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Abstract 

This article provides a comparative analysis of modern cross-platform graphical application frameworks, focusing on 

their ability to seamlessly integrate with the operating system features. Three frameworks (Electron, Tauri and PyQt) 

were evaluated based on their functional integration with operating system mechanisms, memory usage, and installer size. 

This research uniquely explores the topic of multiplatform system integration and expands the knowledge on previously 

untested frameworks. The findings reveal significant limitations in achieving seamless integration and large variations in 

resource usage. 
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Streszczenie 

Artykuł przedstawia analizę porównawczą nowoczesnych, wieloplatformowych szkieletów programistycznych do two-

rzenia graficznych aplikacji, koncentrując się na ich zdolnościach do bezproblemowej integracji z funkcjami systemu 
operacyjnego. Trzy szkielety programistyczne (Electron, Tauri oraz PyQt) zostały ocenione pod kątem funkcjonalnej 
integracji z mechanizmami systemu operacyjnego, zużycia pamięci operacyjnej oraz wielkości instalatora. Niniejsze ba-

dania eksplorują temat integracji na wielu platformach oraz poszerzają wiedzę na temat wcześniej nietestowanych szkie-

letów. Wyniki pokazują istotne ograniczenia w osiąganiu bezproblemowej integracji oraz duże różnice w wykorzystaniu 
zasobów. 
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1. Introduction 

In the past decade, the personal computer landscape has 

experienced a significant shift and diversification. This 

phenomenon was mainly driven by the growing market 

share of non-Windows operating systems such as macOS 

along with various Linux distributions [1] and shift away 

from x86 architecture towards ARM-based solutions, a 

particularly significant move from Microsoft with Win-

dows on ARM initiative and Apple’s transition to Apple 
Silicon. As a result, programmers and companies face a 

serious challenge posed by this emerging trend. Focusing 

solely on a single platform and architecture may lead to 

market loss, reduced application reach, and a potential re-

duction in future revenue. 

Consequently, a growing number of software solu-

tions and frameworks are being developed to address the 

challenges of cross-platform and multi-architecture ap-

plication development [2]. From the early days of Java 

and Swing to modern solutions like Electron, cross-plat-

form frameworks have enabled broader reach for soft-

ware, but this often comes with a new set of challenges, 

particularly regarding operating system integration. 

Although widely used, cross-platform frameworks 

often struggle to deliver applications that fully leverage 

native operating system features. Issues such as drag-

and-drop support, dialogs, notifications, multi-window 

management and communication, reactive UI, and distri-

bution reveal the limits of a cross-platform approach. 

This begs the question: To what extent can cross-plat-

form application frameworks provide a user experience 

comparable to that of a native application? 

Existing research tends to focus mainly on mobile 

cross-application frameworks or on particular framework 

such as Electron. Comprehensive studies that take into 

the account the variety of available frameworks and plat-

forms as well as the issue of system integration remain 

scarce. This paper aims to provide a comparative analysis 

of cross-platform frameworks from the perspective of 

system integration while offering insight that can help de-

velopers make more informed software stack choices and 

thus hopefully resulting in higher quality applications, re-

duced development time, and lower costs. 

2. Related works 

The concept of “Write Once, Run Everywhere” popular-
ized by Java [3] laid the foundations for early cross-plat-

form development with technologies like Swing, released 

in 1996, and later JavaFX [4]. Parallel to Java, in 1995, 

the Qt framework [5] introduced a robust environment 

for developing cross-platform applications in C++. In 
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later years it gained popularity and bindings for other lan-

guages, including Python with official PyQt framework. 

In recent years the emergence of frameworks based 

on web technologies, such as Electron [6], Neutralinojs 

[7] and Tauri [8], marked a shift in cross-platform strate-

gies. By building on standardized web technologies, 

these frameworks sidestep the headaches of dealing with 

each platform's unique issues. Each of them differs in 

philosophy and solutions to achieve cross-platform expe-

rience. Electron ships a stripped-down Chromium en-

gine, whereas Tauri and Neutralinojs rely on the system’s 
integrated WebView. 

Microsoft also puts a great emphasis on cross-plat-

form development with its involvement in .NET plat-

form. Both the company's official tool, .NET MAUI (for-

merly Xamarin) [9], and third-party AvaloniaUI offer 

unified development of desktop applications.  

Some frameworks, such as Flutter [10] from Google 

and Compose Multiplatform [11] from JetBrains, were 

created first as tools for creating mobile applications and 

only later extended their capabilities to target browsers 

and desktop applications. 

Despite the wide range of available technologies, 

deep integration with native operating system features is 

rarely a primary focus. Official websites and promotional 

content tend to focus on simplicity, strong community 

support, and security, while not emphasizing the im-

portance of cross-platform functionality. 

The mobile revolution was triggered by the launches 

of iPhone in 2007 and the first Android devices in 2008. 

It introduced a significant operating system fragmenta-

tion, similar to the one the desktop landscape experiences 

now. Early studies [12][13] highlighted the promise, but 

also the limitations of cross-platform technologies like 

JQuery Mobile, Adobe PhoneGap and Titanium Mobile 

SDK. Integration with a given platform and performance 

shortcomings are one of many problematic areas for such 

technologies. 

Studies [14][15] and [16] repeatedly stress that de-

spite simplifying the development process, cross-plat-

form frameworks deliver applications that feel less pol-

ished or less consistent with a given platform compared 

to native counterparts. 

Cross-platform mobile technologies often leverage 

web technologies, but development is not free from chal-

lenges. A study of Stack Overflow and GitHub data [17] 

revealed difficulties with web library integration, limited 

tooling (debuggers, testing), API differences, and a lack 

of native modules, despite efforts to streamline develop-

ment. However, the authors acknowledge continued po-

tential for these technologies. 

Another study [18] compared JavaFX and Electron, 

evaluating their performance on CRUD operations and 

outlining their respective strengths and weaknesses. The 

authors noted the limitations of their study and plan to 

investigate platform integration further, including fea-

tures like notification menus and tray icons. 

Finally, research [19] compared Electron to a native 

.NET application, focusing on implementation details 

such as data transfer between windows and menu crea-

tion. Testing was limited to the Windows platform. 

While technical documentations and books on frame-

work like Electron [20][21] and Qt [22] provide guidance 

on integrating with native functionalities like notifica-

tions, system tray, file handing and geolocation, this as-

pect typically receives only a superficial attention com-

pared to principles of given technology and code struc-

ture. 

Similarly, the aspect of different processor architec-

tures (x86 vs. ARM) in cross-platform frameworks is 

sparse. Only a few sources, like book [23], mention de-

ployment considerations for platforms like Raspberry Pi, 

which is one of the most prominent ARM SBCs.  

The review reveals the following pattern: while cross-

platform frameworks enable broader device target, the is-

sue of seamless system integration remains underex-

plored. Research on mobile cross-application develop-

ment highlights both performance and system feature ac-

cess limitations. Desktop frameworks, especially those 

based on web technologies, face similar issues. Available 

resources, such as books, documentations, and tutorials, 

provide practical guidance, but rarely focus on deep inte-

gration with native operating system features and archi-

tecture-specific considerations. 

3. Aim of the work and research thesis 

The primary objective of this research is to evaluate the 

extent to which modern programming frameworks for 

cross-platform desktop application development allow 

seamless integration with the native mechanisms of op-

erating systems they target. 

The main research thesis posed in this work formu-

lated as follows: cross-platform desktop application 

frameworks don’t allow for the seamless creation of ap-
plication that utilizes the integration with the operating 

system. 

To verify and elaborate on this thesis, three research 

hypotheses have been formulated: 

1. 𝐻1 – Cross-platform desktop application frameworks 

offer limited functional integration with the operating 

system. 

2. 𝐻2 – Cross-platform desktop application frameworks 

exhibit significant differences in memory usage dur-

ing runtime. 

3. 𝐻3 – Cross-platform desktop application frameworks 

exhibit significant differences in installer size. 

Hypothesis 𝐻1 addresses the functional aspect of the 

thesis, examining frameworks capabilities. Whereas hy-

potheses 𝐻2 and 𝐻3 focus on non-functional aspect and 

aim to detect deficiencies that may indicate imperfect in-

tegration with the target system. 

4. Methods 

For the purpose of this study, three programming frame-

works were selected: 

1. Electron – representing a web-based approach, is 

currently one of the most popular solutions both in the 

number of published works, and size of community 



Journal of Computer Sciences Institute 36 (2025) 357-364 

 

359 

 

(measured by number of stars of project’s repository 
and monthly downloads) [24]. 

2. Tauri – a modern alternative to Electron, built with 

Rust and security in mind. It utilizes a native system 

WebView and recently has gained popularity after the 

2.0 release [25]. Rust additionally has been recom-

mended by the U.S. government to achieve secure de-

velopment [26]. 

3. PyQt – representing one of the oldest desktop cross-

platform frameworks – Qt. It enables a more tradi-

tional approach of building a native-looking graphical 

application. Additionally, Python has consistently re-

mained at the top three programming languages for 

many years [27]. 

Selected frameworks represent vast diversity of pro-

gramming paradigms, ecosystems, and programming 

languages. It incorporates both established and innova-

tive solutions. 

The research will be conducted on three operating 

systems: Windows, Linux, and macOS. 

Tests will be performed both on devices with x86 and 

ARM CPUs to ensure comprehensive coverage of avail-

able personal computing platforms. 

4.1. Evaluation methodology 

The application requirements were formulated by inte-

grating standards such as WCAG, Nielsen’s usability 
heuristics, and platform-specific design guidelines for 

macOS, Windows, GNOME, and KDE. These require-

ments also address challenging areas identified in the lit-

erature review. 

Prior to the detailed analysis, each framework under-

went an initial evaluation based on a predefined set of 

necessary conditions detailed in Table 1. 

Table 1: Necessary conditions 

Condition Rating 

Application launching +/− 

Window appearance consistent with plat-

form guidelines 
+/− 

Application menu appearance consistent 

with platform guidelines 

+/− 

Each condition was evaluated on a binary scale (+ for 

satisfying the condition and − for not satisfying). Failure 

to meet all necessary conditions will result in a final score 

of zero for that specific platform, ensuring that only 

frameworks capable of meeting all essential criteria were 

considered for detailed evaluation. 

If framework satisfies all necessary conditions, it un-

dergoes the evaluation according to three criteria. 

4.1.1. Criterion 1 – Checklist 

Based on the previously defined requirements, the check-

list has been created and is shown in Table 2. 

Table 2: Checklist 

Area Function Score 

Windows 

Creating an application menu  

Displaying multiple windows   

Multi-window communication  

Creating system tray icon  

Displaying context menu  

Displaying a loading screen  

Sending a system notification  

Opening a native file selection 

menu 

 

Files 

Reading a file  

Drag and drop functionality  

Persisting data  

Adding application to start-up 

items 

 

Start-up 

and in-

stallation 

Creating an installer for given 

platform 

 

Creating an installer for differ-

ent platform (cross-compilation) 

 

Accessing connected USB de-

vices 

 

Devices 

and sen-

sors 

Camera usage  

Retrieving user geolocation   

Defining and detecting a key-

board shortcut 

 

Detecting change in device ori-

entation  

 

Playing sounds  

Microphone usage  

The score for checklist criterion is calculated using 

the following formula: 

𝐾1 𝑠,𝑝 = 1𝑛 ∑ 1𝑚 ∑ 𝑎𝑠,𝑝,𝑖,𝑗𝑚
𝑗=1

𝑛
𝑖=1  (1) 

where 𝑛 is number of areas, 𝑚 is number of functionali-

ties in area 𝑖, 𝑎𝑠,𝑝,𝑖,𝑗 is evaluation of functionality 𝑗 in area 𝑖 for framework 𝑠 on platform 𝑝, and 𝐾1 𝑠,𝑝 is the final 

score of Criterion 1 for the framework 𝑠 for the platform 𝑝. 

Each functionality is evaluated using the scale: 

• 0 – No native mechanism or official plugin is present 

to enable given functionality or solution presented in 

documentation does not work, 

• 0.5 – Implementation is unstable or there are signifi-

cant limitations, 

• 1 – Implementation is stable and functional. 

Thus 𝐾1 ranges between 0 (the worst) and 1 (the best). 

Based on the functional requirements and accompanying 

checklist, a detailed graphic design of the application was 

constructed within Figma. This design serves as a univer-

sal reference base, visually outlining the user interface 

and key interactions to ensure consistent implementation 

across platforms. 
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4.1.2. Criterion 2 – Memory usage 

In the work [28] comparing native applications to cross-

platform frameworks in mobile applications, the authors 

showed that native applications use less RAM. A pro-

gramming framework using integration mechanisms with 

a given platform should therefore have this consumption 

at the lowest possible level. Memory usage is measured 

5 minutes after the application launch to ensure the re-

source stabilization. RAM usage is sampled at 100 ms 

intervals over 1 minute. Criterion 2 is expressed as: 

𝐾2 𝑠,𝑝 = 1𝑛 ∑ 𝑎𝑠,𝑝,𝑖𝑛
𝑖=1  (2) 

where 𝑛 is number of measurements, 𝑎𝑠,𝑝,𝑖 is RAM usage 

measurement 𝑖 for framework 𝑠 on platform 𝑝 (in MB), 

and 𝐾2 𝑠,𝑝 is the final score of Criterion 2 for the frame-

work 𝑠 for the platform 𝑝. 

4.1.3. Criterion 3 – Installer size 

In the work [28], the size of the application was also stud-

ied and it was also shown that native applications have a 

smaller one. The Criterion 3 value is calculated as: 𝐾3 𝑠,𝑝 = 𝑎𝑠,𝑝 (3) 

where 𝑎𝑠,𝑝 is the size of installer for framework 𝑠 on plat-

form 𝑝 (in MB), and 𝐾3 𝑠,𝑝 is the final score of Criterion 

1 for the framework 𝑠 for the platform 𝑝. 

4.1.4. Final score 

The guidelines for ensuring the application's look and 

feel aim to ensure compliance with platform standards 

while making the application accessible and usable by as 

broad a user base as possible. For this reason, the final 

evaluation of frameworks on a given platform assigns 

weights to criteria that reflect these priorities: 0.6 for the 

Checklist Criterion 0.2 for the Memory Usage Criterion, 

and 0.2 for the Installer Size Criterion. Criteria 2 and 3 

were deemed as equally important. The overall evalua-

tion is calculated using the following formula: 𝐾𝑠,𝑝 = 𝐾0 𝑠,𝑝 (0.6𝐾1 𝑠,𝑝 + 0.2 𝐾2 𝑝 𝑚𝑖𝑛𝐾2 𝑠,𝑝  + 0.2 𝐾3 𝑝 𝑚𝑖𝑛 𝐾3 𝑠,𝑝 ) 

(4) 

where 𝐾0 𝑠,𝑝 is necessary conditions rating (0 or 1), for 

the programming framework 𝑠 on platform 𝑝, 𝐾1 𝑠,𝑝 is 

checklist score, 𝐾2 𝑝 𝑚𝑖𝑛 and 𝐾3 𝑝 𝑚𝑖𝑛 are respectively the 

lowest RAM usage and installer observed among all 

frameworks on platform 𝑝, 𝐾2 𝑠,𝑝 and 𝐾3 𝑠,𝑝 are respec-

tively RAM usage installer size for the programming 

framework 𝑠 on platform 𝑝.  
Thus, the final score 𝐾𝑠,𝑝 ranges from 0 (the worst) to 

1 (the best). 

4.2. Testing devices and platforms 

Tests were conducted using the devices whose specifica-

tions are summarized in Table 3. 

Table 3: Specification of devices selected for testing 

Device Component Value 

PC CPU AMD Ryzen 7 7700X 

(8 cores) 

 GPU  AMD Radeon RX 

6700XT 

 Storage SSD 2TB M.2 NVME 

PCIe 4.0 

 RAM 2x16GB DDR5-6000 

Rasp-

berry Pi 

Model Raspberry Pi 5 

 CPU Broadcom BMC2712 

(4 cores) 

 GPU VideoCore VII 

 RAM 8GB LPDDR4 

 Storage SSD 512GB M.2 NVME 

PCIe 3.0 

Mac Mini Model Apple Mac Mini 2024 

 SoC Apple Silicon M4 

(10 cores) 

 RAM 24GB Unified 

LPDDR5 Memory 

 Storage SSD 512GB NVME 

PCIe 4.0 

MacBook Model MacBook Pro  

13-inch 2016 

 CPU Intel Core i5-6360U 

(2 cores) 

 GPU Intel Iris Graphics 540 

 RAM  8GB LPDDR4 

 Storage SSD 512GB NVME 

PCIe 3.0 

Surface Model Microsoft Surface Pro X 

 SoC Microsoft SQ1 (4 cores) 

 RAM  8GB LPDDR4X 

 Storage SSD 256GB M.2 NVME 

PCIe 4.0 

Based on these devices, the platforms included in Ta-

ble 4 will be tested. 

Table 4: Specifications of tested platforms 

Platform Specification Value 

Win-

dows_x86 

OS name Windows 

 
OS version Windows 10 

22H2 

 
Graphical envi-

ronment 

Built-in 

 Assigned device PC 

Win-

dows_arm 

OS name Windows 

 
OS version Windows 11 

24H2 

 
Graphical envi-

ronment 

Built into the 

system 
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 Assigned device Surface 

 

Linux_x86 OS name Fedora 

 OS version Fedora 41 

 

Graphical envi-

ronment 

GNOME and 

Mutter (Way-

land) 

 Assigned device PC 

Linux_arm OS name Raspberry Pi OS 

 

OS version Raspberry Pi OS 

based on Debian 

12 

 
Graphical envi-

ronment 

LXDE and 

OpenBox (X11) 

 Assigned device Raspberry Pi 

macOS_x86 OS name macOS 

 OS version macOS 13  

Ventura 

 Graphical envi-

ronment 

Built-in 

 Assigned device MacBook 

macOS_arm OS name macOS 

 OS version macOS 15  

Sequoia 

 Graphical envi-

ronment 

Built-in 

 Assigned device Mac Mini 

Testing platforms listed in Table 4 cover over 99% of 

the personal computer operating system market [1] and 

thus will highlight frameworks' cross-platform capabili-

ties. 

Identical versions of each framework and associated 

tools were installed across all platforms, ensuring repro-

ducible comparisons (details in Table 5). 

Table 5: Used software versions 

Framework Details 

Electron Electron 35, Node v22.13.0 (LTS) 

Tauri Tauri 2.4.0, Node v22.13.0 (LTS), 

Rust 1.84.0 

PyQt PySide 6.8.3, Python 3.13.0 

5. Results 

All frameworks met the Necessary conditions outlined in 

Table 1 for every platform. Thus, every framework ob-

tains the score of 1 in this criterion and was evaluated in 

further criterions. 

The Criterion results are presented in Tables 6-9, 

which detail the scores for Criterion 1,2,3 and the final 𝐾 

score across all platform-framework combinations. 

Table 6: Criterion 1 scores 

Platform Electron  Tauri  PyQt 

Win-

dows_x86 

0.78 0.83 0.76 

Win-

dows_arm 

0.78 0.83 0.73 

Linux_x86 0.72 0.67 0.76 

Linux_arm 0.73 0.68 0.68 

macOS_x86 0.85 0.77 0.76 

macOS_arm 0.85 0.77 0.76 

Table 7: Criterion 2 scores 

Platform Electron  Tauri  PyQt 

Win-

dows_x86 

0.05 1.00 0.32 

Win-

dows_arm 

0.08 1.00 0.32 

Linux_x86 0.26 1.00 0.96 

Linux_arm 0.16 0.69 1.00 

macOS_x86 0.14 1.00 0.57 

macOS_arm 0.18 1.00 0.55 

Table 8: Criterion 3 scores 

Platform Electron  Tauri  PyQt 

Win-

dows_x86 

0.03 1.00 0.07 

Win-

dows_arm 

0.03 1.00 0.09 

Linux_x86 0.06 1.00 0.06 

Linux_arm 0.36 1.00 0.19 

macOS_x86 0.05 1.00 0.09 

macOS_arm 0.05 1.00 0.09 

Table 9: Final 𝐾 scores 

Platform Electron  Tauri  PyQt 

Win-

dows_x86 

0.48 0.90 0.53 

Win-

dows_arm 

0.49 0.90 0.52 

Linux_x86 0.50 0.80 0.66 

Linux_arm 0.54 0.75 0.65 

macOS_x86 0.54 0.86 0.59 

macOS_arm 0.55 0.86 0.58 

Figures 1-3 contain radar plots that display the scor-

ing distributions for Windows_x86, Linux_arm and ma-

cOS_arm platforms, respectively. These visualizations 

offer insights into how each framework performs in areas 

of the Checklist outlined in Table 2. 

Figure 4 provides a bar chart comparing, the RAM 

usage of frameworks across platforms.  

Finally, Figure 5 provides a bar chart comparing, the 

size of installers across platforms. 

 

Figure 1: Checklist Evaluation for the Windows_x86 Platform. 
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Figure 2: Checklist Evaluation for the Linux_arm Platform. 

 

Figure 3: Checklist Evaluation for the macOS_arm Platform. 

 

Figure 4: Bar chart comparison of RAM usage of selected frameworks on selected platforms. 

 

Figure 5: Bar chart comparison of installer size of selected frameworks on selected platforms.
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6. Conclusions  

Hypothesis 𝐻1 was primarily examined through Criterion 

1. The data demonstrated clear disparities between 

frameworks and platforms. No single framework 

achieved universal success (the score of 1) across any 

platform. The closest to that were Electron on macOS 

(x86 and ARM) and Tauri on Windows (x86 and ARM). 

PyQt while offering a different approach and many inter-

esting mechanisms, failed to achieve higher scores. The 

biggest barrier to achieving integration with system was 

Start-up and installation area. Most frameworks strug-

gled with cross-compilation and sometimes with gener-

ating an installer for a given platform. Devices and Sen-

sors area revealed serious shortcomings, especially for 

Tauri. Relying on system WebView, like Tauri does, can 

provide advantages, but does not allow for seamless im-

plementation across all platforms. Those findings support 𝐻1, though with the caveat that some platform-frame-

work combinations can still achieve integration with 

the operating system, but very inconsistently. 

Hypothesis 𝐻2 was validated by the observed plat-

form-dependent, but consistent discrepancies in memory 

usage. Electron persistently displayed the highest RAM 

usage across all platforms. Despite its popularity, the 

choice to essentially ship a whole web browser, Chro-

mium, leads to significant overhead. In contrast Tauri ex-

hibited most efficient memory usage, particularly on ma-

cOS platforms. PyQt and Tauri were relatively close on 

Linux platforms.  

Hypothesis 𝐻3 was proven true by substantial varia-

bility in installer size. Tauri consistently produced the 

smallest installers across all platforms – its largest in-

staller (for Linux_arm) was still nearly one and a half 

times smaller than the smallest installer for any other 

framework-platform combination. While Electron’s in-
staller sizes were predictably large, due to bundling its 

runtime environment, it was not always the largest. On 

Linux platforms, Electron installer sizes were smaller 

than those of PyQt.  

The main thesis is largely supported by the evidence, 

but not without some caveats. While tested frameworks 

may support essential functionalities (or in case of PyQt 

very specific) and enable multi-platform application de-

velopment, this comes at a trade-off. Seamless integra-

tion with the operating system remains incomplete and 

inconsistent. The most substantial evidence was that 

only a few framework-platform combinations provided 

high checklist scores. Frameworks that performed well 

on non-functional aspects, like Tauri on installer size and 

RAM usage, struggled with some functional aspects.  

This research focused on three frameworks – Elec-

tron, Tauri and PyQt. While these are representative, they 

do not capture the sheer number of available solutions 

and tools. Additionally, checklist could be further ex-

panded with deeper system integration and more specific 

functionalities (e.g., accessibility or Bluetooth function-

ality). These aspects could be subject of a future work. 
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