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Abstract

Nowadays many different scientific disciplines are observed to be integrated to
study a number of events and the objects as a single system since they are all
interconnected and interdependent and conflicting as well. Sustainable structures
may be developed by the unity of opposing elements and their joint action.
Therefore, for the fundamental or practical problem solving and decision-making
process require knowledge of mathematical model related to the considered
phenomenon or the object, especially when dealing with such a situation, when
research system as a whole system belongs to the determined system class while the
behavior of its constructs are of sporadic character. These systems are called as
macrosystems.

Within urban system modeling, its structural and systematic analysis we are dealing
with the simultaneously existing processes including stochastic (typical for each
element of urban system) as well as aggregated, determined processes (resulted from
the stochastic actions combination).

The complexity of urban system functioning and its development, its
multifunctionality require simultaneous solution of various areas, such as
economics, demographics, social development, environmental protection, etc.
Within this process should be taken into account the recommendations of experts
and specialists of different fields (such as sociologists, ecologists, lawyers,
demographers, economists, etc.), their considerations and observations. Finally
these various conclusions may be considered on the mathematical basis.

Our approach of the modeling of urban system processes is based on microsystem
approach, in particular on the methods of entropy maximization principle and
algebraic topology analysis.

Casual behavior of element on micro level in macrosystems is transformed as
flowing processes called as macrostate and its specific feature lies in the fact that the

relaxation time of the micro and macro levels significantly differs.

28



This feature of microsystems enables us to use thermodynamics local equilibrium
principle thus considering the spatial-time evolution of the system as a sequence of
local-stationary states where each state is characterized by conditional maximum
entropy.

Generally macrosystems represent nonlinear systems, where bifurcation points are
occurred at the certain values of parameters and the chaos begins.

According to the chaos theory, a small error in the former will produce an enormous
error in the latter. Therefore due to the sustainable development principle we
should develop expert systems enabling evaluation of each our decision made during
the design process to avoid further disastrous results.

Solving of transportation problem is quite actual in light of existing urban system
planning process delays. Study of optimal topology of transportation network,
development of comlex, intelligent transportation systems and etc. are impossible
without appropriate mathematical apparatus, methods and “physical concepts”.
Proposed structural analysis of complex systems and algebraic topological methods
in management together with obtained results enable to maintain optimal control
for traffic flow and to provide relevant recommendations to design new
transportation network and update old one.

Developed urban system simulation models, control methods and algorithms made
possible to create expert system model for assessment of urban system functional
and spatial development thus enabling not only to promptly evaluate ongoing
processes in the city, but also to define the strategic management policy and to
timely respond to emerging situations. Herewith on the basis of systematic approach
and due to selected criteria this model will provide prediction of urban system’s
characteristic parameters and manage the social, economic, demographic and other

processes.
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