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DEVELOPMENT OF A MODEL OF
SELECTING CLOUD SOFTWARE FOR A
ROAD CONSTRUCTION ORGANIZATION
UNDER INTERVAL INFORMATION

The object of research is the management processes of a road construction organization. The research is based
on the principles of systems analysis for structuring design processes; methods of mathematical modeling, fuzzy
mathematics, discrete programming, multicriteria assessment and optimization for the selection of cloud software
Jforroad construction organizations in terms of interval information. The information system of a road construction
organization includes planning, reporting, regulatory and technical documentation that characterizes the state and
movement of information in the enterprise. It is important to use systems that speed up the generation, processing
and preparation of documents, as well as improve the storage and retrieval of information. The introduction of
cloud technologies has become a necessary condition for increasing the mobility, flexibility and efficiency of the
management system of a road construction organization. Formalized processes of information collection and internal
distribution can better predict the dynamics of market trends and act more quickly, make decisions confidently
and reasonably. In the final stages of selection for assessment, it is convenient to apply the criteria in conditions
of interval uncertainty. The study was aimed at improving the efficiency of transport management by develop-
ing a model for choosing the cloud software of a road construction organization in terms of interoal information.
The following criteria of partial optimization were used in the developed model: maximum speed of execution of
Junctions by cloud software; minimum cloud software requirements for internet connection speed; minimum cost
of cloud software. The scope of permissible solutions is determined by restrictions:

— execution of all functions must be provided by cloud software;

— the minimum speed of execution of functions by the cloud software should be not lower than set;

— cloud software requirements for Internet connection speed should not exceed the specified;

— the cost of cloud software should be no more than specified.

The developed model will reduce the cost of purchasing cloud software and increase the ef ficiency of transport
management of a road construction organization.
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1. Introduction

The functioning and efficiency of road construction en-
terprises directly depend on the market instruments, used
to manage them. Consideration of logistics as a factor, in-
fluencing the efficiency of the enterprise, provides a way
to control costs and indicators, most accurately reflects the
relationship of logistics with the main economic and financial
indicators of business. In this case, given the high inertia of
the production system, associated with high capital intensity,
long construction and reconstruction of road facilities, tasks
in the field of road construction should be presented not
only in the coming years, but also in the longer term [1].

The creation of a logistics system for a road construc-
tion company aims to reflect a set of organizational and
technical elements that ensure inventory management and
implementation of the movement of material resources in
the road construction process with maximum efficiency.
Within the logistics system, the functions of supply, pro-
duction, sales, distribution, transportation are integrated.

Currently, the problems of the logistical approach to
the organization of a road construction company are in-
sufficiently studied. These include criteria for planning
and organizing the work of the enterprise. In practice,
there is an increasing need for logistical support to solve
these problems.
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The research consists in the development of scientific and
practical recommendations that can increase the efficiency
of management and productivity of a road construction
company based on the use of logistics tools. The task of
the organizational structure of enterprise management is
to form a relationship between employees of departments
that represent the functional areas of logistics in the en-
terprise, and resources that will effectively achieve the
goal of logistics support of the enterprise. In this regard,
integration becomes relevant, a set of procedures for the
enterprise, the entire system of interactions, forecasting
and accounting for direct, indirect, long-term consequences
of decisions in the enterprise [1].

Optimization of transport is to choose such organizational
forms, functional structures that would ensure minimal costs
in general from the production-transport-warehousing system.
When choosing optimization criteria, priority should be given
to system-wide, ie the implementation of production with
minimal costs. It is the volume of production that dictates
the organization and volume of transportation. Internal
criteria can be considered only if the implementation of the
main, which in this case will be a mandatory restriction.
However, a prerequisite is the compliance of lower-order
criteria with higher-level criteria, system-wide. A reliable
information system is of great importance here [2].

The information system of the office of a road construction
organization includes planning, reporting, regulatory and
technical documentation that characterizes the state and
movement of information in the enterprise. The information
process provides the generation, collection, processing, use
and transmission of information. These elements are the
information structure of the organization.

Today it is important to use systems that speed up
the generation of documents, their processing and prepa-
ration, as well as improve the storage and retrieval of
information [2].

The introduction of cloud technologies has become a
necessary condition for increasing the mobility, flexibility
and efficiency of the management system of a road con-
struction organization. Formalized processes for collecting
information and its internal distribution can better predict
the dynamics of market trends, and act more quickly, make
decisions confidently and reasonably. Today, the market
situation is such that most companies, regardless of the
size of a company, use innovations in the development
of information systems and technologies to optimize the
main and auxiliary business processes [3].

Cloud information technologies provide convenient
network access to a common pool of computing resourc-
es (servers, applications, networks, storage systems and
services) that can be quickly provided and released with
minimal management effort.

Cloud technologies are seen as new opportunities to
increase the efficiency of business processes. At this level,
IT infrastructure management is based on comprehensive
services and policies, determined by the business require-
ments of the organization [3].

When using cloud computing, there is an absolute
elasticity of capacity, provided for business needs and
which can be used for storage, analysis and data pro-
cessing. This means that the use of cloud information
technology can minimize downtime of computers and
equipment, as well as eliminate power shortages at high
computer load [4].

There are currently three main models of cloud services:

1. Infrastructure as a Service (IaaS).

2. Platform as a Service (PaaS).

3. Software as a Service (SaaS) [4].

Let us take a closer look at the choice of SaaS software.
The criteria for selecting these systems include clear and
interval values, such as speed of execution of functions,
requirements for the speed of the Internet connection,
cost, etc.

Thus, the object of research is the management processes
of a road construction organization. The purpose of the
study is to increase the efficiency of transport manage-
ment by developing a model for selecting cloud software
for road construction organizations in terms of interval
information.

2. Methods of research

Research methods are based on the principles of systems
analysis for structuring design processes; methods of math-
ematical modeling, fuzzy mathematics, discrete programming,
multicriteria assessment and optimization for the selection
of cloud software for road construction organizations in
terms of interval information [5-7].

In the final stages of selection, it is convenient to
apply the criteria for estimation in the conditions of in-
terval uncertainty, in particular, in the case under consid-
eration, the criterion of pessimism-optimism of Hurwitz
is used [8-10].

3. Research resulis and discussion

To achieve this goal it is necessary to develop a model
for selecting cloud software for road construction orga-
nizations in terms of interval information.

We introduce variables:

XO’CV:{O;1}3

where Xgv=1 — if you choose cloud software of the c-th
type, o-th kind to perform the o-th function, Xg,,=0 —
otherwise;

Yoeo={0;1},

where Ys,=1 — if the o-th function can be provided by
co-th cloud software, Ys.,=0 — otherwise.
Partial optimization criteria:
— the maximum speed of execution of the o-th func-
tion by cloud software:

c® o

V, =min i 2 2 Vo Yoo X

o=1 c=1 v=1

M

where V= — interval estimation of the speed of execution of

the o-th function of cloud software, c-th type of v-th kind,;
— minimum cloud software requirements for Internet
connection speed:

¢ o

R,=min Y ¥ R.Y, X, i06=10,

‘v ocv Gl
=1 v=1

(2)

where R, — interval estimate of the c-th type of v-kind
cloud software requirements for the Internet connection;

;18
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— the minimum cost of cloud software:

CP = miniiicﬁyymxowy (3)

Tahle 1

Type of cloud software, its cost, maximum speed of function execution,
minimum speed of Internet connection

o1 ¢=1 v=1 Type of Maximum speed | Minimum speed
) ] No cloud Cost, USD of function of Internet con-
where C., — interval estimate of the cost of cloud soft- software execution, s nection, Khps
ware, c-th type o-th kind. 1 | Prog! | 167.79-181.64 | 0.27-0.31 500-700
The scope of permissible solutions is determined by 5 Prog2 | 171.80-186.05 0.26-0.3% 550-700
restrictions: : : : :
. . . 3 Prog3 176.58-191.30 0.27-0.32 1200-1350
— execution of all functions must be provided by cloud -
. 4 Prog4 167.28-181.06 0.28-0.32 600-850
software:
5 Prog5 166.63-179.27 0.3-0.34 500-800
o LY B Progb 166.34-178.65 0.29-0.341 600-900
2 z ZYGL'Z/XGL'Z’ = G/; (4)
bt et 7 Prog7 168.92-182.84 0.29-0.33 700-800
8 Prog8 148.66-200.77 0.28-0.32 500-650
— the minimum speed of execution of the o-th function 9 Prog | 171.80-186.05 0.28-0.32 500-1000
by cloud software should not be lower V™" : 10 | Progl0 | 161.05-175.48 | 0.28-0.31 1100-1200
z‘lcvycchcyczr Z V»'m'"; 'I'ahle 2
o=1 “ Weighted interval assessments of the cloud software assessment criteria
— G. — c.
c=1¢%v=1205 (6)) Maximum speed | Minimum speed .
: Generalized
Cost of function of Internet con- assessment
— the requirements of the co-th cloud software execution nection
for the Internet connection should not exceed the |3oftware| Opti- | Pes- | Opti- | Pes- | Opti- | Pes- | Opti- | Pes-
Speciﬁ ed R™n - mistic | simistic | mistic |simistic| mistic | simistic | mistic |simistic
dSSess- | assess- | asSesS- [asSesS- | aSSesS- | a5SeSsS- | aSSess- | asSess-
) ment ment ment ment ment ment ment | ment
R Yo Xoe SR™ (6) | Progl | 063 | 037 | 100 | 044 | 100 | 076 | 088 | 052
c=1c%v=12506=10 Prog2 | 056 | 028 | 086 | 0.15 | 094 | 076 | 0.79 | 0.40
Prog3 0.46 0.18 1.00 0.30 0.18 0.00 0.55 0.16
— the cost of cloud software should be no more than g
specified C™" : Prog4 | 0.64 | 038 | 0.86 | 030 | 088 | 059 | 0.79 | 0.42
o @ o Prog5 0.66 0.41 0.58 0.01 1.00 0.65 0.74 0.36
Y C Y, Xy, SCM (7) | Progs | 066 | 042 | 072 | 000 | 088 | 053 | 075 | 032
o=1 c=1 o=l
Prog7 0.61 0.34 0.72 0.15 0.76 0.65 0.70 0.38
Model (1)*(7) refers to the problems of multi- Prog8 1.00 0.00 0.86 0.30 1.00 0.82 0.95 0.37
criteria discrete programming with Boolean variables,
which is solved by: Prog9 0.56 0.28 0.86 0.30 0.88 0.41 0.77 0.33
— the method of directed search in decision-making |Prog10| 0.76 | 049 | 0.86 | 044 | 029 | 0.18 | 0.64 | 0.37

in small problems;

— the random search method — in large-scale problems.

For example, consider the choice of cloud software
for a road construction organization, taking into account
interval estimates.

You need to choose the type of software according to
the partial criteria, set by the interval (speed of execution
of the function, speed of the Internet connection and cost).

The cost of the software should not exceed 211.34 USD,
the speed of function execution is a little more than 0.34 s,
the speed of the Internet connection is not more than
2000 Kbps.

Table 1 shows the type of cloud software, its cost,
maximum speed of function execution, the minimum speed
of the Internet connection.

Since the values of the criteria are given at inter-
vals, we will assess pessimistic and optimistic scenarios.
The selection is made according to the maximum aver-
age generalized assessment. The criteria are considered
equivalent.

Table 2 presents weighted interval assessments of the
cloud software assessment criteria.

Using model (1)—(7) and Hurwitz’s pessimism-optimism
criterion, Prog8, which best met the criteria and constraints
was chosen in the optimistic scenario, Progl — in the
pessimistic, from the many software options.

Thus, depending on the project situation, the cost sav-
ings for the purchase of software amounted to 10-26 %
relative to the maximum cost.

The study identified a number of new challenges in
the field of decision support systems for road construc-
tion companies, in particular, the choice of hardware and
software with assessment criteria, set by linguistic values.

4. Conclusions

The analysis of the process of choosing the cloud software
of a road construction organization has been carried out. A
model of cloud software for road construction organizations
has been developed, which, in contrast to known models,
allows to make design decisions, taking into account interval
criteria. Using the developed model will reduce the cost
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of purchasing cloud software and increase the efficiency of
transport management of a road construction organization.
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