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Abstract. The article deals with the organizational and technological
features of construction. Methods of optimization of values to the required
level are considered. Recommendations are given on making changes to
organizational and technological solutions and achieving the required
indicators. The article presents an attempt to study the issue related to the
modeling of construction in general and its individual stages, including
construction production. The main elements related to planning and
construction management are considered. Various approaches, methods
and methods of studying the issues of modeling in relation to the building
system are presented. Due to the fact that construction is a complex system
with a large number of subjects, various interrelationships between them,
constantly changing in the process and poorly regulated by regulatory and
technical documents, modeling a construction system is a difficult task.
The task of adjustment is reduced to the compilation of an optimal work
schedule, ensuring the greatest uniformity of resource schedules. The
correct adjustment of the schedules is based on the calculation of the
coefficients and parametric indicators of the resource schedules.
Comparing them with normal indicators, we can conclude that the
optimization was successful. New technologies make it possible to take
into account a large number of non-standard solutions that allow the
development of various options and which can be applied depending on the
type of initial data and the conditions for organizing construction
production. The process of planning and analyzing construction
information using aggregation can be useful if it allows you to get rid of
redundant information that is not particularly important. Also, the use of
this method is justified when analyzing large amount of information. An
example of the use of aggregation is the transition to the sum, to the
average, if you want to aggregate indicators. Aggregation also applies to
graphical models (such as flowcharts) and in many other cases.

1 Introduction

Construction is a branch of the national economy, in the management of which a huge
number of participants are involved, including from related industries. Construction takes
place in a constantly changing environment. Therefore, planning must take into account the
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dynamic component of individual controls and lay a certain degree of flexibility. Specialists
from the economic, financial, transport and construction sectors are involved in organizing
the construction of buildings and structures. In order for this complex system where the
elements of the process are interconnected and mutually influence each other, to function
according to the developed plan [1,2]. The calculation of the parameters of construction
project is carried out on the basis of the conditions that each work is provided with all the
necessary resources. In order to effectively manage the construction process, it is necessary
to have a complete visual picture of what is happening at each specific stage of
construction. One of the most important elements of construction management is the
simulation of the construction process — modeling. Modeling is a rather difficult formalized
area of a manager's activity, which is considered the art of management. The manager's
awareness of the fact that he is modeling allows him to: systematize actions; analyze the
reasons for failure and success; accumulate and transfer their experience and knowledge;
justify and explain their decisions. Thus, modeling allows the manager to conduct an
effective analysis of the situation and make informed decisions.

2 Materials and methods

The research of the issue was carried out on the basis of the analysis of theoretical data
adopted in the organizational and technological documentation. During the study, a
comparison of optimization methods was performed. Criteria assessment or application of a
generalized indicator depends on the goals of the project and the tasks to be solved.

3 Results

This research is devoted to the planning, organization and management of construction, the
stage of an investment project associated with construction and not design and pre-
investment stage. The main problem of construction planning is that many decisions in
construction are made according to the situation in a working order. Only certain stages of
construction and the general terms of work are planned in advance. This raises a large
number of questions of a different nature. Some of the decisions you make can be difficult,
others can be simple. But the main planning complexity is not caused by the decisions
themselves, but rather by their interconnectedness. Due to the fact that construction is a
complex system with a large number of subjects, various interrelationships between them,
constantly changing in the process and poorly regulated by regulatory and technical
documents, a systematic approach to the analysis of the management and planning structure
should be applied. In addition, when analyzing the structure of management of construction
processes, aggregation and disaggregation can be applied. The process of planning and
analyzing construction information using aggregation can be useful if it allows to get rid of
redundant information that is not particularly important. Also, the use of this method is
justified when analyzing large amounts of information. An example of the use of
aggregation is the transition to the sum, to the average, if you want to aggregate indicators.
Aggregation also applies to graphical models (such as flowcharts) and in many other cases.
In practice, there many directions of systems modeling but one of the most closely
describing a building system is the dynamic model, which include multilevel functional
dependencies, imitation of the organizational process and formalization of
interrelationships between individual elements, modeling the organizational behavior of
real building systems and statistical analysis of data from construction sites, collection and
processing of information. A dynamic model includes variables that change over time.
Typically, these models contain various differential equations. A model can be viewed as
dynamic if at least one of the variables depends on time. In the general case, the dynamic
model describes the state of the building system, technological, organizational and financial
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relationships, while taking into account the possible optimization according to the specified
criterion. The mathematical description of dynamic models is based on the use of
differential equations. In the process of studying dynamic models, the influence of external
factors and the stability of the model on the constructed model is of great practical interest.
The main goal is to maintain the overall structure of the system, adhere to the performance
criteria and achieve the project results with the planned indicators. At the same time, the
tasks of solving optimization problems, which are usually used in solving local problems of
the project, remain important.

Modeling processes at certain levels is a complex task that should be performed through
scientific research of the features and identification of the interrelationships of processes,
determination of influencing factors and their formalization [3.,4,5,6]. The distinction
between the levels is associated with the nature of the tasks being solved, in which the
processes may not have a direct connection. Modeling is an important component of
construction management or its individual stages and allows you to increase the level of
consistency of decisions of the participants in the construction industry and make more
accurate decisions. Despite the fact that the models of the organization of production are
not mandatory for adherence, nevertheless the systematization and structuring of processes
and bringing them repetitive controlled and predictable actions is necessary to improve
efficiency and effectiveness [7,8,9,10,11]. A particular difficulty in modeling is the
diversity of the elements of the construction process, the non-periodicity and formalization
of individual elements, without which the beginning of another process is impossible.
Individual elements, such as the actions of some participants in the construction, also
present the complexity of formalization. For example, the suspension of construction in
connection with imposed penalties related to violations of safety requirements,
environmental requirements, fire safety requirements or other restrictions of a similar
nature. The heterogeneity of the studied and formulated relationships imposes additional
constraints on modeling.

In order to achieve stable dynamics of construction, it is necessary to take into account
the uniform distribution of resources when designing. Resource schedules are designed to
solve this problem. To consider the main elements of modeling organization, planning and
construction management [11,12,13]. Construction in general can be divided into several
major levels:

1) management of construction projects;

2) organization of construction production;

3) technological features of construction work.

In order to develop a management model for each of the stages of construction, it is
necessary to determine the main elements of this system and the tasks to be solved at these
stages, indicating the participants, terms and other parameters of construction (Fig. 1).
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Fig. 1. Simplified diagram of the organization of construction production

The above scheme presents a general scheme of interaction of the main participants in
construction, management levels and the main technical and economic parameters and
indicators of construction processes. The diagram shows the main elements that have a
significant impact on the organization of the construction process. Hierarchical structures
are formed to streamline connections between system elements. Management in a system
with a hierarchical structure is based on the fact that each of the subsystems solves some
particular problem under conditions of relative independence. To model the structure of an
organization, two types of model are used: analytical; graphic. The research is aimed at
studying the management of construction processes and studying the nature of their
influence and interaction on the performance of work and construction in general. The
study of numerical values and the construction of functions of construction processes as a
whole as a system is not included in the scope of this study and will be continued at the
next stage. In the study, an attempt was made to study the individual elements of the
building system, to build a hierarchy of mutual relations between the participants, the object
under construction and the parameters of the work.

All of the above tasks (Fig. 1) of the construction industry can be formalized and a
matrix of parameters can be constructed (Table 1).
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Table 1. Construction production parameters matrix

Group of Level -1 Level -2 Level -1 The current level Required level
tasks to be of implementation,
solved %
1 Al B1 Cl1 K1 D1
2 A2 B2 C2 K2 D2
3 A3 B3 C3 K3 D3
4 A4 B4 c4 K4 D4
5 AS BS Cs K5 D5
6 A6 B6 Co K6 D6
Total for Fl1 F2 F3 - -
the project

The parameters that are formalized in the table for examples can be divided into 2
large groups: controlled and random. In addition, parameters and indicators can be
qualitative or quantitative. To process an array of current data, you can apply mathematical
methods and software products in order to automate calculations. Existing software
products for planning automation are used in the development of information models for
construction. Some of the programs contain a system of statistical data analysis, which
includes a wide range of analytical procedures and methods, including: construction of
various types of graphs; collection and analysis of static information; multiple regression
calculations; nonparametric statistics; exploratory data analysis, correlations; interactive
probabilistic calculator; tables of frequencies, contingencies, flags and headers; fitting
distributions and much more. At the same time, software systems allow: collecting and
storing data; working with variables of different types; recognize the frequency of signs,
tables, graphs, contingency tables, diagrams; denote primary descriptive statistics; conduct
marketing research and analysis of the data obtained from these studies. The computer
system aided design systems, focused on the preparation of interactive documents with
calculations and visual support, is intended for symbolic calculations, although it has a
number of tools for the numerical solution of differential equations and finding integrals
[15, 16].

The groups of parameters (types of tasks to be solved) presented in table 1 can be
classified according to their functional characteristics.

1) organization of construction production (solving organizational issues related to
interaction with construction participants in general; organization of the construction of the
facility as a whole; organization of certain types of construction work);

2) support of production with organizational and technological documentation
(development of a construction organization project; development of a project for the
production of works; development of technological maps);

3) documentation support of production with production documentation (General
organizational documents; production documentation; production documentation);

4) resource support for construction (control of contractual relations; resource
provision of construction production; control of resource consumption by type of work);

5) quality control of construction products (quality control of a complex of objects;
check in the aggregate of individual stages of construction and the entire object; check the
quality of certain types of construction work);

6) monitoring compliance with the safety requirements of construction production
(development of recommendations for a construction organization during the construction
of facilities; compliance with safety requirements for the construction site as a whole and
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areas indicated on the construction master plan ; organization of a workplace and work with
tools when performing certain types of construction work).

Modeling of construction production can be performed using symbolic elements or
mathematical ones. Symbolic models most clearly reflect the basic elements of all
processes. The main types of symbolic models are work production schedules, which can
be presented in several basic forms:
linear work schedule; network schedule of work performance; cyclogram (line graph view).

Each of the presented forms has its own advantages and disadvantages, and therefore
has a certain field of application. The linear form is the simplest and clearly shows the
progress of construction as a whole. In this model, the parameters of each individual work
(list of work, scope of work, labor intensity, numerical-qualification composition of
workers, duration of work) and the graphic part in the form of horizontal lines showing the
progress of work are presented. The linear form is used in the development of almost all
basic organizational and technological documents, including a technological map, work
production projects and construction organization projects. The network form is used less
often than the linear form, but it has its own purpose. As a rule, this form is used for tasks
related to construction management. This is especially important for the organization of
interaction between the participants in the construction and the designation of the
relationship between the works. The cyclogram as a type of linear form serves to solve
local problems at the construction site. It is effective, if necessary, to organize work and the
distribution of teams of workers on the fronts of work for their continuous execution.
Mathematical modeling is advisable to apply when there is a need to accurately calculate all
the parameters and predict the probability of their occurrence. Mathematical modeling
allows you to take into account the relationship between groups of parameters and assess
the impact on each other, to visualize these relationships on the graphs of dependence.
However, a big disadvantage of mathematical modeling is that it is difficult to visualize all
the elements of the organization of construction production with all its participants, since
some interactions are difficult to represent in the form of mathematical dependencies. One
of the main directions in the development of the construction industry is the development of
a model that clearly shows the progress of construction, the relationship between its
elements and takes into account the parametric data of processes and system elements. In
some cases, it is necessary to approach the solution of organizational tasks separately, in
particular to each one and already take into account the elements and parameters of the
model that are important for this stage of decision-making.

During processing complex descriptions with significant amounts of information,
schemes based on sequential aggregation and disaggregation are often used. In practice,
aggregation takes the form of transforming the original model into an aggregated model,
i.e. with fewer variables or constraints. The aggregated model gives an approximate
description of an economic object or process compared to the initial one. Systems analysis
is important in modeling. System analysis can be represented as a set of techniques for
solving problems arising in purposeful activity, based on the use of systemic methodology.
System analysis is characterized in two ways: it is a scientific discipline that develops
general principles for the study of complex objects, taking into account their systemic
nature; that is the methodology of studying objects by means of their representation as
systems and analysis of these systems. Systems analysis is mainly associated with the study
of human organizations, while it involves not only analysis, but also design, that is, the
development, restructuring of management systems. At the same time, being a method for
studying objects, system analysis is an effective means of solving complex, insufficiently
clearly formulated problems, including in the economy. Each object is considered as a
system consisting of components.
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Any model aims to establish an unambiguous understanding or assessment of the
situation in question for making a decision. Decision-making errors occur for several
reasons: information about the situation; assessment of the information received;
assessment of the situation based on perceived information; solution method; assessment of
the consequences of decisions made.

The consequences of mistakes in decision making in the economic are so large that in
order to avoid them, economic and mathematical modeling is used. Economic and
mathematical modeling is a manager's tool and aims to make informed decisions and assess
their consequences. Large systems are complex and intertwined with organizational and
informational links [17,18]. Hierarchical structures are formed to streamline connections
between system elements. Hierarchy is a type of structure, organization of a system, based
on the ordering of its elements from the highest to the lowest and the introduction of
subordination relations. Hierarchical structures are widely used in control systems and
classifications [19,20]. Management in a system with a hierarchical structure is based on
the fact that each of the subsystems solves some particular problem under conditions of
relative independence. It is impossible to talk about the existence of a strict hierarchy in
reality, since in economic and social systems there are connections between elements that
are not provided for by such a structure model as a tree. Exploratory analysis of
multidimensional data is used to build classifications and build hierarchies. It is used if the
researcher has a table of multidimensional data characterizing the structure, and, at the
same time, there is no information about the causal mechanism for generating this data. The
structure of construction production management (linear, functional or matrix) affects the
modeling scheme of the entire construction process.

4 Conclusion

Modeling construction production is a large task based on the use of mathematical
apparatus and parametric equations. The developed model should take into account the
dynamic parameters of the system and the variability of event outcomes. In this case, an
important role is played by the process of optimizing solutions according to various criteria.
Thus, the task of adjustment is reduced to the compilation of an optimal work schedule,
ensuring the greatest uniformity of resource schedules. The correct adjustment of the
schedules is based on the calculation of the coefficients and parametric indicators of the
resource schedules. Comparing them with normal indicators, we can conclude that the
optimization was successful. New technologies make it possible to take into account a large
number of non-standard solutions that allow the development of various options and which
can be applied depending on the type of initial data and the conditions for organizing
construction production. The automation of the construction modeling process is already in
progress and is coming into play, but there are still many areas that require manual control.
Improving the modeling of such sites will allow avoiding unforeseen situations and
stopping the construction process. The other side of the need for modeling is to improve the
understanding of the main stages of construction by the management participants and
increase the efficiency of interaction.
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