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ABSTRACT 
 
The review and analysis of methods and information 
technologies for the dynamic development planning of the 
Smart City was carried out. It is shown that the existing 
methods and information technologies for dynamic 
planning of the development of complex systems, which 
can certainly be attributed to Smart city, are not without 
certain disadvantages. Analysis of the technologies of 
dynamic planning and decision-making on the 
development of the Smart City showed the presence of 
unsolved problems. These problems include the lack of a 
general theory and methodology for solving the problems 
of dynamic planning and decision-making on the 
development of the Smart City, taking into account the 
uncertainties and risks of various types. New research is 
also needed to develop adequate methods and information 
technologies for modeling various, complex types of 
knowledge and processes required at different stages of 
building a dynamic Smart city development plan. The 
necessity to develop adaptive methods and information 
technologies of forecasting, necessary for building an 
effective dynamic plan and making decisions on the 
development of Smart city, is justified. Thus, it is shown 
that the problems of effective solution of problems of 
dynamic planning and decision-making, as a new tool of 
modern information technologies of planning and 
forecasting, for the development of Smart city, as well as 
the insufficient level of scientific and methodological 
research of these issues, make it relevant to conduct new 
in-depth research in this area. 
 
Key words: Smart City, dynamic planning, methods, 
models, risks. 
 
1. INTRODUCTION 
 
Conceptually, the idea of creating and developing smart 
cities (hereinafter referred to as Smart cities) was actively 
discussed more than 15 years ago. Rare forums that were 
devoted to urban themes and prospects for its development 

using new information technologies (IT), did not discuss 
advanced technologies in Smart City [1], [2]. Many players 
in the investment market, as well as public institutions, 
began to consider Smart City in the context of the 
prospects of urbanism and the creation of new zones for 
cooperation of producers of high-tech products for the 
needs of urban economy [3], [4]. The city authorities in 
many large cities, especially at the municipal level, have 
announced strategies for investing in Smart City projects. 
This was dictated by the desire to improve the status of the 
city, as well as the ability to attract long- term investment. 
The idea of localizing high-tech businesses within the city 
infrastructure has also become very promising. At the 
same time, the companies faced challenges aimed at 
solving local urban problems, including water and energy 
supply, transport and logistics, environmental, as well as 
information security of residents, etc. [5]-[7].  

Note that such projects are characterized by a high 
degree of uncertainty and risk. At the same time, the 
effective development of complex dynamic systems of 
various types (socio-economic, political, military, and 
technical) depends on the definition of goals to be 
achieved [8], [9]. This fully applies to the development of 
Smart city. In particular, for large projects in the field of 
urbanism, success often depends on planning and optimal 
choice of strategies for the development of urban 
infrastructure, taking into account all factors that affect the 
system, as well as taking into account and overcoming 
various kinds of uncertainties and risks. The main direction 
of effective solution of these tasks is dynamic planning 
(DP) of Smart city development. The basis of DP is the 
systematic use of different types of mathematical models, 
methods for analyzing situations and making decisions, as 
well as it, focused on use in conditions of risk and 
uncertainty. Rapid structural changes in the external 
environment and in various elements of the Smart city are 
also taken into account for building development plans and 
forecasts, as well as for solving strategic planning and 
management tasks. Planning and forecasting the 
development of Smart city and various types of processes 
is associated with overcoming various kinds of 
uncertainties, non-linearities and risks generated by the 
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system itself and the external environment in which Smart 
city functions. The presence of various types of 
uncertainties, such as situational uncertainty, inaccuracy 
and uncertainty of various parameters of the system and 
the external environment, insufficient information about 
the system, non-linearity of processes occurring both in the 
Smart city and in the external environment, as well as a 
large number of risks - all these signs make the problem of 
solving problems of dynamic planning of the Smart city 
infrastructure poorly structured and difficult to formalize 
[1], [2]. Currently, the scientific and applied field of 
dynamic planning Smart city accumulates the latest 
achievements of the majority of scientific, econometric and 
information industries and refers to innovative 
technologies. At the same time, it is an effective tool for 
planning and forecasting the development of complex 
dynamic systems at various hierarchical levels. The need 
for effective planning for Smart cities is growing every 
year and requires information support in the form of 
creating information and analytical systems that can 
effectively solve the problems of research and analysis of 
Smart cities by optimizing their structure, identifying and 
determining the main risks and building effective dynamic 
plans to select the most likely and appropriate ways of 
their functioning, development and management. 

All this leads to the need to create effective tools for 
research, analysis, decision-making and forecasting of 
Smart city development. The results of their application 
should make it possible to create dynamic plans that build 
strategies for the development, behavior and management 
of Smart cities based on the most likely and optimal 
solutions for the main areas of development of complex 
urban systems. 

Since solving the problems of the Smart city DP is a 
science-intensive process that requires the systematic 
application of various approaches and methodologies, and 
which is impossible without the use of modern methods of 
mathematical modeling, methods, algorithms and software 
to develop adequate models and make decisions based on 
them, the topic of research in this article seems to us very 
relevant. 

 
2. LITERATURE REVIEW  

 
Historically, DP arose in the 50s of the XX century as an 
alternative to univariate forecasts when building plans for 
the future development of individual companies and 
forecasts for the development of individual situations [10], 
[11]. 

Single-variant forecasts, as a rule, quite rigidly set the 
only way for the future development of the system or 
situation, and in practice, especially in a rapidly changing 
environment, they very often turned out to be false. It is 
obvious that it is inefficient to develop strategic plans 
based on a single probabilistic forecast when there are 
risks of significant external uncertainty and rapid changes 
in the external environment [12]-[14]. 

Situations in the modern world change quickly and 
unexpectedly, with abrupt changes in circumstances, 
sudden events that are impossible to foresee. At the same 
time, there is always a certain set of possible scenarios for 
future events that can be foreseen and predicted. Therefore, 
when implementing the dynamic approach, we began to 
develop approximately equally plausible, but significantly 
different versions of the future development of events and 

the external environment for complex dynamic systems 
and situations. However, a significant feature of such 
dynamic plans was that they were tools not only for 
developing forecasts, but also for developing strategies for 
the development of complex dynamic systems and 
processes, including in the development of urban 
infrastructure. 

Dynamic planning includes various methods of 
processing quantitative and qualitative information, 
modeling methods, optimization methods and decision-
making at different stages of planning, risk and uncertainty 
assessment [17]-[19]. But the main content of the DP is the 
construction of well-structured and logically verified 
dynamic plans, or their elements, different equally 
plausible and adequate options for the future development 
plan of the system (in particular, Smart city) and 
evaluating the effectiveness of these plans [1], [2], [4], 
[20]. 

At the same time, the plan under construction must be 
flexible and effective in order to be able to take into 
account all changes in the external environment for various 
options for the future development of the systems under 
study. 

The goals and objectives of the research are to improve 
the quality of dynamic planning of Smart city development 
by developing and improving methods, models of 
information technologies and systems for dynamic 
planning and decision – making in the presence of 
uncertainties and risks. 

The purpose of the research is to review and analyze 
existing methods and information systems for solving the 
problems of forming dynamic development plans for 
Smart city. 

 
3. MODELS AND METHODS  

 
Dynamic planning today is one of the most effective 
system tools of modern management and strategic 
management, analysis and planning of the development of 
complex systems, in particular, the rapidly developing 
Smart city. Dynamic planning is an effective method for 
building and developing a rational socio-economic policy, 
and is also applicable for in-depth analysis and effective 
development of innovative technologies or large-scale 
engineering projects [10], [21]. 

Dynamic planning has three distinctive features that 
distinguish it from other types of planning. The first is that 
the system is considered over time when building a plan, 
taking into account the presence of risks and various types 
of uncertainties and taking into account their changes over 
time. In addition, it is mandatory to make forecasts about 
the future effectiveness of the plan and take into account 
any changes in the environment [10]. Therefore, you need 
to build a flexible plan and adjust it in accordance with 
current events that affect the results of the development of 
the system. The second is that planning is of a long-term 
nature, since not only short-term goals are considered, but 
also long-term ones. And the third is that the process of 
building a plan is evolutionary in nature in order to achieve 
the best results for the current source data [20]-[26]. 

Building a dynamic plan includes the following 
elements: defining the goals of a dynamic plan, defining 
time constraints on planning, selecting the plan structure 
(defining stages), selecting the structure of each stage of 
the plan, evaluating uncertainties and risks at each stage of 
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planning, establishing methods for solving the main 
planning tasks, building models of plans, evaluating 
forecasts and decision-making, and evaluating the 
effectiveness of the plan. 

The DP task statement may differ in the following 
ways: whether there are links between tasks, the type of 
Smart city development plan under construction 
(operational or early), the presence of various types of 
uncertainties and risks, the type of target functions and 
restrictions. 

When building a dynamic Smart city development plan 
at various stages there is a need to solve the following 
main tasks: 

1. Tasks of information analysis. At this stage, the 
information is analyzed and the goals of building the plan 
(main and auxiliary) are determined, and their ranking is 
performed. 

2. Tasks for building the structure of a dynamic plan 
(the composition and number of stages). In addition, the 
possible plan options are defined in detail, their structure 
and time limits for the plan. 

3. Tasks of determining and accounting for the 
uncertainties and risks of Smart city development. 

4. Dynamic plan modeling tasks. The structure and 
parameters of the Smart city development plan are 
modeled. 

5. Forecasting the main planning indicators. 
6. Making decisions and choosing the best option for 

the Smart city development plan, taking into account all 
the criteria and evaluating the effectiveness of the plan. 

The General sequence of tasks and stages of the 
dynamic planning process is shown in Figure 1. At the 
initial stages of building a dynamic plan, the goals of 
building a plan and time limits for the entire plan are 
determined. 

 

 
Figure 1: The general sequence of stages and tasks of the 

dynamic planning process on the example of the development of 
Smart city 

 
At the next stage, the tasks of constructing the plan 

structure using graph-theoretic models are solved, and time 
limits for individual plan variants are determined. Vertexes 
in models are stages of the plan, and edges are connections 
of a temporary, logical, and informational type. It is also 
possible to build alternative versions of the Smart city 

development plan and select individual areas and 
technologies according to criteria. 

During the synthesis of the dynamic plan structure, the 
plan structure is selected and optimized. Various 
approaches to defining and optimizing the construction of 
dynamic plan structures are possible: 

1) dynamic planning is based on the analysis of tasks 
that are performed or planned at the stages of the plan, 
based on this, specific stages of the Smart city 
development plan are determined; 

2) the plan is developed in advance, the structure of the 
plan is adjusted to solve specific tasks; 

3) intermediate goals are defined, and the structure of 
the plan is built in accordance with the achievement of 
these goals. 

Approaches and methods for synthesizing the structure 
of a dynamic Smart city development plan allow us to 
formalize the choice of the optimal variant of the plan 
structure for the above options. The main attention is paid 
to the distribution of tasks by stages of the plan and the 
construction of a dynamic plan for a separate stage with a 
given distribution of tasks by stages of the Smart city 
development plan 

The third stage identifies key uncertainties and risks for 
the implementation of the plan as a whole and for its 
individual stages. The choice of methods to overcome 
them is made. 

At the fourth stage of the plan, the main criteria and 
parameters of plans, their cause-and-effect properties are 
determined, and forecasting is carried out in order to study 
the dynamic properties of the plan. 

At the next stage, alternative versions of the plan and 
its elements are simulated in order to Refine individual 
parameters and indicators of the Smart city development 
plan. 

At the sixth stage, the optimal plan option is selected 
using decision-making methods. Also at the last stage, the 
effectiveness of the plan is evaluated and the final version 
of the plan is selected. 

Thus, the procedure for building a dynamic Smart city 
development plan is understood as the process of 
consistently solving interrelated tasks of dynamic planning 
and selecting the best option for the plan according to the 
specified criteria. 
 Table 1 shows the results of the analysis of the 
advantages and disadvantages of existing methods and 
methodologies of dynamic planning - strategic (ST), 
scenario (SC), intellectual (IN). These methods may also 
be applicable to solving problems of improving the quality 
of dynamic development planning for Smart city. 
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Table 1: Methods of dynamic planning of the development of complex systems (based on the analysis of [1]–[5], [7]–[10], 
[12]–[17], [20]–[24]) 

D
yn

am
ic

 p
la

nn
in

g 
of

 c
om

pl
ex

 sy
st

em
s 

 Methodology advantages disadvantages 

ST 
 

SWOT-analysis 1. Applicable in a wide variety of areas of 
economics and management. 
2. Can be adapted to any object of study. 
3. Freedom in choosing the analyzed 
elements. 
4. Can be used for strategic planning of the 
development of Smart city. 

1. Does not take into account possible risks. 
2. If there is little information, then the results 
of the analysis are not of great value. 
3. Specific activities to achieve the goals are 
developed separately. 
4. Subjectivity. 
5. Requires the involvement of a large number 
of specialists in certain areas. 

Competitive analysis External factors, such as a competitive 
environment, are considered in addition to 
internal factors when developing strategic 
plans. 

1. Concrete measures to achieve the goals must 
be developed separately. 
2. Subjectivity. 

Brainstorm 1. Visibility. 
2. A wide range of participants. 
3. Analysis of new ideas and alternative 
solutions. 
4. Competitive atmosphere. 

1. Perhaps the "loop" on one idea. 
2. The risk that part of the group will not 
participate in the decision. 
3. Time limit. 

Goal tree 1. Visibility in the development of a 
hierarchy of goals. 
2. Objective criteria for the results. 
3. Feedback. 

High costs of time resources. 

Ansoff Model Visibility and simplicity. Limited use. 
D. Steiner Method Visibility and simplicity. Limited use. 
Method D. Abel Visibility and simplicity. Limited use. 

SC 
 

Shaping Factors – 
Shaping Actors 

The disadvantages of the Delphi method have 
been fixed. Proven Performance 

Sophisticated organization of expert groups. 

Methodology GENERON 
CONSULTING 

Simplicity and effectiveness, proven by 
practice. 

Sophisticated organization of expert groups. 

Methodology GLOBAL 
BUSINESS NETWORK 

Performance proven by practice. Sophisticated organization of expert groups. 

TERRA Performance proven by practice. Sophisticated organization of expert groups. 
TAIDA Simplicity. Small approbation in practice. 

Methodology ICL. Visibility. A limited range of tasks. 

IN 

Classic planning Developed mathematical apparatus and 
provability of conclusions. 

Difficulty for perception. 

Hierarchical Network 
Planning 

Visibility. Rigidity and complexity of application 

Decision Theory Planning Performance proven by practice. The methodological weakness of planning does 
not take into account reserves, initiative, and 
the diversity of the micro level. 

Analytical planning Developed mathematical apparatus and 
provability of conclusions.. 

Does not take into account reserves, initiative, 
micro level diversity. 

Use-Case Planning Performance proven by practice. Precedent base required 
Situation Planning Subjectivity. Stochastic factors are not taken into account. 

 
 
 Each type of planning is supported by information 
systems that are designed to implement the methods and 
algorithms of a certain planning technology, including for 
tasks related to the development of Smart city. In fig. 
Figures 2-5 show the interfaces of some software products 
that are oriented, first of all, to forecasting and modeling of 
urban infrastructure. 
 So, Figure 2 shows the main windows of the WireLess 
software package (PP), which is intended for modeling and 
planning wireless networks, in particular, used in modern 
cities. WireLess software, like many similar software 
products, is highly specialized and focused on solving 
specific planning problems. 
 
 

 
 
 

 
Figure 2: The main windows of the WireLess software 



Lakhno V.A. et al., International Journal of Advanced Trends in Computer Science and  Engineering, 9(5),  September - October  2020, 7496 –  7505 

7500 
 

 

 
 
Figure 3: The main windows of the MODELUR software (Urban 

Design Extension) 
 
 

 
 
Figure 4: Main windows of RAPSim software for modeling and 

planning Smart grid 
 
 

 
а) 

b) 
Figure 5: The main windows of the PTV Visum software for 

modeling and planning urban infrastructure 
 
 

Table 2 presents the main types of planning and the 
corresponding IPs that support a certain type of planning. 
 
 Table 2 : The main types of planning and related IPs 
that support a certain type of planning 
№ Type of planning Methodology IS that implement the 

methodology 

1 Target Planning 
(TP). 

STRIPS Strips [15], Warplan [23], 
Interplan, WireLess, 
RAPSim, PTV Visum,
WireLess, MODELUR 
(Urban Design Extension) 

2 Partially ordered 
planning (POP). 
TP 

NOAH Noah [21], Nonlin [20], 
Tweak [17], Ucpop [19], 
ПП PTV Visum 

3 Planning Count 
(PC). POP. TP. 

GRAPHPLAN Graphplan, Ipp [15]  

4 Hierarchical 
planning. 

O – PLAN O–Plan, Planers-1 [18], 
Optimum.Aiv [22] 

5 Time Based
Planning. POP. 

DEVISER Deviser [23], Ixtet [20], 
Deskarte [20] 

6 Time Based 
Planning. POP.
Linear 
programming (LP). 

ZENO Zeno [24] 

7 LP LPSAT Lpsat [25],Satplan [26], 
Maxplan [27] 

8 Markov processes. 
Dynamic 
programming. 
Planning Count. 

PGRAPHPLAN Pgraphplan [28], 
Tgraphplan [28], Spi [29] 

9 Situational 
modeling. 
Situation Planning. 

ROBOCUP Robocup [30], Copycat 
[30] 

 
Table 3. discusses the advantages and disadvantages of 

IP, which support a certain type of DP complex systems. 
The analysis was carried out based on the general 
formulation of the research problem. 
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Table 3: The advantages and disadvantages of IP, which support a certain type of DP complex systems 

Comparison 
criteria 

IS that implement a specific methodology 
Methodology 

STRIPS NOAH GRAPH-
PLAN 

O – 
PLAN 

DEVISER ZENO LPSAT PGRAPH-
PLAN 

ROBO-
CUP 

IS and application software packages 
Strips [15], 

Warplan 
[23], 

Interplan, 
WireLess, 
RAPSim, 

PTV Visum, 
WireLess, 

MODELUR 
(Urban 
Design 

Extension) 

Noah 
[21], 

Nonlin 
[20], 

Tweak 
[17], 

Ucpop 
[19], PP 

PTV 
Visum 

Graphplan, 
Ipp [15] 

O–Plan, 
Planers-1 

[18], 
Optimum.
Aiv [22] 

Deviser 
[23], Ixtet 

[20], 
Deskarte 

[20] 

Zeno 
[24] 

Lpsat 
[25], 

Satplan 
[26], 

Maxplan 
[27] 

Pgraphplan 
[28], 

Tgraphplan 
[28], Spi 

[29] 

Robocup 
[30], 

Copycat 
[30] 

Calculation 
of the 

optimal 
solution in 
dynamic 

mode 

- - + + - + + - - 

Smart City 
specifics - + + + - - + - - 

Resource 
Allocation 

Optimization 
+ + - - - + - - + 

The 
difference 
between 

positive and 
negative 

effects for 
the 

development 
of Smart city 

- + - - - - - - - 

 
 
Uncertainties occur in all types of Smart city 

development planning. In the tasks of dynamic planning of 
Smart city development, uncertainties are associated with 
risk. 

Risks are inherent in any activity, and with the 
development of scientific and technological spheres, the 
number of existing and potential risks increases 
significantly. 

Today risk management is seen as a key area of applied 
management, considerable attention is paid to the study of 
risk areas and major risks, the search for effective methods 
of evaluation, control and monitoring, and the 
establishment of appropriate systems of risk management. 

Risk analysis in various applications is a very broad 
and rapidly growing field of research. The effectiveness of 
solving any problem depends mainly on the correctness 
and validity of decision-making at all stages of solving 
problems and, regardless of the complexity of the tasks 
that are being solved, which, in turn, is impossible without 
taking into account the risks. To manage any process or to 
solve planning tasks, you need to be able to analyze the 
risk, assess its degree, anticipate the consequences of the 
decision and not go beyond the acceptable risk limits. In 
other words, to effectively solve dynamic planning tasks, it 

is necessary to show risk, anticipate it, and try to reduce it 
to the lowest possible level. 

The classical definition of risk is given in the work of 
F. Knight [32]. According to this definition, risk situations 
are characterized by known probabilities. In this case, the 
risk is defined as any unpredictable changes in the system 
state. When building mathematical models of any process 
or system, there is always a need to evaluate the 
possibilities and consequences of changing States in the 
process or system that is being modeled. Therefore, the 
risk timing is integrated. The existence of risk in systems is 
directly related to uncertainty. Uncertainty is 
heterogeneous in form and composition. F. Knight builds 
the decision-making process by combining the concepts of 
risk and uncertainty [32]. 

In [33], [34], the authors define risk as the 
mathematical expectation of losses through the choice of a 
particular solution. In [33], the following definition of risk 
is given: "Risk is the probability of losses or non - receipt 
of income in comparison with the predicted option." In 
many studies, it is proposed to evaluate risk as "the 
probability of error or success of a particular choice in a 
situation with several alternatives". 
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In [35], [36], the creation of a General theory of risks is 
considered. The concept of multi-factor risks is considered 
in [37], [38]. 

Most dynamic planning tasks are characterized by 
incomplete and uncertain information that makes it 
impossible to build models to solve them. Therefore, risk 
and uncertainty factors should be taken into account and 
evaluated when building a dynamic Smart city 
development plan, or when building its individual stages. 

Taking into account all types of risks and uncertainties 
is the main task of dynamic planning. The effectiveness of 
solving dynamic planning tasks in General depends on the 
quality of solving this problem. 
 In table. 4 presents the types of uncertainties that may 
arise in the development of Smart city, and their 
relationship to different types of risks. 
 As a result of the analysis of various methodologies for 
building dynamic plans and various PP the main aspects of 
the use of information technologies for solving the 
problems of dynamic planning of Smart city development 
were identified: 

 system analysis of an applied planning task and 
analysis of source data for accurate determination of 
planning goals; 

 build informational and mathematical models for the 
creation of structures of dynamic plans, evaluation of 
uncertainties and risks; 

 building Smart city development forecasting 
functions; 

 solving decision-making problems based on a multi-
model and multi-criteria approach; 

 multi-criteria evaluation when building dynamic 
plans at the creation stage and in the implementation 
process; 

 creation of information and analytical systems for 
solving problems of dynamic planning of Smart city 
development. 
 

Table 4: Types of uncertainties that may arise in the 
development of Smart city, and their relationship with 
different types of risks. (based on materials [31]-[39]) 

№ Uncertainties Uncertainty 
Risks Types Description A source 

1 Promising The system has not 
been fully 
explored; unknown 
factors may appear. 

The complexity 
of the system. 
Inability to get all 
the information. 
Unpredictable 
external 
influences. 

The risk of a 
significant 
deviation of 
the key 
parameters 
from the 
planned ones, 
with negative 
consequences. 

2 Retrospecti
ve 

Complete or partial 
lack of behavior 
information 
systems in the past. 

Low efficiency of 
processing 
information about 
the system. Loss 
of information. 

The risk of 
fluctuations in 
the parameters 
of the system 
(process). 
Significant 
temporary 
deviations. 

3 Technical Insufficient 
accuracy of 
analysis tools. 

Inefficiency of 
forecasting 
methods. 
Subjectivity. 

Technical 
risks. 
Inaccuracy of 
assessment. 

4 Situational The likelihood of a 
complete or partial 
change in the 
situation. 

The complexity 
of the system. 
The impossibility 
of predicting 
change. 
Unpredictable 
external 
influences. 

Probabilistic 
risks. Risk of 
significant 
deviation of 
key parameter 
values from the 
planned ones. 

5 Stochastic The probabilistic 
nature of the 
studied processes. 

Stochastic 
parameters of a 
system or 
processes. 

The presence 
of accidents in 
the behavior of 
the system. 

6 Uncertainty 
of the 
states of 
the external 
environme
nt (nature). 

Full or partial 
ignorance of the 
natural 
environment when 
making of 
decisions 

Inability to 
control the 
processes of the 
natural 
environment. 

Environmental 
and 
technological 
risks. 

7 Uncertainty 
targeted 
countermea
sures. 

With two-way 
interaction, 
complete or partial 
absence 
information about 
the intentions of 
the parties. 

Different goals of 
the participants. 
Active and 
passive 
resistance. 

Different types 
of risks 
(economic, 
environmental, 
technical, 
political). 

8 Ambiguity 
of goals 

The need to 
consider several 
goals, including 
number of 
opposites. 

The presence of 
many participants 
with different 
goals. 
Multicriteria. 

The risk of 
reduced 
process 
efficiency. 
Risk of not 
achieving goals 

9 Uncertainty 
of 
structure... 

Uncertainty in the 
composition of 
elements 

The complexity 
of the system or 
process. A lot of 
variation. 

The risk of 
inaccurate 
planning. The 
risk of negative 
consequences. 

10 Uncertainty 
criterion 

Uncertainty of the 
criteria by which 
decision 

Inefficiency of 
the information 
processing 
system. 
Subjectivity. 

Risk of 
inaccurate 
parameter 
estimation 
system 
(process). The 
risk of negative 
consequences. 

 
The mathematical structure of the dynamic planning 

and decision-making task for the development of Smart 
city is: 
 

       ,,,,,,, optNifNiRPSSM jiDDt   (1) 
 

where  tSM  is the model of choice; type of structure 
(models in the form of a graph, differential equations for 
dynamical systems, forecast models, etc.); DS  space 
solutions alternatives. Depending on the type of models, 
this is a finite space of vectors or a space of vector 
functions that characterize the solution of the development 
planning problem of Smart city;  DP  a smart city 
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development dynamic plan; iR  many relationships that 
limit the choice in the smart city development planning 
task.. if  many relationships of benefits that are given in 

spase DS  and reflect the requirements for a better choice. 
The formalization of the tasks of dynamic planning and 

decision-making on the development of Smart city is 
defined in terms of the theory of dynamic systems and the 
theory of solving problems of choice in order to determine 
an effective version of the plan. 

For a detailed description of the structure of the 
dynamic plan, a set-theoretical model of the dynamic 
development plan of the Smart city is used, which has the 
form: 

 ,,,,,,,,,, DDDDDDDDD RSpUpRpEpSpCpXpFpGpP    (2) 
 

where   nD fffFp ,...,, 21 are many functions 
that are implemented dynamically; many goals that need to 
be achieved using a dynamic plan; DGp  many 
parameters of the dynamic plan; Xp  many restrictions 
on the input and output parameters of the dynamic plan;

DCp  many states of the dynamic plan; many events of 

the dynamic plan; DSp  many connections between 

events of the dynamic plan; DEp  many uncertainties in 
creating a dynamic plan; many risks when creating a 
dynamic plan; DRp  many connections between 

dynamic plan events; DUp  many uncertainties in 
creating a dynamic plan; many risks when creating a 
dynamic plan;  DRSp  many uncertainties in creating a 
dynamic plan; many risks when creating a dynamic plan; 
  many uncertainties in creating a dynamic plan; many 

risks when creating a dynamic plan; 
In order to reflect the focused presentation of the 

dynamic plan Dp  two groups of indicators must be 

defined: goal indicators DGp  and indicators of criteria for 
decision making .Xp  

In turn, to solve such a problem in modern conditions 
without information and computer support is extremely 
difficult, and in many situations it is simply impossible. 

Figure 6 presents the structure of information 
processing in solving dynamic planning problems for the 
development of Smart city. As can be seen from the figure, 
the information is processed by groups of experts, analysts 
and decision makers. 

 

 
Figure 6: The structure of information processing in solving 

problems dynamic development planning smart city 
 
Probabilistic statistical methods of data analysis and 

expert evaluation are used to process data from the 
"Information" block. This stage is carried out using 
information technologies for data analysis and evaluation. 
And at the next stage, models of a dynamic plan are built 
using information technologies for building and modeling 
dynamic plans. Then the main planning indicators are 
predicted and a decision is made on the choice of optimal 
indicators and the optimal plan as a whole, the ways of 
using various methods are determined and the necessary 
software is developed. This is done using information 
technologies for forecasting and decision-making. 
 

4. DISCUSSION OF THE RESULTS OF ANALYSIS OF 
METHODS AND INFORMATION TECHNOLOGIES FOR 
DYNAMIC PLANNING OF SMART CITY DEVELOPMENT  

 
Thus, to solve the problems of dynamic planning in our 
research, it is necessary to create the following types of 
information technologies (IT): 
 IT analysis and evaluation of information; 
 IT construction and modeling of dynamic Smart city 
development plans; 
 IT in the development of Smart city; 
 IT supports decision-making, for example, at the stage 
of evaluating investment projects or selecting specific 
areas for Smart city development. 
 In fact, the task of dynamic planning of Smart city 
development is a multi-purpose task. Multi-purpose 
optimization and decision-making tasks are found in 
various areas: manufacturing, design, Finance, mobile 
object management, oil and gas industry, automotive 
design, etc., or where optimal decisions must be made in 
the presence of compromises between two or more 
conflicting goals. The maximization of profit and 
minimization of product cost; maximum performance and 
minimization of vehicle fuel consumption are examples of 
many objective optimization problems. 

If a multi-purpose solution is well formed, there should 
not be a single solution. At the same time, the 
completeness of each goal is minimized. We are looking 
for a solution for which each goal will be optimized, and if 
we try to optimize it further, other goals will suffer as a 
result. 
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Finding such a solution is the goal when creating and 
solving multi-purpose optimization problems and making 
decisions during the development of Smart city. 
 

5. CONCLUSIONS 
 
As shown in the article, the existing methods and 
technologies of dynamic planning for the development of 
complex systems, which can certainly be attributed to 
Smart city, are not without certain disadvantages. This 
circumstance allows us to talk about the possibility of 
improving their work, creating new methods and 
algorithms. In General, the analysis of dynamic planning 
and decision-making technologies for the development of 
Smart city showed the following unsolved problems: 
 1. Lack of a General theory and methodology for 
solving problems of dynamic planning and decision-
making for Smart city development, taking into account 
various types of uncertainties and risks. 
 2. Lack of a theoretical description of the construction 
(synthesis) of structural elements of dynamic plans for the 
development of Smart city, taking into account the 
uncertainties and risks of the external environment. 
 3. The need to develop adequate methods and 
information technologies for modeling various, complex 
types of knowledge and processes required at different 
stages of building a dynamic Smart city development plan. 
 4. The need to develop adaptive forecasting methods 
and information technologies necessary for building an 
effective dynamic plan and making decisions on the 
development of Smart city. 
 5. There is no method for creating information 
technologies for integration and combined use of data 
analysis methods, modeling methods, decision-making 
methods, and forecasting methods for building dynamic 
Smart city development plans. 
 6. The need to develop information and analytical 
systems for solving problems of dynamic planning and 
decision-making taking into account different types of 
uncertainties and risks with adaptation to changes in the 
external environment. 

Thus, the problem of effectively solving the problems 
of dynamic planning and decision-making, as a new tool of 
modern information technologies for planning and 
forecasting, for the development of Smart city, as well as 
the insufficient level of scientific and methodological 
research on these issues, makes it relevant to conduct new 
in-depth research in this area. 
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