NATIONAL TECHNICAL UNIVERSITY OF UKRAINE
“IGOR SIKORSKY KYIV POLYTECHNIC INSTITUTE”

A.V.Petrashenko, O.P.Polishchuk

USER INTERFACE PROGRAMMING
PRACTICUM

Recommended by the Methodical Council of Igor Sikorsky Kyiv Polytechnic
Institute as a study guideline for bachelor's degree holders in F7-"Computer
Engineering" specialty.

Electronic network educational publication

Kyiv
Igor Sikorsky Kyiv Polytechnic Institute
2025



Reviewer Zabolotnia T.M., PhD, associate professor,
Igor Sikorsky Kyiv Polytechnic Institute

Responsible Radchenko K.O., senior lecturer,
editor Igor Sikorsky Kyiv Polytechnic Institute

The classification was provided by the Methodical Council of Igor Sikorsky Kyiv Polytechnic
Institute

(protocol No. 3 dated 24-10-25)
on the proposal of the Academic Council of the Faculty of Applied Mathematics

(protocol No. 6 dated 01-12-25)

Andriy Vasylyovych Petrashenko, PhD, associate professor
Olena Pavlivna Polishchuk, assistant

USER INTERFACE PROGRAMMING
PRACTICUM

User Interface Programming. Practicum [Electronic resource]: education textbook
for students of specialty F7 — Computer engineering. / A.V. Petrashenko;
O.P.Polishchuk, Igor Sikorsky Kyiv Polytechnic Institute. — Electronic text data (1
file: 3.9 MB). — Kyiv: Igor Sikorsky Kyiv Polytechnic Institute, 2025. — 126 pp.

The practicum offers a comprehensive, hands-on guide to user interface (UI) programming,
with a focus on three essential client technologies: web (ReactJS), mobile (Android), and cross-
platform (Flutter). It begins with an exploration of the historical evolution of UI technologies and
highlights the growing significance of user experience (UX) and visual design in modern
applications. Through detailed chapters, readers will gain practical knowledge in building
responsive and dynamic user interfaces using React components and hooks, managing state
effectively with Redux and Redux Toolkit, designing native Android Uls with XML and Jetpack
Compose, and developing cross-platform interfaces in Flutter using widgets, state management
with Riverpod, and asynchronous data handling with streams.

The study guide is intended for full-time students of the specialty F7 - "Computer
Engineering" of Applied Mathematics Faculty of Igor Sikorsky Kyiv Polytechnic Institute.

© A.V.Petrashenko, O.P.Polishchuk
©Igor Sikorsky Kyiv Polytechnic Institute, 2025

2



CONTENTS

1 The Evolution of Ul Technologies.........cccccevrvieiriiiinniiiniieiieeeieeeeeeseee e 6
1.1 The Origins of User INteraction.........ccccceevueereeerueeneersieenierreeeneeeseeeseeeseeeseenns 6
1.2 Transition t0 MoOdern UlIS.......cccuiiiriiieiiniieeiniieeenreeeesireeseeeeessireeesseaeesnans 8
1.3 The Mobile ReVOIUION ........ceiiieiiiiiiiieiciieeeeeeceee e 11
1.4 Current Trends in User INterfaces.........cocceevvervieerienienneenieeneeeieeseeeieeeeen 13
1.5 Importance of UX and Design in Ul.........cccoevieiiiiiniieiniiieiieeeeeeeieeeeeens 14
1.6 Overview of Client TeChNOlOIes..........cceeuveiriieriieeniieirieeereeeiee e eieeees 16

2 Web Ul Development USiNG REACT..........ceiiriiiiiiriiiieiiiiieeerieeeesieeesesneeesseneeens 18
2.1 React ESSENIAlS......uuiiieiiiiieciieeieieee ettt e e e e e s e e e e 18
2.2 React]JS Installation and RUN........ccccceiriiiiiiiiniieiieeieceeeeceee e 19
2.3 The Default Folder and File Structure...........ccocceeervieeriieenieennieenieeseieeeieenn 20
2.4 ReaCt COMPONEILS. .....uuvteerrereirieeeeeenriiteeeeeessisreeeeesssssreeeessssssseeeessssssssseeesses 22

2.4.1 Component COMPOSITION....ccceierrrerrreerrrreeeeeeeeeeeeeeeeererrrenrrreeeeeeeeeesaeaans 23
2.4.2 Understanding JSX........uiiieiiieiiiiieeeciieeeeireeesseeeeessreeesseveeessseeessssvneens 25
2.4.3 PrOPS IN REACK.....uuuuiiiiiiiiieeeiiiiiiereeeciiiireteeeeee e e e e e e e ssessnaereeeeeeeeeesesssnnns 27
2.4.4 COMPONENE SEALE.....uvvriiiieeeeiiiiiiireerriirrreteeeeeeeeeeeeesessssararrerereeeeeeeeessanns 29
2.4.5 Component Lifecycle with USEETTECt....coocieiiiieeee 32
2.5 HOOKS I REACE....cueeiiiiiiiiiieeieeiteeeetete ettt 35
2.5.1 useState: Managing State........ccccceeeerreriieeeeerreriieeeeeeeeerieeeeeeeeeeeeees 35
2.5.2 useEffect: Managing Side Effects.........cccceevueeviieeiieceecieeieene, 36
2.5.3 useContext: Managing CONteXt........ccovreeererrrrreeeerenrrreeeeeresssneeeeens 36
2.5.4 useReducer: Managing Complex State LOgiC........cccecveeveeerrennnenne. 37
2.5.5 useCallback: Memoizing FUNCtions..........ccccceueeeveerveesueenvenreennans 38
2.5.6 useMemo: Memoizing Values........cccccceeeieciiiieiiiiiiniiieeeeeee e 39
2.5.7 Custom Hooks: Reusable LOZIC........cceccuerriieriieiniieiieeeieceieeeeeeeee, 40
2.6 State Management.........ccccuuueeeiiieieeeeeeeeeeeeeerreeeereeeeeeeeeeesesssssssnnnnrerereeeeeeees 41
2.6.1 Types of State Management Libraries.........cccccceeeuveeevieeeiieecceecscieeeneenns 42
2.6.1.1 Centralized State Management..........ccccceeeeeveeeeecveeeeeveeessennnn 42

2.6.1.2 Atomized State Management.........c.ccoecveeerrveeeeneeeernsveeesnsneeennns 43



2.6.2 TYPES Of StALe..cueeveiiieiiiee ettt e e e e e vre e e ae e e e aaeeas 44

2.6.3 State Management SOIULIONS........ccccveerreerriueeriieenieensreeerieeeseeeessreesnees 45
2.6.3.1 Local State (USEStAL) ..........uuveeeeeeeerrreeeeeeecereeeeeeecrreee e e e evaaees 45

2.6.3.2 Local Reducer State (USEREdUCET).........ceeeeeuveeeeevueeeeereeeeeiraeeanns 46

2.6.3.3 ConteXt AP ....cooiiiiieieeeeeeeereee e 47

2.6.3.4 ROAUX ..ceouuiiieiieiiteeteeetteete ettt sttt et saae e 51

2.6.3.5 ReduxX TOOIKit...ceeovuieriieiienieeieeieeeeeeeeeeeeeeeee e 54

2.6.3.6 REST API with Redux ToolKit........ccccceervueriieinienieinieeieeneene 58

2.7 ReACE ROULRT .....ceiiiiiiiiiiieiiiteeetee ettt s e s 62
3 Mobile UI Development using Android............ccceeervureeeniiieeiniiieeennireeeeieee e 69
3.1 The Building Blocks of an Android ApPp.....cccecveeeerieeerieeeiieeeieeeceeeevee e 70
311 ACHVILY wettetieeite ettt ettt ettt s bt e et e st e e st e et e e s st e e s abaeeaee 71
3.1.1.1 The Lifecycle of an ACtiVIty......ccceeeeerrieeriiernireenrieeeeeeniee e 71

3.1.1.2 AcCtivities INTeraCtiON.......eeeeeeeeerreerererrrriieiereeeeeeeeeeeeeeeesassssnnnnnnes 72

3.1.2 Service: Background WOTKEeT .........ccceovvuiieiiiiniiieiiieeieeeeeeeieeeeeeeee 72
3.1.3 Broadcast Receiver: Listening to EVents............cccceeeeevveeeeccieeeecieeeenee. 74
3.1.4 Content Provider: Sharing Data........ccccceevvvieiniiiieiniieeeerieeeeieee e 75
3.1.5 INEEIIES «.ceveeeeeeeeeeeee ettt e e e e e e e et e e e e e e e e e e s s saasnneneeeeeeeees 76
3.2 ANAroid Manifest........coeveerieerieiiiienieeieerieeiee sttt sre et 77
3.3 Android XML Layout Ul BasiCS.......cceecueerruieiniiernieeniieenieesnreesieessveeennnees 78
3.3.1 Layout XIML-file.....c.ciiriiiriiiieiieesieeeeeeeeere et 79
3.3.2 The basic Android Studio IDE Example........ccccccovvviiiinriieenncieeennnneen. 81
3.3.2.1 The Project eXeCULION........cceecveeereiieeerriieeesireeeessreeesseneeeesneeens 87

3.4 Android Compose UI LayOUL.........ccccceeeeecieeeecieeeeecieeeecireeeecereeeeeveeeeeeneeas 90
3.4.1 Common Layouts in COMPOSE.......ccccuvreeerrrrriurreeereeriireeeeeeesrireeeeesesnnnes 91
3.5 State Management in Jetpack COMPOSE.........cceeeruveeeriveeeeniieernnireeenereeesnnns 94
3.5.1 React vs Jetpack COMPOSE.......cccccuieeerriieeriieeeeeireeeecreeeeeeeeeeesaseesesnnens 94
3.5.2 State in Jetpack COMPOSE.......ccccvuereerirreeeeireeeeciteeeerreeeeveeeeeaeeeeeaeneeas 95
3.5.2.1 Remembering State..........ccceeceerrueerriieeniieinieeenieeeieeeseeessnneenns 95



3.5.2.2 State HOISHNG.....cceeeeeiiiiiiiiieeeeeeeeeeeeseeiiirreeeeeeeeeeeessssssaannnes 95

3.5.2.3 Using ViewModel for State Management............ccccceeeeveernnennn 96

3.5.2.4 State and Side Effects.......cccecvueeeiieeciieecieeceeeceeeee e 97

3.5.2.5 Derived State......ccovviieirririeieiiieeieieeeeeiteeesreeessreeessree e sineees 98

4 Cross-platform Ul Development using FIUtter...........cccceeveeeeieeecieeecieeccreeennen. 100
4.1 Architectural 1ayers........ccccuiiieecieeieeieeeecee et 101
4.2 Setting Up the ENVIrONMENL........ccccceeriiiiniiieriieeniieenieeereeeeieeeseeeseneeeeeas 102
4.3 Dart lang@uage ........ccoecuieeiniiieieiiieeceiteeeerte et e s e e s e s s arr e e e ans 103
A4 WIAELS...cuveeeieeieeeiteeteeete et et s st et e sttt este s sat e sbe s beesaseebaesateebaesasesnseas 110
4.5 Stateful and Stateless Widgets ......ccccueevveierriieniieiniieeieceeeceeeeee e 112
4.5.1 Widget LifeCyCle....cuuiiiiiiieeeeeeeeeeeeee et 113

4.6 Flutter State Management. Revirepod........cc.cccceevvviieiiniieeiniiieennieeeeneeenn 115
4.7 Streams i FIUEeT ......cuviiiieiieieeeee ettt e s s 117
RETEIEIICES ....eeeetieeiieectte ettt ettt este e et e e e e e e e aae e e baeeenseeeseeesnnaean 120



1 The Evolution of UI Technologies

1.1 The Origins of User Interaction

In the early days of computing, user interfaces were entirely text-based, depending
on command-line interfaces (CLI) for user interaction. Users needed to type precise
commands to communicate with the computer, resulting in a significant learning
curve. While CLIs were efficient for those familiar with the commands, they were
not easily accessible to the general public. Early operating systems like UNIX, MS-
DOS, and CP/M functioned exclusively through CLIs. Despite their challenging
nature, CLIs offered robust access to system-level operations and continue to be
utilized in various modern development and administrative tasks.

The development of graphical user interfaces (GUIs) in the 1970s and 1980s
revolutionized human-computer interaction by introducing visual elements like
windows, icons, menus, and pointers (WIMP model). GUIs made computers far
more accessible by allowing users to interact with them through point-and-click
navigation rather than memorizing commands. Here are some key milestones:

Xerox PARC (Palo Alto Research Center) (1973) developed the first true
graphical user interface on the Xerox Alto, a pioneering research computer. The
Alto introduced the WIMP paradigm, including overlapping windows, menus, and
a mouse-driven pointer (Figure 1.1). Although never a commercial success, the Alto
laid the foundation for the development of future graphical user interfaces. Xerox
PARC's work would inspire a new generation of commercial GUIs.
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Figure 1.1. Alto File Manager
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Apple Lisa (1983), heavily influenced by the Xerox PARC research, was one of the
first personal computers to feature a graphical user interface aimed at business users
(Figure 1.2). The Lisa introduced drag-and-drop capabilities, an icon-based file
system, and a mouse for navigation. However, its high cost and slow performance
hindered widespread adoption.
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Figure 1.2. Apple LISA GUI

Apple Macintosh (1984). Shortly after the Lisa, Apple launched the Macintosh,
which brought GUISs to a broader audience. It was much more affordable than the
Lisa, and its GUI became a hallmark of Apple computers (Figure 1.3). The
Macintosh popularized the use of icons, windows, and a mouse-driven interface,
setting a new standard for user interaction in personal computing.
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Figure 1.3. Macintosh 1.1 User Interface

Microsoft Windows released its first version in 1985, as a graphical extension of
MS-DOS. Although primitive compared to the Macintosh, Windows eventually
became the dominant GUI, evolving over time into a more sophisticated interface
(Figure 1.4). By the 1990s, Windows 3.1 and Windows 95 introduced more
advanced Ul features like taskbars, file explorers, and the start menu, helping GUI
adoption spread widely.
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Figure 1.4. Windows 1.0 User Interface

These early graphical user interfaces made computing more accessible to non-
technical users, transforming computers from specialized tools for professionals
into essential devices for everyday life. They laid the groundwork for contemporary
UI design principles, such as direct manipulation, consistency, and feedback, which
still shape software interfaces today. The graphical user interface, initially developed
by Xerox and further enhanced by companies like Apple and Microsoft, became the
cornerstone for modern interfaces used in both desktop and mobile applications.

1.2 Transition to Modern Uls

As graphical user interfaces (GUIs) evolved, two dominant platforms, Windows
and macOS, led the way in refining and advancing the capabilities of desktop
environments.

Windows made significant strides in GUI design with the release of Windows 95
in 1995, introducing the classic Start menu, taskbar, and system tray. This version
enhanced multitasking, file management, and overall usability, setting a new
standard for desktop environments. Later, Windows XP, launched in 2001, offered
a more visually appealing interface with smoother graphics, an intuitive control
panel, and customizable themes. Its user-friendly approach and stability contributed
to its widespread popularity. Subsequent iterations, like Windows 7, 8, and 10,
introduced improvements in window management, touch screen support, and
integration with cloud services. Windows 10 in particular streamlined the
experience by combining the traditional Start menu with a modern tile-based
interface and providing a consistent user experience across devices, including
desktops, tablets, and phones.

On the other hand, macOS set early benchmarks in GUI design with its Classic
interface (formerly known as System Software), which introduced consistent menu
bars, windows, and icons, making user interaction intuitive. Its drag-and-drop
functionality and desktop metaphor provided users with a clear visualization of
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tasks. In 2001, macOS X marked a significant redesign, based on the NeXTSTEP
OS, featuring the Aqua interface (Figure 1.5).

" @& Finder File Edit View Go Window Help 4) Wed 240 PM

Jusr/bin/login (ttypl)

Welcone to Darwint
[localhosts~] midnites []

SLexe)
T
N/

A——

» [} Acrobat Reader 5.0 m
1.4 Address Book
{4 AppleScript
7| Caleulator Open
3 Chess Show Info
) Clock Show Package Contents
[ OVO Playes Move to Trash

' Help

Duplicate
Make Alias

Copy "Address Book"

,,,,,,,,,,,,

such as spell check
la note from selected textin other apps.

LeE o

Figure 1.5. Mac OS X 10.1 Puma UI

KAE g«

This introduced visually appealing, fluid designs, including translucent elements,
rounded buttons, and intuitive dock icons. Additionally, it brought advanced features
like Exposé for window management, Dashboard, and Spaces for virtual desktops.
Modern versions of macOS have continued to streamline interactions with features
like Mission Control, Launchpad, and enhanced touchpad gestures, all while
maintaining a clean, aesthetically pleasing design.

Both Windows and macOS advancements helped standardize the WIMP
(windows, icons, menus, pointer) model across desktop systems, leading to greater
ease of use and increased functionality for a wider audience.

As the World Wide Web gained prominence in the 1990s, web browsers became
a critical part of the user interface landscape, offering a new way to access and
interact with content. The rise of the web shifted the focus from local software to
web-based applications. One of the first widely-used browsers, Netscape
Navigator, introduced users to the concept of hyperlinks, web forms, and embedded
media (Figure 1.6). With features like the back button, bookmarks, and multimedia
support, Netscape set the standard for early web browsers. Microsoft quickly
entered the space with Internet Explorer, which came bundled with Windows 95,
giving millions of users easy access to the internet.
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By the late 1990s and early 2000s, Internet Explorer had become the dominant
browser, incorporating more advanced support for HTML, CSS, and JavaScript,
thus enabling richer web experiences (Figure 1.7).
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The early 2000s saw the rise of modern browsers like Mozilla Firefox, which
offered a faster, more secure alternative to Internet Explorer and popularized features
such as tabbed browsing and extensive customization through extensions. In 2008,
Google Chrome redefined the web browser with its minimalist interface, speed, and
focus on stability. Chrome’s emphasis on web standards and performance,
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alongside the rise of Web 2.0 technologies, like AJAX, paved the way for a new era
of dynamic, JavaScript-driven web applications.

The web browser’s evolution into a platform blurred the lines between desktop
applications and web apps. Services like Google Docs, Slack, and Figma took
advantage of web technologies to deliver rich, interactive experiences within the
browser, reducing the need for native desktop software. As a result, modern web
browsers have become essential tools, supporting cross-platform access, cloud-
based services, and development tools.

The transition from desktop GUIs to web-based interfaces marked a significant shift
in computing. Users no longer had to rely solely on local applications as the web
evolved into a powerful platform for accessing software and services. This
convergence of web and desktop Ul capabilities laid the groundwork for today’s
cross-platform technologies, including Progressive Web Apps (PWAs),
ElectronJS, and mobile-friendly frameworks like React Native and Flutter. The
evolution of the web into a powerful, universal platform has transformed how we
interact with digital interfaces across various devices.

1.3 The Mobile Revolution

The mobile revolution began with the introduction of touch interfaces, changing the

way people interacted with devices. Instead of using keyboards or styluses, users
could now directly manipulate on-screen elements with gestures like tapping,
swiping, and pinching, making mobile devices much more user-friendly.

In 2007, Apple launched the iPhone (Figure 1.8), a major turning point in user
interface design. The iPhone replaced physical buttons and styluses with a capacitive
multi-touch screen, using gestures like swipe-to-unlock and pinch-to-zoom to make
interaction smooth and natural. A year later, the App Store allowed developers to
create apps specifically for this new touch-based platform, further revolutionizing
mobile interaction.

In response, Google launched Android in 2008 with the HTC Dream (G1), helping
smartphones become widely available. Android, being open-source, allowed for a
variety of devices with similar touch capabilities. It also introduced gesture-based
navigation, like swiping between apps and pulling down notification panels, making
touch interactions even more intuitive.

As mobile Uls advanced, multitouch gestures became more refined, allowing users
to switch between apps or zoom with two fingers. Both iOS and Android developed
touch-friendly UI components like buttons and sliders, designed for easy interaction.
Haptic feedback (vibrations) also improved the sense of responsiveness during touch
interactions.

11



Figure 1.8. iPhone 1 (2007)

With the rise of mobile devices, web developers needed to make websites work
across many screen sizes. This led to the development of responsive web design
(RWD) in the 2010s. Responsive design allows websites to adjust to different screen
sizes and orientations, providing an optimal viewing experience on desktops, tablets,
and smartphones. The term "responsive design" was coined by Ethan Marcotte in
2010, and it emphasized the use of fluid grids, flexible images, and media queries.

At the same time, the mobile-first approach became popular. This design philosophy
prioritizes mobile devices, ensuring key content and features work well on smaller
screens before enhancing the design for larger ones. Benefits of mobile-first design
include simpler, more user-focused interfaces and faster page load times, which is
important for mobile users with slower internet or limited data.

Key techniques for responsive and mobile-first design include fluid grids, CSS
Flexbox, and media queries that allow layouts to scale based on screen size.
Developers also use responsive images and the viewport meta tag to make sure
websites display correctly on mobile devices.

This shift to responsive and mobile-first design has had a lasting impact. Users now
expect consistent experiences across devices, whether they're using a smartphone,
tablet, or desktop. Native mobile UI elements like hamburger menus and card-based
layouts have also influenced web design. The rise of Progressive Web Apps (PWAs)
further blends web and app experiences, offering features like offline access and
push notifications.
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Figure 1.9. Mobile-first design

Overall, the mobile revolution, driven by touch interfaces and responsive design,
transformed how we design user interfaces. Today, creating seamless experiences
across devices is a core part of UI/UX design [1], ensuring that users can access
content smoothly from anywhere, at any time.

1.4 Current Trends in User Interfaces

Single Page Applications (SPAs) are web apps that load a single HTML page and
update content dynamically as users interact with them, avoiding full page reloads.
This provides a more seamless and app-like experience, reducing server load and
enhancing user engagement with faster interactions.

SPAs use technologies like AJAX or the fetch API to load content in the background,
allowing smooth navigation without reloading the whole page. These apps rely on
client-side rendering (CSR), meaning JavaScript frameworks like ReactJS, Vue.js,
or Angular handle content display, routing, and managing app state directly on the
user's device. The result is a fast, fluid interface that mimics the performance of
native desktop or mobile apps.

Popular examples of SPAs include Gmail, Google Maps, Facebook, and Twitter, all
offering quick, interactive experiences that keep users engaged. However, SPAs can
face challenges with search engine optimization (SEQO) since much of the content is
loaded dynamically. Technologies like server-side rendering (SSR) and
prerendering help mitigate this issue. Another potential downside is performance—
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while SPAs reduce the need for full page reloads, the initial load time can be longer
due to large JavaScript files, requiring techniques like code-splitting to improve
performance.

Progressive Web Apps (PWAs) combine the advantages of both web and native
apps, offering the speed, reliability, and engaging features of native apps directly
through a browser. Built with standard web technologies like HTML, CSS, and
JavaScript, PWAs feel like traditional mobile apps but come with extra features.

One of the key benefits of PWAs is offline access, made possible through service
workers that cache content, allowing users to continue using the app even without
an internet connection. They can also send push notifications, keeping users updated
and engaged just like native apps. PWAs are installable on the user's home screen
without needing to go through an app store, making them a lightweight alternative
to traditional apps.

PWAs like Twitter Lite, Google Maps Go (Figure 1.10), and Spotify offer fast,
responsive experiences across all devices, working offline and sending notifications.
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Figure 1.10. Google Maps Go

They provide nearly the same functionality as native apps through the web, while
also reducing development costs since they work across all modern browsers and
devices. PWAs are optimized to minimize data use, making them a great option for
users with limited connectivity or slower networks. They deliver an app-like
experience without the large downloads or the need for app store installations.

1.5 Importance of UX and Design in UI

User Experience, or UX, is about the overall feel of a product and how the user
interacts with it. It focuses on making the product easy, efficient, and enjoyable to
use. When designing UX, the goal is to understand what users need, what problems
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they might face, and how to make their experience as smooth and satisfying as
possible. Good UX means users can achieve their goals with minimal frustration,
whether they are browsing a website, using an app, or interacting with any digital
platform (Figure 1.11). It’s about guiding users intuitively, so they know where to
go, what to do, and feel pleased with the journey.
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Figure 1.11. Starbucks: Making it Personal

User Interface, or Ul, refers to the visual elements that users see and interact with.
This includes buttons, icons, colors, layouts, and fonts—essentially, everything that
makes up the appearance of the product. UI is responsible for making the product
visually appealing and consistent, ensuring it aligns with the brand and is pleasant
to look at. It’s also about clarity; good UI helps users recognize actions and navigate
the interface confidently, making the design feel effortless (Figure 1.12).

Together, UX and UI create a product that is both beautiful and functional. UX
ensures that the product feels right and works smoothly, guiding users through their
tasks without confusion [1]. Meanwhile, UI makes sure everything looks cohesive
and appealing, allowing users to interact with the product easily. A well-designed
product considers both, as UX without UI can feel bland or unappealing, and Ul
without UX can look good but be frustrating to use. By balancing UX and UI,
designers create products that not only look great but also provide a positive and
effective user experience [2].
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Figure 1.12. UI Design: Dashboard

1.6 Overview of Client Technologies

Client technologies refer to the tools, platforms, and frameworks used to develop
applications and interfaces that run directly on users' devices, allowing them to
interact with content and services [3]. These technologies are commonly divided
into four main categories: Web, Mobile, Desktop, and Cross-platform. Each serves
unique purposes but often overlaps in functionality and design principles.

Web technologies are foundational for creating applications accessed through
browsers on various devices, from desktops to smartphones. Web development
primarily involves HTML, CSS, and JavaScript, along with popular frameworks
like React, Vue, and Angular, which simplify building interactive user interfaces.
Web applications are inherently platform-agnostic and accessible on any device
with a browser, making them widely compatible and easy to update. However, they
may have limitations in accessing hardware features or running offline without
special techniques like Progressive Web Apps (PWAs).

Mobile technologies are tailored for applications running on smartphones and
tablets, with iOS and Android as the primary platforms. Mobile apps can be native,
using languages like Swift (iOS) and Kotlin (Android), which allow optimal
performance and full access to device capabilities, including GPS, cameras, and
sensors. Alternatively, hybrid and cross-platform frameworks like React Native and
Flutter enable developers to write a single codebase for both platforms, speeding up
development while still delivering near-native performance and appearance.
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Desktop technologies are used for applications on traditional computers, often
providing more advanced functionality suited to professional or resource-intensive
tasks. Historically built using languages like Java, C++, or C#, desktop applications
can access powerful system resources and hardware. Recently, frameworks like
Electron have allowed web technologies to be repurposed for desktop applications,
enabling developers to use familiar languages like JavaScript, HTML, and CSS.
This makes it possible to build cross-platform desktop apps with one codebase,
though it may come at the cost of performance compared to fully native apps.

Cross-platform technologies aim to provide a unified development approach that
works across Web, Mobile, and Desktop. Frameworks like Flutter and React Native
enable developers to create a single codebase that can deploy to multiple platforms,
significantly reducing development time and resources.

(-]
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Figure 1.13.Flutter Cross-platform application: reflection.app

Although there may be compromises in platform-specific functionality or
performance, cross-platform solutions are ideal for delivering a consistent
experience across different devices and operating systems, particularly for
applications where uniformity and efficiency are prioritized over highly specialized
features.
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2 Web Ul Development Using React

Web UI development has evolved significantly, beginning with static HTML pages
and gradually incorporating CSS for styling and JavaScript for interactivity. Early
web interfaces required reloading entire pages with each interaction, which often
led to slower, less seamless user experiences. The shift to Single Page Applications
(SPAs) brought a new approach, allowing content to update dynamically without
full page reloads, making websites feel faster and more like native applications.
Today, HTML, CSS, and JavaScript remain the core technologies for building
modern, interactive web interfaces, with frameworks and libraries further enhancing
development speed and user experience.

2.1 React Essentials

React is a popular JavaScript library for building user interfaces, especially for web
applications [4]. Developed by Facebook, it has become a go-to tool for developers
because of how it simplifies the creation of complex and interactive user interfaces.
At its core, React is all about making it easier to build responsive, dynamic websites
and apps where things change on the screen without having to reload the entire page.
This is a big deal because, traditionally, creating these dynamic experiences required
complex coding and a lot of manual updates, but React streamlines it all.

One of the reasons React has become so widely used is its component-based
architecture. Think of components as the building blocks of a web page—each part
of a site, like buttons, forms, or images, can be built as a separate piece, making them
easy to work with individually and reusable across different parts of an application.
When a developer builds a new feature in React, they can quickly create, test, and
even reuse these components across various sections of the application. This makes
development not only faster but also more organized and efficient.

Another defining feature of React is how it manages changes on a page. It uses so
called a “virtual DOM” (Document Object Model), which is like a simplified copy
of the actual webpage structure in memory. When something changes, React updates
only the necessary parts on the screen without refreshing the whole page, resulting
in faster and smoother user experiences. This approach is efficient and gives React
a performance edge, making websites feel quick and responsive even with a lot of
interactive elements.

React also allows developers to think about their interfaces as a flow of data, where
each piece of the Ul automatically updates when the underlying data changes. For
example, if a shopping cart count updates in the background, React takes care of
changing the displayed count on the screen instantly without extra coding. This data-
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driven approach simplifies the coding process and keeps the user experience
seamless.

2.2 ReactJS Installation and Run

To install and run a basic ReactJS application, follow these steps.

1. Install Node.js: Ensure that Node.js and npm (Node Package Manager) are
installed. You can download it from nodejs.org. Then check them by running the
following commands in the terminal (Figure 2.1):

B KomaHaHWiA pagok

Microsoft Windows [Version 10.0.19045.5011]
(c) Kopnopauisa MaikpocodT. ¥Yci npaBa 3axuumeHi.

i : \Users\user>node -v
v28.10.0

Figure 2.1. Node.js and NPM versions

2. Create a New React Application: Use the Create React App command-line tool
to set up a new React application. Open the terminal and run:

npx create-react-app polling-app

This command creates a new directory called polling-app with a default React
application setup.

3. Navigate to the Application Directory: Change into the newly created
application directory:

cd polling-app
4. Run the Application: Start the development server to run the app