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Abstract. In the paper proposes a method for increasing the efficiency of the decision-making
process for the selection of software and hardware platforms for the implementation of projects in the loT-
sphere that taking into account maximum functionality and acceptable cost. The efficiency of the process of
selecting an appropriate platform can be achieved by minimizing the time it takes to select an loT platform.
The implementation of the method involves the creation of an automated system for selecting loT-platforms
that interacts with the classification database. The procedure for creation of a database of classification
characteristic of loT-platforms, which represented on the market, is formalized. For creation database is
using the facet classification method. There is developed the procedure for creation facet formulas that is
taking into account the functional features of loT-platforms. As a criterion for selecting loT-platforms there is
used a set of user-defined parameters. The principle of work the automated system is formalized in the form
of an algorithm.

Key words: Internet of things, loT-platform, universal classification model, faset, automated
selection system of loT-platform.

AHoTauif. Y cTaTTi NponoHYeTbCHA MeToA MiABULLEHHA e(PeKTUBHOCTI MPOLIECY yXBarneHHS pilleHHSs
woao Bubopy anapaTHO-NporpaMHoi nnatdopmn onsa peanisadii npoekTiB y cdepi Internet of Things (loT) 3
ypaxyBaHHsAM 3abe3neyeHHs MakCMManbHOIi (QYHKLIOHANBbHOCTI Ta MNPUAHATHOI BapToCTi. 3pOoCTaHHA
nonynsapHocTi koHuenuil loT nNpu3BiB 4O NOSIBU 3HAYHOT KINbKOCTI Pi3HOMaHITHUX anapaTHo-nporpamMHux loT
nnatgopMm, sKi CyTTEBO BIApi3HAOTLCA OAHa Big opHoi. Bubip BignoBigHOT anapaTHO-NporpamHol
nnatgopmy GasyeTbCsl Ha KOMMMEKCHOMY aHanisi 6aratbox (hakTopiB, a came: obnacTb 3aCTOCYBaHHS,
GakaHui piBeHb be3neku, ski metoam poboTu 3 AaHMMK NIGTPUMYOTLCS, HasiBHICTb chaxiBuiB ana pobotu 3
nnatdgopmoto Towo. NpoBeaeHHs nodibHOro aHanidy Bumarae BignoBigHOI KBanidikauii Ta neBHMX BUTpaT
yacy, Lo, Yy CBOK 4epry, npu3BoAuTb [0 30iMblUEHHS 4YacoBMX BUTPAT Ha peari3auito BCbOrO MPOEKTY.
EdekTmBHiCTb Npouecy Bnbopy onTMmMarbHOi anapaTHO-NporpamHoi nrnatgopmMm Moxe OyTu JocsarHyTta 3a
paxyHOK MiHimi3auii 4acy, HeobxigHoro gns Bubopy loT-nnatdopmu. Peanizauis meTtogy nepenbayae
CTBOPEHHS1 aBTOMaTM30BaHoOi cuctemn Bubopy nnatdopmm loT. PopmanizoBaHa npoueaypa CTBOPEHHS
6a3n gaHux knacudikauinHnx o3Hak loT-nnatdopM, sKi TpeacTaBneHi Ha pyHKY. [Ins cTBOpeHHs 6a3n gaHux
NPOMOHYETLCHA 3acTocyBaT MeTon paceTHOI knacucpikauii. dopmanizoBaHa npoueaypa CTBOPEHHS
daceTHux dopmyr, sika BpaxoBye oyHKUioHanbHi ocobnueocTi loT-nnatdopm. HagaHo cxemy anroputmy
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dopmyBaHHs1 6a3u gaHux. B sikocTi kpuTtepito Bubopy loT-nnatdopmMm BUKOPUCTOBYETHCS Habip MOKa3HUKIB,
AKi 3agaroTbes kopucTtyBadem. [NpuHuun poboTn cuctemmn dopmanizoBaHo y BUrnagi anroputmy. Hagana
CTPYKTYpHa CxemMa aBTOMaTM30BaHOi cucTtemu Bubopy loT nnatdopm, onmucaHa i dyHKUiOHanbHa

CTPYKTYpa.
KnouyoBi cnoBa: IHTepHeT peven, loT-nnatdopma, knacudikauiiHa wmogenb, dacer,

aBTOMaTM3oBaHa cuctema Bubopy loT-nnartdopm.

AHHOTauusa. B crtaTbe, npeanaraeTca MeToq MNOBbILWEHUA 3P(EKTUBHOCTM npouecca NPUHATUS
peLLeHNs OTHOCUTENbHO BblbOpa annapaTHO-NporpammMHON nraTopmbl Ans peanusauun MpPOEKTOB B
obnactu loT, ¢ yyeTom obecnedeHuss MakcumanbHOW (OYHKLUMOHANbHOCTM U MPUEMSIEMOA CTOUMOCTMW.
OdbdekTnBHOCTL npouecca Bbibopa noaxoadwen nnatopMbl MOXeT OblTb  AOCTUrHYTa MyTeMm
MUHMMM3aLUM BpeMeHU, Heobxogumoro ans Bblibopa nnaTtdgopmbl loT. Peanusauus metoga npeanonaraet
CO30aHVe aBTOMAaTM3UPOBAHHOW cucTeMbl ONA Bbibopa loT-nnatgopMm, koTopas B3aMMOAEWCTBYET C
knaccudukaumoHHon  6ason  gaHHbix.  Popmanu3oBaHa npouedypa  co3gaHus  0asbl  JaHHbIX
KnaccuuKaLumMoHHbIX NpuaHakoB loT-nnaTdopm NpeacTaBneHHbIX Ha pbiHke. Ons co3gaHus 6asbl JaHHbIX
npegnaraeTca MCNonb3oBaTb MeToq haceTHon knaccudukauun. dopmanusoBaHa npoueaypa cosfaHud
daceTHbIX opMyr, yuuTbiBatoLwas yHKUMoHanbHble ocobeHHocTn loT-nnatgopm. B kayecTBe kputepus
ansa Bblbopa loT-nnatcpopm ucnone3yeTca Habop NapameTpoB 3afjaBaeMbiX nosfib3oBaTenem. [puHumMn
paboTbl cucTeMbl hopmManuaoBaH B BUAE anroputma, onncaHa dyHKLMOHanbHasi CTPyKTypa CUCTEMBI

KnroueBble cnoBa: WNHTepHeT Bellei, loT-nnatdopma, knaccudukaunmoHHas mofens, dacerta,
aBTOMaTU3MpoOBaHHas cuctema Bbibopa loT-nnatcdopma.

One of the trends in the development of modern information technology is realized in the
concept of "Internet of Things" (IoT). In general, IoT is a further development of complex
automation concept that was transferred from the industrial sphere to all aspects of human life [1].

Global analytical agency McKinsey based on the results of 2015 estimated that the amount
of investments in [oT till the 2025 will be $11 trillion (11% of Global GDP). The market for loT
hardware components (for example, sensors) and IoT connectivity solutions has existed for a long
time, whereas the IoT platform market is a new segment for which the annual growth rate is
projected to be 33% for the next 6 years. In 2021 it is expected that the market of IoT-platforms will
grow up to $ 1.6 billion [2].

The key concept in IoT is the so-called IoT platform. The IoT platform is the central object
in the concept of the Internet of Things, which unites the real and virtual components and consists
of four main components - hardware, software, telecommunications and information security [2].

The growth of IoT concept popularity leaded a huge amount of loT-platforms appearance,
which differs significantly from each other [3]. This circumstance sets a new task before users — the
task of the most suitable from the technical and economic point of view loT-platform selection for
each specific situation.

The choice of the most suitable IoT platform is based on a variety of factors complex
analysis, such as: range of use, presence of specialists who work with the platform, supported
methods of data processing, the desired level of security, etc. Obviously, carrying out such an
analysis requires appropriate qualification and a certain amount of time, which reduces the
effectiveness of interaction between suppliers and potential users of loT-technologies, and the time
spent on a platform selection significantly increases the overall development time of projects.

The efficiency of the process of selecting an appropriate platform can be achieved by
minimizing the time it takes to select an IoT platform. This time depends on the size of the PF set
available for selecting the IoT platforms and the time taken to evaluate the capabilities of each
solution. It is also advisable to take into account the limitation on the cost of the IoT platform.

This task can be presented in the following general form [4]:

T, = f(PF,t,)—> min,
(1)

C, — min,
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where T is a time spent on selection of the most suitable for particular situation IoT-platform; C,

is a cost of i-th IoT-platform ; I is a set of IoT-platform, power pf; lzs is an average time spent
on assessment of i-th loT-platform characteristics, that is defined as:

lps; :ztESk Iy,
k (2
i:17n7 kzl’p’

where ¢, is time spent on assessment of k-th characteristic of i-th IoT-platform; m, is an element

of set M = {m(k)}; k=1, p that describes characteristics of i-th IoT-platform.

The solution of this problem can be achieved by creating an automated selection system of
the IoT platform, in accordance with the stated requirements of the customer.

The goal of this work is proposes a method for increasing the efficiency of the decision-
making process for the selection of software and hardware platforms for the implementation of
projects in the IoT-sphere that taking into account maximum functionality and acceptable cost.

The work of the automated system assumes the existence of a database B of IoT platforms.
For forming database B, it is necessary to classify IoT platforms, which are present on the market.
Obviously, in this case there will be no rigid classification structure, since one and the same IoT
platform can fall into different classes. In addition, we cannot define a finite number of classes in
the classification system - new classes can appear in the process of analyzing the characteristics of
different loT-platforms. Taking into account the above, to create a classification model it is
advisable to apply the facet classification method [5].

The facet method involves creating a classification system from a set of independent subsets
- facets. Each facet contains a collection of values that a classification attribute can take. Values of
different facets should not be repeated. The classification system is described by a faceted formula
of the form KS = (Fs,, Fs,,...,Fs,) and the same object can be part of different facets.

In general, the following functional modules can be distinguished as distinctive features in
the logical structure of the IoT platform (Fig 1):

1. Connection and translation module. There are miss unified standards in the field of IoT,
devices (things) can use different protocols of interaction, as well as generate data in different
formats. This module provides the conversion of different protocols and different data formats into
an internal, unified, universal virtual format.

2. Device management module. The tasks of this module are provision of preparation and
configuration of devices (things), remote control, monitoring of work and detection of failures,
updating of the software component of devices.

3. Data management module. The process of data collection and processing is one of the
main processes in the IoT concept. The speed of data acquisition, their reliability, affects the
ultimate effectiveness of the functioning of devices (things) within the framework of the IoT
concept. This module should provide: the ability to store big data size in various formats and forms,
high speed of processing and access to data; reliability of data.

4. The module of actions management. The tasks of this module are to perform certain
actions. The actions are performed in accordance with the result obtained after processing the data
transferred by the device (thing). This level uses the [IFTTT model (If-this-then-that rule) - "if this
happened, then do this."

5. The analysis module. This module provides a comprehensive analysis of data, aimed at
achieving the optimal result. For example, when analyzing data from the sensors of the smart house
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system, you can find a combination in which the optimal level of illumination and heating in the
house will be realized while minimizing energy costs. This level involves the use of all available
analysis algorithms - from dynamic computation and prediction to neural networks and machine
learning.

6. Reporting module. This module can also be called a data visualization module. The
main task of this level is the transformation of data into a form that is convenient for human
perception, for example, in the form of various diagrams or in the form of 2D or 3D models /
layouts.

7. Integration module. The ecosystem of the IoT platform cannot exist separately; it must
integrate with other similar platforms or with external systems (for example, ERP or CRM
systems). The task of this module is to provide integration with the external environment through
the use of standardized interfaces.
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Figure 1 — The logical structure of loT-platforms

The construction of facet formulas should be performed taking into account the above-
mentioned functional features of loT-platforms. This procedure can be formalized as follows.

Let PF is a set of available for selection of loT-platforms:
U, :{um |i=1,...t}, 3)
where u,, is the element of the set PF (IoT -platform).
Then the set of facets F'S on the set U is defined as:
FS(U)z{FSk |k:1,...s}, 4)

where FS, is the facet that defines the k-th classification feature of the IoT platform.

Each facet can take a certain set of valid values:
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¢F5k = {d)kl""d)km} ) Q)

where m is the set of admissible values within the i-th facet

For each element of the set PF, we must specify at least one value of the facet attribute:

O, o) = {4, (), p € {1k} < (6)
The set of values of all facet attributes is defined as:
Oy (U, ),
(I)f(””"):{vp: ppe{l,...k},d)j(upﬂ)i@} M
then the facet formula Ff for the IoT platform is defined as:
[FS, 6, )1 FS, € FS(U),
Ff (upp) =40, (ttp;) € 94V € {l,..., k}, (8)

O, (upg) #D.

In paper [6] there is offer the basic universal classification model of IoT-platforms which
allows defining set of classification signs U necessary for creation of the data base (Fig. 2).

For the formation of database B, a procedure is proposed that is carried out in several stages:

1. Analysis of the set of IoT-platforms PF, power pf. It is necessary to find characteristics
that correspond to the set of facets F’s, the power of fs. As a result, for each [oT platform is formed a

vector 4, whose elements take values:
1 if the platform belongs to the i-th class,
"~ 1o, otherwise. ©)

ie[l,fs].

2. Determine the functionality of the IoT platform. According to the standard ISO 25010:
2011, functionality is the ability of an object, under certain conditions, to solve the tasks that users
need. To estimate functionality, it needs to define the following parameters [7]:

— Functional suitability. It is ability to solve the required set of tasks;
— Accuracy. It is ability to produce the desired results;
—  Ability to interact with other systems;

— Conformity of the object with industrial standards, regulatory and legislative acts, other
regulatory standards.
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Figure 2 — Universal classification model of loT-platforms

Each of the listed parameters in the loT-platform, according to the manufacturer's
description, corresponds to a certain set of functions. The task is to confirm the compliance of the
declared functions for each IoT platform in the process of its testing and determine its functionality:

OF, =, ie[l,n], (10)

where F is the number of functions corresponding to the claimed; £’ is total number of declared
functions.

3. Adds the cost of the IoT platformC, ,i € PF;i=1,...,n into the database B. If the IoT
platform is free, the cost is take equal 1.
Fig. 3 shows the algorithm of forming the base B in a graphical form.

After the process of forming the database B has been completed, the system is ready for
operation.
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Figure 3 — The algorithm of forming the base B

The system, based on the user's request, generates a preference vector P, whose elements
take values:

{1, if the user needs the i-th characteristic of the platform,
b=

0, otherwise, (11)
i€ [1, n]
and defines the coefficient of cost B, which takes on values:
1, if the cost is taken into account when selecting a platform,
p= {0, otherwise. (12)

On the next step, the system defines a set of platforms S of power s, (S < PF), that
corresponds the user's requirements. For each k-th element of the set S (k = 1, ..., 5), it is formed

platform selection vector V', whose elements take the values:

{1, if a, 2 p,,
v, = 0
’ if a, < p,, (13)
a,eA, p, eP.
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The next step — it is choice of the most effective IoT platform that best meets the user's
request. This is performed taking into account the maximization of loT platform functionality and
minimization of costs, which is usually included in the user of preferences. For this, the system
determines the objective function that has the following view:

1
:ZV,-'OEJFB‘E—)maXiE[L”]JEPF- (14)

If necessary, the user can be provided with a complete list of platforms that is sorted in
descending order of corresponds to his request. If the result of the system does not satisfy the user,
he is invited to change the requirements for the platform and perform the procedure anew.

Fig. 4 shows the algorithm of work of the system in a graphical form.

Obviously, automation of the process of selecting will not only significantly reduce the time
T, that spent on choosing the IoT platform, but also improve the quality of the decision, which will
avoid errors that may arise in the future due to improper selection of the IoT platform.
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Figure 4 — The algorithm of work of the system

The overall structure of an automated selection system of 10T platform is showed Fig. 5.
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Figure 5 — The overall structure of an automated selection system of [oT platform

The module of interaction with users is the part of the system that responsible for interacting
with users. The main task of the module is to provide the user opportunity to set the required
platform characteristics.

The module of interaction with sources is provide to receive data about new IoT platforms
and supported the database B in the actual state.

The module of interaction with administrators is responsible for the organization of the
working space of the system administrator. It provides him the necessary tools to perform
administrative functions (create / edit / delete user accounts, confirm / reject registration, etc.).

The module of interaction with experts is responsible for the organization of the working
space of the expert, provides the necessary tools for evaluating the functionality of IoT platforms.

Database contains the classification features (characteristics) of [oT platforms.

The results of the research indicate the following.

The paper proposes a method to increase the efficiency of the decision-making process for the
selection of software and hardware platforms for the implementation of projects in the loT-sphere,
taking into account maximum functionality and acceptable cost. The offered approach assumes
creation of an automated selection system of loT-platforms, that cooperating with the classification
base of loT-platforms, presented on the market. To create the database was used the facet
classification method. The principles of work of the proposed automated system are formalized in
the form of algorithms.

Further work will be directed to the development of software implementation of the
proposed algorithm for selecting the optimal I[oT platform in accordance with the stated
requirements of the customer.
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