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tion-based decision support system is developed for industrial systems including routing and multi-criteria decision-
making problems. The developed application is comprised of several modules including sign-in and sign-up modules
as well as problem solving modules. Problem solving modules can gather data from both end users and outer sources
such as GPS in order to solve both routing problems and multi-criteria decision-making problems. The mentioned
application adopts a Simulated Annealing Algorithm to find promising routes for the users, while multi-criteria deci-
sion-making module uses both Analytical Hierarchy Process (AHP) and the Technique for Order Preference by Sim-
ilarity to Ideal Solution (TOPSIS) based on the choices of the users. The proposed application is coded on Java and
Python programming languages due to their strong integration capabilities with Android Operating System. Accord-
ing to the outcomes of the developed prototype, one can conclude that the proposed application offers promising
results and ease of use.
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1. Introduction

The rapid development in technology brings about numerous opportunities in various fields such as
production systems, information systems, research and development, data science and logistics systems. In
addition to such developments, mobile devices offer more sophisticated approaches since they can gather data
and process the collected data by various algorithms employed by mobile applications. Thus, by making use
of such opportunities offered by both technological developments and mobile applications, numerous daily
routine or profession related problems can be solved independently to fixed places or offices. For example, a
mobile phone can be used for talking and texting while a device that has access to internet can gather and
process data via particular algorithms that are employed by applications, which are deployed to these devices.

The development in programming languages exhibits a similar pattern to the development in technology. In
the past decades, big and powerful computers have been used to solve problems encountered in industry. In
order to provide easiness in understanding and coding programming languages, a translation software, that is
referred to as compiler was developed (Harper and Stockman, 2014). Subsequent to the first introduction of
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Assembly, Fortran (Formula Translation) is developed, since, compilers and programming languages higher
performance were required. Subsequently, various programming languages such as BASIC, PASCAL, C, C++,
OBJECTIVE-C, HTML, Java, JavaScript, Python, Ruby, PHP, Swift and Python have been developed in
accordance with the increment in requirements of hardware and software. Among all these developments, Java
and Python are known to be two popular programming languages, since, Java can be used for developing both
mobile and desktop applications while Python has a large variety of packages and libraries developed for
numerous areas (Berkeley, 2021). Each of the reported programming languages has their own advantages and
shortcomings. For example, while Python is not known to be a tailor-made programming language for mobile
computing and it uses large amounts of memory. Java, on the other hand, can be used for developing both
mobile and desktop applications with high level of detail.

The present study introduces a prototype mobile application-based decision support system (DSS) (Dizman
and Ozen, 2017) that is particularly devised for industrial systems. The developed application has a modular
architecture and is comprised of several modules including sign-in and sign-up modules as well as problem
solving modules. Thus, this mobile application uses a database that keeps the records of end-users. Problem
solving module can gather data from both users and outer sources such as GPS in order to solve routing
problems and multi-criteria decision-making problems. In order to solve routing problems, the developed
mobile application adopts a Simulated Annealing (SA) Algorithm (Kirkpatrick et al., 1983). Secondarily,
multi-criteria decision-making module adopts Analytical Hierarchy Process (AHP) (Giileng and Bilgin, 2010)
and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) (James et al., 2021) based
on the preferences of the users. The proposed application was coded on Java and Python due to their strong
integration capabilities with Android. Thus, the developed application adopts a cooperation and integration of
Java and Python programming languages in order to execute given tasks by the end-users. In this regard, while
Python is used in the implementation of the developed algorithms, Java is used for mobile application design.
Bringing all things together, the developed mobile application-based DSS aims to solve problems which can
be encountered even in daily routine or in professional business life independently to any fixed locations like
offices. This constitutes the main motivation of the present study.

The rest of this paper is organized as follows: Section 2 is devoted to the related literature review, while Section
3 presents focused problems and the details of the used algorithms. Finally, experimental results and
concluding remarks are presented by Section 4 and Section 5, respectively.

2. Literature review

The related literature includes a wide range of reported publications. Due to space limitation, only closely
related studies including both mobile applications and some DSS applications adopted in real-life are reported.

Bourouis et al. (2014) propose a mobile application to enable users for eye examination and to protect eye
health by providing early diagnosis of eye diseases. According to the reported results, this application provides
accurate diagnoses. Ilhan (2017) introduces a Travelling Salesman Problem (TSP) interface that can be run on
mobile devices. It should be mentioned that with the help of Google Maps API, real-world locations and
distances can be obtained instantly. In another study, Ant Colony Optimization Algorithm is used to solve TSP
by Liang et al. (2008). In their study, Xu et al. (2018) report theoretical and real-world applications of multiple
TSP. They propose a modified Genetic Algorithm (GA) (Thede, 2004) to solve the mentioned problem.
Kigiikoglu et al. (2019) present a new solution approach to the Time Windowed Electric TSP (ETSPTW). SA
and Tabu Search (TS) algorithms are used to solve this problem. Mu et al. (2017) report and application of
AHP. Their reported study includes a model that is established for buying a new car. Rupnik et al. (2018) aim
to overcome the shortcomings and difficulties in agricultural systems by using DSSs. Thus, they propose a
model denoted by AgroDSS system. This system is designed to be used by farmers and it provides farmers
with predictions of scenarios simulated by using artificial intelligence techniques. Darko et al. (2018) report
another AHP related study in the field of construction management. Rajak and Shaw (2019) develop a mobile
application-based health program mHealth, which adopts AHP and TOPSIS. The usability of the proposed
method is demonstrated by implementing a case study. In this study, a significant difference between the
weighted and unweighted methods in the ranking is not reported. Vitale (2014) reports a mobile application
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based DSS for local public transport service. Hyun et al. (2021) report a software development framework to
facilitate the development of a decision support system based on a mobile computing platform. The proposed
is framework is used for organic fertilizer management in organic farming. Filippopulos et al. (2020) report a
computerized clinical DSS and mobile application in order to optimize management of vertigo in primary care.
The authors introduce another health care-related publication. An overview of clinical decision support
systems is reported by Sutton et al. (2020). Shah et al. (2020) investigate the impacts of different components
of mobile dining on customers' perceived value, which leads to actual purchase intentions. The study is
conducted via mobile app data. Sarker et al. (2021) present a comprehensive view on mobile data science and
intelligent apps to design and develop intelligent mobile applications for the betterment of human life in their
diverse day-to-day situation. Another end-user related study is addressed by Andronie et al. (2021). The
authors report prior findings indicating that mobile social apps extend throughout consumer attitudes and
behaviours by the widespread adoption of smartphones. Thus, the authors show that cutting-edge technological
developments associated with customer behaviour and mobile applications result in the rise of data-driven
systems. Another mobile application based DSS related study is introduced by Belanche et al. (2020). The
authors examine the phenomenon of food delivery services on mobile applications. In one of the recent studies,
Mathirajan et al. (2021) develop a cloud-based DSS for public transport to optimize city bus transport
operations. In another recent study, Nuanmeesri (2023) reports a mobile application based DSS study for
marketing, product distribution and location-based logistics for elderly farmers.

As one can see from the closely related studies reported above, mobile applications deployed by mobile devices
have great potential to overcome difficulties in problem solving in daily and professional life, in data gathering
and data processing. Moreover, one can conclude that the mobile application-based DSSs have become popular
particularly in the last decade. In this regard, the present study aims to contribute to the existing literature by
the developed mobile application-based DSS to solve problems which can be encountered even in daily routine
or in professional business life.

3. Used Solution Approaches

As addressed before, this study aims to develop a modular mobile application based DSS for routing and
multi-criteria decision-making problem. Since TSP is one of the fundamental problems in routing, it is used as
the case problem for the routing module of the developed application. It is also known that trajectory-based
optimization algorithms are more appropriate for routing problems. Therefore, SA, which is particularly
devised for permutation-based optimization problems, is used as the main optimizer of the routing module.
The next sub-section is devoted to the used algorithm. Next, following sub-sections present adopted multi-
criteria decision-making methods and finally, details of the developed mobile application-based DSS.

3.1. Simulated Annealing Algorithm

In the present work, SA is used as the solution algorithm in the routing module of the developed application.
SA is atrajectory-based metaheuristic algorithm particularly devised for combinatorial optimization problems.
Depending on a metaphor of annealing processes, it is introduced by Kirkpatrick et al. (1983). While improving
solutions are accepted, also non-improving solutions are occasionally accepted based on a probability that is
controlled by a parameter, referred to as temperature. Thus, SA has the capability of avoiding local optima.
There is a number of applications summarized by Baykasoglu and Ozsoydan (2016; 2017; 2018) of SA in the
related literature.

Assuming that i and j are two different solutions for the related problem, f(i) and f(j) represent the objective
function values, respectively. Then, for a minimization problem, the acceptance probability of solution j, which
is in the neighbourhood of solution i can be evaluated based on the Eq. 3.1, where T € R™ is the temperature
parameter that can be determined either by users or by problem dependent formulations (Baykasoglu and
Ozsoydan, 2017). As formulated by Eq. 3.2, temperature T is decreased throughout iterations based on another
user-supplied parameter « € (0,1). Thus, acceptance probability of non-improving solutions is decreased
throughout iterations. All steps of the used SA are illustrated by Algorithm 1.
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1 if fO=f®
P = { ({05 (3.1)
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Tk+1 =a X Tk (32)

Algorithm 1. A pseudo code for SA.

1:  initialize algorithm and parameters

2:  generate a random solution x

3: gBest=x

4: while termination criterion is not met

5: while number of neighborhoods is not reached
6: generate x'

7: if f(x") < f(x) or acceptance criterion is met
8: x=x'

9: if f(x) < f(gBest)

10: x=x'

11: gBest = x

12: end

13: end

14: end

15: decrease T (Eq. 2)

16: end

17: return gBest

3.2. Adopted Multi-Criteria Decision Making Methods

The two popular methods, namely, AHP and TOPSIS are adopted in this study. AHP (Saaty, 1970) is known
to be a method for organizing and analysing complex decisions. It is comprised of three main components: the
problem itself, all possible solutions (alternatives) and the criteria to judge those alternatives. An AHP
implementation can be conducted by following the steps given below:

A hierarchical structure with a goal and a number of criteria are generated first. Next, among the determined
criteria, a paired comparison matrix is formed up by using the scale of importance comprised of values between
1 and 9. After that, binary comparison matrices are normalized. Subsequently, priority vector is obtained by
using the normalized matrix. Thereafter, the consistency rate is calculated and finally, the best alternative is
selected. The main steps of AHP are summarized by Algorithm 2.

TOPSIS method is another multi-criteria decision-making method adopted by the developed application. It
performs comparisons between the collected data and the available alternatives according to several
predetermined criteria.

In this method, a matrix consisting of M alternatives and N criteria, which is known as the evaluation matrix
(decision matrix), is created first. Next, using the data in this matrix, the standard decision matrix is evaluated.
After that, weights of the normalized evaluation matrix are evaluated. As in other multi-criteria decision
making problems, the used weights should be derived based on the knowledge of an expert for the relevant
problem. Next, the best and the worst alternatives are determined for each criteria. Subsequently, one calculates
the Euclidean distances between targeted alternatives and the best and the worst alternatives. A pseudo code
for TOPSIS is given by Algorithm 3.
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Algorithm 2. A pseudo code for the AHP.

. define hierarchical matrix

define binary comparisons matrix
normalize binary comparisons matrixes
find priority vector

find consistency rate

make the best decision

QakRrwbdR

Algorithm 3. A pseudo code for the TOPSIS.

. define decision matrix

define standard decision matrix

define weighted standard matrix

find positive and negative ideal solution values
find distance values

find proximity coefficients

make the best decision

NoeakkwdRE

3.3. Developed Mobile Application Based DSS

As mentioned above, a mobile application based DSS is proposed as a solution approach. The proposed
mobile application is coded by using Android Studio in Java. In addition, the integration of Python and Java,
which is necessary to solve the related problems, is provided by Chaquopy.

Since the verification tests of the developed application were conducted successfully, users can deploy this
application to their individual devices by first generating a user account (Fig. 1.a). If an already existing
account is used, the user can simply login by using e-mail and password (Fig. 1.b). Google Authentication
Service is used for login and registration to the application.

Subsequent to creating account by sign-up module or singing-in via an already exiting account, users can
access the modules of the application via a scrollable screen using the navigation drawer (Fig. 2.a). Moreover,
users can optionally generate a profile, edit their individual user profile (Fig. 2.b) and generate a library (Fig.
2.c) that can record various data.

Routing module is illustrated by Fig. 3. As one can see from this figure, in routing module, users can pick
some locations from the related map (Fig. 3.a, Fig. 3.b). Then best solution found by SA is printed on the final
screen as illustrated by Fig. 3.c. Finally, application modules and interfaces for multi-criteria decision making
problems are picturized by Fig. 4. Cleary, AHP and TOPSIS methods can be chosen to be used by the user via
the developed mobile application. It should be mentioned that this module asks for the preferences of the users.

In the routing module, there are two options namely, manual and automatic. In the manual option, all required
distance information should be provided manually to the matrix of the size that is specified by the user. After
the data entry process, the most convenient route and distance for the user is obtained by clicking on the
calculate button. In the automatic option, the real locations are marked on the map by the user as much as the
number of points determined by the user via Google Maps. Finally, the most convenient route and calculated
distance is obtained again by the same algorithm. Moreover, the automatic option has airline and highway
options. Only Euclidean distance between the selected points is taken into consideration once the airline option
is selected. Next, the data gathered from Google Maps along with the Android studio (user data) is transferred
to Python via Chaquopy. Finally, obtained results are sent back to Android studio via Chaquopy again.
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Figure 2. a) Navigation Drawer, b) Profile Module, c) Library Module
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Figure 4. a) TOPSIS Screen, b) TOPSIS Data c) TOPSIS Result d) AHP Screen e) AHP Data f) AHP
Result

As shown by Fig. 4, after selecting the number of criteria in the TOPSIS option, the names, weights and goal
(max/min) of the criteria should be provided. The data of the alternatives that are planned to be compared
should also be provided together with this data. After the required data entries are completed, analytical
comparison of the alternatives is carried out by clicking on the calculate button. Finally, the result of these
analytical calculations is shown to the user in a tabular form, where the most convenient alternative is specified.
Secondarily, in the AHP option, after selecting the number of criteria, the upper part of the table, whose
diagonal is the unit matrix, is filled according to the importance values. Then the lower part is filled
automatically by clicking the complete table button. It is determined whether the criteria can be used for the
problem according to the importance values entered by clicking the calculate button. Solutions of all solved
problems are recorded in the library module.

4. Experimental Study

The scope of this study is not to present the ever-best solutions that are solved by mobile applications. On
the contrary, the aim here is to present an alternative approach to bring various problems together within a
mobile application that can be used as a DSS for end-users. In this context, a sample problem data is generated
to test the routing module. The related data is provided by Table 1.

All tests are conducted on 3 smartphones using Android Operating System and on a PC. The first smartphone
has a 2.3 GHz Samsung Exynos 9 Octa 8895 CPU (2017) and 6 GB RAM. The second one has a 2.8 GHz
Qualcomm Snapdragon 845 CPU (2017) and 6 GB RAM and the third one has a 1.6 GHz Samsung Exynos 7
Octa 7870 (2016) and 3 GB RAM. Finally, the PC used in this experiment has 17-6700HQ CPU (2015) and 24
GB of RAM. All obtained results are given by Table 2.

It should be noted that all devices in all runs are able to find the same result. Moreover, in the present
experimental study conducted with three different processors, it is observed that smart phone processors have
close performance to the processors used by the tested PC. It is clear that this circumstance is due to the rapid
development in smartphone processors and in the related technology. Most smartphone processors today
perform similarly to those of the used by computers in terms of speed. Thus, it is shown that, mobile devices
are also appropriate to solve small-scaled or medium-scaled routing problems without too specific attributes.
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Therefore, it might be reported that the use of such devices and such approaches have great potential in problem
solving.

Table 1. A sample data to test the routing module.

1 2 3 4 5 6 7 8 9 10 11 12
Dl?liz::)ces Izmir Istanbul Moscow Helsinki Berlin Kopenhagen Warsaw London Budapest Rome Barcelona Amsterdam

1 Izmir 0 327 2077 2425 1899 2211 1613 2573 1205 1306 2151 2314
2 Istanbul 327 0 1755 2152 1747 2032 1396 2508 1073 1381 2240 2218
3 Moscow 2077 1755 0 895 1614 1569 1161 2507 1569 2376 3013 2151
4 Helsinki 2425 2152 895 0 1108 889 918 1826 1461 2203 2608 1505
5 Berlin 1899 1747 1614 1108 0 355 512 930 694 1185 1501 573
6 Kopenhagen 2211 2032 1569 889 355 0 670 954 1018 1534 1761 618
7 Warsaw 1613 1396 1161 918 512 670 0 1442 543 1311 1858 1085
8 London 2573 2508 2507 1826 930 954 1442 0 1453 1434 1140 359
9  Budapest 1205 1073 1569 1461 694 1018 543 1453 0 810 1501 1147
10 Rome 1306 1381 2376 2203 1185 1534 1311 1434 810 0 859 1295
11 Barcelona 2151 2240 3013 2608 1501 1761 1858 1140 1501 859 0 1239
12 Amsterdam 2314 2218 2151 1505 573 618 1085 359 1147 1295 1239 0

Table 2. Obtained results for the sample problem

device CPU CPU time (s) Best Value (km) Route for Best Value
Exynos 9 Octa 5-6-4-3-7-9-2-1-10-11-8-
8805 7.33 9480 12
Smartphone  Snapdragon 845 3.71 9480 6_4_3_7_932__%_10_11_8_
Exynos 7 Octa 3-7-9-2-1-10-11-8-12-5-
7870 16.05 9480 6-4
Computer 17-6700HQ 2.65 9480 5-6-4-3-7-9-2-1-10-11-8-

12

5. Concluding Remarks

As reported by the present paper, mobile devices offer more sophisticated approaches since they can gather
data and process the collected data by various algorithms, which can be embedded to devices via applications.
Thus, numerous problems can be solved independently to fixed places or offices. In this regard, the present
study introduces a prototype of a mobile application-based decision support system (DSS) developed for
industrial systems including routing and multi-criteria decision-making problems. The developed application
is comprised of several modules including sign-in and sign-up modules as well as problem solving modules.
Problem solving modules can gather data from both users and outer sources such as GPS in order to solve both
routing problems and multi-criteria decision-making problems. The mentioned application adopts a Simulated
Annealing Algorithm to find promising routes for the users, while multi-criteria decision-making module uses
both Analytical Hierarchy Process (AHP) and the Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) based on the choice of the users. The proposed application is coded on Java and Python
due to their strong integration capabilities with Android.

As shown by the results of this study, the proposed methods have great potential to solve various problems
while they also have some shortcomings. It is probable that the developed application might work slow
particularly in large-scaled problems due to not having satisfying hardware features. Moreover, incompatibility
problems due to device and operating systems versions, problems caused by the integration of libraries and
services used by the application might emerge. These constitute some limitations of the proposed method.
Nevertheless, as shown the experimental study, computational performances of the mobile devices are found
as similar to that of the PC’s for small-scaled problems. This circumstance is due to the rapid development in
smartphone processors and in the related technology. Thus, it is shown that, mobile devices are also appropriate
to solve small-scaled or medium-scaled routing problems without too specific attributes. Therefore, making
use of such devices have great potential. To sum up, the contributions of the present study can be summarized
as follows:

645



Journal of Advanced Research in Natural and Applied Sciences 2023, Vol. 9, Issue 3, Pages: 637-647

e The proposed method discards the necessity for fixed locations and offices.

e The developed application takes end-user preferences into account in problem solving.

e Both daily routine problems and industrial problems can be handled by the proposed method.

e The developed application provides access to previous transactions by the record module.

e Modular design of the developed app makes it easy for integration and extension
Extending the present work for other various problems is scheduled as the future work.
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