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Abstract  The paper describes the use of organization and graph theory for constructing model that management  dis-
tributed nature and artificial beings. It ’s proposed a virtual model of the organizat ion, focused on the implementation of 
monitoring, regard less of the size and remoteness of the objects of observation from the center. The algorithm of its con-
struction, based on the representation of the model in the form of attributed tree, is described. The resulting virtual model can 
be considered as a basis for solving a number of applications for monitoring, including decision-making, knowledge acqui-
sition, visualization of large structures, the construction of dynamic d igital maps, integration with other systems, etc. 
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1. Introduction 
Rapid changes in the environment, caused by climate 

change and globalization, have led to  a number of large-scale 
economic, social and environmental problems. One of them 
is a rapid change in ecology of natural-territorial complexes. 
As a result, there are difficu lties in agricu lture, disappear-
ance of many species of animals and plants, deterioration of 
health and quality of life in whole[1,2]. 

Under natural-territorial complexes (NTC) can be under-
stood any selected area in  some respects, including natural 
and artificial objects that are observed and evaluated. For a 
quick and adequate response to changes in NTC have to learn 
how to fix the changes quickly, to obtain relevant informa-
tion, to assess the situation quickly  and take appropriate 
decisions. Unfortunately, technology intended for this are 
just being created, so it is still impossible to estimate the real 
man-made disasters, including the largest in the history dis-
aster in the Chernobyl NPP. A similar situation is emerging 
after the accident at the NPP in Japan. 

Traditionally, monitoring of NTC is performed in the 
framework of environmental monitoring. Environmental 
monitoring is a comprehensive system of observation of the 
state of environment, assessment and forecast of environ-
mental changes caused by natural and anthropogenic factors. 
Depending on the scale of observation they distinguish local, 
regional and global monitoring[3]. 
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Organizational structure, implementing monitoring (MSO), 
includes: a regional station for the initial monitoring, the 
base station, which aggregates information from regions to 
the national center. These national centers are part  of in-
ter-state environmental organizations. 

The most important tasks of monitoring are: 
1) a rat ional distribution of network of monitoring stations 

across the globe; 
2) provision with a system of devices and methods of op-

erational control of environmental quality; 
3) creat ion of a clear hierarchical system of data collection, 

storage, transmission, processing and generalizat ion of in-
formation on regional, national and global levels[1,3]. 

Creat ing of MSO for solving these problems is complex, 
multistage and expensive problem, exacerbated by an in-
crease in the scale of the observed NTC. 

Changing of boundaries and climatic changes have led to 
the need to reorganize the existing NTC and to create new 
NTC, comprising several countries (such as the nature re-
serve Bialowezhskaja Pushia, which is located on the terri-
tory of Belarus and Poland.). As a result, a problem of 
building of more efficient and less expensive MSO has be-
come urgent[2,4]. 

This rather complex organizat ional and technological 
problem includes a number of scientific  and technical prob-
lems. One of them is to build a model for rapid building of 
MSO and informat ion exchange among its participants re-
gardless of their geographic location. This paper describes a 
possible variant of its decision on the basis of a synthesis of 
elements of organizat ion theory and graph theory. 

2. Statement of the Problem 
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This problem statement init ially is technological in nature. 
Let there be a NTC (W). Monitoring of NTC should be im-
plemented by the organizat ion (S), which includes a set of 
geographically distributed regional stations. State of NTC is 
characterized by a final set of diagnostic indicators (X). 

It’s required  to develop a model of organizational struc-
ture (S) for monitoring NTC (W), which provides: 

- formation of the participants of the monitoring; 
- local identification of the staff in the admin istrative hi-

erarchy; 
- g lobal identification of the staff in the Internet infra-

structure. 
- access of the center to cognitive resources; 
- grouping and mapping of the structure of OSM in the 

graphics applications of various purposes, including geo-
graphical maps. 

The main requirement for the solution: possibility to im-
plement on standard personal IBM computers running with 
the OS Windows. 

3. Main Definitions 
To solve this problem is proposed: 
- to consider the organizat ion as a virtual structure com-

posed of distributed objects, presented as a set of attributes; 
- to introduce a concept of mobile mediator, provid ing 

informat ion exchange between participants in a virtual or-
ganization in the global communicat ions infrastructure. 

The concept of virtuality means that the structure will be 
constructed in computer memory  on base of the actual h ier-
archical structure (S), and the attributes of the structure will 
describe the actual characteristics of (S), including industrial, 
social, official and etc. 

Formally, we represent the model of the virtual structure 
as a tuple: 

P = (Ai
j, task, m, com)              (1) 

where: Ai
j is attributes of an object, which makes part of 

the MSO; i, j are numbers of the object and attribute; (task) is 
the problem under consideration; m – is a mediator; com – is 
communicat ion[6]. 

Model (1) is universal in a determinate sense, as selecting 
different sets of attributes Ai

j, and assigning appropriate 
values to them, you can simulate an organization of various 
configuration and composition. 

For practical use of model (1) it’s necessary to perform 
typing of attributes typical for monitoring. According to the 
statement of the problem, as these attributes can be consid-
ered the following attributes[7,8]: 

1) part icipant’s status in the hierarchy (status). As a rule, 
the status defines the center (center), in itiat ing the task, ex-
perts (E) and reg ional observers (P), part icipating in its de-
cision; 

2) part icipant’s identifier (name) (id);  
3) the index of local (in the admin istrative hierarchy) po-

sitioning (AL); 
4) the index of the g lobal (Internet) positioning (AG); 

5) the index for d isplay of the structure of the virtual 
model in dig ital maps (AM). As a rule, this GPS – is coor-
dinates of the object. 

Let’s adequately specify the model (1): 
P = (status,id, AL, AG, AM,task, m, com)      (2) 

For practical use (1) we perform a detail of the component 
(task): 

Task = (text, X, V, U, app)           (3) 
where: text is formulat ion of the problem;  X is diagnostic 

variables; V is possible states of an object; U is a control for 
the object; app is equipment for measuring characteristics.  

In accordance with (1) and (2) we construct a model of the 
mediator:  

m = (AGcenter, AGP, Q, X)           (4) 
where: Q is inquiry to object P on the measurement of 

characteristics X. 
There is no need in adjustment of the communication 

component (com), as in most cases means of a standard 
e-mail are enough for movement of the mediator m. 

The proposed variant of the models (1) - (5), components 
of monitoring, allows going to development of a mechanism 
for constructing a virtual model of the organizat ion. 

4. Model of Virtual MSO 

For practical use of models (1) - (4) it’s necessary to 
choose a way of their p resentation in a more "technological" 
form. For this propose it’s proposed to use graph theory as it 
is a universal device for the presentation of hierarch ies of any 
kind[4, 5]. 

Graph is a collection of objects (V) and ties between them 
(E): 

G: = (V, E)                (5) 
Accordingly, the objects V are called  vertices or nodes of 

a graph, and ties E are arcs, or edges. A graph, any pair of 
vertices of which can be joined by routs, is called connected. 
A connected graph with  no cycles (loops) is called a tree. A 
tree is called labeled (attributed) if its vertices or arcs are 
assigned with certain tags.  

According to (2), in order to construct a model of virtual 
MSO, consisting of a center  and a set of units (sub) in the 
form of a graph it is sufficient to perform the following op-
erations:  

- to create an admin istrative structure that provides scien-
tific and technical solution of the complex tasks, including 
organization and support of the life-cycle monitoring NTC 
regardless of its size (Figure 1); 

- to display the structure of MSO in the graph. It's enough 
to each unit MSO associate a vertex of the graph. The edges 
of the graph will match the flow of information between 
departments. Thus, a tree is formed; it’s a model of organi-
zation structure (Figure 2). To construct the tree it is con-
venient to use standard tools of the program Visio. 

- to mark the top of the tree. As a label we choose attribute 
AL, as it reflects the hierarchy in a real organization, and 
mark the edges by the identifier of copies of mediator m, 
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providing communicat ion between nodes (Figure  3). With 
a large number of units in the MSO, this operation takes a 
long time; 

 
Figure 1.  MSO structure 
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Figure 2.  MSO representation 
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Figure 3.  Tree skeleton 

- to each  vertex number we assign a set of attributes. In our 
case (according to model 2) these are global (LG), mapping 
(AM) and service (AF) attributes (Figure 4). W ith a large 
number of units in the MSO, this operation is very laborious.  
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Figure 4.  Attributed tree 

Thus, the construction of the model MSO in the form of 
attributed tree of a virtual organization adds up to four steps:  

- construction of a hierarch ical scheme of a real organiza-
tion; 

- the mapping of this scheme in a tree; 
- primary AL-attribution of vert ices and edges of the tree; 
- secondary AG -, AM -, AF - attribution of vert ices. 
 In practice, it is quite difficult to implement these steps, 

because the number of objects of the organization can  reach 
tens or more, the number of service attributes varies by tens, 
and the time for building of the branch of the virtual model 
for solving of the current operational task can be measured in 
hours. 

These are only the most significant of the problems that 
impede the construction of monitoring systems for 
large-scale NTC. 

To solve above mentioned problems, it’s proposed a 
mechanis m that automates the implementation of most la-
bor-intensive operations. 

5. Mechanism of MSO Building 

A fast algorithm for constructing the frame of the model is 
developed. The algorithm is based on the abbreviated nota-
tion of the graph and the use of attributes from the previously 
created database. 

The use of the notation and databases ensures automatic 
generation of the tree and a quick attribution of nodes.   

Manual steps: 
- to investigate the actual structure of MSO; 
- to build a relevant sketch of graph model of v irtual 

model;  
- to perform the packaging on base of the sketch (for 

example, by Prufer or  Gupta methods) and to get a shorten 
notation of graph model and formalize it as a string[5]. 

Automated stages: 
- to read the notation; 
- to unzip the notation (perform parsing of strings) and 

construct in memory  an empty structure of the tree; 
- to perform primary AL-attribution; 
- to consider the attributes AG-, AM -, AF-attribution of the 
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database; 
- to perform a secondary AG -, AM -, AF-attribution; 
- to record attributed tree in the database. 
These algorithms differ from similar algorithms for 

packing of Prufer and Gupta by simplicity and possibility of 
automation in the design of sketches in Visio (as VSD-file). 

The implementation of this algorithm does not exclude the 
manual labor, but significantly reduces its volume, because 
all labor-intensive processes of constructing of the skeleton 
of the tree and the attribution of vertexes are automated. 

The algorithm allows displaying any hierarchical structure 
in virtual o rganizat ion. Use of the notation and databases 
allows to shape the tree automatically and to make a quick 
attribution of nodes. AL-, AG-, AM-attributes are used re-
spectively for the v isual assessment of the leadership of large 
organizational structures, global positioning of the structure 
and the construction of dynamic digital maps for different 
purposes, and AF-attribute reflects traditional identifiers 
(address, name, e-signature and other features of the par-
ticipants of the organization). 

Virtual model of the organization is actually an environ-
ment for solution of a wide range of monitoring tasks, pro-
vides an access to remote participants monitoring, informa-
tion exchange between them and the center. 

In general, the solution generates an external “informa-
tion-technological” view on the monitor in addition to the 
traditional "ecological" v iew. 

6. Information Exchange Mechanism 
A mobile structure is proposed for the organization of 

informat ion exchange between the center and  objects 
(sub)[9]. The structure includes parametric dialogue, intel-
ligent mediator and delivery system (Figure 5). The intelli-
gence of the mediator is the ability to ask questions, receive, 
analyze and store the answers. 

(text, Vtext), (Qi,VQi), (Ri1,VRi1),..,(Rik,VRik), <Rij>
adrs,adrp mem check 

Dialogue

Mediator

timer 

 
Figure 5.  Mediator structure 

The structure of the mediator includes: problem statement 
(text), question (Q), question variants (R) and the selected 
answer (<R>), as well as an optional visual support (V). The 
structure of the delivery system comprises: the sender and 
recipient addresses (adrs, adrp), means for controlling access 
to experts (check), timer (t imer) to fix the time spent on the 
dialogue, and memory for storing results of the dialogue 
(mem). The structure is formed by the center and delivered to 
objects by means of the Internet. An array of information is 
formed during the dialogue between the mediator and the 
manager of the object. The information is encrypted and 
returned to the center. 

An algorithm, which implements the process of   

knowledge acquisition, is developed. The algorithm builds a 
technologically oriented solution, including the identifica-
tion of sources and dialogue setting to the type of the source. 
Automatic replacement of addresses and mailing of mediator 
copies ensured the possibility to parallelize the dialogue 
between the center and objects[7,8,9]. The general scheme 
of automation of monitoring on the basis of the offered 
models and algorithms is presented in Figure 6[9]. 

 
Figure 6.  General scheme for monitoring automation 

7. Conclusions 

We considered problem of constructing an organizational 
structure for monitoring of NTC. Here are shown the short-
comings of existing organizational models: the rigid ity, 
complexity of construction and high cost. 

It’s proposed a virtual model of the organization, focused 
on the implementation of monitoring, regard less of the size 
and remoteness of the objects of observation from the center. 
The algorithm of its construction, based on the representa-
tion of the model in the form of attributed tree, is described. 

Use of the abbreviated notation of a graph and import of 
attributes allowed to automate the mapping of any organ-
izational structure in the virtual model, the attribution pro-
vided a flexible description of the object, which is relevant to 
the semantic of the tasks. 

The resulting virtual model can be considered as a basis 
for solving a number of applications for monitoring, in-
cluding decision-making, knowledge acquisition, visualiza-
tion of large structures, the construction of dynamic d igital 
maps, integration with other systems, etc. 
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