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ABSTRACT

The effective work of housing and utility service providers is closely related to the development projects they implement. Anti-
risk management is an important component of development project management. The analysis of mathematical, functional, and
informational models of management of development projects of providers of housing and communal services, taking into account
risks, was carried out. Mechanisms for integral evaluation of projects, priority allocation of company resources in the most promising
directions are proposed. The limitations of the development projects of housing and utility service providers for further scientific
research are indicated. An essential lever for increasing the effectiveness of anti-risk management in the development projects of
providers of housing and communal services is the possibility of adjusting priorities regarding the implementation of development
projects in real time due to the introduction of management automation and decision-making algorithmization, a process approach to
risk management and management decision-making, and a dynamic organizational structure of project management development
Automation of management and algorithmization of management decision-making allows all participants of development projects to
be in one information system: to build a logical sequence of tasks, to determine the project path, to create an uninterrupted material
flow with the minimization of necessary stocks, to establish transparency and control for stakeholders of development projects, etc.
Algorithmization of decision-making allows timely prevention of project volume growth, low productivity, cost overruns, lack of
time and resources, decision-making based on incomplete information, incompetence of development project participants. The dy-
namic organizational structure of management of development projects stimulates the coordination of actions and quick resolution of
issues, education of the personnel reserve, establishment of communication, etc.
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INTRODUCTION ensuring their quality, and improving the quality and

. . . efficiency of the engineering companies working in it.
Housing and communal management is an im- y 9 9 P 9

portant area of the social and economic structure of so- FORMULATION OF THE PROBLEM
ciety. The quality of its functioning on the basis of equal
existence in this area of all forms of ownership allows
creating a network environment for the implementation
of the principles of a socially oriented market economy.

The development of housing and communal services
has gone through several stages: from extensive to in-
tensive, high-quality, which has been happening for the
last twenty years [1, 2], [3]. Today, it faces the task of
improving the technology of providing services,

Housing and communal services at the same time
combine the specifics of public service, energy distribu-
tion and accounting, construction, the oil and gas sector,
and even information technologies (since it requires the
collection, processing, and storage of a large amount of
data on the owners of real estate objects, seals of strict
reporting, meter readings, calculation of benefits, etc.).

Housing and communal services [1, 4] — the result
of economic activity aimed at ensuring the living condi-
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residential premises, houses and buildings, complexes of
buildings and buildings in accordance with regulations,
rules, standards and procedures. Production and imple-
mentation of housing and communal services are regu-
lated by standards, regulations, norms and rules that es-
tablish a complex of qualitative and quantitative indica-
tors and requirements, taking into account social, eco-
nomic, natural-climatic and other conditions of regions
and settlements.

To simplify the terminology, so as not to detail the
various roles of participants in the housing and commu-
nal services market according to legislation and every-
day understanding (executor, manufacturer, supplier,
representative, provider), we will summarize all of them
under the name “Provider” (from the English to pro-
vide): organization, which provides certain services.
Providers include energy distribution companies, service
companies, etc.

Improving the quality of housing and communal
services, searching for reserves, control possibilities are
considered at the state level, at the level of professional
associations, domestic and foreign organizations. This
direction is implemented by a number of relevant devel-
opment projects implemented by providers of housing
and communal services.

There is a relatively low sectoral quality of housing
and communal services compared to the financial, in-
dustrial, or energy sectors. It is directly related to the
percentage of successfully implemented development
projects that performed completely and did not remain
in a frozen state. Actual anti-risk management of devel-
opment projects of housing and utility service providers
will significantly help these companies to quickly re-
spond to changes caused by risks. The number of suc-
cessfully implemented development projects will in-
crease and, as a result, housing and communal services
will significantly improve.

LITERATURE REVIEW

Mathematical modeling of economic processes is
an expression in the language of mathematics of the
main properties of economic phenomena and pro-

cesses in their interrelationship and functional de-
pendence. Quantitative characteristics of economic
processes in combination with qualitative ones are
essential in mathematical modeling [5, 6].

The description of the mathematical model is
performed in terms of quantitative characteristics-
indicators (variables, unknowns), the value of which
is subject to determination in the process of solving
the problem and parameters whose values are known
a priori. Any model of a classroom research problem
includes variables, a system of constraints, and a goal.
The goal is an objective function that is set on the set
of admissible solutions D [7].

Mathematical logic, symbols and examples are
detailed in [8].

Development projects of housing and communal
services providers are schematically shown in Fig. 1 —
distribution by direction and total number. They are a
component of the conceptual model of anti-risk man-
agement in development projects of housing and utili-
ty service providers [9], which we arrived at through
a few previous works [10, 11], [12].

In the works [13], [14, 15] proposed process and
integrated management of deviations and uncertain-
ties in projects, and in the work [16] considered ap-
proaches to modeling and integration, which will al-
low developing risk management models for devel-
opment projects of utility service providers.

THE PURPOSE OF THE ARTICLE

The purpose of this work is to conduct a study of
mathematical, functional, and informational models of
management of development projects of housing and
communal services providers from the point of view of
risk management and other influential factors, ranking
of priorities for the allocation of company resources to
certain projects.

To achieve this aim it is necessary to complete the
following objectives:

1) To conduct a study of mathematical, functional
and information models from the point of view of their
application in the process of risk management in de-
velopment projects.
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Fig. 1. Visualization of development projects of housing and utility service providers for the

mathematical model
Source: compiled by the authors
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2) To substantiate the need for risk management
of development projects of utility service providers.

3) To carry out mathematical, functional and in-
formational modeling of risk management of develop-
ment projects of providers services.

Mathematical model

The method of mathematical modeling helps re-
searchers study real-world phenomena through math-
ematical models. To use it, it is necessary to translate
the problem situation into the formal language of
mathematics, solve the problem and interpret the ob-
tained results.

A mathematical model can be developed in rela-
tion to a specific object as a whole or its individual
constituent elements. With its help, it is possible to
display either existing properties, functions of certain
phenomena and processes, or their future development.
There are static (the model is tied to a certain period of
time) and dynamic (the relationship between the indi-
cators of different periods is clarified) models.

Providers of housing and communal services
are interested in development projects, that provide
the company the highest income (Inc — o) with
minimum investment ( Inv — 0), as soon as possi-
ble (t —>0) and with minimal risks (Risk —0).
The integral assessment of the project based on such
important components can be defined as:

Inc
Int=—————;
Inv*t*Risk
where in the numerator is a positive factor, and in
the denominator is the product of negative ones.

You can enter more such factors, but the logic
will remain the same — the integral evaluation is cal-
culated as the ratio of the product of all positive fac-
tors to the product of all negative factors. It is easy
to compare projects among themselves by the size of
their integral assessment.

The measure of the risk of an increase in the
execution time and cost of implementation (in es-
sence — losses for providers of housing and commu-

Int > Max,

nal services) of the development project in quantita-
tive terms is equal to:

b
Risk, = > P, *C; ,

ij=1
where Risk; is total risk of the i-th development

project; P

the j-th risk in the i-th project; C; is economic loss-
es in case of the possible occurrence of the j-th risk
in the i-th project; b is the total number of risks in
the i-th project.

The integral assessment of the i-th project will
accordingly be defined as:

Inc.
Int '

' Inv, *t, *Risk.
where Int, is integral assessment of the i-th project;

is the probability of the occurrence of

; Int, > Max,

Inc, is possible income of the provider of housing
and communal services from the implementation of
the i-th project; Inv, is investment component of the

i-th project; t; is estimated duration of the i-th pro-

ject; Risk; is the total risk of the i-th project.

For the most effective use of their resources
(ROI — return on investment), housing and utility
service providers should prioritize development pro-
jects with the maximum integral assessment, freez-
ing development projects with a lower integral as-
sessment.

An example of priority calculation (Pr,— the

priority of the i-th project) is given in Table 1. It us-
es the formula Integrated assessment = Income /
(Necessary investments * Implementation periods *
Possible losses due to risks).

Taking into consideration the riskiness of inno-
vative projects (Fig. 2), they will not be in the first
place in the priorities of providers of housing and
communal services due to their relatively low inte-
gral assessment.

Table 1. An example of prioritizing the allocation of resources of a housing and communal services provid-
er for the implementation of development projects in accordance to their
integral assessment

Project Income Investment Terms of Possible losses on Integral Implementation
No. (UAN) Required implementation risks (UAN) assessment priory
(UAN) (month)
2 150000 120000 6 70000 2.9762E-06 5
3 200000 140000 8 50000 3.5714E-06 4
4 350000 120000 10 80000 3.6458E-06 3
5 480000 250000 3 120000 5.3333E-06 2

Source: compiled by the authors
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Fig. 2. The degree of innovations’ risk depending on their type
Source: compiled by the [13]

It should also be kept in mind that in projects it
is more expedient to focus on such a sequence of
works that will lead to the smallest losses from risks
[14]. As a priority, it is necessary to carry out work
that is required for various development projects of
the provider of housing and communal services at
the same time.

Taking into consideration the constant change
of the external and internal environment of devel-
opment projects of housing and communal services
providers (by analogy with [15]) with time (t), we
understand that their integral assessment changes

dynamically — Int, = f,(t;). It requires updating
priorities ( Pr; = fpr; (t;)) for allocation of resources
for their implementation. Such a dynamic change of

emphasis in relationships is shown schematically in
Fig. 3.

Functional model

A functional model is a model that makes it
possible to study the functional features of certain
processes, to determine the relationships between all
internal and external elements [16].

The functional model is a “tree” of the main
functions implemented at the enterprise. The model
is built hierarchically — from the top level of func-
tions to the bottom (through decomposition). At the
highest level, the classification of business processes
and their grouping is provided. A process is a com-
plex function. Detailing of functions forms a hierar-
chical structure of their descriptions.
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to development projects over time, depending on migrating risks
Source: compiled by the authors
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In this work, we use the IDEFO methodology
[17] for functional modeling. It is based on the con-
cept of a block that reflects some business function.
The four sides of the block have different roles: the
left side has the meaning of — “input”, the right —
“output”, the upper — “control”, the lower — “me-
chanism” (Fig. 4.).

The decision-making model (according to the
IDEFO methodology) for allocating the resources of
the housing and communal services provider to the
most promising projects, taking into consideration
the risks, is shown in Fig. 5.

Control

Output

Activity

Input

Mechanism

Fig. 4. Business function according to IDEFO
methodology

Source: compiled by the authors

Mission and strategy
of the company
A Yy %

Informational model

We consider the informational model in the Da-
ta Flow Diagram standard — design model with a
graphical representation of data “flows” in the in-
formation system.

Contains four types of graphic elements:

1) processes (represent data transformation
within the framework of the described system);

2) data storages (repositories);

3) entities external to the system;

4) data flows between elements of the three
previous types [18].

Rules for constructing data flow diagrams [19]:

1) the process must have an input and output
data streams;

2) data stores must also have input and output
data streams;

3) data from external entities must necessarily
go through a process to get to the storage.

DFD diagrams can be divided into several dis-
play levels [20]:

1) Conceptual — shows a general description of
the process implemented during the data flow. Dis-
plays abstract data flows associated with various
external entities.
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2) Logical — displays the logic of data transfor-
mation in the system in each process. You can see
the input, intermediate, and output data in each pro-
cess flowing from the external entity to the data
stores.

3) Physical — exact display of data stores,
names of data entities.

The Fig. 6 conceptual level of the informational
model of anti-risk management of development pro-
jects of housing and communal services providers is
shown. The main emphasis is that it is necessary to
monitor the factors affecting project risks systemati-
cally — conducting a reassessment in accordance
with internal and external changes in projects.

CONCLUSIONS

1. As part of the study, it was found that devel-
opment projects are an important component of the
effective and high-quality work of services provid-
ers. For this, the authors conducted a study of math-
ematical, functional and informational models from
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the point of view of their application in the process
of risk management in development projects. This
approach allows you to quickly model the impact of
risks with the aim of the most efficient use of the
provider's assets.

2. The need for risk management of develop-
ment projects of services providers is substantiated.
This will make it possible to carry out an integral
assessment of the prospects of development projects
of the provider of services, taking into account the
risks, and to allocate resources to projects according
to the highest priority.

3. Mathematical, functional and information
modeling of risk management of development pro-
jects of providers services was carried out. As a re-
sult, mathematical, functional and informational
models were developed, which will allow the limited
resources of providers to be redistributed in a timely
manner in more promising directions.
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Fig. 6. Informational model of anti-risk management of the
housing and communal services provider due to cyclical monitoring of risk changes of
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DP — development projects;

HCSP — housing and communal services provider
Source: compiled by the authors
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AHOTALIA

EdexrnBHa poboTa mpoBaiinepiB )KUTIOBO-KOMYHAIIBHUX MOCTYT TICHO MOB’S3aHa 3 TIPOEKTAMHU PO3BHUTKY, SIKi BOHH peaizy-
I0Th. Ba)XJIHBOIO CKJIaJ0BOIO YNPABIIiHHS NPOEKTAaMH PO3BHTKY € MPOTHPU3HMKOBE YNpaBiHHA. [IpOBENEHO aHali3 MaTeMaTH4HOI,
¢GyHKUIiOHATBHOT Ta iH(pOpMaLiHHOT MoieNel yIpaBIiHHS IPOEKTAMU PO3BHUTKY IPOBai/IepiB KHUTIOBO-KOMYHAIILHUX HOCIYT 3 ypa-
XYBaHHSM PU3UKIB. 3alPOIIOHOBAHO MEXaHi3MH IHTETPAILHOTO OLIHIOBAHHS MPOEKTIB, MPIOPUTETHOCTI BUIIICHHS peCypciB KOMITa-
Hil B HaWOIIBII MepcreKTHBHI HanpsMu. HaBeneHo OOMEXeHHs, B SIKMX 3HAXOJTHCS TPOEKTH PO3BHUTKY HPOBAHIEPIB JKHTIOBO-
KOMYHAJIbHUX TOCITYT JJIsS IPOBECHHS MOJABIINX HAYKOBUX JNOCIHiKeHb. CyTTEBUM BaXKEJIEM ITiJJBHIIEHHS e()eKTHBHOCTI IIPOTH-
PHM3UKOBOTO YIPABIIHHS B IPOEKTAX PO3BUTKY HPOBAIEPIB KUTIOBO-KOMYHAIBHHUX MOCIYT € MOXKJIMBICTh KOPUT'YBaHHS MPiOpUTe-
TiB OIOZO peati3alii MPOEKTIB PO3BUTKY B PEATbHOMY Yaci 3a paxyHOK BIIPOBA/DKEHHs aBTOMATH3ALlil YIPABIiHHS Ta alrOpUTMi3amii
MpUAMaHHS pillleHb, TPOIECHOTO MiAXOAy B YIPaBIiHHI PU3WKAMH Ta NMPHIMaHHI yIPaBIIHCHKUX PIlICHb, TUHAMIYHOIO OpraHiza-
LiHOIO CTPYKTYPOIO YIPaBIiHHS MPOEKTAMU PO3BUTKY. ABTOMATH3AIlis YIIPABIIHHS Ta aTOPUTMIi3allis MpUHMaHHs YIPaBIiHCHKHX
pillIeHb T03BOJISIE 3HAXOAUTHCH BCIM yYaCHHKAM MPOEKTIB PO3BUTKY B ONHIH iH(popMamiliHiil cucTeMi: OyayBaTd JOTiYHY HOCITiIOB-
HICTb 3aBJlaHb, BU3HAYATH MIPOEKTHUII IUISIX, CTBOPIOBATH Oe3mepebiiiHnil MaTepiabHuil MOTIK 3 MiHIMI3alli€l0 HEOOXITHUX 3amacis,
HaJIaro/DKyBaTH MPO30PICTh Ta KOHTPOIb ISl CTEUKXOJIEPiB MPOEKTIB PO3BUTKY TOLIO. AJNTOPUTMI3aLlist MPUiIMaHHsI pillieHb 103BO-
JIsIE CBOEYACHO 3a100iraT po3pOCTaHHIO OOCSTIB MPOEKTIB, HU3bKiH MPOAYKTUBHOCTI, IEPEBUILICHHSIM BUTPAT, HECTadl yacy, pecyp-
CiB, MPUIHATTIO PillIeHb, 110 TPYHTYIOTHCS HAa HEMOBHiH iH(OpMaIlii, HeKOMIETEHTHOCTI Y4aCHUKIB MPOEKTIB PO3BUTKY. J{nHaMiuHa
opraHi3aiiiiHa CTpyKTypa YIpaBJliHHS POEKTAMH PO3BUTKY CTUMYJIIOE Y3TODKEHICTh Aiil Ta IIBHAKE BUPIIICHHS MUTAaHb, BUXOBAH-
HsI KaJJpOBOT'O Pe3epBY, HaNAroXKEHHs KOMYHIKail TOIIIO.
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