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The exponential growth of web-based platforms has emphasized the significance of front-end
quality and performance in delivering optimal user experiences. Amidst this surge, the integration
of artificial intelligence (Al) technologies into web applications has become increasingly prevalent.
However, there remains a gap in research concerning the optimization of front-end performance
and quality specifically for Al interfaces. This thesis addresses this gap by conducting a compar-
ative study of four popular front-end frameworks - Angular, React, Svelte, and Vue - within the
context of a small-scale web application featuring a chatbot powered by OpenAl's GPT-3.5
model.

The study aims to assess how these frameworks perform in the presence of conversational
Al and answer key questions regarding their performance and quality in small-scale applications.
Using a case study approach, various metrics such as load times, request times, memory usage,
and maintainability index were evaluated to compare the frameworks. The findings suggest that
prompt complexity significantly impacts the processing time of the GPT-3.5 model, influencing
the quality of the application. Additionally, recommendations are provided for choosing a front-
end framework based on specific performance metrics. However, limitations exist, including the
narrow scope of the test application and the exclusion of certain front-end frameworks, warranting
further research into scalability and security aspects. This study contributes valuable insights into
optimizing front-end performance and quality in conversational Al applications, guiding develop-

ers in selecting suitable frameworks for similar projects.
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1 Introduction

The Indexed Web contains at least 4.42 billion pages (Monday, 06 May, 2024) [World
Wide Web Size 2024]. This staggering volume reflects the exponential growth of web-
based platforms, services, and information repositories across diverse industries and sec-
tors and underscores the critical importance of front-end quality and performance in de-
livering optimal user experiences. Concurrently, there has been an unprecedented surge
in the integration of artificial intelligence (AI) technologies into web applications in the
recent years, driven by advancements in machine learning, natural language processing,
and conversational Al

Front-end quality and performance is a field that has been researched extensively.
However, despite the extensive research in this field, there has been a notable gap in ex-
ploring frontend performance and quality within the context of conversational artificial
intelligence. While conversational Al applications continue to gain prominence in various
domains, including customer service, virtual assistants, and chatbots, there remains a lack
of comprehensive research on optimizing frontend performance and quality specifically
for conversational Al interfaces.

The aim of this thesis is to find out whether using conversational Al in a small-scale
web application (in this case a chatbot leveraging the power of OpenAI’s GPT3.5-model)
affects the quality and performance of web front-end frameworks. In addition, a compar-
ison is made on four different front-end frameworks: React, Vue, Angular and Svelte.
The aim of the comparison is to find out through various metrics how they behave in Al
context and if they stand out. In other words, the study aims to answer the following
questions:

1. How do the chosen front-end frameworks compare to each other in terms of per-

formance and quality in small-scale applications?

2. Does using artificial intelligence play a role in front-end framework performance

and quality in small-scale applications?

The chosen method for this research is a comparative study using a case study ap-
proach. Comparative studies involve examining and assessing a phenomenon or facts us-
ing both quantitative and qualitative methods across various domains, subjects, or objects
[Coccia & Benati 2022]. The aim is to identify similarities and differences among them
through thorough analysis and evaluation [Coccia & Benati 2022]. In this thesis the focus
is on evaluating front-end frameworks by programming a chatbot powered by OpenAl’s
GPT3.5-model utilizing four different front-end frameworks.

This thesis is structured as follows. Chapter 2 gives background information on arti-
ficial intelligence, more specifically conversational artificial intelligence that powers

ChatGPT. Some background information is also given on natural language processing



and machine learning. In Chapter 3, the basic structure of modern web applications is
discussed, and the chosen front-end frameworks are introduced as well as a small com-
parison is given on how they deal with document object model updating/manipulation.
Chapter 4 dives into web application evaluation through an inspection of an industrywide
standard on software quality as well as discussing how this standard pertains to this thesis
and how it will be utilized. Chapter 5 explains how the application was built and show-
cases the structure of it. Chapter 6 focuses on comparing the front-end frameworks and
goes into more detail than Chapter 4 on how the comparisons were done. In this chapter,
the results of the individual tests are also discussed. Lastly in Chapter 7, a conclusion is

given on the study and its findings.



2 Artificial Intelligence

Artificial Intelligence (Al) refers to the simulation of human intelligence in machines that
are programmed to mimic cognitive functions such as learning, problem-solving, and de-
cision-making. It is used across various industries including healthcare, finance, transpor-
tation, and entertainment. Its applications range from virtual assistants like Siri and Alexa
to autonomous vehicles and advanced medical diagnostics. Al is increasingly becoming
mixed in our daily lives, powering the technology behind many of the services and prod-
ucts we interact with regularly. Its adoption is rapidly expanding as businesses and or-
ganizations seek to leverage its capabilities to improve efficiency, enhance decision-mak-

ing, and drive innovation.

2.1 Conversational Artificial Intelligence

In this chapter, a closer look is taken on conversational artificial intelligence, its origins

and how it’s being used in our daily lives.

2.1.1 History

The journey of conversational Al traces back to Alan Turing's article "Computing Ma-
chinery and Intelligence" in 1950, where he proposed the concept of building computers
capable of passing the Turing test. The idea was to create machines that could mimic
human behavior well enough to deceive human judges. Early attempts, such as Joseph
Weizenbaum's ELIZA program in 1966, demonstrated how primitive bots could simulate
human conversation by responding to specific keywords with pre-programmed scripts.
The evolution continued with Michael Mauldin's "chatterbot" named Julia in 1994, which
added functionalities like notetaking and game-playing to conversational interactions. By
the turn of the millennium, with the advent of smartphones and instant messaging, chat-
bots like Smarterchild by ActiveBuddy began offering services such as news updates,
weather forecasts, and more, marking the dawn of commercial applications of conversa-
tional Al [Lee et al. 2020]

2.1.2 Development

The development of conversational Al accelerated in the 21st century, with smartphones
and smart home devices becoming mainstream. In 2010, Al assistants started appearing
on various platforms, including phones and social networks, bringing conversational Al
to the masses. These advancements capitalized on the computing power of smartphones
and the familiarity people had with voice-based interactions, further propelling the adop-
tion of conversational Al. Moreover, technological advancements in data processing and

machine learning played a crucial role in making conversational Al more sophisticated



and accessible. These developments paved the way for widespread adoption across vari-
ous sectors, from tech startups to government services, showcasing the potential of con-

versational Al in enhancing customer experience and operational efficiency. [Lee et al.
2020]

2.1.3 Current Applications

Today, conversational Al finds applications across diverse domains, revolutionizing cus-
tomer interactions and internal operations for enterprises. One of the most common ap-
plications is customer-facing Al assistants, which interact with customers directly, ad-
dressing queries and providing support round-the-clock. These Al assistants act as the
first line of defense, handling simple queries and escalating complex issues to human
agents when necessary [Lee et al. 2020].

In addition, Al assistants are increasingly being utilized to support human agents,
enabling them to access information quickly and efficiently during customer interactions.
By automating tasks like data retrieval and analysis, these assistants empower agents to
focus on delivering personalized and high-quality service to customers. Conversational
Al has extended its reach to internal operations, assisting employees in tasks like access-
ing company policies, resolving HR inquiries, and submitting IT ticket requests. By
streamlining internal processes, Al assistants enhance productivity and facilitate
smoother operations within organizations. [Lee et al. 2020]

As conversational Al continues to evolve, recent developments have ushered in
groundbreaking advancements, most notably the emergence of ChatGPT in early 2023.
Representing a significant leap forward in conversational technology, ChatGPT leverages
large language models such as GPT-3.5 and its successor, GPT-4, to deliver remarkably
fluid and context-aware interactions. These models are trained on vast amounts of text
data and finetuned with human feedback and are therefore capable of exhibiting chain-
of-thought reasoning and session-spanning conversational memory, offering users an ex-
perience akin to conversing with a human. [Raaijmakers et al. 2023]

The emergence of ChatGPT signifies a paradigm shift in conversational Al, marking
the convergence of advanced natural language processing capabilities and sophisticated
machine learning algorithms. With the ability to understand complex language inputs,
including emotional and tonal nuances, ChatGPT epitomizes the evolution from basic
chatbots to advanced conversational Al systems. [Raaijmakers et al. 2023]

2.2 Core Concepts of Conversational Artificial Intelligence

In this chapter we dive into the basics and core concepts of conversational Al to see what

lies behind the scenes of conversational Al such as ChatGPT.



2.2.1 Natural Language Processing

Natural Language Processing (NLP) is a subset of Al focused on making the computer or
bot understand the language it is given in an input and giving back data in forms under-
standable by the user. In other words, it attempts to bridge the gap between human lan-
guage and machine understanding [Boonstra 2021]. With the older chatbots mentioned in
Subsection 2.2.1 the user had to be precise with inputs. Typos and nuances conveyed in
the text were not understood by the bots by any means [Boonstra 2021]. And that is pre-
cisely where natural language processing comes into play; NLP is what separates old
chatbots from the modern ones by enabling the bot to understand the meaning behind the
words and provide answers relating to the subject and intent of the user.

As mentioned, NLP is divided into two main processes (understanding the input and
giving back coherent answers): Natural Language Understanding (NLU) and Natural
Language Generation (NLG). NLU facilitates comprehending large amounts of text or
speech data by performing sentiment or entity analysis on the data. NLG on the other
hand can take structured data and turn it into a natural language form. This is leveraged

in creating reports and chatbot conversations for example. [Boonstra 2021]

2.2.2 Machine Learning

In today's digital landscape, we find ourselves amidst a staggering influx of data. From
the vast expanse of the internet to the multitude of transactions processed by large corpo-
rations, the sheer volume of information is unprecedented. For instance, approximately
one trillion web pages exist, with YouTube alone witnessing the upload of enough video
content every hour to fill a decade [Murphy 2012]. With such an overwhelming flood of
data, traditional methods of analysis fall short. This is where machine learning steps onto
the field to provide a way of dealing with large amounts of data, prediction and analysis.

Machine learning serves as the cornerstone of automated data analysis, offering a set
of methods designed to navigate and extract patterns from large datasets. It empowers
systems to autonomously discern patterns within data, subsequently leveraging these in-
sights to predict future trends or inform decision-making processes that deal with uncer-
tainty. In machine learning, uncertainty manifests in various forms, from predicting future
trends based on past data to selecting the most suitable model for data interpretation.
Whether it's forecasting future outcomes or strategizing optimal data collection methods,
machine learning has the tools to navigate the complexities of big data with unparalleled
efficiency and accuracy. The basis for its efficiency lies in probability theory and statis-
tical analysis. [Murphy 2012]

Machine learning is divided into two primary types as seen in Figure 1. First, there's

predictive or supervised learning, where the aim is to learn the relationship between inputs



and outputs using a labelled dataset containing input-output pairs. In simpler terms, im-
agine trying to predict someone's weight based on their height, with each person's height
and weight forming a pair in the dataset. These inputs can be straightforward numerical
values or more complex objects like images or sentences, while the outputs are typically
categories like gender or numerical values like income. When it’s used to categorize, it's
called classification; when it’s used for predicting numerical values, it's called regression.
Another variation is ordinal regression, where the categories have a natural order, like
grades A to F. [Murphy 2012]

Machine learning

Supervised learning Unsupervised learning Reinforcement learning

Classification Regression  Clustering  Association Analysis

Figure 1. Types of machine learning [Chandramouli et al. 2018].

The second type of machine learning, known as descriptive or unsupervised learning,
operates without the presence of explicit labels in the data. Unlike supervised learning,
where the model learns from labelled training data to make predictions, unsupervised
learning focuses on uncovering interesting patterns within the data elements or records
[Murphy 2012]. It's akin to exploring a collection of books to discover hidden themes
without prior knowledge of what to search for. However, this task is more challenging
due to the absence of guidance on which patterns to seek and the lack of a clear metric
for measuring success. The lack of guidance is also why unsupervised learning is often
referred to as descriptive learning and its process as pattern discovery or knowledge dis-
covery [Chandramouli et al. 2018].

One prominent technique in unsupervised learning is clustering, which aims to group
similar objects together based on intrinsic similarities. Clustering algorithms organize
data elements into clusters, where objects within the same cluster exhibit high similarity,
while those in different clusters are dissimilar. The process involves defining measures
of similarity, often based on distance metrics, to determine cluster membership. Cluster-
ing provides a summarized view of data by identifying natural groupings. [Chandramouli
etal. 2018]

Another variant of unsupervised learning is association analysis, which identifies as-

sociations between data elements. For example, in market basket analysis, associations



between items purchased together are discovered from transaction data. If customers fre-
quently buy item A along with item B or item C, a strong association is inferred between
these events. [Chandramouli et al. 2018]

There's also a less common type of machine learning called reinforcement learning.
Here, the focus is on learning how to make decisions or take actions based on occasional
feedback, like rewards or punishments [Murphy 2012]. It's like training a dog to perform
tricks by giving it treats when it behaves correctly and withholding treats when it doesn't.
Through trial and error, dogs gradually learn from their mistakes and improve their skills.
Similarly, machines can autonomously learn to perform tasks through reinforcement
learning. In this process, the machine, acting as the agent, attempts to achieve a specific
task within its environment, encountering obstacles along the way. Successful completion
of sub-tasks is rewarded, while failures receive no reward. Through repeated attempts and
feedback, the machine learns to navigate the environment effectively and accomplish the
task at hand. [Chandramouli et al. 2018]

2.2.3 Machine Learning Behind ChatGPT

ChatGPT underwent a training process known as fine-tuning that is aimed at enhancing
the performance of a pre-existing model for a specific task. Initially, the pre-trained model
used by ChatGPT was trained to predict subsequent words in sentences based on contex-
tual clues from preceding words. This training corpus comprised large amounts of textual
data from various sources. However, while this base training was successful, further re-
finement was necessary to ensure the model could generate personalized and accurate
responses. [Cretu 2024

The model's proficiency in word prediction did not inherently guarantee its ability to
produce useful and reliable responses in practical situations. To address this, ChatGPT
underwent a three-step training process, incorporating human intervention. Firstly, a su-
pervised fine-tuning model was trained using supervised learning, where human annota-
tors provided appropriate responses to a dataset of user prompts. Then, a reward model
was trained to evaluate the usefulness of generated responses. Finally, reinforcement
learning techniques were employed to further refine the model's responses based on the
feedback from the reward model. [Cretu 2024]



3 Web Applications
In this chapter, a closer look will be taken on web application development and particu-

larly front-end development.

3.1 Full-Stack Development

In modern web development, development is often divided into two main categories:
front-end development and back-end development, although back-end development and
database development are sometimes separated as their own respective categories. The
front-end can be thought of as the top of the application in the sense that it’s the interface
or the visual part of the application; the part that the user engages with.

Back-end is a kind of mediator between the front-end and database or an application pro-
gramming interface (API). It focuses on mutating data into forms readable and presenta-
ble by the front-end and storable by the database respectively, monitoring for changes in
database data and updating the data.

The database is used as a means of storing data. In web applications this usually
means storing user data such as usernames, passwords, messaging history and such. An
API serves as a framework of rules and protocols facilitating communication between
software applications. Its primary function is to enable the exchange of data, features, and
functionality among different applications and in some use cases it can replace the need
for a database in a web application [IBM 2024]. Together these three categories form a
stack (commonly referred to as full-stack) where the front-end is on top, back-end in the

middle and database on the bottom.

3.2 Web Front-End Technologies

Nowadays most of web front-ends are a blend of HTML, JavaScript and Cascading Style
Sheets or CSS for short. HTML serves as the structure of the website or application, Ja-
vaScript 1s used to create dynamic functionality for the application via Document Object
Model or DOM manipulation and CSS, as per its name, to give the application style
[MDN 2023]. The Document Object Model is a tree-like representation of the website
that’s currently loaded in the browser [Keith & Sambells 2010].

3.2.1 HTML

Hypertext markup language or HTML is a core technology used in web development. At
the heart of it, the instructions - or the markup - is what HTML really consists of; it’s not
a programming language in the traditional sense as it works as a set of instructions on
how to display content [Brooks 2007]. HTML has been around since the 1990s and the
first websites were created purely with it [MDN 2023]. Since those days HTML has had



multiple newer versions but while modern web development has gotten quite more com-
plex, HTML has remained pretty much the same at its core.

HTML consists of elements, usually referred to as tags that tell the browser about the
content. Elements usually have matching starting and ending tags between which the con-
tent to display is placed in. In addition, the element imposes its effect on the content that
is placed inside it. For example, a <code> element will make its content a fragment of
computer code. However, with the advent of HTMLS5, the newest version also known as
the HTML Living Standard, a philosophical division was made between the semantic
significance and the presentational effect the element has on its content. Having elements
that are purely expressional is no longer the standard, instead elements should always
have a semantic meaning as well. Semantic elements are used to give structure and mean-
ing to the content. For example, the <article> element is used to denote a self-contained

piece of content suitable for syndication. [Freeman 2011]

http-eq Compatible™ content="IE=e
name="v ~t" content=
Document

Example Website

A
List
of

Code example 1. A simple website with both semantic and presentational elements.

The above code example is a very simple example of a website that uses both presenta-
tional and semantic elements. In this example the <body> element is a semantic element
that only denotes the body of the content. The <li> element on the other hand is a list item
that represents its content based on its parent element. In this case the list items are num-
bered as seen in Figure 2 since the parent is an ordered list <ol> element. Using only
semantic elements makes sense in the context of using CSS to manipulate the presentation
of the content. This kind of approach enforces modularity to the application as it compels
the programmer to leave the stylings to CSS-files.
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C:/TUNI/GRADU/index.html

Example Website

1.A

2. List
3.0f
4

. Things

Figure 2. Browser representation of Code example 1.

3.2.2 DOM

The Document Object Model (DOM) serves as a structured representation of the elements
within the HTML document. Essentially, it acts as a model composed of objects that mir-
ror the structure and content of the document as seen in Figure 3. The DOM acts as a vital
link between the HTML document's structure and content, and JavaScript functionalities.
[Freeman 2011]

During the rendering process of an HTML document, the browser interprets the
HTML and constructs a model, ensuring the preservation of the HTML element hierar-
chy. Each HTML element is translated into a corresponding JavaScript object within this
model. Each object within the DOM model possesses properties and methods. By utiliz-
ing these, the state of the object can be manipulated, prompting the browser to update the
corresponding HTML element within the document. [Freeman 2011]

While all DOM objects representing elements offer a common set of fundamental
features, certain objects provide additional functionalities tailored to specific HTML ele-
ments. Every object in the document model representing an element inherently supports

the basic HTMLElement features and, in some cases, additional ones. [Freeman 2011]
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HTML
/\
HEAD BODY
/\ /\
META TITLE H1 oL
%\
LI LI LI LI

Figure 3. DOM representation of Code example 1.

3.2.3 JavaScript

JavaScript was initially created as a simple scripting language for enhancing web pages
[Shukla 2023]. Over the years, extensive standardization efforts led by ECMA Interna-
tional, with the ECMAScript standard, have transformed JavaScript into the powerhouse
it is today. Now, it's capable of handling both front- and back-end development through
various modern frameworks, such as Node.js serving as an example of a powerful back-
end framework [Shukla 2023]. However, for the purposes of this thesis, the focus will be
narrowed to the client-side operations and uses of JavaScript.

JavaScript has become the de facto programming language for client-side program-
ming for websites with almost 99% of websites using JavaScript today [W3Techs1 2024].
This widespread adoption can be attributed to its versatility and compatibility across var-
ious web browsers and platforms. JavaScript is an interpreted programming language that
has been developed to be used, not as a standalone product, but alongside other web tools.
Being an interpreted language instead of a compiled language, JavaScript does not need
to be compiled into an executable file before the program can be run. This means that
JavaScript can be used in creating client-side applications that are run in conjunction with
the user’s (client’s) browser [Brooks 2007]. Modern browsers have an internal JavaScript
interpreter that interprets the JavaScript file’s program line by line [Brooks 2007]. This
allows for dynamic and interactive web experiences, enabling developers to create rich

and responsive user interfaces without relying solely on server-side processing.
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3.2.4 CSS

Cascading style sheets is a stylesheet language that is used to describe the presentation of
an HTML or XML document. Usually, it describes how the HTML is to be rendered on
screen, but it can also be used to describe this on other medias. Much like HTML, CSS is
not a programming language; it uses rulesets to declare key-value pairs to alter the styl-
ings of HTML elements. [MDN 2024].

The anatomy of a CSS ruleset is quite simple. A ruleset consists of a selector that
defines which element the ruleset is supposed to alter, properties that the ruleset wishes
to alter and property values that the ruleset means to change the property’s current values
into. [MDN 2024]. In the picture below, a ruleset is shown where the selector p is used to

select the HTML paragraph element p and give its property color a value of aqua.

p 1

color: Maqua
}

Code example 2. A simple CSS ruleset.

Collison outlines three different ways to integrate CSS into a web application: inline
styles, embedded styles and external styles. Integrating CSS inline means having the
ruleset inside the HTML document’s element declaration rather than using a selector for
it. Inline styling is not the preferred way of adding stylings to HTML as it does not pro-
mote modularity and can easily clutter the HTML document. [Collison 2006]

Embedded styles are also placed inside the HMTL document, but they’re grouped
inside one element. While using embedded stylings is preferrable to inline stylings, it’s
still cluttering the HTML document and not promoting modularity. However, it can be a
useful way of doing initial testing on a web application. [Collison 2006]

The preferred way of adding stylings is using an external file for CSS rulesets. Not
only does it keep the HTML clear of stylings and focused on only the structure of the site,
but it also speeds up rendering as the file is cached right away by the browser and does
not need to be downloaded anymore [Collison 2006]. The way front-end frameworks
have changed the way CSS is used will be briefly discussed in the next chapter.

3.3 Web Front-End Frameworks

A front-end framework is a collection of pre-written code, libraries, and tools designed to
simplify and streamline the process of developing user interfaces for web applications.
These frameworks provide developers with a structured foundation and a set of conven-
tions for building interactive and responsive front-end components, such as user interface

elements, navigation systems, forms, and more. Frameworks have become more and more
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popular during the past few years with less than 20% of websites using only JavaScript,
not any libraries or frameworks. [W3Techs2 2024].

Front-end frameworks typically include features such as component-based architec-
ture, data binding, routing, and state management among others. They often abstract away
common tasks and complexities, allowing developers to focus more on application logic
and user experience rather than low-level implementation details. Front-end frameworks
also tend to be lenient when it comes to integrating CSS to the user interface. It’s possible
to use the ways described in the previous chapter, but many frameworks tend to steer the
user to component-based CSS having CSS files for each component or integrating the
component’s CSS straight into the component’s code via <style> tags making the use of
CSS more modular. The following subchapters will go into more detail on front-end

frameworks that were chosen for this study.

3.3.1 React

React is a JavaScript framework created by Facebook (now known as Meta) for handling
webpages with thousands of components and absurd amounts of traffic [Thomas, 2018].
Since its inception, it has secured a permanent foothold in web development as one of the
more popular choices for creating user interfaces. This is largely due to its component-
based architecture that allowed developers to create reusable and modular pieces of the
user interface.

A typical React application is composed of three main aspects on the higher level:
components, React libraries and third-party libraries. Components act as building blocks
of the user interface in React. They are encapsulated in the sense that they maintain their
own internal state and receive properties (props) via inputs. [Thomas 2018]

A React application cannot run without the core React library. It contains the react-
dom and react-native libraries. React-dom is used for rendering in the browser whereas
the react-native library is used to create native bindings for creating applications that run
in mobile environments. While a React application can run on the core library alone,
usually third-party libraries are used in React applications. This is partly because React
is not a comprehensive framework, instead React gives the user the freedom to use third-
party libraries in regards to for example HTTP-calls, data-modelling and styling. [ Thomas
2018]

The more recent versions of React have introduced a feature called hooks. Hooks are
built-in functions that let the developer use different React features from inside compo-
nents. A commonly used hook is the useState-hook that allows the developer to use state-
variables that can be updated directly. State in this instance refers to the “memory” of the
component and state-variables are used in keeping track of user actions and inputs for
example. [React 2023]
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3.3.2 Vue

Vue is a JavaScript framework for building user interfaces. Vue is designed to be incre-
mentally adaptable, allowing developers to adopt it gradually into existing projects or use
it for building robust single-page applications. Vue is often praised for its simplicity, flex-
ibility, and ease of integration, making it an excellent choice for developers looking for a
lightweight yet powerful framework. This is largely due to its original purpose as a rapid
prototyping tool [Filipova 2016]. The framework's core library focuses on the view layer,
making it easy to integrate with other libraries or existing projects. Vue.js uses the same
ideology as React in regards of components and libraries, however they claim to be a
more efficient and lightweight alternative and have garnered a large following and popu-
larity among developers [VUE 2023]. Vue’s ideology is to have single file components
including the JavaScript logic, HTML and CSS stylings inside one file.

In addition to its simplicity and adaptability, Vue.js also offers a comprehensive eco-
system of official plugins and community-contributed libraries that further extend its ca-
pabilities. These plugins cover a wide range of functionalities, including routing, state
management, server-side rendering, and more, allowing developers to easily enhance and
customize their Vue.js applications according to their specific requirements. Furthermore,
one of Vue's official tools, Vite, provides developers with efficient project scaffolding,
build configuration, and development server capabilities, streamlining the development

process and contributing to Vue's reputation as a developer-friendly framework.

3.3.3 Angular

Angular is a comprehensive development platform made by Google that uses the capa-
bilities of TypeScript. Within this platform, Angular offers a component-based frame-
work designed for the construction of web applications ranging from small solo-made
applications to large-scale applications. Additionally, Angular provides a collection of
libraries covering a broad spectrum of functionalities, encompassing routing, form man-
agement, client-server interaction. In addition to these features are a suite of developer
tools tailored to facilitate every stage of the development process, from initial coding to
testing and updating. Angular also boasts a community comprising over 1.7 million de-
velopers, library authors, and content creators. [Angular2, 2024]

As stated above, Angular is a component-based framework meaning that components
serve as the cornerstone for application development much like in React and Vue. With
this approach, Angular provides a structured framework for organizing projects into co-
hesive, manageable units, each with distinct responsibilities, fostering maintainability and
scalability [Angular2, 2024]. In Angular, however, components are divided into several
files and are usually created with the Angular command line interface (CLI) whereas Vue

and React components are usually inside one file.
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Components in Angular encompass essential elements, including decorators that
specify configuration options, such as selectors defining the component's tag name in
templates. Additionally, components feature HTML templates dictating what is rendered
in the browser and TypeScript classes defining component behaviour, such as user input

handling, state management, and method definitions. [Angular2, 2024]

3.3.4 Svelte

Svelte is a relatively new framework compared to the others measured in this thesis. In
its initial iteration, Svelte embarked on a journey to validate a bold hypothesis: that a
purpose-built compiler could generate great code while enhancing user satisfaction. The
subsequent version offered incremental refinements, streamlining processes for a
smoother experience and the current version boasts an outstanding developer experience
with a lot less boilerplate than any competitor. [Svelte 2019]

Svelte also approaches front-end development with the component-based structure
idea that all other frameworks used in this thesis also utilize. However, Svelte’s appeal
lies in its code reusability and intuitive reactive programming model, which allows de-
velopers to craft interactive and responsive interfaces, all while sidestepping the com-
plexities of intricate state management. Svelte’s compact size and minimalistic syntax,
coupled with its independence from additional libraries or dependencies, make it ap-
proachable for developers across all proficiency levels. [Bhardwaz & Godha 2023]

One of Svelte's standout features is its commitment to fostering an environment of
community support and continuous improvement. With an ever-expanding user base,
Svelte boasts a wealth of resources and tutorials, making it easier for developers to learn
and harness the power of the framework. [Bhardwaz & Godha 2023]

3.3.5 Virtual DOM usage and DOM Manipulation Across the Chosen Framewaorks

One key factor in front-end performance is the way the framework works with DOM
updates. Each framework approaches this differently thus creating potential differences
in performance across the chosen frameworks. The Virtual DOM is a programming con-
cept utilized by React.js to enhance performance and efficiency in updating the user in-
terface. It operates as a lightweight, in-memory representation of the actual DOM. When
changes are made to the application's state, rather than directly manipulating the DOM,
React first updates the Virtual DOM. This Virtual DOM is then compared with the actual
DOM, and only the differences between the two are applied to the real DOM. This ap-
proach minimizes the number of manipulations needed on the actual DOM resulting in
faster and more efficient updates to the user interface because the changes to the virtual
DOM do not need to be drawn on screen [Geeks For Geeks1 2024].
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By incorporating the Virtual DOM, front-end frameworks can optimize rendering
processes, improve application performance, and deliver a smoother user experience.
However, it’s not the only way of achieving efficient updates on the actual DOM; Vue.js,
for example, employs a reactivity system that tracks changes to the data and automatically
updates the DOM accordingly [VUE 2024]. The reactivity system efficiently updates
components when data changes, without the need for a Virtual DOM. It achieves this
through a combination of object observation, dependency tracking, and batched updates,
allowing for performant rendering without the overhead of a Virtual DOM [VUE 2024].

On the other hand, Svelte takes a unique approach “converting your components into
highly efficient imperative code that surgically updates the DOM” [Svelte 2019]. Instead
of using a Virtual DOM or relying on runtime transformation of code, Svelte shifts much
of the work to compile time. During the build process, Svelte analyzes the component
code and generates highly optimized JavaScript code that directly manipulates the DOM
based on data changes. This approach results in smaller bundle sizes and potentially faster
runtime performance compared to frameworks that rely on runtime abstractions like a
Virtual DOM.

Angular, uses a different mechanism known as Zone.js for change detection. Angu-
lar's change detection system triggers updates to the DOM when changes occur in the
application state or data bindings [Angularl 2024]. While it doesn't directly utilize a Vir-
tual DOM like React, Angular's change detection mechanism aims to optimize perfor-
mance by minimizing unnecessary DOM updates. Furthermore, Angular provides a ser-
vice called NgZone to handle change detection with certain third-party APIs’ asynchro-
nous functions [Angularl 2024].
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4 Web Application Quality And Performance Evaluation

In this chapter we focus on software quality evaluation metrics through an inspection into
industrywide standards and their characteristics eventually narrowing the focus down to
metrics that pertain to this thesis and discussing the use of said metrics in the context of
this thesis.

4.1 ISO/IEC 25010
ISO/IEC 25010 is a widely used standard in assessing the quality of a software product.

The standard provides a comprehensive framework for evaluating the quality of software
products. It defines a set of quality characteristics and sub-characteristics that can be used
to assess the overall quality of software from various perspectives. There are a total of

nine perspectives shown in Figure 4.

FUNCTIONAL TIME BEHAVIOUR | CO-EXISTENCE APPROPRIATENESS | FAULTLESSNESS CONFIDENTIALITY | MODULARITY ADAPTABILITY OPERATIONAL

COMPLETENESS RECOGNIZABILITY CONSTRAINT
RESOURCE INTEROPERABILITY AVAILABILITY INTEGRITY REUSABILITY SCALABILITY
FUNCTIONAL UTILIZATION LEARNABILITY
CORRECTNESS FAULT TOLERANCE | NON-REPUDIATION | ANALYSABILITY INSTALLABILITY IDENTIFICATION
CAPACITY OPERABILITY
FUNCTIONAL RECOVERABILITY ACCOUNTABILITY MODIFIABILITY REPLACEABILITY FAIL SAFE
APPROPRIATENESS USER ERROR
PROTECTION AUTHENTICITY TESTABILITY HAZARD WARNING
USER ENGAGEMENT RESISTANCE SAFE INTEGRATION

INCLUSIVITY
USER ASSISTANCE

SELF-
DESCRIPTIVENESS

is025000.com

Figure 4. ISO/IEC 25010 software product quality model [ISO 2024].

The following subchapters focus on characteristics of the standard that are in the scope
of this thesis, leaving out the likes of safety and security that, while important, cannot be
included in this study as the test application does not have the kind of functionality needed
to measure them [Arola 2024]. Flexibility and functional stability are also left out as they
assess aspects of software quality that will not differ in the scope of this thesis. For ex-
ample, functional suitability represents the degree to which the application’s functionali-
ties meet intended user objectives [ISO 2024]. Since the functionality of the application
does not differ among the front-end frameworks, there’s no need to evaluate functional
suitability. Reliability was left out as well because of resource and time constraints. It’s
also noteworthy that the test application did not have a database meaning testing recov-

erability (a sub-characteristic of reliability) of user data for example would be futile.
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4.1.1 Performance Efficiency

Performance efficiency is a critical quality characteristic that evaluates the effectiveness
of a product in fulfilling its functions within designated timeframes and resource con-
straints. The following paragraph discusses the sub-characteristics that collectively assess
the product's ability to operate efficiently under specified conditions [ISO 2024].

Time behaviour pertains to the product's responsiveness and throughput rates, as-
sessing whether it meets predefined requirements in terms of response time and pro-
cessing speed during operation [ISO 2024]. Resource utilization evaluates the product's
efficiency in utilizing various resources, such as CPU, memory, storage, and network
devices, while executing its functions. It examines whether the product optimally man-
ages resource consumption according to specified criteria. [[SO 2024] Capacity assesses
the product's scalability and ability to accommodate varying workloads and demands. It
measures whether the product can sustain its performance within acceptable limits, even

under peak usage scenarios. [ISO 2024]

4.1.2 Compatibility

Compeatibility is a pivotal quality characteristic that assesses the ability of a product, sys-
tem, or component to seamlessly interact with other entities within a shared environment.
This characteristic encompasses various sub-characteristics that collectively evaluate the
product's capacity to function effectively and exchange information in a cohesive ecosys-
tem. [ISO 2024]

Co-existence evaluates the product's capability to operate efficiently alongside other
products within a common environment, without causing adverse effects on any of the
coexisting entities. It gauges the product's ability to maintain performance and function-
ality while sharing resources and space with other products [ISO 2024]. Interoperability
focuses on the product's ability to communicate and exchange information with other
systems, products, or components. It assesses the product's compatibility with external
entities and evaluates its proficiency in utilizing exchanged information to fulfill its in-
tended functions. [[SO 2024]

4.1.3 Interaction Capability

Interaction Capability encompasses the product’s or system's ability to facilitate user in-
teractions and information exchange via the user interface, enabling users to accomplish
specific tasks across various usage contexts. This characteristic comprises several sub-
characteristics that collectively evaluate the product's usability and user-friendliness in
different scenarios. [ISO 2024]
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Appropriateness recognizability assesses the extent to which users can identify
whether the product or system is suitable for their needs, ensuring clarity and relevance
in product offerings [ISO 2024]. Learnability evaluates the ease with which users can
acquire proficiency in using the product or system's functions within a predefined
timeframe, promoting efficient onboarding and user adoption [ISO 2024]. Operability
measures the product or system's attributes that contribute to ease of operation and con-
trol, facilitating smooth interaction and task completion for users. User error protection
evaluates the product or system's ability to prevent users from making operational errors,
minimizing the risk of unintended actions and enhancing user confidence [ISO 2024].

User engagement gauges the user interface's ability to present functions and infor-
mation in an appealing and motivating manner, encouraging sustained interaction and
user involvement [ISO 2024]. Inclusivity assesses the product or system's accessibility
and suitability for users from diverse backgrounds, ensuring equitable usability for indi-
viduals of varying ages, abilities, cultures, and socioeconomic statuses [ISO 2024]. User
assistance evaluates the product's provision of support and guidance to users with diverse
characteristics and capabilities, facilitating goal achievement within specific usage con-
texts [ISO 2024]. Self-descriptiveness measures the extent to which the product presents
relevant information to users, making its capabilities and usage immediately understand-
able without excessive reliance on external resources such as user documentation or help
desks [ISO 2024].

4.1.4 Maintainability

Maintainability is a crucial quality characteristic that assesses the effectiveness and effi-
ciency of modifying a product or system to enhance, correct, or adapt it to changing re-
quirements or environments. This characteristic comprises several sub-characteristics that
collectively evaluate the product's ease of maintenance and scalability. [ISO 2024]

Modularity evaluates the degree to which the system or computer program is struc-
tured into discrete components, enabling changes to one component with minimal impact
on others. It promotes a modular design approach that facilitates maintenance and en-
hances flexibility in adapting to evolving needs [ISO 2024]. Reusability assesses the
product's potential to serve as an asset in multiple systems or to be utilized in building
other assets, enabling efficient resource utilization and promoting consistency across pro-
jects [ISO 2024]. Analysability measures the effectiveness and efficiency of assessing
the impact of intended changes on the product or system, diagnosing deficiencies or fail-
ures, and identifying areas for modification. It facilitates informed decision-making and
troubleshooting during the maintenance process. [ISO 2024]

Modifiability evaluates the product's ability to be modified effectively and efficiently

without introducing defects or compromising existing quality standards. It assesses the
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ease of implementing changes while maintaining product integrity and reliability [ISO
2024]. Testability gauges the effectiveness and efficiency of establishing test criteria for
the system, product, or component and conducting tests to verify whether those criteria
are met. It ensures that modifications can be validated and verified through systematic
testing processes [[SO 2024].

4.2 Narrowing The Focus
This chapter focuses on the characteristics introduced in the previous chapter that were

chosen as metrics for this thesis, ways to measure them and the reasoning for choosing

them. The metrics are divided into three main categories:

e Performance metrics
e Non-performance metrics

e Developer experience

4.2.1 Performance Metrics

Since this thesis focuses on smaller scale applications, it isn’t feasible to use capacity as
a measure of performance efficiency. All frameworks should be able to easily perform on
a high level in these circumstances and thus won’t be working on high capacity. Due to
time and resource constraints, load testing with a lot of concurrent users will be excluded
from this study. Time behaviour and resource utilization on the other hand can be tested
in this kind of environment. These are vital metrics for this thesis as they will shed light
on which of the runtime optimizations and DOM manipulation ways proves to be the
most efficient.

The communication between the front-end and back-end is crucial for understanding
front-end performance. In this project, the back-end communicates with OpenAl's GPT-
3.5 model through its API, processing user inputs and returning responses. The efficiency
of this communication impacts the overall performance perceived by the user. Therefore,
while the primary focus is on the front-end frameworks, it is essential to consider how
effectively these frameworks interact with the back-end. This includes measuring the time
taken for the front-end and back-end to send requests and handle responses, which di-
rectly affects the user experience.

In their study “A Comparative Analysis of Modern Frontend Frameworks for Build-
ing Large-Scale Web Applications” Singh et al. [2023] measured time behaviour and re-
source utilization by assessing the load times, response times and memory allocation of
modern front-end frameworks. A similar approach will be used in this thesis to assess

these metrics. Load times will be measured via time to first paint and speed index metrics,
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response times will be recorded for requests and memory allocation by monitoring
memory usage in different application states. Time to first paint means the time it takes
for the first piece of text or image to appear on screen and speed index measures the time
it takes for the contents of the page to become visible.

Buckler et al. [2017] mention a model that can be used as a reference for performant
JavaScript code: the RAIL model. RAIL stands for Respond, Animate, Idle work and
Load. They go on to explain that response times should be a hundred milliseconds or less
for the user to perceive them as instant, animations should only take about ten millisec-
onds to keep frames per second at sixty during animations, expensive tasks should be
divided into smaller chunks to avoid delaying user input by more than fifty milliseconds
and a page load should never exceed a thousand milliseconds. Since the test application
does not have any continuous, expensive tasks nor animations, those two categories can
be excluded but the response times and page load times suggested can be used as a base-
line for good performance going forward.

Co-existence and interoperability are in a sense in the centre of this thesis; how do
the different front-end frameworks work with the GPT3.5-model. Measuring compatibil-
ity with the GPT3.5-model ties in with performance. However, since most of the work
regarding the actual co-operation of the application and the GPT-3.5 model is done on
the back-end, which is not the focus of this thesis, one can only measure the time it takes
for the front-end to send user input to the back-end and the time that the front-end uses to

move the response between its components before rendering it.

4.2.2 Non-performance Metrics

Non-performance metrics used in this thesis will heavily focus on the maintainability of
the code. As stated above the ISO standard lists the likes of modularity, reusability, and
testability as key factors in maintainability. While undeniably true for larger projects, in
this case study it’s not worth exploring the differences in these metrics as the Uls (as seen
in Chapter 5 and the source code) are built similarly and share the same modular structure
and therefore won’t differ in these categories on a level that is of interest [Arola 2024].
One key factor in maintainability is the size of the application: the actual size and the
amount of code that was necessary to build a working application so for each front-end
framework a calculation for both these metrics will be provided.

Gizas et al. [2012] based their research’s quality section on the following well-known
non-performance software metrics in their comparative evaluation of JavaScript frame-
works:

e Size Metrics: lines of code (LOC), number of statements, comment lines

and the ratio between comment lines
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e Complexity Metrics: McCabe’s cyclomatic complexity (CC)
e Maintainability Metrics: Halstead metrics (Program Volume and Program
Level) and Maintainability Index (MI).

The research of Gizas et al. [2012] looked at the source code of the individual frameworks
and as such the metrics used won’t apply directly to the environment of this thesis. For
example, measuring the ratio between comments and code in this project is not relevant
as this case study is simple and not meant for continuous updates. This means that lines
of code will be the chosen size metric in this case.

Looking at only lines of code, however, will, at best, give a very broad assessment of
the quality of the code. NASAs Software Assurance Technology Center (SATC) has
found that the most effective way to evaluate is to combine size and complexity stating
that modules with both high complexity and large size tend to not be reliable. On the other
hand, modules with low size but high complexity tend to be terse code meaning making
changes or modifications might not be easy. [Rosenberg et al. 1998]

Cyclomatic complexity measures the number of independent paths within a code sec-
tion, serving as a quantitative indicator of program complexity. It's computed through the
control flow graph of the program, where nodes represent groups of commands, and di-
rected edges connect commands that could immediately follow each other. For instance,
a code segment without any control flow statements has a cyclomatic complexity of 1,
indicating a single path. If the code includes one if condition, the complexity increases to
2 due to the presence of two paths—one for true and one for false outcomes. As an ex-
ample, the code seen in Code example 3 below represents a simple algorithm that has two
different paths: one for each outcome of the if-clause. [Geeks for Geeks2 2024]

A= 18
IF B » C THEN
A =08
ELSE
A =C
ENDIF
Print A
Print B
Print C

Code example 3. Simple algorithm showcasing cyclomatic complexity of 2 [Geeks
for Geeks2 2024].
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Halstead’s metrics are a set of measures proposed by Maurice Halstead to evaluate
the complexity of a software product i.e. how easy it is to maintain the product. Any
software can be classified as a sequence of related operands and operators that Halstead
used as tokens in his metric. The metric calculates these tokens within the source code
program with a purpose of quantifying various qualities such as vocabulary, length, and
volume by summarizing unique operators (nl), unique operands (n2), total operator oc-
currences (N1), and overall operand occurrences (N2). [Geeks for Geeks3 2024 & Bi-
nanto et al. 2018]

Halstead’s program volume (HV) stands for the program’s size in bits. Program level
is the ratio of the number of operator occurrences to the number of operand occurrences
in the program and it is used to rank programming languages on the amount of effort it
takes to write a program in that language [Geeks for Geeks3 2024]. Using the code seen

in Code example 3 and the data in Table 1 below, one can calculate Halstead’s metrics as

follows:
Sum of operators and operands

Opera- |Occur- Oper- |Occur-
tor rences and rences
= 3A 4
IF 1B 3
> 1/C 3
THEN 1
ELSE 1
ENDIF 1
Print 3

SUM| 7 (n1) 11 (N1)| 3 (n2) 10 (N2)

Table 1. Sums of operators and operands in Code example 3.

Halstead's vocabulary (n) = total unique operators + total unique operands
=7 (nl) + 3 (n2)
=10

Halstead’s length (N) = total occurrences of operators + total occurrences of oper-
ands

=11 (NI1)+ 10 (N2)

=21

Halstead’s volume (HV) = N * log2(n)
=21 *log2(10)
~21 *3.32
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= 69.72

Maintainability index is a combination of LOC, CC and Halstead’s volume that gives
an overall estimate of the program’s maintainability by giving it a score. Having a score
under 65 means low maintainability, between 65 and 85 medium maintainability, and
above 85 high maintainability [Hericko & Sumak 2023]. Looking at the same Code ex-
ample 3, an estimation of code maintainability can be made with the maintainability index

formula:

Maintainability Index =171—5.2%In(V)—0.23 x(CC)—16.2 %In(LOC)
=171-5.2xIn(69.72)—0.23%(2)—16.2XIn(9)
~112.85

It is worth noting that this formula is the classic formula for calculating maintainability
index and some variations of it exist. For instance, Microsoft has developed a derivative

of this formula used in their integrated development environment (IDE) Visual Studio:

Maintainability Index = MAX(0,(171 - 5.2 * In(HV) - 0.23 * (CC) - 16.2 *
In(LOC))*100/ 171)

Wanting to keep things as clear as possible Microsoft’s formula returns a value between
0 and 100 and they use thresholds of 0-9 for low maintainability, 10-19 for medium main-
tainability and 20-100 for high maintainability. [Microsoft 2024]

4.2.3 Developer Experience

Looking at the characteristics from the ISO 25010 standard, interaction capability char-
acteristics fit well under the umbrella of developer experience. Interaction capability is a
vital characteristic when it comes to choosing a framework to use within a project albeit
being a subjective metric. Learnability and operability will be measured in the time it
takes to develop the front-end portion of the application with each different framework.
User assistance will be measured with a briefreview of each framework’s documentation
and self-descriptiveness with a review of how much documentation help was needed

during the development process.
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5 Test Application

This chapter explains how the actual application was implemented and describes the
structure of the project. While some of the code is displayed in this chapter, most of it
will not and can be seen in the GitHub repository [ Arola 2024]. Looking at use cases for
chatbots in general, they usually offer information to users in various situations and are
an extra service provided by the application. While in some cases needing to log in in
order to use the chatbot is necessary, most of the time the chatbot doesn’t require anything
but an internet connection to be used. Therefore, the test application was built with a
simple idea of rendering the user’s and GPT3.5’s inputs on screen in a chat window as it

resembles most use cases for a chatbot.

5.1 Structure

To keep the front-end frameworks on the same level and not have any of them in an
advantaged state over the others, it was decided that the application would have a single
back-end server that serves all of the front-ends. The same CSS was also used for all the
different front-end user interfaces so that the project size would not differ because of it,
and the performance of the different front-end Uls would not be affected by asymmetrical
CSS. Since the application does not need to save any data while it’s running other than
the chat history, which can be allocated to memory, there was no need to use a database
for this application.

The consistent structure across the different front-end implementations ensures that
each can interact with the back-end in a similar manner. This includes sending user mes-
sages to the back-end server, receiving responses from the GPT-3.5 model, and rendering
these responses within the chat interface. By maintaining a uniform interaction pattern,
the project allows for a fair comparison of each framework’s performance and developer
experience.

The actual structure of the project as seen in Figure 5 consists of the back-end and
front-end folders. The back-end folder holds the logic for the back-end server and is used
to communicate with OpenAls GPT-3.5 model through their API. The front-end folder
holds all the different front-end code and each of them can be run individually with the
back-end.
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Figure 5. Structure of the project.

5.2 Program Flow

As seen in Figure 6 below, the program initiates when the user interacts with the front-
end’s chat box, inputting a message and sending it. Upon sending the message, the
frontend forwards it to the back-end server for processing. The backend server receives
the user's message and proceeds to send it to the OpenAl API. The OpenAl APL utilizing
the GPT-3.5 model, processes the received message and generates a response accord-
ingly. Once the response is ready, the OpenAl API sends it back to the backend server.
Subsequently, the backend server forwards the response to the frontend. Finally, the

frontend displays the response within the chat box, completing the interaction loop.
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Figure 6. Basic flow of the program.

5.3 Back-end

The back-end server is built with a Python script that sets up a Flask web server to handle
incoming POST requests at a specific route ("/api") [Arola 2024]. The script enables
CORS (Cross-Origin Resource Sharing) for all routes. CORS allows the server to accept
requests from different origins, which is crucial for communication between front-end
and back-end applications hosted on different domains. It’s important to note that ena-
bling CORS for all routes is a security risk in applications. However, since this application
will never run anywhere but locally on one computer, setting up CORS in this manner is
acceptable and saves some development time.

The api() function defines the behaviour when a POST request is received at the "/ap1"
route [Arola, 2024]. It extracts the user's message from the request and sends it to the
OpenAl API for processing. The OpenAl API utilizes the GPT-3.5 model to generate a
response based on the input message. The chatbot is initiated with a prompt stating: "You
are a helpful assistant," before processing the user's input. This message is intended to
give the GPT3.5 model context in which manner it is supposed to be responding to user

input.
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app = Flask(_ name_ )}
CORS (app)

@app.route(”/api”, methods=["FO5T"])
api():

client.chat.completions.create(

e a helpful assista

if completion.choices[@].message
response text = completion.choices[8].message.content
print( e:", response text)

return jsonify{ 'Failed to

if __name_ =="__ main__°
app.run{debug= )

Code example 4. Back-end code defining the API used for POST-requests and initializ-
ing the GPT3.5 model.

5.4 Front-end

The front-end of the application is divided into four parts for each individual front-end
framework as seen in Figure 5. Each front-end UI was programmed in a similar way. The
front-end code was divided into two components: a parent component called app and a
child component called chat-window (except for Svelte, since Svelte’s main component
in routes is not renamable, its name had to remain +page.svelte) [Arola 2024]. The app
component holds the logic for communicating with the back-end and building the Ul For
example, the return statement in the app component of React’s UI code as seen in Code
example 5, gives the application a container, a title and implements the child component
ChatWindow while sending the function to communicate with the back-end as a prop to

the child component.
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className="App"

className="t1

Code example 5. Return statement of the React app-component.

The child component creates the actual chat bot interface as seen in Code example 6 with
a chat container and the utilities needed for the user to type in the message and send it.
The implementation tracks what the user types and once the send button is clicked or the
enter-key is pressed, the sendRequest function that was sent from the parent component

as a prop is used to send that input to the back-end. [Arola 2024]

className="

setMessage(e.target.value)
dleKeyPress

" onClick={handleSendMessage}>Send

Code example 6. Return statement of the React ChatWindow-component.
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6 Comparison of Web Front-End Frameworks

The comparison was made using a computer running windows 10, React version 18.3.1,
Vue version 3.4.27, Angular version 17.3.9 and Svelte version 4.2.17. All front-ends were
run in an incognito window of Google’s Chrome web browser and many of the tests were
performed utilizing Chrome’s DevTools extension. No other browser was used during

testing.

6.1 Performance Metrics

This chapter focuses on performance metrics, how they were measured and what results
the tests yielded.

6.1.1 Load Times

Load times were measured via the Chrome DevTools’ Lighthouse Audit software. Each
of the front-end’s load times were tested five times using the options highlighted in Figure
7 below in order to mitigate network speed affecting the results. However, even though
the measurement was done five times, there were no discrepancies between the results so

there was no need to calculate median values for each framework.

o

5% Generate a Lighthouse report

Mode Learmn more Device Categories
@ Navigation (Default) Mobile Performance
Timespan @ Desktop Accessibility
Snapshot Best practices
SEO

Progressive Web App

Plugins
Publisher Ads

Figure 7. Options used in load time tests.

The two metrics that are reported below in Figure 8 are first paint and speed index. First
paint refers to the time it takes for the browser to render the first piece of text or an image
to the screen and speed index measures the time it takes for the contents of the page to be
visible. The results show a noticeable difference in load times between the frameworks.
Angular takes over seven times as much time to load as React and Svelte and almost three

times as much as Vue.
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Figure 8. Load times of the different front-end frameworks.

6.1.2 Request Times

Request time testing was done as an end to end test (E2E). End to end testing assesses the
entire application workflow, including interactions between various components, data-
bases, servers, and interfaces and is usually used to simulate real user scenarios. The E2E
testing method was chosen for this study because it comprehensively evaluates the inter-
action between the front-end and back-end, as detailed in section 4.2.1. In this case the
aim of this test is to time the whole process of sending a message from the front-end to
the back-end, from the back-end to the OpenAI’s API and all the way back to the front-

end via the back-end. The results were divided into three categories:
e  Whole time
e Back-end time
e Front-end time
This test was automated to type the results of the timings into a .csv file as seen in Code

example 7:

mode="a", newline=""]

» backend processing time])
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Code example 7. Back-end code to automate test result gathering.

To gauge the system with a light request and a heavy one, two distinctively different

prompts were used in the tests:

Pl: “Tell me a joke.”
P2: “Write code for a simple web app that has a front-end, back-end and a

i

database.

These prompts were selected because they force the GPT3.5-model to process the mes-
sage on a very different level; prompt 1’s message is clear and should not require much
from the NLU model to process and the response generated by the NLG should not be
complex, while prompt 2’s message requires a bit more processing on the NLU side of
things and a lot more processing on the NLG side. The prompts were both sent ten times
through each front-end (totalling 80 messages sent) and median times were calculated for
both prompts in each front-end. Figure 9 showcases the total time of the E2E-test, the
time the front-end used and the time the back-end used. The processing time needed by
the Al significantly increases when it’s given a more complex prompt resulting in seven

to eight times higher response times.

Median time to send request and receive response (ms)
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Figure 9. Median time to send request and receive response.

Figure 10 takes a closer look at front-end performance during the E2E-test. Svelte rises

up as the fastest operator in both scenarios. However, it’s important to note that while it
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was the fastest front-end in both cases, it also has the highest drop in performance when

comparing prompt one and two as showcased by Figure 11.
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Figure 10. E2E median times — front-end performance.
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Figure 11. Front-end performance difference between prompt 1 and prompt 2.

6.1.3 Memory Usage

Memory usage calculations were done with Chrome’s DevTools extension. The extension
allows for snapshotting memory usage i.e. looking at memory usage at a specific point in
application runtime. Idle memory usage, memory usage after sending and receiving one
message and memory usage after ten messages was recorded for all front-end frameworks
and other scenarios detailed below in Table 2. All tests were run in a fresh incognito

window in the Chrome browser ensuring a level playing field for all frameworks. The
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the tests detailed in Section 6.1.2.

Memory usage (kb)

Angular React Svelte ([Vue
Idle 4318 2617 4971 1585
After one message 43251 2981 2019 1874
Increase 233 364 45 288
% increase 5.40% 13.91% 0.97% 18.23%
After ten messages 4962 3442 o068 1990
Increase 644 823 97 403
Y increase 14,91% 31.52% 1.95% 25.55%

Table 2. Snapshot data of memory usage.

Table 2 showcases two clear winners in this category: Vue for having the least amount
of memory allocated for the front-end and Svelte for having a very minimal increase in

memory allocation with increased usage of the application.

6.2 Non-performance Metrics

This chapter focuses on non-performance metrics, how they were measured and what
results the tests yielded. For each front-end component a value for lines of code (LOC),
cyclomatic complexity (CC), Halstead’s volume (HV) and maintainability index (MI)
was calculated. Maintainability index is the most interesting metric of these as it combines
size and complexity. In the coming subsections the two different components will be ref-
erenced as App and CW (ChatWindow).

6.2.1 Lines of Code

Lines of code is a self-explanatory metric that measures the amount of lines of code ex-
cluding blank lines and comments. In Table 3 below one can see that Angular used the

least amount of lines while Vue used the most.

angular [react svelte |vue
app loc 26 26 29 34
cw loc 358 46 43 45
Total 64 72 72 79

Table 3. Lines of code across the chosen frameworks.
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6.2.2 Cyclomatic Complexity

As explained further in Section 4.2.2 cyclomatic complexity measures the complexity of
software. In Table 4 below one can see that there isn’t much difference between the

frameworks regarding cyclomatic complexity:

angular |react svelte |vue
app cc p p p p
cW CC 2 3 3 2
Total 4 ] ] 4

Table 4. Cyclomatic complexity across the chosen frameworks.

The difference stems from the ability to directly reference the enter-key inside a key press

listener. As an example, in Vue it’s possible to use code like this:

@keypress.enter="handleSendMessage"

Code example 8. Vue code that listens for keypresses [Arola 2024].

While in React one has to listen to keypresses like this:

onKeyDown={ handleKeyPress

Code example 9. React code that listens for keypresses [ Arola 2024].

And then in the handler reference the enter-key via an if-clause effectively creating an-

other path in the program flow graph and increasing cyclomatic complexity by one:

handleKeyPress
it (event.key === 'E
handleSendMessage();

Code example 10. React event handler [Arola 2024].

6.2.3 Halstead’s volume

Halstead’s volume stands for the size of the program in bits and it’s calculated via other

Halstead’s metrics as demonstrated in Section 4.2.2:

Halstead’s Volume (HV) = N*log2(n)
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where N stands for total number of operator and operand occurrences in the program and
n stands for total number of unique operator and operand occurrences. The collection of
this metric was automated. As seen in Code example 11 below a parser was used to create
an abstract syntax tree (AST) from the front-end code of each component. This tree was
then analyzed with an NPM package called “estree-halstead” that calculates Halstead’s
metrics from ASTs.

analyze } from ‘estree-halstead
parse } from

CW, {ecmaVersion: "latest"});

console.log({result)

Code example 11. Code that analyzes the ASTs of each component and derives
Halstead’s metrics from them [Arola 2024].

Some variation between the frameworks can be seen in Table 5. Vue rises above others
in the app component’s category and only slightly loses to React in the chat-window cat-

egory. Overall React gets the best scores while Angular falls behind others.

angular |react svelte |vue
app hv 39 27 38.04 23.27
cw hv 65.73 27 33 33

Table 5. Halstead’s volume for all frameworks.

6.2.4 Maintainability Index

Maintainability index encompasses both complexity and size of the program and there-
fore gives a better estimate of code maintainability than the metrics measured in the pre-
vious sections. The index was calculated with the formula introduced and explained in
Section 4.2.2:
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Maintainability Index (MI) =171-5.2%In(V)—0.23x(CC)—16.2 xIn(LOC)

Table 6 showcases the results of MI calculations. Each framework scored a high main-
tainability score (>85) on both components. While there isn’t much deviation in the
scores, Svelte scores best on the app component and Angular on the chat window com-
ponent. Keeping in mind that the chat-window component was much more complex than
the app component, Angular seems like the best option regarding the maintainability in-
dex, which is an interesting find taking into account the Halstead’s volume values of An-

gular components.

angular |react svelte |vue
app mi 120.49| 119.56| 130.253| 128.99
cW mi 131.72| 120,32 120.92| 12364

Table 6. Maintainability index for all frameworks.

6.2.5 Build File Size

Build file size is another self-explanatory metric. It measures the size of the files produced
by the front-end framework when a build command is given on the CLI. React and Vue
manage to make significantly smaller build files whereas Svelte and Angular compose
bigger build files suggesting that React and Vue have optimized their builds further (Ta-
ble 7).

build file size (kb)
angular |react
281.12 49.24

svelte
151.93

vue
58.16

size (kh)

Table 7. Build file sizes for all frameworks.

Comparing build file sizes to load times measured in Section 6.1.1 raises an interesting
question though; how does Svelte manage to keep load times at the same level as React

with a build file that is three times the size of React’s one (Table 8).

build file size (kb) vs load time (s)
angular ([react svelte vue
size (kb} 281.12 49,24 151.93 5B.18
load time (s) 1.5 0.2 0.2 0.6

Table 8. Build file size compared to load times.
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6.3 Developer Experience
To gauge the learnability of each front-end framework, the time needed to develop each

front-end was measured and the amount of help needed and gotten from the documenta-
tions of the front-end frameworks was assessed and analyzed. It is absolutely important
to note that developer experience is a highly subjective metric and should be treated as
such. In addition to that, it’s also important to note that the author had previous knowledge

of using React and Vue, which, of course, can be seen in the results as well.

6.3.1 Development Time

In Table 9 below are the different times used developing the front-ends. While all others

are quite similar, Angular’s development took a lot longer compared to other frameworks:

Time

Angular |5h 35min
React 2h20min
Svelte 1h50min
Vue 2h15min

Table 9. Development time.

The results reflect the fact that the author had previous experience with React and Vue,
which naturally contributed to faster development times for these frameworks. Familiar-
ity with the syntax, component structure, and common patterns used in these frameworks
meant less time was needed to learn and debug during the development process. Although
the author had no prior experience with Svelte, its similarities to React and Vue, espe-
cially in terms of using a component-based architecture allowed for a relatively smooth
learning curve. Angular has also moved to a component-based architecture, albeit being
a bit different than in the other frameworks. In angular components aren’t created by just
creating a new file as in the other frameworks. Instead, in Angular components are created
using Angular’s command line interface. This means that while the difference in devel-
opment time was not affected as much by the architecture but more by other factors dis-
cussed below, it’s worthy of noting that learning about the way new components are cre-
ated in Angular and installing the command line interface affected development time by
a small margin.

Compared to other frameworks Angular is the only one that utilizes TypeScript,
which the author was not previously familiar with other than knowing the concept behind

it. In Angular this means that function parameters and return values among other things
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must be given a type while other frameworks work on plain JavaScript meaning strong
typing isn’t necessary. This additional step, while beneficial for catching errors early, can
slow down development, especially for developers who are not as familiar with it. In the
context of this thesis - creating a simple chat UI - this is not a big factor in development
time, but it does play a role as it’s quite different than what JavaScript is.

The bulk of the extra time developing the Angular Ul was used because (and some
other factors discussed in the next section) Angular employs a different approach to
HTTP-requests. Instead of using the fetch-API to make HTTP-requests Angular has an
internal service called HttpClient that is provided by the @angular/common/http module
[Angular3 2024]. The HttpClient service returns an observable instead of a promise like
all the other frameworks do [Angular4, 2024]. While making the HTTP-request work and
return the desired response from the OpenAl API was straightforward, when passing the
function as a prop to the child component chat window, the asynchronous nature of an
HTTP-call was disregarded resulting in a situation where the code in the chat window
component would try to render messages before the actual response was received. While
there would have been easier solutions to correct this behaviour, maintaining the same
code structure among all frameworks dictated that logic for HTTP-requests remain in the
app component and the function had to be sent as a prop to the child component. The
problem was then circumvented by forcing the sendRequest function to return a promise

which then was awaited in the child component.

6.3.2 User Assistance

There really aren’t many differences when it comes to the documentation provided by the
frameworks. Each one provides a comprehensive documentation on basics, functions, a
getting started tutorial and so on. In this thesis’ context, the documentations were more
than enough help to get the Uls developed except for the small mishap with Angular
detailed below.

The only instance of actually needing additional assistance was with Angular in the
situation described in Section 6.3.1. While Angular’s documentation is extensive, it didn’t
offer a solution that would work for the exact use case that was implemented in the front-
end regarding the HTTP-requests i.e. passing the function as a prop while maintaining
the asynchronous nature of the HTTP-request. This resulted in a situation where the au-
thor had to find a solution by trial and error and looking for an answer outside the Angular
documentation, which underscores the importance of community resources and forums
in supplementing official documentation, especially when facing unique or uncommon
implementation issues.

With the release of Angular 18, Angular’s documentation was updated and moved to

anew location. Documentation for previous versions is available at the website angular.io
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while documentation for Angular 18 and above is at angular.dev. However, this is not
clearly stated on either of the sites and googling for help on issues relating to Angular
development tends to yield search results of the old website. While this relates more to
the coding issue than Google’s search engine optimization, it’s still an important note that
relates to developer experience as reading the wrong documentation can potentially slow
down development.

All in all, most of the extra time needed to develop the UI with Angular was due to
finding a suitable solution that worked with the same structure that was employed in all
front-ends meaning it was combination of learning from documentation, searching on the
internet and trial and error on the author’s part. This, of course, also pertains to the fact
that the author had knowledge of using React and Vue but also to the fact that a similar

situation did not arise while developing the other front-end Uls.

6.4 Summary of The Findings

The study conducted evaluations of the chosen front-end frameworks based on both per-
formance and non-performance metrics, as well as developer experience. Load times
were assessed using Chrome DevTools' Lighthouse Audit software, revealing that Angu-
lar exhibited significantly longer load times compared to React, Svelte, and Vue. Request
times were measured through end-to-end testing, with Svelte emerging as the fastest
front-end framework, although it experienced the highest performance drop between the
two prompts. The E2E-test also revealed that increase in complexity of the prompt in-
creased the processing time of the GPT3.5-model significantly, directly affecting the
quality of the application. Memory usage was analyzed using Chrome's DevTools exten-
sion, showing Vue with the least memory allocation for the front-end and Svelte with
minimal increases with usage.

Non-performance metrics for lines of code, cyclomatic complexity, Halstead’s vol-
ume, and maintainability index were also evaluated. Angular had the fewest lines of code,
while Vue had the most. Cyclomatic complexity was generally similar across frame-
works, with slight differences due to coding practices. React generally scored lower in
Halstead’s volume, indicating lower complexity. Maintainability index scores were high
across frameworks, with Svelte scoring best on the app component and Angular on the
chat window component. Build file sizes were smaller for React and Vue compared to
Svelte and Angular, suggesting optimization differences.

In terms of developer experience, the findings were influenced by the author’s prior
knowledge of React and Vue, which resulted in similar development times across React,
Vue and Svelte. Familiarity with React and Vue resulted in faster development times for
these frameworks. The similarities in component-based architecture and development

patterns between these frameworks and Svelte also facilitated a relatively smooth learning
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curve for Svelte, despite the author’s lack of prior experience with it. Angular develop-
ment took longer due to TypeScript usage and differences in HTTP request handling.
Angular's HTTP-request handling required additional time to ensure proper rendering in
the UI. While documentation for all frameworks was comprehensive, Angular's docu-
mentation migration to a new location and the fact that it was not able to provide a solution

for the issue detailed earlier caused some confusion, impacting developer experience.
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7 Conclusion

The aim of this thesis was to compare web front-end frameworks Angular, React, Svelte
and Vue in a small-scale application and see whether incorporating conversational Al to
the application played a role in performance and quality of the framework. The study was
conducted as a case study by building a test application that had four similar front-ends
that were coded with each chosen framework.

The test results revealed a significant correlation between prompt complexity and
processing time of the GPT-3.5 model. As the complexity of the prompt increased there
was a notable escalation in the processing time required by the model to generate re-
sponses. Comparing the request times to the load and response times suggested by the
RAIL model introduced in the Section 4.2.1, the timings were way too slow. This means
that utilizing a conversational Al affects the quality of the application directly by having
varying processing times.

While this thesis only found one direct conversational Al related effect on front-end
performance and quality, it still serves as a useful reference on front-end framework’s
performance and quality traits. Based on the results of this study, a few recommendations
can be made. Request time testing revealed that Svelte emerges as the fastest framework
in this aspect, indicating its suitability for applications requiring rapid data exchange. If
resource utilization must be optimized like in deployments with multiple concurrent us-
ers, Vue and Svelte exhibit promising memory usage characteristics that might prove use-
ful in that scenario. Regarding the maintainability of the codebase Angular has the ad-
vantage in terms of code conciseness and maintainability. However, React, Svelte and
Vue offer competitive maintainability scores. The results also suggest that the run time
optimizations and possibly the way DOM manipulation has been implemented by Svelte
is a better solution than what the other frameworks use, at least in the scope of small-scale
applications.

It is important to note the limitations of this study. The test application used in the
study was a simple, small-scale chatbot with basic chat functionality connected to the
GPT-3.5 model. This narrow scope of application functionality may not fully capture the
diverse requirements and complexities of real-world web development projects. Conse-
quently, the findings and conclusions drawn from the study may not generalize well to
more complex applications with varied user interactions and feature sets.

Additionally, the study focused on a specific set of front-end frameworks. While these
frameworks are widely used and representative of popular choices in the industry, the
exclusion of other frameworks limits the comprehensiveness of the comparative analysis.
Future research could benefit from expanding the scope to include a broader range of

front-end frameworks to provide a more inclusive assessment.
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Looking ahead, there are several other avenues of interest that should be further stud-
ied. The incorporation of user data to the application would open up possibilities for a
wide range of additional tests. By gradually increasing the number of concurrent users or
requests and monitoring key performance metrics like response time, the scalability of
the different frameworks could be studied. The security aspects of the frameworks could
also be studied by assessing each framework's robustness against common web applica-
tion security threats and by measuring how they ensure the integrity and confidentiality

of user data.
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