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Po6oma npucesuena po3pooui mooinbHoi cucmemu niompum-
Ku npuiinamms piwens 041 Po3eéA3anns Gazamoxpumepiaiv-
Hux 3adau. /[nsa zabesneuenns aemonomnoi pobomu cucmemu
3anponoHoeano GUKOPUCMOBYEAMU MPHLOXPi6HEsY apximexmy-
py. Jana moodenv, 015 3a6e3neuenis no6MoOpH020 BUKOPUCMAH -
HA i nowupenns Kooy, peanizyemovcsa Y 6u2isi0i mpvox pieHie
npuKIaA0H020 K00Y: PiGHSI NPeOCMABNeHHA, PIBHS JI02IKU 3ACMO-
CYHKY ma pieHs 0aHUX.

Pospobia piensa no2iku 3acmocynxy 6 po3poodaeniii cucmemi
niompumxu npuiinamms piwens nepeddauae cmeopenns niocu-
cmemu npuinamms piwenns, niocucmemu 63aemooii 3 6a3or0
danux i nidcucmemu ynpagainnsa nogidomaennamu. B ocrnogi nio-
cucmemu npuliHAmMms piuens 6 po3poonenii MoGivHil cucmemi
0ye oopanuil 6dockonanenuii memod Smart. Ileii memoo 6iopi3-
HAEMbCA 610 KAACUUH020 MeMOOY MUM, W0 0C0ba, AKA npuimae
piluenns, 6UKOPUCMOBYE eleMeHMU MAMPUyi piuleHs 6 AKOCMi
OUIHOK KOJNCHOT anvmepHamusu 3a écima xpumepismu. Taxosc
eépaxosyemvcs xapaxmep 0ii Hao Kpumepiamu (Maxcumizauis
abo minimizauin), 3 Ypaxyeannam aKozo 6i00yeacmocs Hopmy-
BAHHAM eJleMeHmi8 MaAMpPUuYi piuieHs.

3anyck po6omu nidcucmemu 63aemooii 3 6azoro danux, axa
6i0nogidae 3a nepedauy i eunyuenns danux 6/3 6asu oanux,
6i00yeaemovcsa 3a 0onomoz20t0 inmepgeiicy xopucmyeaua. [ns
cmeopenns 6asu 0anux UKOPUCMOBYEANACA Cucmema Ynpas-
ainna peasyiunoi 6asoro danux SQLite. SQLite 36epizac 6cto
0a3y danux (exmouaronu eusnauenns, mabauui, indexcu i damui)
6 00HOMY cmandapmuomy Paini Ha npucmpoi, Ha AKOMY 6UKO-
Hyemoca npozpama. Iliocucmema ynpaeainus nogidomaeHnamu
00360215€ 0C00i, WO npuiimae piwenns, 6iONPABIAMU Pe3Yib-
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1. Introduction

The multi-criteria decision-making tasks arise in such
areas of human activity as management, politics, social
psychology, commerce, and economics. These tasks are, for
example, choosing a candidate for the position, choosing
the best place for construction, choosing enterprise devel-
opment strategies, etc. It is necessary to compare different
alternatives that are characterized by different criteria to
make decisions in such situations. Often, the evaluation of
the alternatives may be better by some criteria and be worse
by other criteria. Therefore, for solving multi-criteria deci-
sion-making tasks, Decision Support Systems (DSS) based
on mathematical methods are used [1].

In [2], there are two groups: enterprise-wide DSS and
desktop DSS among the DSS. Enterprise-wide DSS is a
data-driven decision support system that supports a large
group of managers in a networked client-server environment
with a specialized data warehouse. Desktop DSS is a small
system that runs on a decision maker’s (DM’s) personal
computer. If access to the DSS functionality occurs with

web-technologies help, then it is a Web-based Decision Sup-
port System (WB-DSS) [3]. WB-DSS are on the server and
many decision makers have the ability to work with DSS.
The developers of some DSS, such as Decide IT, Expert
Choice, Decision Lens, have developed web versions of their
systems. The mobile DSS are appropriate to use, if the DM
needs to get a solution at any time in off-line mode. Mobile
computing devices productivity increases with the develop-
ment of mobile technology. At the same time, these devices
are very compact, which makes them more mobile. Thus,
mobile computing devices are an ideal platform for creating
new types of decision support systems [4].

However, the problems of the mobile DSS development
and usage are:

— ensuring autonomous system operation in case of in-
ternet connection unreliability between the client and the
server;

— compatibility of the mobile DSS with platforms of spe-
cific mobile devices.

Modern DSS, which are based on various mathemati-
cal methods, can replace the human resources at the data




processing and structuring stage. However, nowadays, the
decision maker often needs to perform a comparison of the
solution options considering several criteria simultaneously
remotely, in off-line mode. With the increasing popularity of
mobile devices and adaptation of information technologies
to them, there is a need to create the mobile DSS to ensure
the decision makers work in off-line mode. Thus, the creation
of a mobile DSS for the mobile OS and based on the non-re-
source-intensive decision-making method for increasing the
efficiency of the decision-making process is relevant.

2. Literature review and problem statement

The architecture of the system, that is, the nature of its
main components interaction is one of the DSS classifica-
tion features. The DSS includes: a database, a model base
and a software subsystem, which consists of database and
model base management systems, a user interface, analyti-
cal tools, communications infrastructure and networks [5].
The main mobile applications architecture is the cli-
ent-server architecture. As a rule, mobile devices are thin
or fat clients in the client-server mobile systems [6]. Fat
clients can be implemented using one, two or three layers
of application code. Thin clients do not have a custom ap-
plication code. Their functionality is fully provided by the
server on which the database is located and the whole ap-
plication code is implemented. The client sends the entered
data for processing to the server, where it is processed and
stored when connecting to the Internet. Modern DSS pro-
cess a large data volume, therefore, cloud servers are used
for storing and processing data. Access to cloud servers
depends on the connection to the Internet. In [7], the issues
of application of multi-criteria decision analysis methods
in an offloading operation were considered. The main aim
of an offloading operation is to improve the productivi-
ty of mobile devices through the use of cloud resources.
Theoretical and practical issues of using cloud computing
services and cloud data storage are considered in [8]. The
cloud computing model suggests network access to cloud
computing resources.

In [9], to build mobile DSS the authors have chosen the
thin client model, where the client is mobile devices, and all
heavy computations are performed by the server. Technolo-
gies for developing a scaled and flexible information system
for small and medium-sized businesses, and an architecture
for building a server were considered. In [10], the three-layer
client-server architecture was chosen to develop a mobile
DSS for selecting a higher education institution. The data-
base server, the application server and the administrator’s
PC are connected by a high-speed local area network. The
client is a mobile device, connected to the application server
via the Internet.

In [11], existing cloud applications were considered for
DSS, which are used to support decision-making for rice
crop yield and the mobile DSS for farmers was developed.
The ThingSpeak.com service was used, which allows collect-
ing, analyzing and processing data, obtained through URL
requests. In [12], the mobile information system is presented
for decision support during diagnostics and self-monitoring
of glycemic status by patients with diabetes. Cloud tech-
nologies were used to store patient data and doctor’s access
to them. Wherein, separate mobile applications for the
patient and for the doctor were developed. Cloud services

of Firebase were used. In [13], a mobile cloud-based clinical
decision support system for drug poisoning in children was
developed. A client-server architecture was chosen and cloud
technologies were used. The mobile devices or personal com-
puters are as a client. Amazon Cloud infrastructure is used
to deploy the application server and data server. In [14], a
mobile DSS was developed to help doctors in diagnosis,
therapy, searching for information and image analysis. The
system consists of 53 information databases and 119 guide-
lines, including clinical imaging guidelines, developed by the
Korean Society of Radiology. A real-time NoSQL database
management system of data of Firebase was used to create a
data warehouse.

The disadvantage of the client-server architecture is the
need of constant communication with the server that is the
source of the update and retrieval of data.

To ensure the autonomous operation of the system or
in the case of unreliable communication between the client
and the server, it is preferable to consider the mobile device
as a stationary device on which the application can be de-
ployed. It is necessary to ensure the possibility of modifying
individual components of the system, when developing an
application for a mobile operating system. The three-layer
architecture provides such a possibility. In [15], a mo-
bile application has been developed for selecting the most
convenient underground mining method for a mine using
multi-criteria decision-making methods, such as TOPSIS,
VIKOR, ELECTRE, FMADM and PROMETHEE. The
mobile application has been developed on the basis of the
three-layer architecture. The application has a user-friendly
interface and is designed for users with different levels of
training. Components of all application levels: presentation
level, application logic level and data level are on a mobile
device. This allows the decision maker to use this application
for the selection of an underground mining method on mo-
bile devices anywhere without Internet access.

When developing mobile applications, it is also necessary
to decide on the platform for which this application will be
created; programming language for the selected platform
and development environment [16]. Android and iOS plat-
forms are the most popular mobile platforms, today. The
iOS platform is a platform only for mobile devices, which are
developed by Apple Inc. (USA). The Android platform is the
platform for the vast majority of mobile device manufactur-
ers. The most famous companies are: Samsung Electronics
(Korea), HTC (China), LG (Korea), Motorola (USA),
Huawei Technologies (China), Aser (China), Sony (Japan),
Asus (China), Lenovo (China), Xiaomi (China), OnePlus
(China), Meizu (China). So mobile DSS in [10-15] have
been developed for mobile devices on the Android platform.
These applications have been developed to support decision
making in specific application areas. The authors deter-
mined the criteria for evaluating alternatives in advance.
The disadvantage of working with such systems is their
narrow specialization.

Furthermore, in [17], the authors have indicated some
limitations of using the mobile devices. These limitations
are as follows: small screen size, the difficulty of manual data
entry, the ability to display only one window, the difficulty
to navigate between windows. These limitations must be
considered when designing mobile DSS and choosing meth-
ods for building a decision rule.

Thus, the analysis of the developed DSS [10-15] re-
vealed the following disadvantages:



— use of the client-server architecture with a thin client
model in the mobile DSS, which requires constant communi-
cation with local or cloud servers via the Internet;

— most of the mobile DSSs were developed for specific
application areas, which makes it impossible to apply such
DSS for other purposes.

Analysis of scientific publications [10-15] found out
that today DSS are used in various areas of human activ-
ity, such as medicine, agriculture, mining, the choice of
university. Data processing and storage are performed on
local or cloud servers, which are only accessible through an
Internet connection. However, the problem consists of the
necessity to make a decision in a number of tasks here and
now regardless of the Internet connections. It is necessary
to take into account that the problem of choice can arise in
any subject area.

3. The aim and objectives of the study

The aim of this work is to develop a mobile DSS on the
Android platform, using a three-layer architecture. This
will allow the decision maker to receive decision support
anytime, anywhere without access to the Internet. This ar-
chitecture contains a presentation layer, an application level
and a data layer.

To accomplish the aim, the following objectives have
been set:

— to develop a decision-making subsystem based on the
improved Smart method;

—to develop a user interface and message management
and database interaction subsystems;

— to create a database using the SQLite relational data-
base management system;

— to perform a product software implementation of a mo-
bile decision support system with a three-layer architecture;

—to experimentally research the developed system on
the example of the task of buying a smartphone.

4. Development of a decision-making subsystem based on
the improved Smart method

For developing the mobile DSS, the three-layer archi-
tecture is used: presentation layer; application layer; data
layer. This mobile DSS is an extended version of the mobile
application, presented in [18], which was implemented as
a two-layer architecture. There was no data level in this
mobile application. The user entered data, received struc-
tured solution, after which data have been clean. The block
diagram of the developed mobile DSS (Fig. 1) represents
the subsystems DSS interaction in formulating recommen-
dations in the decision-making process. All subsystems are
located on the mobile device. This allows the decision-mak-
ers to receive decision support in off-line mode, anytime and
anywhere.

During the development of the decision-making subsys-
tem, we note that most of the existing DSS allow to solve
multiple criteria decision-making problems in the following
formulation: we have the set of n alternatives Ay, As,..., A,
and N criteria Cy, Co,..., Cy, used to evaluate alternatives.
Each alternative has an estimate by each criterion, received
from experts or obtained on the basis of objective calcula-
tions. It is necessary to build a decision rule based on the

decision-maker preferences, which will allow ranking alter-
natives by quality and finding the best alternative.

Decision Support System

Presentation layeri Application layer Data layer

Database
interaction
subsystem

.| Decision-making

Decision-maker (| User interface

subsystem
’ Message
Message management
subsystem

Fig. 1. Block diagram of the mobile DSS

The development of a decision-making subsystem in-
volves using not resource-intensive multi-criteria decision
analysis methods. This provides low hardware requirements
for DSS. The analysis carried out in [18] showed that the
AHP method assumes the filling of the matrix of pairwise
comparisons at all hierarchy levels, according to the scale
of relative importance. This makes it difficult to work with
the DSS based on this method, as there are limitations when
working with mobile devices that have been described above.
The Smart and Topsis methods are simple, and their calcu-
lations are not resource-intensive. But the Smart method is
subjective when assigning weights to alternatives and does
not allow to take into account actions on criteria (maxi-
mize/minimize). Therefore, the Smart method was improved
in [18]. The algorithm implementing the improved Smart
method is shown in Fig. 2.
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The result does not
satisfy the DM

Fig. 2. Algorithm of the improved Smart method

Evaluation of each alternative by all criteria on a scale
from 0 to 100 points by a decision-maker is one of the Smart
method stages. Thus, the evaluation of alternatives by crite-
ria is subjective, and performing this stage is very laborious
for the decision-maker when working with a mobile device.



Therefore, it is proposed at this stage to use the decision
matrix X, as these evaluations. The decision matrix X dimen-
sion is mxn, where m — the number of alternatives, n — the
number of criteria. The elements of the decision matrix are
estimations the i-th alternative by the j-th criterion, i=1,..., n,
j=1,..., m, which are known in advance. The rows of the deci-
sion matrix are the alternatives A;, i=1,..., n, and the columns
are the criteria Cj, j=1,..., m, by which these alternatives are
evaluated, and the elements of the matrix are denoted as x;,
i=1,..,n,j=1,.,m

Xy Xy Xin
X X X.
21 2 23
X= .
xm1 me xmn

Also, to consider the nature of the action on criteria
(maximize or minimize), the stage at which the decision
maker explicitly indicates the nature of action on criteria
was added.

Furthermore, it is proposed to perform a normalization
of the decision matrix elements so that the weight of the rele-
vant alternative for each criterion is taken into account when
calculating the generalized assessment of each alternative.

It was proposed to take into account the nature of the
action on the criteria — maximization or minimization, when
normalizing the elements of the decision matrix. Then for the
criteria that are maximized, the normalization is performed
using the formula:

7y = ———, ©)

where 7;; — the normalized value x;; of the decision matrix X.
For the criteria that are minimized, the normalization is
performed using the formula:

X
T 2)
DS
i1
This allows:

— to reduce the subjective role of decision makers in the
process of evaluating alternatives by criteria;

— to consider the nature of the action on the criteria;

— to perform a normalization of the decision matrix so
to take into account the nature of the action on the criteria.

As stated earlier, the developed mobile DSS has the
three-layer architecture, each level has been implemented
in the form of corresponding classes. The decision-making
subsystem belongs to the application layer of the DSS.

5. Development of a user interface and message
management and database interaction subsystems

Interaction between the mobile DSS and decision mak-
ers occurs through the user interface, which belongs to the
presentation layer of the DSS. The user interface is respon-
sible for the input of the necessary data for the problem
solution. The number of criteria and alternatives is entered
in the first window (Fig. 3, @). The name of the criteria and

alternatives is entered in the second window (Fig. 3, b). The
evaluation of the alternatives by the criteria, actions on the
criteria, and the importance of the criteria are entered in the
third window (Fig. 4, a, b). The first window has the button
“Next” (Fig. 3, a), the click on which displayed saved solu-
tions from the database (Fig. 5, b).

i Decision Support ]

Enter the name of the alternatives:

Decision Support

An app that helps you make a choice

Huawei P20 Lite
Enter the number of alternatives
Meizu 16

Samsung A8+

Enter the number of criteria

Enter the name of the criteria:
8 8 NEXT

Screen size
Camera

Memory

a b

Fig. 3. User interface windows:
a — first window; b — second window

When the decision maker finished entering the neces-
sary data for the problem solution and the button “Get a
solution” is pressed in the third window, the decision-making
subsystem is started.

Also, the user interface is responsible for displaying the
results of the calculation. The name of the best alternative
and the diagram, which displays the ranked alternatives are
shown in the fourth window (Fig. 5, a).

Decision Support - Decision Support

Entorchitoriaetimates for Gachialtemative’ Please, rate the importance of the criterion on a scale of 1 to
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Screen size =
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max v
8800 Memory =
max -
Battery capacity = cPU=
max -
3000 Price =
B min v
Meizu 16 Battery capacity =
Screen size = max v
a
a b

Fig. 4. User interface windows: a, b — third window

The fourth window of the user interface has two buttons:
“To the beginning” and “Previous decisions”. Pressing the
button “To the beginning” allows the decision maker to
return to the first window and to make changes in the data
for the multiple criteria decision-making problem solution,
pressing the button “Previous decisions” opens the list with
problems, which were solved earlier (Fig. 5, b). If the deci-
sion maker long clicks on the note from the list, he takes the
opportunity to delete the note from the list. If the decision



maker selects the note from the list, the new window displays
all solutions of the selected problem (Fig. 6, a, b).

Decision Support : Decision Support
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-II|
¥
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TO THE BEGINING

PREVIOUS DECISIONS

a b

Fig. 5. User interface windows: a, b — fourth window

If the decision makers clicks the button “Edit data”
(Fig. 6, b), the third window is displayed, where the decision
maker takes the opportunity to edit numerical estimates of
alternatives by criteria, edit criteria’s weights and enter the
optimality criterion. If the decision maker clicks the button
“Add data” (Fig. 6, b), the first window is displayed and the
decision maker takes the opportunity to edit data, add or
delete data and make the solution of the new problems.

When the decision maker clicks the graphic object
(Fig. 6, a, b), the launch of the message management subsys-
tem occurs. This allows the decision maker to send the re-
sults of calculations via the Internet using the short message
service (SMS).

The launch of the database interaction subsystem, which
is responsible for transferring and retrieving data to/from
the database, is performed via the user interface.

The message management subsystem and the database
interaction subsystem belong to the application layer of
the DSS.
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6. Creation of a database

The SQLite relational database management system was
used to create a database for the mobile DSS. A feature of
SQLite is that it does not use the client-server paradigm.
SQLite is a library with which the program is compiled and
the kernel becomes an integral part of the program. Thus,
SQLite library function calls (API) are used as an exchange
protocol. This approach reduces response time and simplifies
the program. SQLite stores the entire database (including
definitions, tables, indexes, and data) in a single standard file
on the device on which the application is run. Before starting
the transaction, the file, in which the database is stored, is
blocked. This simplifies the implementation. ACID (Ato-
micity, Consistency, Isolation, and Durability) functions
are achieved in particular by creating a log file. ACID is a
set of requirements that guarantees the reliable operation of
database transactions.

The database of the developed mobile DSS consists of
one table. The structure of the developed database is shown
in Fig. 7.
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Fig. 7. Structure of the database



The table contains the primary key field, which is used to
ensure the uniqueness of the data in the table. Also, the fields
with information on the number of alternatives, the number
of criteria, the name of alternatives, and the name of the cri-
teria are indicated. In addition, there are fields in the table:

— numerical evaluation of alternatives by criteria;

— evaluation of the importance of the criterion;

— determination of action over the criteria;

— solution;

— the time of writing the solution to the database.

7. Software implementation of
a mobile decision support system

The mobile DSS was developed with the Java language in
Android Studio 3.2.1. Java is a strongly typed object-orient-
ed programming language developed by Sun Microsystems,
therefore, a Java language program consists of classes and
the class diagram is shown in Fig. 8.

The mobile application [18], which has been developed
using the two-layer architecture, was used in the imple-
mentation of the mobile DSS. This application provided
autonomous work of the decision maker, however, it was not
possible to save and use the saved data for the multiple crite-
ria decision-making problems solving. The developed mobile
DSS uses the three-layer architecture. Each level has been
implemented in the form of the corresponding classes.

The presentation level program code was supplemented
by the following classes.

The class FirstActivityForDbItem.java implements the
first user desktop interface for editing data from the database:

— allows to change the number of criteria and alterna-
tives;

— allows to open a list of tasks that were solved earlier;

— performs verification of the entered data.
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The class Second ActivityForDblItem.java implements the
second user desktop interface for editing data from the data-
base, namely, it allows to change the names of alternatives and
criteria and performs verification of the entered data.

The class ThirdactivityForDbItem.java implements the
third user desktop interface for editing data from a database,
namely:

— allows you to enter numerical estimates of each alter-
native according to the relevant criteria;

— allows you to enter criteria estimates;

— allows you to enter an action on the criteria (maximi-
zation/minimization);

— implements a modified algorithm of the heuristic
Smart method;

— records the data to the database.

The class from_dblist.java implements the display a list
of tasks that were solved earlier and allows the user to select
a task from the list for viewing.

The class info_from_list.java implements the display a
task from the list of tasks that were solved earlier and allows
the user to select a task from the list:

— to view complete information about the selected task;

— to edit existing data (names of alternatives and crite-
ria, criteria of evaluations of alternatives according to crite-
ria, actions on criteria, importance of criteria) if necessary;

— to make changes (number of alternatives and criteria,
names of alternatives and criteria, criteria for evaluating
alternatives according to criteria, actions on criteria, impor-
tance of criteria) if necessary.

The class MyDividerltemDecoration.java implements a
graphical design of the list of tasks that were solved earlier.

The application level program code contains the follow-
ing classes:

The class Note.java creates an object that contains the
complete information about the data that will be added or
removed from the database.
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+jsonZnachenieKriteriev: JSONObject

+db: DatabaseHelper

+notesList: List<Note=

+onCreate(state: bundle): void
+onCreateOptionMenu(menw: Menu): boolean
+createNote(kolAlt; int, kolKrit; int, kritNames: String, ...): void
+solveSmart(array: double, kolAlt: int, ...): String
+addNewEditText(text: String): void

| from_dblist
+mAdapter: NotesAdapter

+notesList: List<Note>

“recyclerView: RecyclerView
+noNotesView: TextView

+db: DatabaseHelper

+onCreate(state: Bundle): void
~+showActionsDialog(position: int): void

| |-attrs: int

+horizontal_list: int
-mDivider: Drawable
-context: Context
+setOrientation(): void
+onDrawOver(): void
+drawVertical(): void

DatabaseHelper
“database_version: int
+database_name: String
+onCreate(db: SQLiteDatabase): void
+onUpgrade(db: SQLiteDatabase. oldVer: int. newVer: int): void
+insertNote(kolAlt: int, kolKrit: int, AltName: String, ...): long id

Note
+table_name: String.

“column_id: String

+create_table: String |
+getld(): int
+setld(id: int): void

+drawHorizontal(): void
~+deleteNote(position: int): void

~+toggleEmptyNotes(): void +dpToPx(dp: int): int

| info_from_list
+position: long

+db: DatabaseHelper
tHextViewKolVoAlt: TextView
+listViewAltNames: List=String>
+ToTheNextActivity: Button
+onCreate(state: Bundle): void
+onClick(view: View): void

FirstActivityForDbltem
+kolvoAlt: EditText
‘+kolvoKrit: EditText
+onCreate{state: Bundle): void
tonClick(view: View): v
+onListClick(view: View): void

+context: Context
+notesList: List<Note>
“+json: JSONObject

1 Second Activi
+kolvoAlt: int

+allEds: List<EditText>
+LostOfStrings: List<String>
+onCreate(state: Bundle): void

RecyclerTouchListener
+clicklistener: ClickListener
+gestureDetector: GestureDetector
+onlntercept TouchEvent(rv: RecyclerView, e: MotionEvent): boolean
+onTouchEvent(rv: RecyclerView, e: MotionEvent): void

+onRequestDisallowIntercept TouchEvent(disallowIntercept: boolean): void [tonClick{view: View): void

+egetltemOffsets(outRect: Rect, view: View, parent: Re..., state: Re... State): void

NotesAdapter

+onCreateViewHolder(p, vType: int): MyViewHolder
+onBindViewHolder(h: MyViewHolder, pos: int): void
“getltemCount(): int noteListSize
HormatDate(dataStr: String): String

yForDbItem

~+onCreateOptionMenu(menu: Menu): boolean

+getNote(id: long): Note note
+getlDNoteFromList(note: Note): long id
+getAllNotes(): List<Note> notes
+getNotesCount(): int count
+deleteNote(note: Note): void

| ThirdActivityForDbltem
+KritEditTexts: List<EditText=

+sv: ScrollView

~+doubleArrayOfValues: double
~isonZnachenieKriteriev: JSONObject

+db: DatabaseHelper

+notesList: List<Note>

+onCreate(state: bundle): void
+onCreateOptionMenu(menu: Menu): boolean
~+ereateNote(kolAlt: int, kolKrit: int, kritNames: String, ...): void
~onClick(view: View): void

solveSmart(array: double, kolAlt: int, ...): String
|+addNewEditText(text: String): void

help
+sv: ScrollView
+linLayout: LinearLayout
+onCreare(state: Bundle): void
+onClick(view: View): void

About

+onCreate(state: Bundle): void
+onClick(view: View): void

Fig. 8. Class diagram of the mobile DSS



The class NoteAdapterjava implements the output of
the information from the database in the list line, which is
accessible to the user.

The class RecyclerTouchListener.java implements the
processing of clicks on the item in the list of tasks that were
solved earlier, while distinguishing between the short and
long press. Short pressselects a list item, long press opens
a dialog window that allows you to delete the item from
the list.

The class Solve java implements the improved algorithm
of the heuristic Smart method.

The class Intent.java implements the sending of calcula-
tion results via the Internet or by using the short message
service SMS.

The data level program code is represented by the class
DatabaseHelper.java. This class provides the following
features:

— creates a database;

— updates the database;

— records data;

— receives data;

— removes data.

8. Experimental research of the application of
the developed system

The task of buying a smartphone was considered. Four
models of the smartphone were considered as alternatives:
Huawei P20 (alternative A;), Meizu 16 (alternative A,),
Samsung Galaxy A8 (alternative As), Xiaomi Mi 8 (alter-
native A,). Six criteria were chosen to evaluate the variants
for buying a smartphone: screen size (criterion Ci), camera
resolution (criterion Cs), memory (criterion Cs), processor

dance was calculated. It is equal to 0.808, which indicates
about a high degree of the expert opinions consistency. To
assess the significance of the Kendall’s coefficient of concor-
dance, the Pearson criterion was calculated. The calculated
value y?=12.12. It is greater than tabular y?><7.81473 for the
number of degrees of freedom 3 with a significance level
0=0.05.

Table 2
Matrix of ranks

Experts

1 2 3 4 5

Ai

Ay 4 3 4 4 3
Ay 1 2 1 2 1
Az 3 4 3 3 4
Ay 2 1 2 1 2

So the value of the Kendall’s coefficient of concordance
equal to 0.808 is not random and opinions of involved ex-
perts are agreed. Then, the obtained results of ranking alter-
natives are meaningful and can be used when calculating the
weights of alternatives.

To calculate the weights of alternatives, the transition
from the matrix of ranks to the matrix of transformed ranks
is completed (Table 3). If the elements of the matrix of ranks
are denoted by xj;, i=1,..., n, j=1,..., m, where n — the number
of alternatives, m — the number of experts, then the elements
of the matrix of transformed ranks are calculated using the
formula s;j=xmax—2;j, where xp,x=4. The weight of an alterna-
tive is calculated as the ratio of the sum of the ranks of each
alternative to the sum of the ranks of all alternatives.

frequency (criterion Cy), price (criterion Cs), and battery Table 3
capacity (criterion Cg). All data were entered in the mobile Matrix of transformed ranks
DSS and the recommendation was received. The input data -
and the computation results are presented in Table 1 Experts Weight of
p p : 112 |3]4|5|Sum| thealter-
Table 1 |Ai natives
Input data and computation results Ay 011104041} 2 0.06667
Ay 3121323 13 0.4333
G Input data Selected alter- A [t]oft[1fo[ 3 [ ot
Ay 2131232 12 0.4
A; Cy Cy Cy Cy Cs Ce ImprovedSmart Sum 30
Ay | 5.84” |16 Mp | 64 Gb | 2.36 GHz | 8,800 uah | 3,000 mAh 1.5229980
Ay 6” |20 Mp |64 Gb| 2.2 GHz | 10,500 uah | 3,100 mAh 1.5680102 Thus, research has shown that the expert
Az | 67 |16 Mp|32Gb| 2.2 GHz | 14,000 uah | 3,500 mAh 1.3061009 evaluation method gives the best alternative A,
A; 6217 [12Mp |64 Gb | 2.8 GHz | 13,000 uah | 3,400 mAh | 1.3913106 which corresponds to the smartphone Meizu 16.

By applying the improved Smart method we got that the
best alternative is the alternative A,, which corresponds to
the smartphone Meizu 16.

Also, this multiple criteria decision-making problem was
solved by the expert evaluation method. Five experts were
invited to give a recommendation about buying a smartphone.
All experts had an equal level of competence. The rank has
been assigned to each alternative. So, the alternative to which
the expert assigned the highest rating is assigned rank 1. If an
expert recognizes several alternatives as equivalent, they are
assigned the same rank number (Table 2).

To assess the average degree of the consistency of the
opinion of all experts, the Kendall’s coefficient of concor-

The result which was obtained by using the
developed mobile DSS is the same as the result
of the expert evaluation method. Thus, the developed mobile
DSS based on the improved heuristic Smart method can be
proposed to the decision maker when solving the multiple
criteria decision-making problems in the autonomous mode.

9. Discussion of results of research of the application of
the developed system

The results of the research (Table 3) showed that the
application of the developed mobile DSS based on the im-
proved heuristic Smart method gives a result that coincides
with the experts’ estimation. Thus, the developed mobile



DSS is a high-quality and easy-to-use tool for the assistance
to the decision maker to compare solutions taking into ac-
count several criteria simultaneously.

Unlike the mobile application developed in [18], this
system implements a data layer that contains the developed
database using the SQLite relational database management
system. The user interface has also been added, a database
interaction subsystem was developed, which allows the deci-
sion maker to save received recommendations, edit data, and
delete data. In addition, a message management subsystem
was developed that allows sending results via the Internet
or via SMS.

The advantage of using a mobile DSS based on the pro-
posed method compared with the use of known methods such
as AHP, MAHP, Electre is the low computation resource
intensity of the proposed method, as well as ease of use.

Compared with the considered mobile DSS [10—-14], the
developed mobile DSS is based on the three-layer architec-
ture. All system services are installed directly on a mobile
device with Android OS. This ensures the autonomy of
working with the system for decision makers, which leads to
an increase in the efficiency of the decision-making process.

The developed mobile DSS is invariant to the subject
area, which allows it to be used to solve problems from dif-
ferent application areas.

A limitation in the use of the developed mobile DSS
can be the amount of information stored in the database, as
well as the use of only one method for solving the multiple
criteria decision-making problems in the system. Therefore,
further research can be directed to the modification of the
developed system, which ensures the use of the three-layer
architecture. It is necessary to solve the following problems:

— ensuring the ability to save data in the cloud storage,
so as not to violate the autonomy of the decision maker;

— implementation and connection of methods for solving
the multiple criteria decision-making problems whose cal-
culations are non-resource-intensive to the decision-making
subsystem.

10. Conclusions

1. A decision-making subsystem has been developed that
belongs to the application level in the three-layer architec-
ture. This architecture was chosen to facilitate the possible
modification of individual components of the developed
DSS, if necessary. When developing this subsystem, an
improved Smart method was used, which allows reducing

the subjective role of the decision maker in the process of
evaluating alternatives according to criteria, taking into
account the nature of operations on criteria, and normalizing
of the matrix taking into account the nature of operations
on criteria.

2. A user interface has been developed that belongs to
the presentation layer in the three-layer architecture. The
interaction between the mobile DSS and decision maker
occurs through the user interface. A message management
subsystem has been also developed, which allowed the deci-
sion maker to send the calculation results via the Internet or
via SMS. The developed database interaction subsystem al-
lows the decision maker to save recommendations, edit data,
delete data. The message management subsystem and the da-
tabase interaction subsystem belong to the application level.

3. To create a database for mobile DSS, the SQLite rela-
tional database management system was used. SQLite stores
the entire database (including definitions, tables, indexes,
and data) in one standard file on the device on which the
application runs. The created database consists of a single
table that contains fields indicating the number of alterna-
tives and criteria, as well as their names. In addition, there
are estimates of alternatives on the criteria and the choice of
action on the criteria. The database also stores the solution
and the time it takes to write the solution to the database.

4. To create a mobile DSS on the Android platform, it
was based on the mobile application developed by the au-
thors for solving the multiple criteria decision-making prob-
lems using the two-layer architecture. Presentation level and
application level of the application have been implemented
in the form of corresponding classes. The mobile DSS de-
veloped in this paper uses the three-layer architecture. New
presentation layer classes were developed to display, modify,
or delete stored data and/or solutions from the database. A
database of the solutions was also created, which was pre-
sented to the data layer. Classes of the application level were
developed to implement the database interaction subsystem
and message management subsystem.

5. The developed mobile DSS was used when the user
chooses the best solution in the problem of buying a smart-
phone. Four smartphone models were considered as alter-
natives; six criteria were chosen to evaluate alternatives
for buying a smartphone. With the help of the mobile DSS,
the recommendation on the buying of a smartphone was re-
ceived. The result, which was obtained using the developed
mobile DSS, coincides with the result of the expert evalu-
ation method with a high degree of consistency of expert
opinions (Kendall’s coefficient of concordance is 0.808).
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