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Abstract

Governance of modern situations arising in regional systems requires the development of distributed decision support systems in govern-
ance network. The paper proposes a strategic decision support scheme based on a combination of tools supporting the process of con-
structing multifactor situation models, and agreed models, taking into account different stakeholders’ opinions, scenario analysis tools for
forecasting and searching for control actions as well as tools for monitoring situation change by factors. At an acceptable level of maturi-
ty of technologies of structuration and formalization of knowledge about the situation in the form of models, the means of supporting
scenario analysis and synthesis of control activities on complex situations are critical.
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1. Introduction

The situations, modern decision makers are facing, are character-
ized not only by rapid changeability due to interactions of many
diverse and interdisciplinary factors, but also by presence of active
stakeholders, whose beliefs and interests generate much variability
with regard to the direction of the situation development. The
decision-making concerning governance of a complex socio-
economic system or situation (socio-political, cultural, economic,
etc.) depends mostly on collective decision-making, expert
knowledge and available information analyses. It is important to
note that substantive complexity within governance networks is
not so much caused by the complexity of problems and lack of
information and knowledge, but lack of consensus on the nature of
problems, their causes and solutions. Governance problem solving
and policymaking involve diverse stakeholders. They have differ-
ent perception of the situation and different interpretation of avail-
able information. Therefore, collecting information and extracting
expert knowledge cannot solve the complex problems in condi-
tions when these problems are interpreted in different ways.

The tasks of developing the regional system, the tasks of strategic
monitoring of situation development [1, 5] on the basis of analysis
and scenario modeling, the tasks of developing an agreed strategy
are based on the assembled decision making tools involved in the
governance processes by active stakeholders via the use of new
information and communication technologies (Figure 1).

2. The general scheme of DSS tools for com-
plex situation governance

For distributed support of decision-making in a regional system
governance, it is sufficient to combine means of supporting the
formalization of the situation expert knowledge in the form of

cause-effect models, the means for creating integrated models
reflecting representations of the stakeholders and the initial data
for scenario analysis, the means for supporting information moni-
toring in data sets and unstructured information from primary
sources (mass media, social media, etc.).
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Fig. 1: Tools needed for complex situation analysis

The use of DSS by an expert requires a network multiuser access
to the model structure. Models of complex systems may cover
various domains: scientific, social, economic, industrial, political,
etc. There are no experts with universal knowledge in all these
areas. Therefore, the DSS has to support a mechanism for layer-
by-layer representation of the model. A single layer may include a
subset of factors and relationships between them that relate to one
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or more of the individual activities of the object. Layers can over-
lap by included factors or be combined into a layer of a higher
level.

In software-tool supporting models creation, there should be an-
other way for organizing the collective work of experts. It is asso-
ciated with the creation or modification by each expert (group of
experts) of individual models in the areas of activity of the model-
ing object. After these models are created, they can be combined
into a single working model of an object or situation using a spe-
cial software module. Some tools supporting formalization process
can be found with more or less level of quality of obtained models
(an example of supporting network-expertize can be found in [2]).

As modeling in the nodes of the governance network of a complex
system, a base of models accumulates in the distributed decision
support system, which can form the basis for constructing an inte-
grated model of the object or situation. When analyzing stake-
holders' views of the situation, such typical models can serve as a
basis for representing the position of the stakeholder and the basis
for verifying the current situation model by analyzing the relation-
ships in the data sets and information sources (Figure 2).
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Fig. 2: Creating an integrated model

If there are tools to support the process of formalizing knowledge
about situations, the tasks of forming an agreed strategy, analyzing
and forecasting the development of situations under different con-
ditions are solved with support of scenario analysis and synthesis
software [4-5].

3. Software-tool to support scenario modelling
of complex situation

To solve applied and practical problems of scenario analysis of
regional governance processes, a pilot version of a specialized
analytical software package (ASP) is developed. ASP is based on
the mathematical language of sign graphs and provides infor-
mation support of the processes of forming and exploring alterna-
tive scenarios of the situation development in order to assess the
effectiveness of decisions to ensure social stability. The developed
ASP runs under MS Windows and provides (Fig. 3):

1. automation of creation and modification of graph models in the
dialogue mode with the help of built-in visual design tools;

2. formation of graph models in the form of a set of vertices and
directed arcs between them that provides storage and access to
models using a tree structure, recording names of models in the
form of long names, deleting, copying, transferring and combining
models, both in the tree structure and inside a tree-like directory;
3. modification of models by the user in the visual mode (drug-
and-drop): adding and removing vertices and arcs, giving weights
to arcs and changing it, giving the arcs a temporary delay in the
passage of the impulse and "breaks" in the tacts of simulation (the
weight of the arcs can be given by decimal positive and negative
numbers, arithmetic and standard functions of the values of the
factors of the vertices and passing impulse through the arcs );

4. storage of model structure and simulation results in one of the
most common formats - DBF, which facilitates their possible use

in other applications (the presence of common means of access to
storage formats: ODBC, OLE DB);
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Fig. 3: Functional scheme of scenario analysis tool

5. modeling (model research): carrying out step-by-step modeling
with setting the number of steps at each stage, returning the simu-
lation procedure to a specified number of steps, restoring the pre-
vious state of the model, making changes during the simulation
(adding, deleting and changing the parameters of vertices and arcs)
impulses and values at the vertices of the signed graph at any stage
of the simulation;

6. solution of the inverse problem: the formation of scenarios of
control impact for a purposeful and specified change in the proper-
ties of the simulated objects, systems and processes, i.e. solving
inverse problems for the purposes of planning and managing the
development of complex system and ensuring regional security in
conditions of uncertainty;

7. delivery of simulation results: the results of scenario studies are
provided by the software complex in text form in natural language
(using the built-in function of automatic generation of a text de-
scription of the received scenarios of complex system develop-
ment), in table form (by exporting the results to standard MS Ex-
cel format), in graphical form with absolute or relative scaling
(including the provision of comparative graphs of simulation re-
sults and dynamics of changes in the values of the graph model
elements) with a possible reference to maps of geoinformation
systems.

The processes of automated formation and study of models are
shown in Figure 3 respectively. The software package allows the
export of intermediate or final simulation data via telecommunica-
tion channels to the situation centers of regional government bod-
ies.

4. Conclusion

The developed strategic decision support scheme based on a com-
bination of tools supporting the process of constructing multifac-
tor situation models and the appropriate analytical software pack-
age provide:

- diagnostic analysis and evaluation of the situation;



298

International Journal of Engineering & Technology

- development of the object model, choice of performance criteria
and assessment of their relative importance;

- generation of possible development scenarios;

- assess the scenarios developed (primarily management processes
of prevention and liquidation of consequences of ES), and select-
ing the best of them for a given criterion of efficiency;

- monitoring and continuous analysis of information on the situa-
tion and making the appropriate changes in the structure of the
models on the basis of the data obtained;

- assessment and selection of control actions;

- dynamic analysis of possible consequences of control actions;

- collection of the results of the implementation of scenarios and
assessment of data.

The opportunity of software support of the methodology of sce-
nario analysis and modeling is approved by the Ministry of the
Russian Federation for Civil Defense, Emergencies and Liquida-
tion of Consequences of Natural Disasters (EMERCOM of Rus-
sia).

With decision support tools in the nodes of the management net-
work, it is possible to collect models and scenarios on generalized
models that integrate stakeholders’ representations. At the same
time, the configuration of the proposed scenario modeling module
does not change in principle.
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