 

Y ⊂ X, О ⊂ X, Р ⊂ X. (33) 
Graph G is an oriented and weighted multigraph, with the weights of edges 

being defined as follows. Let the relation W(x, y) be the relation, determining the 
weight of the edge between adjacent vertices x and y; then we have: 

∀ x, y ∈ Y, W(x, y) = 1, (34) 
∀ x, y ∈ О, W(x, y) = 1,  (35) 
∀ x, y ∈ Р, W(x, y) = 1.  (36) 
Let us define the set of resolution relations M in the context of system of de-

marcation of users’ rights, such that mi (i∈N) is the relation tying the vertices y, o, 
p, where y∈Y, o∈О, p∈Р. ∀ y, o, p, for which there exists a resolution relation and 
it is unique. 

On the set M, we define a function В(m), m∈M such that: 
∀ m ∈ M, В(m) > 1, В(m) ∈ N, (37) 
∀ i, j ∈ N (i≠j), В(mi) ≠ В(mj). (38) 
Then ∀ y, o, p, for which there is the resolution relation m∈M, we have the 

following conditions: edges y and o, as well as o and p, are adjacent, with: 
W(y,o) = W(o,p) = В(m).  (39) 
Thus, the system of demarcation of users’ rights can be represented in the 

form of oriented weighted multigraph. 
The problem on determining the user’s rights with respect to the object of 

special program interface (a set of rights in the context of a certain role) on the 
graph is reduced to seeking a set of oriented paths. It is noteworthy that there are 
the following restrictions on the oriented paths:  

- the start of oriented path is vertex, corresponding to a given user; 
- oriented path must include exactly 2 edges, the weight of which is greater 
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than unity, and the weights of these edges must be equal. 
To solve the problem on searching for the set of oriented paths, it is reason-

able to search for into depth, and the algorithm for searching into depth on oriented 
multigraph should be modified to include restrictions imposed on oriented paths. 

Next, we will consider an object model of infrastructure of the special pro-
gram interface [8]. The diagram of classes of the corresponding component is pre-
sented in Fig. 1. 

 
Fig. 1 - The diagram of classes 
 
As a result of the call, reload of the page of the working environment is initi-

ated on the page of the working environment of interface of module out of the list 
of available modules. Infological model of the database of infrastructure of the 
special program interface is presented in Fig. 2. 
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3. Special mathematical and program software 
Special program software for components of specialized system of studying 

the productivity of information system was designed; this software includes a con-
trol system for modeling the user load; sub-system for interaction with the user; 
storage of statistic information; sub-system for interaction with the storage of sta-
tistical information; and sub-system for managing of modeling. 

 
Fig. 2 - Infological model of database of infrastructure of the special program 

interface 
 
To satisfy these requirements, we propose the following structure of the pro-

gram complex for studying the productivity of information systems. The program 
complex includes: 

1. The managing system for modeling the user load. Two elements can be 
singled out in the system composition: 

- an application, which implements the necessary functionality; 
- the storage of statistical information. 
2. The system for generating the user load. This component represents a set of 

test applications for modeling the user load. Load capacity of the system is esti-
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mated as the dynamics of the time of system response to increase in the load. 
3. Studied information system or a component of information system. In this 

work, the studied component of the information system is the database manage-
ment system (DBMS). 

The subsystem of interaction with the user organizes graphic interface, pro-
viding an option to enter different parameters and make settings by the user. The 
general algorithm of interaction subsystem with the user consists of launching the 
interface elements, and then processing of received information. Key concepts of 
the modeling process are the scenario of the user load, virtual user, and test trans-
action. 

- test transaction is a typical query to DBMS of a certain type [9]. 
- virtual user is a program, emulating the work of the human with the sys-

tem; it produces the load on the system in the form of a set of test transactions. 
From the viewpoint of the studied system, no matter which (real or virtual) user is 
at work. 

- scenario of the user load is a set of rules, according to which the virtual us-
ers and test transactions are launched [10]. 

The developed database of the storage of the statistical information is pre-
sented in Fig. 3, which indicates relations between tables. 

TRANSACT_SET

ts_sc_id
ts_tran_id
ts_prob
ts_delay

REPORTS

r_id
r_sc_id
r_type
r_tran_ok
r_tran_fail
r_created

TRANSACT

tran_id
tran_class
tran_templ
tran_desc

SCENARIO

sc_id
sc_vusers
sc_time

REPORT_ITEM

ri_rep_id
ri_tran_id
ri_vu_id
ri_tran_stat
ri_tran_time

VUSERS

vu_id
vu_desc

SCEN_ENTRY

sce_sc_id
sce_vu_id

 
Fig. 3 - The database of the storage of the statistical information 
 
The program is written with the use of the library of classes Microsoft Foun-

dation Classes (MFCs) in C++ language. The employed classes are grouped in ac-
cordance with their functions. 

The structure of the program system for studying the productivity of informa-
tion systems is developed, based on the use of the model of competitive develop-
ment of programs and program systems and theoretically-multiple model of intra-
net-interfaces of human-machine system and the technology of project groups, us-
ing an ideology of virtual users and test transactions, and making it possible to es-
timate the load capability of intranet-interfaces during access to data storage. 
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Results 
1. We developed the models of the competitive development of programs and 

program systems, notably capable of redistributing the resources, taking into ac-
count the penalties for violation of terms in the process of design and ensuring the 
optimization of the parallel creation of program systems. 

2. We developed theoretically-multiple models of intranet-interfaces of hu-
man-machine systems on the basis of technologies of project groups, providing a 
versatile mechanism of demarcation of rights on the basis of use of groups and 
roles. 

3. We constructed an object model of infrastructure of the special program in-
terface, making it possible to readily change the functionality of interface by means 
of plugging and unplugging the modules with the help of special algorithms of 
loading and call.  

4. We created components of information and program software of a special 
human-machine interface, ensuring the necessary functionality and information 
support of the modules.  
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Currently multifunctional technical complex systems are widely spread in in-

formation technology. Increasing complexity of technical systems leads to increas-
ing role of methods and tools which allow maintain them in an operable condition 
continuously. Developed diagnostic algorithms usually allow detect and localize a 
single defect only. Moreover, deterministic algorithms have performance issues 
during processing of complex systems. Thus, the problem of optimal multiple de-
fects search is currently relevant. 

Informational criterion developed by authors defines the system diagnostic 
quality. Three diagnostic algorithms based on this criterion have also been devel-
oped. These algorithms allow localize defects in appropriate time. 

Unconditional algorithm. It calculates a set of checkpoints which provide 
maximum information about system condition in general case. 

 
Fig.1. Flowchart of the unconditional algorithm 
 
Conditional algorithm. This algorithm takes current system state into ac-

count and calculates an optimal set of checkpoints which provide maximum infor-
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mation about system condition for the current state. Flowchart of the conditional 
algorithm is shown on Fig.2. 

 
Fig.2. Flowchart of the conditional algorithm 
 
Conditional algorithm allows localize a defect to a block or a set of defect 

suspected blocks. Localization depth depends on the initial set of checkpoints. This 
algorithm can be used for active system, if it’s possible to correct single defects in 
it. Each iteration of the algorithm detects single defect in the system. After deter-
mining the defect its fixing is done and the following iteration of the algorithm is 
performed. The consecutive single defects fixing achieves full system functional-
ity. 

Conditional algorithm considering instrumentation failures. Previous two 
algorithms suppose that checkpoints always provide valid measurements. Instru-
mentation failures happen during system parameters measurement in real life. They 
reduce defect localization efficiency. This algorithm can detect and fix instrumen-
tation failures. 

Flowchart of the conditional algorithm considering instrumentation failures is 
shown on Fig.3. 

Conclusion 
Three diagnostic algorithms based on this criterion have been developed: 
• Unconditional algorithm; 
• Conditional algorithm; 
• Conditional algorithm considering instrumentation failures. 
Developed algorithms define an optimal set of checkpoints to provide maxi-
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mum defect localization depth. They allow reduce average test time and therefore 
increase system efficiency. 

 
Fig.3. Flowchart of the conditional algorithm considered instrumentation fail-

ures 
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Introduction. Global experience of the agricultural development clearly 

shows economic efficiency of reasonable cooperation and agricultural integration 
in the industry. The activities of business entities based on the unified setup en-
courage uniting financial and industrial opportunities of the participants, reduction 
of production costs, tax burden as result of minimizing the number of agents. 

Correct production specification and combining industries at each agricultural 
enterprise is a vital research and practical problem of the agricultural economy. In 
the existing market conditions, when agricultural product prices are much lower 
than those for the industrial products, when agricultural staff salary level is several 
times less than in other economic industries, when the fixed assets tear and wear at 
the agricultural companies has reached 60-70%, the problem of optimal combina-
tion of agrarian segments has become a priority, since this criterion determines 
such critical economic indicators as profitability, output per land unit, labour effi-
ciency etc. 

Models and methods of building agriholding corporate structure. Corpo-
rate structures of holdings will differ from those of conventional companies. First 
of all this is due to their larger size and organizational complexity. The first divi-
sion of holding corporate structure types may be done by the prevailing building 
principle: vertical and horizontal.  

In the vertically structured, technologically interrelated holdings the corporate 
management structure will be built firstly on the functional principle, and then on 
the divisional one. In the horizontally structured holdings and diversified holdings 
management is firstly based on the divisional principle and secondarily on the 
functional one. 

There are three stages of establishing an agriholding company. Structural 
stage is important and basic for the further holding development. This stage in-
cludes selection of the most efficient corporate structure, singling out independ-
ently operating production, processing and servicing business units. The above 
stage also includes determination of the business unit functional application. 

Analysis of the research literature on agriholding strategic management shows 
that the issues of optimization of the agriholding corporate structure have not been 
sufficiently considered. Papers [1, 2] analyze the agriholding management based 
on the system cognitive approach, but they do not consider optimization of the 
holding setup. Works [3, 4] elaborate on the issues of the holding management us-
ing a well-balanced index system [3], management based on financial structures 
[4]. Research paper [5] provides the list of subsystems, necessary to build a hold-
ing management structure. All the considered approaches rely on the existing hold-
ing structure, though the structure itself is complex and hard to be analyzed and 
understand. Therefore, building a new holding management structure is often re-
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lated to challenges during actual implementation. Thus, the issues of analysis, for-
mation and optimization of the existing agricultural holding corporate structure are 
topical from the research standpoint. 

Statement. It is required to design a hierarchical system management struc-
ture (for an agriholding), which must achieve a specified aim within identified time 
limits using available resources. 

It is necessary to present the system aim and objectives as a hierarchical graph 
of the aim, objectives and activities [6]. Here activities are understood as the sys-
tem process of solving a problem, whereas solution is the achieved aim. The activi-
ties are characterized by the features, which, on the one hand, are determined by 
the objective and, on the other hand, by the system itself. Therefore, the activities 
are a linking element between the system and the aim.  

A person who is involved in fulfilling objectives will be called a candidate in 
this paper. To build a model of a corporate structure it is required to introduce fea-
tures of candidates and objectives, which represent their properties interrelations. 
While doing different activities the candidate uses his or her resources, necessary 
to make decisions. We may define this resource as «attention». It is limited for 
each candidate, since he or she can make only a specific number of decisions over 
a certain period. «Attention» resource also depends on the experience, profession, 
education and qualifications of each candidate. Higher complexity of the objec-
tives, which imply making decisions, demand higher candidate’s skills to fulfill 
these activities. The corporate structure must be characterized by the properties, 
which improve the overall system operation. Thus, the graph of the corporate 
structure must be a coherent tree, with no cycles. 

The discrete model of agriholding corporate structure, which ensures minimi-
zation of costs, related to engaging candidates in activities, should be considered. 
To build this model it is necessary to set up a graph of the aim, objectives and ac-
tivities. Then it is required to identify the pool of candidates, who are capable of 
solving these objectives. The model solution enables to specify the best manage-
ment structure for the existing system, and in case of setting up a new system it de-
termines the need in human resources to achieve the aim of the system operation. If 
the model is incompatible, the primary pool of the candidates should be expanded. 
Provided drastic changes in the objective or system features it is required to adjust 
the graph of the aim, objectives and activities, and review the evaluation criteria 
used in the model.  

Suppose the system has N of the objectives (problems) that are to be solved. 
These problems may be solved simultaneously and this requires engaging М can-
didates. 

We will introduce the following keys:  are costs, related to engaging candi-
date k in solving the problem,  is the leadership skills of candidate k,  is «at-
tention», which candidate k has,  is «attention», which is required for candidate 
k to manage candidate l,  is «attention», which is required from candidate k to 
solve problem v. 
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Thus, the management structure will be determined by the following sets: 

 
 
 

To find the optimal management structure it is necessary to minimize the total 
costs for decision making: 

 (1) 
under limitations: 

  (2) 
 (3) 
  (4) 

 for any k, l   (5) 
Condition (2) is the limit by the «attention» volume that each candidate has, 

(3) is a tree condition, (4) is each objective that must be fulfilled, (5) shows that 
with the expansion of hierarchy candidate’s management skills must rise too. 

To build the agriholding management structure it is required to solve a range 
of similar problems, which is determined by the number of hierarchical levels, the 
number of peaks in the graph of the aim, objectives and activities.  

Conclusion. The suggested model and algorithm enable to build the agricul-
tural holding corporate management structure. It is further planned to develop in-
formation support based on the suggested method and fulfillment of numerous 
tests on the actual objectives of the agriholding corporate structure optimisation. 
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Statistical text attribution methods  
Recognizing the authorship is actively studied and expandable area of the sci-

entific knowledge. Many scientists investigate the existing and develop new meth-
ods by which the problems associated with the attribution of text arrays can be 
solved.  

The problems of the text origin identification become especially important at 
the background of anonymity and plagiarism when computer nets are used. So 
there are needed new methods able to give the answer whether the text was written 
by a human being (natural text) or it is artificial. The artificial text is the text gen-
erated by a special program-generator.  

Statistical analysis methods are based on the fact that the author's manner can 
be recognized by some text feature or by the set of such features – named author's 
invariant. The examples of text features may be average word length, N–gram fre-
quency, some words repetition rate.  

Statistical methods are commonly used when solving attributing problems. 
Their advantages are higher calculating and training speed compared with the ma-
chine methods, also universality. The drawback is the necessity of the author's in-
variant extraction that requires additional computation. The volume of this compu-
tation depends on the problem under consideration and on the quality of the texts. 

Data set for experiment with artificial texts  
It's practically impossible to select the identification text features that can ex-

actly tell one author from another. So it is considered enough that the parameter 
can recognize different groups of authors. It is assumed that exists a big group of 
authors whose average value of some parameter differs greatly. In such a case the 
parameter will not be able to recognize texts of different authors of the same group. 
They could be recognize using simultaneously many parameters having different 
character. 

Investigation allowed to find parameters typical for such methods of artificial 
texts generation as synonymy and Markov chain method and features not typical 
for them. In both cases characteristics of the artificial texts logically followed the 
suit of their original. In addition, in case of synonymy there were changes accord-
ing to the level of the artificial text singularity. It proves the influence of the gen-
eration algorithm on some parameters variation. 

Calculations done allow to pick out some features that would greatly change 
in every as well as the features that changed less. 

The most changed text characteristics of synonymy: 
− the number of service words  
− frequency of some words  
− the number of short words 
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Less changing text characteristics of synonymy: 
− the number of long words 
− the average word length 
The most changed text characteristics of Markov chain method: 
− the number of sentences 
− frequency of some words 
Less changing text characteristics of Markov chain method: 
− the number of short words 
− the number of long words 
− the average word length 
− the number of service words 
In order to get more correct estimation of text characteristic variation found 

by calculation may be used some math methods, namely the fitting criterion. 
The author utilized two methods of similarity recognition of two classes vec-

tors: Euclidean distance and Mahalanobis distance. Calculations should prove the 
possibility to use the statistics methods when solving problems of the texts origin 
and detecting the artificial texts. 

There were used following designations in both experiments: v_original – av-
erage value vector of nature (origin) texts, v_Symonim – average value vector of 
texts generated with program SyMonym, v_Article – average value vector of texts 
generated with program Article Clone Easy, v_Delirium – average value vector of 
texts generated with program Delirium. 

Euclidean distance calculation experiment. 
To check the level of the distinctness of texts based on the calculated parame-

ters, the parameters have been combined in some test invariant. Then there was 
calculated the Euclidean metric from the average values vector of some nature 
texts with the known origin to the average values vector of artificial texts base on 
them. 

Euclidean metric is the geometrical distance between two points within the 
multidimensional space. This value is used in methods of taxonomy, classification 
and systematization. Euclid distance shows how far are two vectors one from an-
other, thus describing their involvement in the particular class. 

Input data for Euclidean distance experiment are 
− average value vectors for the following sets of texts: nature texts, texts 

generated by the program SyMonim, texts generated by the program Article Clone 
Easy, generated by the program Delirium; 

− power of test invariant (number of investigated text features and appropri-
ate values); 

− some input text with a known origin that could be attributed to a certain 
class (taking part in this experiment). It should be mentioned that as the input texts 
there were taken the text that were not used for calculating the averaged vector. 

The calculation is performed by the classical formula: 
,)(

1
2∑ =

−=
k
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where k - power of test invariant (number of text features); x, µ - vectors under 
comparison. 

Block-diagram of calculation algorithm is shown in fig. 1.  
Results of calculation for the vectors mentioned above are given in table 1 

(synonymy) and table 2 (Markov chain method). 

 
Fig.1 Block-diagram of calculation Euclidean distance algorithm in article 
 
Table 1 - Results of calculation Euclidean distance (synonymy) 

Euclidean distance between vector x and 
average vector of some class (vector μ) Input text (vector x) 
v_original v_Symonim v_Article 

Nature (origin) text 13,124 16,18 34,167 
Text generated with SyMonim 14,387 14,317 11,11 
Text generated with Article Clone 
Easy 17,025 21,115 8,808 

 
Table 2 - Results of calculation Euclidean distance (Markov chain method) 

Euclidean distance between vector x and av-
erage vector of some class (vector μ) Input text (vector x) 
v_original v_Delirium 

Nature (origin) text 19,557 20,381 
Text generated with Delirium  9,072 4,432 
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Calculations for synonymy prove that chosen parameters are really identify-
ing. If the text is represented using for Euclidean distance one can tell the proper 
place for the text. 

In case of Markov chain method calculated difference in distance between the 
original text vector and the artificial text vector was less than in case of synonymy. 
It can be explained by the fact that in this method characteristic variations of artifi-
cial texts were less than in case of the original texts. 

Mahalanobis distance calculation experiment 
The second feature of comparison was the Mahalanobis distanse. In statistics 

the Mahalanobis distanse is a measure of distance between two random values. It 
generates the Euclidean distance. It is used to identify and gauge similarity of an 
unknown sample set to a known one. It differs from Euclidean distance in that it 
takes into account the correlations of the data set and is scale-invariant. In other 
words, it has a multivariate effect size.  

To use Mahalanobis distance in order to recognize text origin is needed to 
calculate covariance matrix. As usual one can calculate it based on the known class 
sets. Then you need to calculate the Mahalanobis distance from a given point to the 
selected class and appreciate it. 

Input data for Mahalanobis distance experiment are 
− average value vectors for the following sets of texts: nature texts, texts 

generated by the program SyMonim, texts generated by the program Article Clone 
Easy, generated by the program Delirium; 

− some input text with a known origin that could be attributed to a certain 
class (taking part in this experiment). It should be mentioned that as the input texts 
there were taken the text that were not used for calculating the averaged vector. 

The calculation is performed by the classical formula: 
)()( 1 µµ −−= − xSxDm T , 

where x – input text value vector; µ - average value vector of some text class, S - 
integrated covariance matrix. 

Block-diagram of calculation algorithm is shown in fig. 2.  
Results of calculation for the vectors mentioned above are given in table 3 

(synonymy) and table 4 (Markov chain method). 
The results of calculations are similar to the results of Euclidean distance cal-

culation. It can be mentioned that for synonymy regularity obtain the lowest Maha-
lanobis distance for texts that belong to one class, also the greatest measure the dis-
tance from other classes with more unique text (Article Clone Easy). 

In case of Markov chain method results are identical calculations Euclidean 
metric: text characteristics weakly changed in the generated code, so the difference 
between the distance to two different classes in the input text is not as revealing as 
in case of synonimy. Repetition of observational data suggests that for this method 
it’s needed to change the characteristics set to become results that are relevant for 
identifying a text generated on the basis of this algorithm. 
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Fig. 2 Block-diagram of calculation Mahalanobis distance algorithm in article 
 
Table 3 - Results of calculation Mahalanobis distance (synonimy) 

Mahalanobis distance between vector x 
and average vector of some class (vector μ) Input text (vector x) 
v_original v_Symonim v_Article 

Nature (origin) text 0,13 0,269 0,416 
Text generated with SyMonim 0,142 0,134 0,107 
Text generated with Article Clone 
Easy 0,259 0,375 0,072 

 
Table 4 - Results of calculation Mahalanobis distance (Markov chain method) 

Mahalanobis distance between vector x and 
average vector of some class (vector μ) Input text (vector x) 
v_original v_Delirium 

Nature (origin) text 0,210 0,265 
Text generated with Delirium 0,062 0,014 

 
Conclusion 
The experimental results show the volume of similarity random input text 

with specially researched samples artificial texts. It is assumed that this and similar 
calculations can afford to develop the most effective way to identify the artificial 
generation of texts. 

Based on the results of the work can be concluded: 
− Euclidean distance and Mahalanobis distance can be used to identify the 

artificial generation of text. The minimum distance was calculate for both methods 
from input text vector to average vector of class that this text belongs to. 

− As the average value vector for the class under test is necessary to use text 
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set with high (over 65%) uniqueness of the texts. The identifying characteristics of 
this parameter weakly manifested with the lower rate. 

− In case of the Markov chains method it’s needed to change invariant to 
achieve a more significant difference between the numerical values. 

− This requires testing of the methods described on the identification of dif-
ferent inputs and other methods of generating artificial texts. 
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Text documents management tasks based on processing of their contents got 

significantly important value in informational systems area due to constantly grow-
ing accessibility of digital documents and necessity in fast and convenient access 
to them. New wide area of research appeared in IT – “Data mining”. Its ideas are 
mostly related to management and analysis of information. The main problems of 
Data mining: 

• Clustering – division of multitude of incoming vectors into groups (clus-
ters) based on degree of “similarity” between each other. 

• Classification – assignment of incoming vector (event, object, observation) 
to one of prepared classes. 

• Association – search of repeating templates  
• Prediction – definition of future states of the object based on previous 

states (historical data). 
This article considers problems and methods of classification and clustering 

of text documents, based on Neural Networks and modification of Decision Trees 
algorithm.  

The Clustering algorithm based on self-organizing maps (also known as Ko-
honen maps) was chosen as the main algorithm for clustering problem solution. 
This algorithm allows taking implicit connections and regularities between attrib-
utes into consideration. It is capable to function under conditions of interference 
and it allows finding clusters by their location on specially prepared map. 

One-layer SOM was implemented for this research. It is characterized by easy 
training and fast work of trained network. Implemented Neural network acquired 
an ability of adapting its size according to evaluation of difference between texts 
assigned to one or another cluster. This approach allowed increasing specification 
of result and avoiding implementation of additional settings which could be used 
for ascertainment of initial amount of clusters. Initial amount of neurons in imple-
mented neural network was 3. Network increases amount of neurons in its Koho-
nen layer according to growth criterion M. This criterion could be defined as fol-
lows: 

max
...1

,1 mMm
m

M
mi

i ⋅<= ∑
=

τ , 

where τ – numeric coefficient from 0 < τ < 1. Decreasing of τ leads to increasing of 
resulting map. That means that specification of result will grow as well. Opposite 
result will be acquired in case of increasing of τ. 

This experiment was performed using archive of Russian newspapers for 
1995-2006 years. Sampling of articles from this archive was performed to ensure 
the most accurate result. Collection of text documents for the experiment included 



 

 

34 

100 articles of five categories: scientific articles, articles about culture, politics, 
health and economy. This collection was used in several experiments which main 
purpose was to define most suitable value of τ coefficient. It was shown that little 
values of τ (τ < 0.5) lead to big amount of clusters in results with repeating topics. 
Big values of τ don’t give good results as well: amount of resulting clusters is close 
to correct, but accuracy of assignment of texts to clusters is not enough high. Best 
division on classes was performed with τ = 0.7. This value allowed achieving of 
maximum accuracy value and correct degree of specification. 

Implementation of one of the solutions of text classification problem was 
based on modification of Decision Trees algorithm – “Random forest”. The main 
idea of this algorithm is that it is based on relatively “weak” decision tree algo-
rithm. Big amount of different models of “weaker” algorithms are created and then 
results of their predictions are averaged. The final result will be significantly better 
than result of single model. Accuracy of classification depends on quantity of deci-
sion trees and their mutual correlations. Random element is integrated in every de-
cision tree creation to decrease their correlation. 

Collection of text documents was used to try this algorithm. Random forest of 
text document was built using TF-IDF function, which determines weight of each 
term relative to considered document. Initial collection of texts was divided into 
training and text samples with 50 and 20 documents respectively. Total size of text 
collection was about 20Kb. Experiments showed that proposed method deals with 
binary classification very well (classification with division into two classes). Inde-
pendence of attributes decreases with growth of amount of classes and that’s why 
accuracy of classification decreases as well.  

The main advantage of “Random forest” algorithm over other algorithms of 
machine training is easiness of its configuration – minimum of settings, existing 
setting barely depend on certain task. “Random forest” has all advantages of deci-
sion tree algorithm, supports work with real and categorical attributes. Algorithm 
is able to save accuracy of created model when working with big amount of missed 
data. 

One more implementation of text classifier was created using a method based 
on neural network. This classifier consists of system of neurons connected between 
each other with weighted connections. Each neuron plays a role of computing unit 
by performing an operation determined by activation function. Work of whole neu-
ral network is dedicated to acquiring of classification result.  

Network is trained with usage of special training multitude – a collection of 
texts which were classified earlier. The main idea of training is in setting network 
parameters – weights of connections between neurons. Algorithm of training 
which was used is Backpropagation error algorithm. 

Evaluation of implemented classifier was done using a collection of 100 arti-
cles divided into 4 topic groups. Text model in this case is a vector of words which 
could be acquired from special vocabulary formed from the most significant terms 
from all classes. Average values of accuracy and classification quality complete-
ness are following: π = 0.9441, ρ = 0.8587. Classifier showed high accuracy level 
even if we consider that texts from each class were quite different and didn’t be-
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long for different sources. Quality of classification relatively to classes amount is 
shown in table 1. Results show that classifier successfully copes with problem of 
division of text into two classes. Increasing of amount of classes leads to decreas-
ing of accuracy and completeness of classification.  

 
Table 1 

Amount of classes π (accuracy) ρ (completeness) 
2 1 0.98 
3 0.9501 0.89 
4 0.9441 0.8587 

 
Also, influence of training algorithm parameters (like iterations amount and 

inertia coefficient) on classifier efficiency. Changes of each parameter were con-
sidered separately with constant other parameters. Acceptable quality of classifica-
tion for both parameters (classification accuracy and completeness) was achieved 
with iterations amount more than 1000. Inertia coefficient didn’t have any effect on 
classifier efficiency.  

It can be concluded that usage of Random forest algorithm for processing text 
documents requires more thorough preliminary processing and consideration of 
vector space.  

Usage of neural networks in the purpose of classification and clustering is 
quite efficient. Good level of efficiency can be achieved because neural network 
generates a vector of real numbers in the output and it is able to make precise and 
fuzzy classification. Also, neural network could be used in purpose of ranged clas-
sification. That means that neural network gives the most comprehensive informa-
tion about accessory of each text to a class and experts are able to use this data to 
make a final decision. 
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