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Abstract. Mobile phones have become essential devices in the digital era, and with Android representing more
than 87% of the market share, application performance is a critical factor influencing user retention and business
success. Suboptimal performance increases the likelihood of users switching to competing platforms. Accordingly,
an in-depth analysis and comparison of available development methods are required to identify the most efficient
approach for achieving optimal Android application performance. This study aims to examine the impact of the
declarative programming paradigm implemented through Jetpack Compose in comparison with the imperative
paradigm using Kotlin-XML on Android application performance. A quantitative method with a benchmarking
approach is employed by developing two prototype versions of the IDNFinancials news-portal application to
compare and measure the performance of each version. These approaches exhibit distinct characteristics, which
should be selected based on development priorities, whether in terms of resource efficiency or the consistency of
user experience. The findings of this study are expected to serve as a reference for developers in determining more
optimal strategies for implementing Android application interfaces, as well as to contribute to further research on
the optimisation of mobile application performance.
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INTRODUCTION

Mobile phones have become an integral part of everyday life, supported by millions of
users worldwide. In Indonesia, the number of mobile phone users is expected to exceed 190
million by 2023 (Statista, 2023), a figure that creates significant potential for companies to
develop mobile applications. With Android's dominant market share of over 87% (Statista,

2024), building applications for this platform can provide a significant competitive advantage.
However, an application's success depends not only on features but also on its performance
(Balgobin & Dubus, 2022; Campbell et al., 2024; Muda et al., 2024; Sanz et al., 2017; Zhang
et al., 2023).

According to Shankar (2022), application performance is key to user retention and long-
term usage. A poor experience, such as a stuttering application, can cause users to switch to
competitors or even uninstall the application. Small improvements in application performance
can drastically change the user experience, making it smoother and more efficient. Therefore,
optimal performance is crucial.

There are three approaches to application development: web, native, and hybrid. Web
applications are built with standard web technologies and accessed through a browser, without
requiring installation (Patadiya, 2023). Meanwhile, native applications are designed
specifically for a specific platform, such as Swift for iOS or Java and Kotlin for Android.
Alternatively, Flutter also allows the creation of native apps that work on both platforms. Hybrid
apps, on the other hand, are web-based applications packaged to be installed and run within a
webview environment on the device. In general, native apps offer better performance because
their code is compiled directly to machine code, resulting in greater efficiency. A study by
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Hussain et al. (2021) showed that native Android apps built with Java or Kotlin performed better
in terms of CPU usage, memory usage, and application size.

Understanding and selecting the right programming paradigm is crucial for producing
high-quality, efficient, and maintainable software. A programming paradigm is a fundamental
approach to designing and implementing computer programs. According to Cocca (2022), it is
a way of organizing a program, including its structure, features, and common problem-solving
approaches. As explained by Silverio (2022), a paradigm is a synthetic concept that classifies
languages and provides a specific style for constructing programs, while Liyan (2023) defines
it as an approach that defines the structure, code flow, and methodology for solving problems.

In the context of Android development, object-oriented programming is the primary
foundation, often combined with imperative and declarative programming. According to
Mokoginta (2024), object-oriented programming is an object-based programming concept
where relevant data and functions are encapsulated within entities called objects. According to
Jones (2024), imperative programming is a programming paradigm where a state is modified
by explicit statements and focuses on how a problem should be solved. According to Ramdani
(2024), declarative programming is a programming paradigm that focuses on declaring what to
do, what the desired result is, and the system will take care of how to achieve that result.
According to Nikolov (2022), in imperative programming, the programmer provides steps for
how UI components are manipulated, while in declarative programming, the programmer
describes how the desired final UI will look. The imperative approach can use the Java or Kotlin
programming languages with Extensible Markup Language (XML) interfaces. Conversely, the
declarative approach can utilize Kotlin with the Jetpack Compose interface.

Android applications interact with the operating system (OS) through the Application
Programming Interface (API) provided by the OS to access device resources. According to
Spéth (2022), the Android OS architecture has a layered structure, starting from the application
framework at the top and ending with the Linux kernel at the bottom. The application
framework is responsible for the external structure of the application, such as the interface and
notifications. The application itself, written in Java or Kotlin, sits on top of the application
framework. Once the application is installed, the Android Runtime (ART) compiles the
application code (in bytecode) into machine code. This machine code is then executed by the
Linux kernel at the bottom layer. The Linux kernel is responsible for providing basic services,
such as access to the file system, network, and hardware.

Kotlin is a multiplatform programming language developed by JetBrains, designed to
run alongside Java by compiling to JVM bytecode. Furthermore, Kotlin can be compiled into
native binary code that can be run directly on various operating systems such as macOS, 108,
tvOS, watchOS, Linux, Windows, and the Android NDK without requiring a JVM (Silverio,
2022). Compared to Java, Kotlin offers several advantages, such as a more concise syntax, more
code Shorter, easier to maintain, and free from the Null Pointer Exception (NULL Exception)
often encountered in Java (Laurence et al., 2022).

Jetpack Compose is a modern tool for building Android application user interfaces
(Uls). It implements a declarative programming paradigm, allowing developers to simply
describe Ul elements and their behavior without dealing with technical implementation details
(Bennett, 2024). As part of Android Jetpack, Compose makes extensive use of Kotlin features
through composable functions marked with the @Composable annotation, which tells the
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compiler that the function is part of the Ul and managed by the Compose framework. Due to
its reliance on Kotlin, Jetpack Compose is not compatible with projects built entirely in Java.
In this study, the authors will analyze the impact of these two programming paradigms on
Android application performance, hoping to provide guidance on choosing the best method for
application development.

This study aims to compare the impact of declarative and imperative programming
approaches on Android application performance. Specifically, it seeks to measure and analyze
differences in startup time, CPU usage, memory usage, and frame rate between applications
built with Jetpack Compose (declarative) and Kotlin-XML (imperative). The study uses a
benchmarking method to obtain quantitative data for a comprehensive comparison. The
findings of this study are expected to provide valuable insights for Android developers in
choosing the appropriate programming paradigm based on performance requirements. For the
academic community, this research contributes to the body of knowledge on mobile application
performance optimization. Practically, the results can guide development teams in making
informed decisions that balance performance, maintainability, and development efficiency.
Furthermore, this study may encourage further research on the optimization of declarative and
imperative paradigms in mobile development.

MATERIALS AND METHOD

This research used a quantitative approach with a comparative method. The primary
objective is to compare the performance of Android applications built using the imperative
(Kotlin-XML) and declarative (Jetpack Compose) paradigms. The research object is a prototype
of the IDNFinancials news portal application, which has several main screens, including a news
list, a company list, and news details.

Testing was conducted at PT AP&M Indonesia, Jakarta, from the fourth quarter of 2024
to the first quarter of 2025. The instruments used included Android Studio, Android Profiler,
and Jetpack Benchmark. The dependent variables included startup time, CPU usage, memory
usage, and frame rate. The independent variables were the device specifications used for testing.

Primary data was collected through application profiling, while secondary data came
from literature studies. Analysis techniques included data visualization, descriptive statistical
analysis, and a comparative analysis between the two paradigms. The testing mechanism
included three main scenarios: (1) startup tests (cold start and warm start), (2) scrolling tests on
long lists, and (3) navigation tests between application screens. Each test was performed five
times to obtain more valid results.

RESULTS AND DISCUSSION

This study uses the IDNFinancials business news portal as a case study. An application
prototype was created to test two programming paradigms: declarative and imperative. This
prototype has several screens, including: the main screen, company list, news list, news details,
and other menus. All data used in this study was taken from the API provided by IDNFinancials.
Two versions of the prototype were developed using Android Studio and the Kotlin
programming language. The first version implements the declarative paradigm with Jetpack
Compose. The second version implements the imperative paradigm using the Kotlin
programming language as a controller and XML files for Ul layout.
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Figure 1. Application interface developed using Jetpack Compose.
Source: Research application development results, 2025

Apps with Jetpack Compose

Apps developed with Jetpack Compose typically center around a single Activity called
MainActivity. This MainActivity renders the main screen (MainScreen). The MainScreen itself
is a composable (UI component) that manages the logic and implementation of the application's
primary navigation.

For navigation, Jetpack Compose uses a NavController and a NavHost. The
NavController directs navigation between screens, while the NavHost serves as a container that
holds all navigation destinations. The NavHost connects the NavController to the navigation
graph, which determines the composable's destination based on its associated routes.

Figure 2. App navigation graph in a Jetpack Compose app.
Source: Research application development results, 2025
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In Jetpack Compose, the Ul is defined declaratively using composable functions as
building blocks. All UI logic and related code are written in a single Kotlin file. This approach
allows the UI to adapt based on the current state of the data. For example, if news data is
loading, the text "Loading..." will be displayed, and when loading is complete, the news list
will appear.

homeViewModel: HomeViewModel =
onNewsClick: (News) -> Unit

newsList by homeViewModel.news.

isLoading by homeViewModel.

f (isLoading) A
Text( , modifier Modifier.padding
{

t(newslList, onNewsClick)

Figure 3. Composable function that composes the Home view.
Source: Navigation design analysis results, 2025

Kotlin- XML Apps

Apps built with Kotlin and XML use multiple Activities and XML layout files, where
each activity represents a single screen. While the navigation principles are similar to Jetpack
Compose, the implementation is different. The bottom navigation layout is defined in the
activity _main.xml file, and the navigation logic is managed by a separate Kotlin class called
MainActivity.

Within MainActivity, an imperative statement, setupNavigationView(), is used to
instruct the app to display the appropriate screen (fragment) when the user selects a navigation
item. Each time a navigation occurs, the target fragment is created or recreated, triggering a call
to the onCreateView() function. This function is responsible for processing the view declaration
from the XML file and displaying it.
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Figure 4. MainActivity in a Kotlin-XML application.
Source: Jetpack Compose application source code, 2025

To display a list of items, such as a list of companies, this application uses a Ul
component called RecyclerView. This component requires an Adapter class to act as a bridge
between the RecyclerView and the data. The adapter class has key methods, such as
onCreateViewHolder for adding new items to the list, and onBindViewHolder for binding the
view to relevant data. The onBindViewHolder method also manages user interactions, such as
click events, by setting listeners on each item based on its position in the data set.

Figure 5. The onBindViewHolder function of the CompanyAdapter class in a Kotlin-XML
application
Source: Kotlin-XML application source code, 2025
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Application Performance Testing

All application performance testing was conducted using the Macrobenchmark
framework. This method focuses on end-to-end performance testing, including the complete
user flow, such as application startup time, scrolling performance, and screen transitions and
navigation. To run the tests, a new Macrobenchmark module was added to the project. Each
test was annotated with @Test so that it could be recognized by the framework. Testing was
conducted by connecting an Android device to a computer with Android Studio installed. The
device used in this study had the specifications of a Redmi A3, running Android 15, 4GB of
RAM, and a 2.2GHz CPU.

Startup Testing

Application startup testing is crucial for measuring loading speed and identifying areas
for optimization. This process measures the time from launch to the time the application is
ready to use. There are three testing scenarios, known as startup modes: COLD, WARM, and
HOT.

COLD start is the most crucial scenario, testing an application launched from scratch
with no processes in memory, reflecting the user's first experience. WARM start tests an
application when its process is already in memory, but its main activity is not yet active, such
as when switching between applications. Meanwhile, HOT start occurs when the application

and its activity are ready in memory. It's important to note that Macrobenchmark cannot
measure HOT startup, so testing focused on COLD and WARM scenarios to obtain
comprehensive results.

Figure 6. MainActivity code in Jetpack Compose and Kotlin-XML
Source: Kotlin-XML application source code, 2025
Startup testing in Jetpack Compose applications is performed by running the main
activity (MainActivity) which displays the main screen (MainScreen). In Kotlin-XML
applications, startup testing also starts from the main activity, but uses an imperative approach.
The setupNavigationView() function is called to handle navigation and update the view when
the main navigation menu is clicked.
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Table 1. COLD mode startup test results for the Jetpack Compose application.

Test Time Tolnitial Display Ms Max CPU Janky Memory

fest Min Median Max (%) Frames RSS (MB)
1 1519.4 1571.5 1654.3 24.9 2.0 35.6
2 1466.9 1506.4 1559.4 29.0 5.0 443
3 1538.6 1562.5 1684.4 29.9 5.0 443
4 1507.8 1718.7 1832.7 28.9 5.0 44 .4
5 13993 1441.1 1464.3 30.0 4.0 46.6
Average 1486.4 1560.0 1639.0 28.5 4.2 43.0

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

Table 2. COLD mode startup test results for the Kotlin-XML application.
Test Time Tolnitial Display Ms Max CPU

Janky Memory

fest Min Median Max (%) Frames RSS (MB)
1 1091.3 1103.8 1114.9 31.2 4.0 423
2 1069.9 1081.2 1111.8 28.0 2.0 42.3
3 1085.1 1100.2 1144.7 30.8 4.0 42.4
4 1059.9 1085.5 1090.1 30.6 3.0 424
5 1080.7 1095.3 1245.7 28.8 4.0 429
Average 1077.4 1093.2 1141.4 29.9 34 42.5

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

Based on the cold start test results, the Kotlin-XML application demonstrated superior
startup performance compared to Jetpack Compose. The average timeTolnitialDisplayMs for
Kotlin-XML (1093.2 ms) was significantly faster than Jetpack Compose (1560.0 ms). Although
Kotlin-XML had slightly higher CPU usage (29.9% compared to 28.5%), the difference was
not significant. Furthermore, Jetpack Compose recorded a slightly higher average number of
janky frames (4.2 compared to 3.4), indicating potential frame drops at the start of loading.
However, in terms of memory usage, both applications showed nearly identical results, with
averages of 43.0 MB and 42.5 MB, respectively. Overall, this data indicates that Kotlin-XML
has a more stable performance advantage during the cold start phase.

Table 3. WARM mode startup test results for the Jetpack Compose application.

Test TimeTolInitialDisplayMs Max CPU Janky Memory

fest Min Median Max (%) Frames  RSS (MB)
1 235.5 267.7 298.8 23.0 3.0 48.8
2 227.1 277.8 294.7 23.0 4.0 48.0
3 269.3 294.4 296.0 21.9 3.0 51.7
4 226.9 286.9 293.5 21.0 3.0 48.7
5 228.9 278.8 296.4 19.9 3.0 47.4
Average  237.5 281.1 295.9 218 3.2 48.9

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025
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Table 4. WARM mode startup test results on Kotlin-XML applications.
Test Time Tolnitial Display Ms Max CPU

Janky Memory

fest Min Median Max (%) Frames  RSS (MB)
1 272.6 330.0 332.8 20.0 4.0 46.7
2 260.0 3214 333.0 14.9 3.0 45.2
3 270.6 297.0 327.5 12.0 4.0 43.7
4 316.1 3204 396.1 23.0 3.0 45.5
5 265.3 320.0 339.8 15.9 3.0 439
Rata-rata 276.9 317.8 345.8 17.2 34 45.0

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

Based on warm start testing, Jetpack Compose demonstrated better startup performance
than Kotlin-XML. Jetpack Compose's average timeTolnitialDisplayMs (281.1 ms) was faster
than Kotlin-XML's (317.8 ms). This performance is due to the more efficient recomposition
and state management mechanisms that rebuild the UI once the app is in memory.

Despite its faster performance, Jetpack Compose had a slightly higher average CPU
usage (21.8%) than Kotlin-XML (17.2%), likely due to the initial computational overhead of
recomposition. In terms of janky frames, both approaches performed nearly identically, with
minimal frame drops. However, Jetpack Compose's memory usage (48.9 MB) was slightly
higher than Kotlin-XML's (45.0 MB).

Overall, the results from both startup testing modes indicate that optimal performance
is highly scenario-dependent. Kotlin-XML performed significantly better on cold starts (29.9%
faster), demonstrating efficiency in the XML layout inflation process. Conversely, Jetpack
Compose performed superior on warm starts (11.5% faster), demonstrating the effectiveness of
the recomposition mechanism in rapid Ul updates.

Scrolling Performance Test

Scrolling performance tests were conducted to measure the responsiveness of
interactions utilizing a long scrollable list. In the Kotlin-XML application, the Ul element for
the scrollable list is represented by a RecyclerView, and in Jetpack Compose, it is represented
by a LazyColumn. The scrolling performance test mechanism in Jetpack Compose was
performed by running the CompanyListActivity activity, which declared a CompanyListScreen
composable to display a list of companies. In the Kotlin-XML application, the test was
performed by running the CompanyActivity activity. This activity contains a RecyclerView Ul
component responsible for displaying the list of companies.

Table 5. Results of the scrolling performance test in Jetpack Compose.

Test Items Test P50 P90 P95 P99
1 111.6 834.0 843.4 869.1

frameDurationCpuMs 2 112.5 815.7 818.0 831.4
3 111.0 685.2 823.2 843.7
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Test Items Test P50 P90 P95 P99
4 109.1 687.2 836.0 846.6
5 116.5 810.5 817.1 859.8
Average 112.1 766.5 827.5 850.1
1 149.2 818.5 830.0 858.6
2 149.4 798.0 799.2 812.3
3 135.5 667.6 816.3 827.5
frameOverrunMs
4 137.6 669.1 825.6 829.6
5 1393 798.5 804.5 849.9
Average 142.2 750.3 815.1 835.6

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

Table 6. Maximum CPU usage, janky frames, and maximum physical memory usage in

Jetpack Compose.
Test Ma()f, /C)PU Janky Frames Memory RSS (MB)
(U
1 22.6 2.0 37.3
2 22.0 3.0 37.1
3 23.0 2.0 37.0
4 23.0 2.0 37.1
5 24.9 3.0 37.0
Average 23.1 2.4 37.1

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

The results of the scrolling performance test in Jetpack Compose show that the
frameDurationCpuMs and frameOverrunMs metrics reflect stable frame rendering, with
relatively low median values (P50) of 112.1 ms and 142.2 ms, respectively, indicating fairly
stable performance under general conditions. However, under high load conditions (P90 and
above), both metrics experience significant spikes above 700 ms, indicating a small number of
high-latency frames that could potentially cause jank during scrolling. These spikes are likely
triggered by the complexity of Ul components or additional background activity. However,
supporting analysis shows that the average CPU usage is only 23.1%, the number of janky
frames is relatively small (2.4), and physical memory consumption is stable at around 37.1 MB.
Thus, Jetpack Compose's scrolling performance can be considered quite efficient in general,
although there is still potential for stuttering in extreme cases.

Table 7. Results of the scrolling performance test in Kotlin-XML

Test Items Test P50 P90 P95 P99
1 18.2 43.5 460.3 467.1
frameDurationCpuMs
2 18.5 43.8 451.4 4533
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Test Items Test P50 P90 P95 P99
3 16.4 43.7 446.0 456.7
4 20.1 44.6 439.2 443.6
5 14.7 38.8 437.0 444.1
Average 17.6 42.9 446.8 453.0
1 8.9 165.2 447.5 459.0
2 8.5 160.5 436.0 443.6
3 7.9 148.9 432.1 443.8
frameOverrunMs
4 12.0 146.1 422.8 429.8
5 7.7 149.1 424 .4 427.4
Average 9.0 154.0 432.6 440.7

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

Table 8. Maximum CPU usage, janky frames, and maximum physical memory usage in

Kotlin-XML.
Test Max CPU (%) Janky Frames Memory RSS (MB)
1 23.9 2 32.6
2 22.7 2 32.7
3 22.8 3 324
4 222 2 32.6
5 20.2 2 32.7
Average 22.36 2.2 32.6

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

The results of the scrolling performance test on the Kotlin-XML application show more
optimal performance compared to Jetpack Compose, with more consistent frame rendering and
efficient resource usage. In Table 7, the average value of frameDurationCpuMs P99 is recorded
at 453.0 ms and frameOverrunMs P99 is 440.7 ms, much lower than Jetpack Compose which
exceeds 800 ms. Although these figures are still above the ideal target of 16.67 ms for 60 FPS,
the average P50 frameDurationCpuMs is only 17.6 ms, indicating that the majority of frames
are rendered very close to the ideal limit, providing a smooth scrolling experience. In terms of
resources, Kotlin-XML is also more efficient, with an average CPU usage of 22.36% (lower
than Jetpack Compose), stable physical memory consumption at 32.6 MB (lower than Jetpack
Compose's 37.1 MB), and an average number of janky frames of 2.2, slightly lower than Jetpack
Compose's 2.4. This confirms that Kotlin-XML is capable of providing a smoother scrolling
experience, with janky frames occurring only in very limited cases.

Navigation Test
This test was conducted to see how Jetpack Compose and Kotlin-XML handle the need
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to render new views sequentially. The navigation testing mechanism in both applications was
performed by running the main activity (MainActivity) which displays navigation items at the
bottom in the form of tab buttons and navigation targets at the top. In Jetpack Compose,
MainActivity displays a MainScreen containing the AppNavigation composable that manages
navigation through a navigation graph. Therefore, each change in the destination state will
display a new composable based on the destination menu. Meanwhile, in Kotlin-XML,
MainActivity renders an XML file containing navigation Ul components and a FrameLayout
as a container for navigation target views; when a navigation item button is pressed, the target
menu is displayed in that frame.

Table 9. Navigation test results in Jetpack Compose

Items Tested Test P50 P90 P95 P99
1 18.9 625.7 631.3 653.2
2 17.9 615.5 628.6 679.7
3 16.2 630.4 646.5 670.6
frameDurationCpuMs
4 17.3 604.2 613.6 661.4
5 17.3 602.3 603.8 614.1
Average 17.5 615.6 624.8 655.8
1 1.9 614.9 630.0 707.4
2 7.8 718.2 742.3 779.3
3 2.0 630.1 727.6 821.0
frameOverrunMs
4 2.7 662.0 725.5 799.0
5 3.9 688.4 709.7 742.8
Average 3.7 662.7 707.0 769.9

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

Table 10. Maximum CPU usage, janky frames, and maximum physical memory usage in
the Jetpack Compose navigation test

Test Ma(’f%C)PU Janky Frames Mell(lﬁg)RSS
1 26.2 2 35.7
2 23.1 4 36.3
3 22.2 2 35.9
4 20.5 3 34.8
5 26.3 2 35.5
Average 23.66 2.6 35.64

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025
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The navigation test results show that the application's performance is generally quite
responsive, with a frameDurationCpuMs P50 value of 17.5 ms, very close to the ideal limit of
16.67 ms, allowing for a smooth and fast transition for most screens. However, under certain
conditions, performance decreased, with a P99 value reaching 655.8 ms, indicating significant
lag due to spikes in computational load when loading or re-rendering new elements. CPU usage
data supports this finding, with an average of 23.66% and a peak of 26.3%, indicating that even
though the CPU hasn't reached saturation, occasional high loads still impact interface rendering.
System efficiency, on the other hand, was maintained, with an average of only 2.6 janky frames
and stable physical memory usage at 35.64 MB. Thus, the main navigation bottleneck was more
due to spikes in CPU load than memory consumption, while the overall user experience
remained relatively smooth.

Table 11. Navigation Test Results on Kotlin-XML.

Test Items Test P50 P90 P95 P99
1 9.7 72.3 204.7 234.8
2 9.9 118.4 202.1 280.9
3 11.2 120.6 203.0 279.6
frameDurationCpuMs
4 9.6 138.9 203.8 276.9
5 10.7 70.6 214.9 241.4
Average 10.2 104.2 205.7 262.7
1 -6.2 190.1 216.4 238.7
2 -5.6 199.9 219.9 263.0
3 -1.8 197.4 219.5 262.4
frameOverrunMs
4 -4.5 198.5 222.4 262.3
5 -5.6 206.4 223.5 239.8
Average -4.7 198.5 220.3 253.2

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025

Table 12. Maximum CPU Usage, Janky Frames, and Maximum Physical
Memory Usage in the Kotlin-XML Navigation Test

e Max CPU (%) Janky Frames Memory RSS (MB)

1 20.5 1 33.4

2 24.7 3 41.6

3 21.1 3 41.9

4 23.8 2 39.8

5 15.9 2 35.9
Average 21.2 2.2 38.52

Source: Primary data from Macrobenchmark testing at PT AP&M Indonesia, 2025
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Navigation test results using the Kotlin-XML approach (Tables 11 and 12) show more
stable performance than Jetpack Compose. At the low percentile (P50), the average
frameDurationCpuMSs value is only 10.2 ms, significantly faster than Jetpack Compose. Even
at the high percentiles (P90, P95, P99), the values remain low at 104.2 ms, 205.7 ms, and 262.7
ms, respectively, which is significantly better. The frameOverrunMs metric also shows a similar
pattern, with the average at the high percentiles ranging from only 220.3 ms to 253.2 ms,
significantly lower than Jetpack Compose's 700 ms. These findings confirm that Kotlin-XML
is able to maintain more consistent latency, even under the most demanding conditions,
providing a more responsive navigation experience. In terms of resources, Kotlin-XML is also
quite efficient with an average maximum CPU usage of 21.2%, lower than Jetpack Compose.
The number of janky frames recorded is also minimal, averaging 2.2 frames, supporting smooth
transitions between screens. Meanwhile, physical memory usage is around 38.52 MB, slightly
higher than Jetpack Compose, but this difference is still considered reasonable and does not
have a significant impact on application performance.

CONCLUSIONS

This benchmarking comparative analysis revealed that programming paradigms
differently affect Android application performance: imperative programming with Kotlin-XML
enhances Ul rendering stability and memory efficiency, demonstrated by fewer janky frames
and lower RAM usage, while declarative programming using Jetpack Compose improves
computing power efficiency through reduced average CPU utilization. These findings suggest
selecting the paradigm according to project priorities—imperative for better visual stability and
memory management, or declarative for optimized CPU efficiency. Future research could
explore hybrid approaches that combine the strengths of both paradigms to achieve balanced
performance across multiple metrics.
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