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!&s:mcr—Technology can be a supporter of business
processes, even playing an important role in business
acceleration. Conventional businesses will slowly move towards
technology-oriented businesses. The need for a good application
and system becomes a fundamental need today. All sectors are
already supported by technology, including the agricultural
sector. Agriculture in Indonesia is, slowly but surely,
undergoing changes towards modern and precision agriculture.
The information system prepared of course needs to have a good
code architecture so as to produce a well-performed system. To
ensure this, one approach is by identifying the code smell. This
study will try to test and compare the code on a mobile-based
agricultural information system before and after the code smell-
based code refactor is carried out. The code smell of the
program will be identified, gets refactored, then its code smell
and performance will be re-tested. The result obtained is code
smell-based code refactor increases the application's
performance. In this study, the average decrease in code smell
was 2.9%, and the average increase in application performance
was 26%.

Keywords—code smell, refactor, performance, agriculture,
information system, mobile

I. INTRODUCTION

Today's technological development is in the era of
Industry 4.0. In this Industry 4.0 trend, we can find various
automation and data exchange that massively involve new
technologies in various fields of industry. In the older days,
the technology used was limited to desktop and web
applications. Today, now we can find many applications
supporting industrial needs that run on mobile platforms and
Intemet of Things (IoT) platforms [1]. These various types of
application platforms do not stand on their own, but form a
single integrated information system [2] tl‘mgh an APl as a
link [3]. An integrated information system will make it easier
for users to manage data into information.

The need for good information systems is a fundamental
need today [4] especially during the Covid-19 pandemic
which increases the need for systems so that everyone can
work remotely [5]. Various industrial sectors need
information systems in order to improve their quality and
business processes [0] including the agricultural sector [7].
Information systems in the agricultural industry sector are not

MOOC-N-XXNCX XXX XEXX.00 @20XX IEEE

Antonius Rachmat Chrismanto
Informatics Department
Universitas Kristen Duta Wacana
Yogyakarta, Indonesia
anton@ti .ukdw.ac.id

Maria Nila Anggia Rini
Informatics Department
Universitas Kristen Duta Wacana
Yogyakarta, Indonesia
nila@ti.ukdw.ac.id

only needed for data collection on farmers and land [8] but
also for learning [9] and buying and selling purposes [10].

Responding to these needs, the Dutatani team has
conducted research to make a precision and integrated
agricultural information system. This research has been
running since 2016 [11] and continuously conducts
development iterations to make good programs. In 2021, code
smell testing was conducted on Dutataniku online web portal
application [12] and 55.17% of code smell was obtained.
Dutataniku portal application contains its profiles, farmer data
collection and agricultural learning [12]. Portal applications
have so many subsystems that the code needs to be refactored
in order to generate a new web portal application that is better
than the previous application.

Code smell is a system identification process to find out
how well the code structure has been made. This is a good
practice in keeping the system in its best performance
[13][14]. Code smell is largely done on desktop and web
applications [15], but not much is done at the mobile level.
Therefore, in this study, code smell identification will be
carried out at the mobile application level.

Nowadays, mobile applications plays a considerable role
in an integrated information system [16]. Mobile applications
basically function the same as web applications; displaying
the user interface, but with different characteristics [17].
Although different in character, the applications have
similarities at the code level because previous studies used the
standard Object Oriented Programming (OOP) on both web
and mobile version [18]. In the study, it was said that the use
of mobile applications made it easier for users when entering
and processing data compared to desktop and web
applications [18]. One of the differences is with the mobile
application, the user only needs to open the application by
tapping the icon on his mobile device, while on the web
version the user has to open the browser and remember the
web address. Therefore, code smell identification is needed to
maintain the consistency of ease and performance in
agricultural mobile applications. A good program code will
also result in a good application and performance [19]. This
research contributes to prove that detecting code smell in
information systems is important, especially the ones lhela'e
mobile-based and forms the basis for code refactoring. The




output of this study is a better program performance after the
code smell was detected and code refactor was performed.

II. LITERATURE REVIEW
A. :—de Smell

Software development problem that commonly occurs at
the code level is called code smell. It commonly caused by
the poor design and implementation from line of codes [20].
In theory, code smell can be found ellm]cmiﬁcd into several
categories, namely: message chain, feature envy, god class,
and long method [21] . Code smell in applications can result
in low maintainability and reusability, low level of
programming adaptation, low level of program code
understanding, low program scalability [22].

Code smell research has been carried out several times,
for example proves a formula for measuring the occurrence
of code smell with long method, line of codes, and code
clones as it parameters [21]. Related Resh about code
smell visualization to control changes in the software
development process is has been done [23]. This research
aims to make it easier for developers to find out what code
needs to be changed. Other studies have also looked at the
linkage between different representations of subjects and
their influence on code smell identification [24]. The
Dutatani team itself has conducted code smell research to
manage code writing in web-based information systems [12].
In the research in this article, the Dutatani team will also
detect code smells on the Dutataniku mobile application. The
developer's lack of understanding of the advanced code of
other team members also happened in mobile based
application [25].

B. Metric Based Approach

This research will use a metric-based approach to identify
the code smell. Metric is an quantitative approach to measure
a set of data which, in this study, is a program script writing
model with the Flutter framework. Metric can assist the
developer team in making code development decisions and
strategies [26]. The metric approach to code smell
identification in general can be done by calculating the
f()ll()wp;u‘euneters [22]:
Number of attributes per Class (NOA),
. Weighted Methods per Classes (WMC),
Lines of Code (LOC),
Lack of Cohesion (LCOM),
. Coupling Factors (CF),
Method Hiding Factor (MFH),
Loose Class Cohesion (LCC),
Number of Children (NOC),

9. God Class

10. Number of Methods per Class (NOM),

11.Depth of Inheritance (DIT).

12.Complexity
By knowing the metric value then we can interpret the good
and C()l’l‘C(ailluC for the line of program code. In general the
threshold value is obtained from two main data sources:
statistical data or semantic data sources of information. In this
study using statistical data sources from the following
parameters:

1. 'cl()meltic Number (CYCLO)

2. Lines of Code (LOC)

BRI

3. Number of Methods (NOM)

This study collected mobile application-based metrics that
had been created in the previous researches. With the
application code has been detected and refactored, the second
version of the application should be better in terms of
performance. The researcher uses the average value to
determine each metric. By using statistical methods in
determining the average value (AVG), researchers will
follow up on a very high code smell value as a basis for
making changes to the program structure in that section.

C. Mobile Based Application

In theory, a mobile-based information system is a set
applications that run on a mobile platform, integrated into a
many sub system, serve specific purposes [27], and interact
with a wide variety of users both from inside and outside the
organization [28][29]. A well-performed information system
is used to support business processes [30]. Information
systems with various different features require a portal [31]
5o that it can make it more easy to navigate and use all feature
in the application.

A mobile-based information system with several sub
system called a portal model based mobile application. This
model requires well system integration design so the
functions between systems can interact well with each mr.
A mobile-based system requires service intermediaries to be
able to interact with the main information system. Good
system integration can increase system scalability to make a
good maintainability system, quickly adapted by team
member and easily to be continuing developed.
Maintainability aspect is important in integration system
since a systems with many sub system require high
maintainability [32].

Previous researches have produced several mobile-based
information systems, namely farmland mapping [33] and
agricultural technology learning [‘aThese two systems have
been merged into one new portal. In order to become a well-
designed mobile-based information system especially in
agricultural technology, then code smell identification is
required to keep the code clean and good. When a high level
of code smell is detected, code refactoring needs to be done
to prevent code duplication from increasing exponentially
[34]. In addition, early detection of code smells can help
understand the structure he program by better resolving
errors which in turn will have a positive impact on the speed
of software development [35] and improve software
performance.

Some of the following considerations also show that code
smell identification in mobile-based applications is absolute
essential:

1. Prevent bugs and errors before they appear to users.
Various team members that handle various line of
codes within a sysmte will be explored in more depth
of codes. With code smell identification indirectly
also traces code that developed with many code
writing styles that has the potential to cause bugs.

. Applying good design coding. Good design is
essential in accelerating the development of mobile-
based applications. The detection results will show the
part of the code that needs to be fixed and can reduce
the potential for bugs to achieve good design coding.
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3. A mobile app should be user-friendly. Friendly not
only in terms of interface but also in terms of CPU
usage, Memory RAM and storage disk. By referring
to good design, in theory it should result in good
application performance as well as lower CPU,
memory and storage usage.

Before carrying out code refactoring process, is important
to detect the code that needs to be improved with code smell
analysis process to make and produce code with a better
design .

D. Performance Testing in Mobile-Based Application

A software is data that is programmed to help solve a
problem. It is manifested from something abstract; thoughts
and problems that occur in human life. Since there is a change
from abstractness to something “tangible™, it has to undergo
several logical and systematic stages. These stages are called
the Software Development Life Cycle (SDLC) [36].

One of the stages is the software testing. This process is a
phase carried out by an experienced team who masters the
tools and technology to evaluate software [37]. According to
the opinion [38], before the software is delivered to the user,
it is first tested so that the application can run smoothly in a
real environment.

Testing is not only limited to testing on the functional
side, but also on the non-functional side. There are several
kinds of non-functional testing, one of which is Performance
Testing [38]. The aspects evaluated in a software are Speed,
Load, Traffic, Stress, Susceptibilities and others.

Research [39] states that performance testing is
performed on web applications, middleware, and distributed
applications. Parameters that are typically carried out in
application performance testing are:

l.  Workload
Tests how well the application handles client
requests.

2. Physical resource

Testing the durability of the hardware, CPU, and the
networking.

3. Middleware configuration

Testing the resiliency of database pool size, JVM
heap size, thread pool.

4. Application-specific

Tests the interactions with middleware, between
components in the application and persistent data.

This research will conduct performance testing on a
mobile-based application. Dutataniku mobile application has
undergone developmental and functional testing process.
Therefore, it is necessary to do non-functional testing on the
hardware side of the client. This is necessary to know the
resources needed for a mobile device to run a mobile
application.

III. RESEARCH METHOD

The methodology used in this study will be divided into 5
stages as can be seen in Figure 1. This research will utilize the
Code Metrics tool from the Dart programming language for
metric determination. This tool will detect Line of Code
(LOC), Cyclomatic  Complexity (CYCLO) and
Maintainability Index (MI). The MI formula is defined as the
calculation between LOC, CYCLO and Halstead Volume
(HALVOL) as seen in Formula (1):

g= 171 - 5.2 * log(HALVOL) - 023 * log(CYCLO) — 162 * log(SLOC) 1

HALVOL is not seen in the report because it is part of the
calculation and is rarely shown to users to focus on CYCLO
and LOC. From these three points, violations that occur will
be shown so that they can be corrected. A high number is not
necessarily bad if no code violations are found. If a high code
smell is detected but there is no violation, it can be used as a
priority for the second fix, because the first priority in code
repair is for the one that has a violation.

The use of Code Metric tools from Dart will help in
detecting LOC, CYCLO and MI complete with its Code
Violation for Detection Code Violation Process. A code is
considered to be in violation when violating predetermined
rules. In this process, the rules used according to the standards
of the Dart documentation are:

1. newline-before-return: always use a new line for the
return of the function value
no-boolean-literal-compare: there is no comparison
of variable values with true/false conditions, because
when comparing a value, it is likely to be true/false.
Therefore, for boolean testing, a variable is enough
to negate the variable.

3. no-empty-block: no rows can be empty or contain
comments. This will affect line of code and memory
usage.

4. prefer-trailing-comma: does not use commas on the
same parentheses. When there are parentheses and
there are already parameters written, then other
parameters should be in the same 1 line. If you want
a new line, then a new line must be used from the
beginning of writing the parameter after the
parentheses, not in line with the parentheses.

5. prefer-conditional-expressions: Recommends using
conditional expressions instead of assigning the
same thing or returning statements in each branch of
the if statement.

6. no-equal-then-else: When an if statement has the
same then and else statement or a conditional
expression has the same then and else expressions.

All preparation and analysis processes will boil down to
performance testing that will compare the code before and
after code refactor based on code smell identification process.
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Fig. 1. The Study Stages

IV. RESULTS AND DISCUSSION

A. Analysis of Detection Results

After testing the code metric on the Dutataniku mobile
application, the first iteration of code smell test data produced
is shown in Figure 2. Code smell testing will be done 2 times
because it will be tested again after code refactoring on the
source code of the Dutataniku mobile application. The code
smell test data shows that the condition is still quite good
because nothing is indicated in red color. The source code can
still be considered normal because the conditions are blue




(clear) and orange (warning). There is no red code (alert) was
found in this test.

Cyclomatic complexity : 209
Lines of executable code / violations : 3120 / 15
Maintainability index / violations : 61 /1

Number of Arguments : 1
Fig. 2. Code Smell Iteration Test Results 1.

However, to optimize performance, in this study,
improvements will still be made to the part of the code that is
given a warning (orange color). Code that was given an
orange violation warning has the potential to cause runtime
errors. This is not critical but will affect the performance of
the application. There are violations in the argument, MI and
LOC sections. When examined more deeply , code metric will
tell in detail what classes need to be improved in structure, as
shown in Table 1.

If it is listed, there are a total of 15 classes that need to be
repaired. The class that requires special priority is the class
that has the most violations in the MI section, namely class
materi_screen. This class needs quite a lot of improvements
because this class has a long structure in displaying learning
materials.

Table 1. Classes that have the potential to experience runtime errors

cyeL LOC.-" _MIi’ Number of
Component o violation | violation Argument

s s s
lib\screens 68 1425/8 64 1
lib\screensh
Pertanyaan_screens ! 46 4 !
lib\screensh
Pertanyaan_screens 12 17872 63 ]
“Fragment
lib\screensh
jawaban_screens 10 133/1 57 1
dart
libiscreens\ 18 326/1 63/1 1
materi_screen
lib\screensh
materi_screen’ 3 82/1 57 1
component
lib\screensh
pengajar_screens 3 1i/s1 65 1
dart
liblscreens\ 6 14/1 67 0
profile_screens dart

B. Determining Code Smell and Code Refactoring

This stage continues the results of the detection of code
smell found earlier. Since its complexity is still declared
normal, the refactor will focus on LOC and MI. The next
process begins with the investigation of 15 classes that are
suspected of having LOC and MI code smells. The 15 classes
have the same type of fix, namely the prefer-conditional-
expressions and long method rules. An example of the fix is
as follows:

1. no-equal-then-else
the use of an ineffective switch case occurs resulting in
an increased LOC and CYCLO. The example is seen in
Figure 3.

),
body: FutureBuilder(
future: apiRepository.getPengajar(widget.topik.iDUser),
builder: (context, AsyncSnapshot<Pengajar> snapshot) {
switch (snapshot.connectionState) {
case ConnectionState.none:
return Container(
child: Center(
child: CircularProgressIndicator(),
i)
)i
break;
case ConnectionState.waiting:
return Container(
child: Center(
child: CircularProgressIndicator(),
)s
'H
break;
case ConnectionState.active:
return Container(
child: Center(
child: CircularProgressIndicator(),
)a
|H
break;
case ConnectionState.done:
return (Stack(
children: [
CachedNetworkImage(
imageUrl: images,

Fig. 3. Example of ineffective switch case

The code in Figure 3 will surely increase the burden of
LOC and Complexity. Therefore, the switch case is
simplified; general cases are made into one default as shown
in Figure 4.

default
return Container(
child: Center(
child: CircularProgressIndicator(),

)y

)i
Fig. 4. Switch case repair

2. prefer-conditional-expressions

This rule is the rule that is most found in this study. For
example, in Figure 5, this writing is actually correct and
already in accordance with the provisions of the script.
However, there is an incorrect placement because the body
condition of the Flutter widget is not suitable for checking
values. When assigning variables, the body of the widget is
endeavored to contain a definite value. Therefore, a variable
is created outside the body of Flutter to check the value as
well as to make an assignment so that there will only be
variables assignment on the body, as shown in Figure 6.

context: context,
initialDate: tanggal == null
? DateTime.now()
: tanggal,
Fig.5. Improper use of expressions

context: context,
initialDate: tanggal,
firstDate: DateTime(1%928),
lastDate: DateTime.now())
Fig. 6. More proper simplification of expressions




The simplification process in this one class alone has
reduced CYCLO from 18 to 14, and LOC from 326 to 294.
When compared as a whole with the previous test results in
Figure 2, the code smell test results have been reduced after
a code refactor. The value of CYCLO dropped ikl 209 to
199. The LOC value dropped from 3120 to 3088. The results
of the second test can be seen in Figure 7.

Cyclomatic complexity : 199
Lines of executable code / violations : 3088 / 15
Maintainability index / violations : 61 /1

Number of Arguments : 1

Fig. 7. Results of the second code smell test

There is no red mark on the previously marked code in the
code smell detection results, but violations ilill detected
by code metrics. Code changes based on the no-equal-then-
else and prefer-conditional-expressions rules resulted in a
decrease in code smell for CYCLO by 4.78% and LOC
decreased by 1.02%.

C. Performance Test

Performance tests are carried out on 2 projects where the
second project is the result of a copy of the first project that
has gone through a code refactor process based on code smell
identification. Performance tests are carried out to test CPU
and memory usage. The emulator used on this test is also the
same to maintain the validity of the test values. This
performance test is run in the development environment. The
application will run continuously for a few minutes, and you
will see the number of CPU and memory used. Figure ¥
shows the monitor of RAM memory usage on the android
emulator before the application undergoes a code refactor,
while Figure 9 shows the ram memory usage after the code
refactor. There is a difference in RAM memory consumption.
Its load has dropped by 50% from 200M to 100M.

Flutter DevTools

WARNING  You
F

of the rmi unch your a

Fig. 8. Memory test results before code refactor

Flutter DevTools

[ Flutter Inspector 4~ Performance CPU Profiler (n ]

Il Pause @ Clear Display Default

Fig. 9. Memory test results after code refactor

Moving to the CPU Profiler tab, the next step is to
compare CPU consumption before and after the refactor.
Figure 10 and Figure 11 show a change from 4.58% t07.85%.
There is an increase in CPU consumption by 3.27%. Looking
at the data on RAM memory consumption that decreases
while the CPU usage increases, then this is considered
reasonable. Low RAM consumption means that the
processing of functions by the CPU runs smoothly due to the
lower LOC and CYCLO. Fast code processing increases CPU
consumption.

Flutter DevTools
.

® Record

Rattam Up

® Becont

ot Up

Fig. 11. CPU test results after code refactor

In addition to performance testing, researchers also test
storage consumption before and after the refactor. Figure 12
shows the same storage consumption between before and after
the code refactor. Dutataniku application uses 145 MB of
storage. This is a measure at the development level. When it




enters the production stage later, its size will be smaller than
145 MB. These results show that the code refactor has little
effect on the size of the application's storage consumption.

~OE Sl N
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UNINSTALL FORCE 5TOP UNINSTALL FORCE STOP
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Fig. 12. Storage consumption before (left) and after (right) refactor

V. CONCLUSION

The code smell identification process has been
successfully carried out in the case study of the Dutataniku
mobile application. The process continues with code
refactoring and testing the performance of the mobile
application. This research proves that code refactors based on
code smell LOC and CYCLO can reduce code smell levels
while improving application performance in lcr of RAM
and CPU memory usage. This research shows the average
decrease in code smell was 2.9%, and the average increase in
application perfcniance was 26%. Another interesting
conclusion is that the code smell-based code refactor does not
affect the storage consumption of the application, even lh()u
the LOC has been reduced quite a lot. The future project of
this study is the detection of code smells based on God Class
parameters, because the more complex an application is, the
more likely it is to form a God Class. God Class needs to be
avoided to reduce dependency between classes, which will
also affect pcrf()rmalac.
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