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Abstract

This thesis presents the development of a Visual Studio Code extension aimed at opti-
mizing Python development through Varvault integration. Varvault, created by Chloe
Holst, is a powerful Python library that has become foundational in some of Ductus’
Python development processes. Despite its capabilities, real-time debugging of Python
libraries poses significant challenges. This study explores the feasibility and process of
integrating Varvault into VS Code to streamline development and improve efficiency.

The extension tracks key inputs and outputs, facilitating the identification of key us-
age within Varvault directly inside the VS Code environment. This integration simplifies
large-scale project management and variable handling. The research includes a thorough
exploration of VS Code extension development, utilizing both TypeScript and Python to
create a robust and user-friendly tool.

The project resulted in a functional extension that not only meets Ductus’ criteria
but also provides a foundation for further enhancements. This extension improves de-
velopment speed and accuracy, offering valuable insights into best practices for creating
extensions and expanding the capabilities of VS Code. The successful implementation
demonstrates the potential for significant productivity gains and sets the stage for future
developments in this area.

Sammanfattning

I detta examensarbete presenteras utvecklingen av ett Visual Studio Code-tillägg avsett
att optimera Python-utveckling genom integration med Varvault. Varvault, skapad av
Chloe Holst, är ett kraftfullt Python-bibliotek som har blivit grundläggande i vissa av
Ductus Python-utvecklingsprocesser. Trots dess kapacitet innebär realtidsfelsökning av
Python-bibliotek betydande utmaningar. Denna studie utforskar genomförbarheten och
processen att integrera Varvault i VS Code för att effektivisera utvecklingen och förbättra
effektiviteten.

Tillägget spårar nyckelindata och utdata, vilket underlättar identifieringen av ny-
ckelanvändning inom Varvault direkt i VS Code-miljön. Denna integration förenklar
projektledning och hantering av variabler i storskaliga projekt. Forskningen innefattar
en grundlig utforskning av VS Code-tilläggsutveckling och använder både TypeScript och
Python för att skapa ett robust och användarvänligt verktyg.
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Projektet resulterade i ett fungerande tillägg som inte bara uppfyller Ductus kriterier
utan även ger en grund för ytterligare förbättringar. Detta tillägg förbättrar utveckling-
shastigheten och noggrannheten och erbjuder värdefulla insikter i bästa praxis för att
skapa tillägg och utöka möjligheterna i VS Code. Den framgångsrika implementationen
visar potentialen för betydande produktivitetsvinster och lägger grunden för framtida
utveckling inom detta område.
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Chapter 1

Introduction
Discovering that Visual Studio Code was the top integrated development environment

(IDE) of 2023[1] has made it a significant player in the software engineering market.
Ductus, the collaborating company, sees a promising future in Visual Studio Code. The
reasons for this interest lie in the IDE’s flexibility, extensive extension library, and strong
community support, all of which contribute to its potential for enhancing productivity
and accommodating a wide range of development needs.

At its core, Visual Studio Code is a text editor that relies on its Extension application
programming interface (API) to provide functionalities specific to various programming
languages. This makes it highly dynamic but also necessitates a setup process that can
be time-consuming. Nevertheless, its open-source nature and cost-free availability are
significant advantages that attract many developers and organizations.

Given its extensibility, Ductus decided to explore how Visual Studio Code works and
what might be useful for them. The main purpose of this thesis is to investigate this
from an implementation standpoint. Ductus already had a use case for an extension: a
large Python library called Varvault used in multiple projects, built with rules similar to
a regular programming language. However, these Python libraries are not included in the
Python debugger, making them hard to manage. Therefore, Ductus decided to implement
an extension to address this issue while simultaneously researching the limitations of
Visual Studio Code.

A common challenge across various IDEs is insufficient language support, which can
hinder tasks such as real-time auto-completion and debugging. This creates unnecessary
work for development teams. By creating a language extension in Visual Studio Code
that uses both TypeScript and Python, Ductus aims to overcome these obstacles through
a local server implementation.

1.1 Goal and Purpose

The goals of this research are to develop a solid understanding of how extensions work
and to evaluate their accessibility for creation. Additionally, we aim to create a functional
extension to collaborate with a custom-created Python library. This involves implement-
ing a real-time code analysis system that ensures written code follows Varvault’s rules
and fetches desired data from the Varvault vault system, presenting it intuitively. The
motivation behind these goals is the widespread use of Visual Studio Code as a code ed-
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2 Introduction

itor, its free availability, and its support for almost all programming languages through
extensions, making it a solid choice and having the potential to be an industry standard.

1.2 Motivation

Having a thorough understanding of how Visual Studio Code extensions work opens
up new possibilities that can significantly enhance development speed and accessibility,
especially in large companies. For instance, code of conduct policies can be implemented
as formatting and compliance extensions, ensuring that company standards are met and
automatically adjusted. Additionally, it becomes easier to create tools for setting up tests
and auto-generating content such as copyright marks and comments.

One of the great features of the extension API is its ability to leverage existing exten-
sions to manipulate windows and features, addressing more localized problems. Examples
of these capabilities, which will be discussed later, include CodeLens and various types
of providers.

Thus, the motivation for this project is to understand the capabilities of Visual Studio
Code and the productivity gains that can be achieved through the professional use of
this knowledge.

1.3 Contribution

Peeking towards the results of this thesis, several significant contributions have been
made. Firstly, a fully functional extension has been implemented to collaborate with
a custom-created Python library, addressing specific needs identified by Ductus. Addi-
tionally, comprehensive research has been conducted throughout the project, providing
valuable insights into the strengths and limitations of Visual Studio Code and its Exten-
sion API.

Furthermore, this thesis includes the creation of a detailed guidance document for
Ductus. This document outlines the process of developing Visual Studio Code extensions,
offering step-by-step instructions and best practices to facilitate future projects. This
guidance is intended to empower Ductus to efficiently develop their own extensions,
enhancing their development workflow and addressing their unique requirements.

These contributions aim to provide a solid foundation for Ductus to leverage the capa-
bilities of Visual Studio Code, ultimately improving their productivity and development
processes.

1.4 Social, Ethical, Gender equality and Environmen-

tal considerations

Socially, this project represents a significant step forward in our current development era
by offering functionalities that facilitate teamwork and accelerate problem-solving. The
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collaborative features of Visual Studio Code and its extensions support efficient remote
work, enabling teams to adapt quickly to specific workflows with minimal support. This
can be particularly beneficial in promoting inclusive work environments where remote
work is essential for accommodating diverse needs and circumstances.

From an ethical standpoint, the open-source nature of Visual Studio Code promotes
transparency and collective improvement, as developers worldwide can contribute to and
scrutinize the codebase. This collaborative model helps ensure that ethical considera-
tions, such as privacy and security, are continually addressed by the community.

In terms of gender equality, the accessibility of Visual Studio Code is notable. It is
free to use and compatible with most operating systems. These factors make it accessible
to a wide audience, including those who might not have access to high-end computing
resources. By lowering the barrier to entry, Visual Studio Code can help bridge the
gender gap in technology by making programming tools more accessible to everyone,
regardless of economic background.

Environmentally, the efficient design of Visual Studio Code and its extensions can
have a positive impact. By optimizing workflows and reducing the need for physical
infrastructure, such as on-site servers and high-energy-consuming hardware, the software
helps minimize the environmental footprint of development activities. Additionally, the
ability to work remotely can reduce the need for transportation, further lowering carbon
emissions.

1.5 Collaboration with Ductus

Ductus[2], originally Data Ductus, started in 1989 and is an IT consultant company
working with almost everything that their clients are requesting. Having a lot of their
work done in Python to support everything from electronic programs to desktop and
mobile/tablet software in different scenarios their need for a great editor with the correct
functionalities is a foundation for a productive work line. Mostly utilizing PyCharm[3] by
JetBrains for their Python development right now, it would both be more cost-effective
and expandable to use Visual Studio Code, as well as have a better feature-beneficial
work environment as other teams already use Visual Studio and therefore can guide each
other to a time efficient production utilizing the right extensions!

1.6 Outline

The structure of this thesis follows a straightforward path to guide the reader through
the research process:

• Introduction (Chapter 1):
This chapter provides an overview of the purpose and motivation behind the report,
setting the stage for the subsequent chapters.



4 Introduction

• Background and Related Work (Chapter 2):
Chapter 2 explores related research and background information relevant to the
subject matter, including examining the software to the report’s focus.

• Methodology (Chapter 3):
Chapter 3 delves into the theoretical basis of Visual Studio Code Extensions, of-
fering insights into their functionality and various techniques employed within the
project. This chapter also allows readers to engage with theoretical implementation
challenges.

• Design and Implementation (Chapter 4):
Chapter 4 details the implementation process and the design decisions that guided
the project. Through images and pseudo-code, readers are led through the steps
that lead to the final result.

• Results, Discussion, and Conclusions (Chapters 5, 6, and 7):
Chapters 5, 6, and 7 present the findings, discussions, and conclusions drawn from
the project. Here, the focus is on evaluating the results, identifying areas for im-
provement, and offering insights for future implementations. Additionally, this sec-
tion highlights key aspects of the guides and similar resources, aiming to streamline
future implementations for smoother development processes.



Chapter 2

Background and related work

Visual Studio Code (VS Code) has achieved the top position among Integrated De-
velopment Environments (IDEs) in 2023, as reported by Stack Overflow[1], with a com-
manding 73.71% preference among 86,544 respondents. Renowned for its exceptional
adaptability, VS Code’s strength lies in its Extension Application Programming Inter-
face (API), which empowers teams to craft custom extensions and tailor the IDE to their
specific requirements, independent of Microsoft’s periodic updates. This extensibility
has led to a wide range of functionalities, including custom language support, automated
testing, formatting, and diagnostics. The VS Code Marketplace currently hosts an im-
pressive 59,086[4] active extensions, ensuring users can find solutions tailored to their
needs.

Python[5], ranking third in the survey’s[6] list of programming, scripting, and markup
languages, shares a similar ease of augmenting functionalities through libraries. However,
some libraries surpass the capabilities of the standard Python extension in VS Code.
Insufficient language support can hinder tasks such as real-time auto-completion and
debugging, a common challenge across various IDEs when interfacing with language add-
ons. This creates unnecessary work for development teams.

Creating an extension in Visual Studio Code that utilizes both TypeScript and Python
can overcome these hindrances, opening endless possibilities for enhancing language sup-
port and streamlining development processes.

2.1 Related Work

With almost 60,000[4] already existing extensions on the Visual Studio Code extension
market, we find that this is nothing new that this study is trying to achieve. Though
most of the extensions out there might be smaller functions, test extensions, or themes,
a few are of the kind of extension that this aims to learn about. Similar extensions to
this are the Python Language server[7] and its Pylence[8] addition or any other language
extension. As this study aims towards learning about extensions as a whole and more
narrowly implement extensions that work to support a Python Library those language
extensions are the most related to the implementation, while the whole marketplace is
related to the study’s theoretical parts. Looking at the number of extensions available
there is a lot that says that the guidelines out there are good with lots of help, it also
shows that there is a community dedicated to this kind of development which can help.

5



6 Background and related work

2.2 Visual Studio Code Extension

The origin of flexibility that Visual Studio offers has it’s roots in the beginning, in 2015
VS Code was released[9] on GitHub under the MIT license with stated extension support.
From the Visual Studio Codes Extension API Guide we can see that most of the code
editor is built upon their API, which shows how many possibilities it offers.[10] Anyone
could potentially add new features to the entire editor and companies could extend with
company-specific extensions to add to the functionality that the editor already provides.

2.3 Language Server

Creating an extension can be very slow for example diagnosing large files as it runs on
the same process as the editor, making it difficult for Visual Studio Code to provide
a smooth and lag-free development experience. [10] To address this issue, a Language
Server created in Node.js was introduced. However, this approach limited extension
developers’ freedom, as it wasn’t expandable to other languages beyond JavaScript and
Node.js frameworks. Additionally, it required extensive parsing to support the wide
variety of programming languages available.

Recognizing this problem, Microsoft created the Language Server Protocol (LSP)[11]
to standardize Language Servers and make development easier for developers.

2.3.1 Language Server Protocol

The Language Server Protocol (LSP) can be implemented in any programming language
and is supported by most IDEs, making it extremely versatile. This allows a single
language server to be developed and used across various development environments,
providing significant freedom to users. In Visual Studio Code, the LSP implementation
is facilitated through the "language-server/node" API, which manages the connection
between Language Servers and the Visual Studio Code client.

For those unfamiliar with network protocols, a protocol is a standardized method
for transmitting data between a server and a client. This structured approach enables
applications using the same protocol to communicate effectively with one another. Thus,
utilizing LSP in Visual Studio Code allows seamless interaction with other applications
that also implement the protocol.

2.4 Varvault

Created in 2021 by Chloe Holst[12], Varvault is a powerful Python library that has
become a cornerstone of some of Ductus’ Python development processes. Despite the
great functionalities Python libraries offer, a common issue is the difficulty of real-time
debugging, which can cause small problems to take hours to resolve.

Varvault addresses this challenge while also simplifying large projects and variable
handling with a straightforward structure that mirrors real-world processes. It uses a



2.4. Varvault 7

system of keys (variables) that can function as inputs and/or outputs, which is funda-
mental in programming. However, managing these keys globally, especially when similar
keys are used in different scenarios, can be challenging. To address this, Varvault intro-
duces keyrings to group-related keys and vaults to simplify keyring management, which
inspired the library’s name: Var(variable/key)-vault.

For global usability, Chloe implemented a way to store these vaults either in Python
data structures like dictionaries, lists, or as Javascript Object Notation (JSON) files,
providing a clear structure and broader applicability.
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Chapter 3

Method
In this chapter, the methodology of exploratory research and experimental methodol-

ogy is used to find the answer the thesis searches for. The exploratory research method-
ology provides the research part on how everything works and the planning before imple-
mentation, then the experimental methodology comes in to provide the ground for our
implementation and the results given by it. Both these methodology classifications are
necessary to come to the correct conclusion in this thesis.

3.1 General Extension Programming

With the endless possibilities that the Extension API offers, creating a basic extension
is fairly straightforward. Visual Studio Code utilizes the Yeoman generator[13] to make
this process even easier. By running "yo code" in the terminal (command prompt), you
can start creating an extension with any of their base codes. Yeoman, known for its
slogan "The web’s scaffolding tool for modern webapps" simplifies this process by guiding
you through the steps to create an extension in TypeScript or JavaScript. Additionally,
you can choose from specific templates such as a VS Code color theme, web extension,
or language support extension.

3.1.1 Workflow

Visual Studio Code is at it’s core only a text editor, we need to fulfill the rest of the
functions either by setting them up ourselves or utilizing other person’s extensions. Text
highlighting, debugging, and IntelliSense all need the touch of a creator which makes
the workflow up to the user. Debugs and tests are set up to the need of the user and if
using a standardized launch debugger it’s fully possible to expand it and make different
versions to test different parts of a system from different ground rules.

3.1.2 Development Language

The API is based on JavaScript(JS), but as Typescript(TS) now has come around that
is what is mainly used. Typescript is only a compiler scripting language, meaning that
everything you perform in typescript will be translated into JavaScript and then used to
perform the actions it has been told to do. It also uses a fair bit amount of JavaScript

9



10 Method

Object Notation (JSON)[14] to create the restrictions and compile specific settings. The
combination of these three with the great addition that JavaScript is possible to incor-
porate with web projects as well as using NodeJS[15] as the foundation of everything. It
all shows that this opens all kinds of possibilities.

3.2 Working with a Language Server

The general advantage of a language server over a regular extension is the speed gained
from creating new processes to offload the work to be done in the background. When
adding support for a new language or extending a language, a lot of tasks need to be
done to get a useful result. The language-written code needs to be parsed and error-
checked, it needs to be highlighted correctly, and formatted. An addition would also
be auto-completion and code help, but doing this for a thousand-line code file will be
a thousand lines times five checks and need to be done regularly to keep the process of
coding meaningful enough. Also doing that in a regular extension will make the code
editor lag and freeze as there are multiple loops involved in the process. So for that
reason, we need to work with servers that can be summoned. And even greater is that
these servers could run processes of their own and also summon even more servers to
make their work easier and then sum everything together in the end to with just a few
milliseconds of work validate a whole folder of files which appends behind the scene and
are not presented before ready which gives a smooth coding experience for the user.

3.2.1 Protocol

The protocol used is created by Microsoft and includes everything that could ever be
needed, both for the client and server[16]. Since the protocol is one hundred percent
independent we do not need to care what language we use, just try to evaluate which
language could perform the best for the specific problem at hand.

3.2.2 Server Side

Deciding on a good workflow for the server was one of the initially most difficult things.
A lot of testing and research was put into this task as it is the project’s core. Firstly a
naive try to do everything in Typescript was attempted as this was the proposed way
through the examples on VS Codes documentation pages. The difficulty with this method
was that the code analysis became hard to maintain. Since the extension is designed to
analyze Python code, it necessitates the implementation of a Python parser. Developing
such a parser is a time-consuming process that has been undertaken numerous times
before. Therefore, it is more efficient to utilize an existing parser. This then led to
the second test, which involved using the Python LSP library to create a server with
Python. However, this approach resulted in the loss of many excellent VS Code LSP
functionalities, as it would require recreating them from scratch.
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Figure 3.1: CodeLens Visuals in Varvault(2 References | ...)

So how could this be fixed is a good question to ask. The answer is that a combination
of Typescript and Python is the best solution. The server is written in Typescript using
Visual Studio Codes LSP, and when Python is needed, a new temporary process is
created for the Python script which introduces the last big name in this implementation,
JavaScript Object Notation (JSON), which is a file and text structure that is both easy
for humans to understand and are greatly supported in most programming languages. It
is the format that the Python script sends back a value to the typescript server which
in turn transforms that JSON structure into the desired use case through typescript’s
interface structure. In this way, the server can both serve effectively and be useful to the
extension.

3.2.3 Client Side

Working with the client side is very simple, working exactly like a general extension, it
can do some more workspace-level things like changing the theme and colors of highlights.
The main purpose of the Client is to enhance the representation of errors and similar for
the user of the extension. This project works mostly with something called CodeLens
to display inline information directly in the editor, for a visualization look at figure 3.1.
However, this also ensures that the correct information comes to the proper position by
sending requests to the server to pass important data. The data passing back and forth
between the client and server became more and more used during the run of the project.
Most have to do with CodeLens interpretations but also to show specific information in
custom web views that were later used to ease up to go through the errors and such from
the code.

3.3 Exploration

Implementing this kind of project requires extensive exploration to be time-effective and
produce high-quality software. This study focuses on understanding how the Ductus li-
brary Varvault works, planning the development process, and identifying other extensions
that can expedite the development process for the teams.

3.3.1 Python and Varvault

A significant effort was dedicated to exploring and understanding Python and Varvault
to ensure the implementation was as efficient as possible. Identifying all the "rules" and
understanding the structures of Varvault were crucial for development, given Python’s
forgiving nature and lack of strict rules.
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Figure 3.2: TODO HIGHLIGHT Example

3.3.2 Effective Extensions

One of the parts of this project was to find already created extensions that could be
used to do effective development in Visual Studio Code. A lot of research was done here,
presented in this section are some of the more good practice extensions that enhance the
development process with simple features that save a lot of time.

An excellent example of such an extension is "TodoHighlight" created by Wayou
Lie[17], which now has been released by Jonathan Clark as a second version[18]. These
extensions do help the development a lot as they change how comments are displayed
and can be modified from their settings.json file. This study implementation utilizes
this extension to move todo comments and notes from the original dark green that the
"Dark+" theme in VS Code originally had to some bright and eye-catching colors. Figure
3.2 shows an example of how it could look. A Similar extension to this is also "Better
comments"[19] which also updates the style of comments. A lot to choose from here.

More useful extensions are "Select Same Text"[20], "Error Lens"[21], and "autoDoc-
string" (Python-specific)[22]. As well as the more language-specific intellisense and di-
agnostics.



Chapter 4

Design and Implementation

4.1 Structure

The core to making a Visual Studio Code extension using the live server protocol is
it’s file structure which abstracts the layers between the client, server, and the general
extension, making it 3 separate parts with their own version and package.json file.

4.2 Python Libraries

During the process of the project, a few libraries have been used to maintain good
structure. Most of these are in the world of Python as the Typescript implementation of
the extension mostly includes API-related things. However, when it comes to the Python
scripts we have a few libraries that have been crucial to make everything work.

13



14 Design and Implementation

4.2.1 Abstract Syntax Tree

One of these and the most important one is the Abstract Syntax Tree (AST)[23] which
is used to see how the code is structured. This is mostly used for the diagnostics code
and to find where Varvault stores keys. The big benefit of using AST is that it has
neat information like line numbers for when a specific type has been used, the character
lengths of assignments, and so on. This information has been useful for the diagnostics
systems to just read the attributes of the line instead of needing to count line by line.

4.2.2 Path and OS

Another library used for development is the OS[24] and it’s path addition[25], which is
used to manipulate file paths and the general operating system. This has been very useful
in optimizing when finding the keys so we don’t need to walk through the whole system.

4.2.3 JSON Library

The last core library utilized was the JSON Library[26] to get everything in the correct
format to be sent between the Typescript server and the Python script. Using the
json.dump to get a dictionary format into a string made it easy to manipulate and work
with.

4.2.4 Typing and List

Giving an extra extension that could be used but is not a criterion to get this implemen-
tation done is the list library from typing[27], which makes handling list data super easy.
There are also more features in the typing libraries that help manipulate data structures
when needed.

4.3 Codelens and References

Inspired by the C-Sharp Visual Studio Code Extension [28], a similar implementation
for listing and finding references was developed. This was achieved using VS Code’s
CodeLens provider in combination with the reference provider. The CodeLens provider
allows data to be displayed directly in the code editor and attaches a command to the text
to perform specific actions. When there are multiple references, the reference provider
enables a "peek" view to find all instances in the code. The general implementations in
pseudo code are shown in Algorithms 1 and 2.

Algorithm 1 is designed to create CodeLenses for multiple lines and is tailored for
Varvault, displaying only on lines where keys are assigned through the Varvault library.
These lenses trigger a command to run Algorithm 2, which uses the reference provider to
show all instances where the variable is used. This overwrites the original functionality
to highlight specific use cases of a key in the code, such as assignment, input, and output.
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Figure 3.1 in Chapter 3 shows how the CodeLens appears inside the editor. It expands
on Algorithm 1 by using three CodeLenses together on the same line, providing three
different functionalities.
——————————————————
ALGORITHM 1 - Provide Code Lenses
——————————————————
1. Class MyCodeLensProvider implements CodeLensProvider:
2. Method provideReferences(document, token) returns CodeLens[]:
3. dynamicData ← executeCommand(’varvault.getCodeLensData’)
4. KeyList ← parseJSON(dynamicData)
5. Locations ← []
6. Commands ← []
7.
8. foreach key in KeyList
9. KeyPos1 ← createRange((key.LineNumber - 1), 0, (key.LineNumber - 1), 0)
10. Locations.append(KeyPos1)
11.
12. foreach key in KeyList
13. displayPos ← createPosition(key.LineNumber - 1, 0)
13. displayText ← "Occurances - 1 References"
14. cA ← createCommand(’editor.action.goToReferences’, [ ], displayText)
15. Commands.append(cA)
16.
17. codeLenses ← []
18. foreach i in range(len(KeyList))
19. codeLens ← createCodeLens(places[i], Commands[i])
20. codeLenses.append(codeLens)
21.
22. return codeLenses
——————————————————
The code lense provider is built upon the Visual Studio Code API class of "CodeLen-
sProvider" which could include both the "provideCodeLenses" method described in Al-
gorithm 1 and a "resolveCodeLens" method. For this implementation the resolver is not
added, but it can be used to update the codelens in real time or on request which is
something that would be very beneficial for the implementation in the future. Generally
looking at Algorithm 1 we see that the codelens does not have more to it than a display
location which is set in the first foreach loop and a comment which is set in the second
one. These are splitted in the pseudo code to benefit ease of reading but could be added
under the same loop if wanted.

Going to Algorithm 2 we uses the the API class "ReferenceProvider" and here uti-
lizes the "provideReferences" method to display the content. Within the algorithm some
content have been stripped away to make it easier to understand the general implemen-
tation. In the studys implementation some extra data is provided to determine if input



16 Design and Implementation

or output keys should be shown in the peak references, but most of the information is
provided.
——————————————————
ALGORITHM 2 - Provide References
——————————————————
1. Class MyReferenceProvider implements ReferenceProvider:
2. KeyToDisplay ← ""
3. KeysKeyring ← ""
4.
5. Method setUpDefinition(KeyName, Keyring, displayID = 0):
6. this.KeyToDisplay ← KeyName
7. this.KeysKeyring ← Keyring
8.
9. Method provideReferences(document, position, context, token) returns Location[]:
10. dynamicData ← executeCommand(’getDefinitionData’, this.KeyToDisplay,
| this.KeysKeyring)
11. Key ← parseJSON(dynamicData)
12.
13.
14. positions ← []
15. foreach i in range(Key.UsedList.length):
16. displayPos ← createPosition(Key.UsedList[i].LineNumber - 1, 0)
17. KeyPos ← createRange(displayPos, 0, displayPos, 0)
18. positions.append(KeyPos)
19.
20. locations ← []
21. index ← 0
22. foreach i in range(Key.UsedList.length):
23. uri ← Uri.file(Key.UsedList[i].Filepath)
24. locations.append(createLocation(uri, positions[index]))
25. index += 1
26.
27. return locations
——————————————————
A lot of behind the scene work is done for the reference provider as it works closely
with the key searching functions that are later described in Algorithm 6, however this
is the general idea behind the the reference provider, and calling the "goToReferences"
command will by standard provide an peak window if the selected Location is more than
one, if one it will just "teleport" the cursor to its referenced position, but for references
this is rare as the first reference of a variable is the definition, therefore in the codelens
provider in Algorithm 1 we take occurrences minus one to remove the definition as a
reference.
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4.4 Client

There have not been to much done on the client side from the Visual Studio Code’s
lsp-server example implementation which everything is grounded on. The biggest change
is to change the activation from plain textfile to Python and to activate some commands.
But the general structure you find in Algorithm 3.

To provide a little better understanding of the Client activation algoorithm, its crusial
to understand that the client of the serverside is only a regular extension with some
listeners from the LSP node API used. The aim of the Activation is only to setup the
criterias to start the client and server and to assign commands which can be used within
the extension or by users.
——————————————————-
ALGORITHM 3 - Client Activation
——————————————————-
1. Function activate(context):
2. serverModule ← context.asAbsolutePath(path.join(’server’, ’out’, ’server.js’))
3.
4. serverOptions ← {
5. run: module: serverModule, transport: TransportKind.ipc
6. debug: module: serverModule, transport: TransportKind.ipc
7. }
8.
9. clientOptions ← {
8. documentSelector: [{ scheme: ’file’, language: ’python’ }]
9. synchronize: { fileEvents: workspace.createFileSystemWatcher(’**/.clientrc’) }
10. }
11.
12. client ← new LanguageClient(’vvserver’, ’Varvault’, serverOptions, clientOptions)
13.
14. commands.registerCommand(’varvault.getCodeLensData’, async () → {
13. return await client.sendRequest(’getCodeData’)
14. })
3.
15. commands.registerCommand(’varvault.getRefData’, async (key, keyring) → {
16. return await client.sendRequest(’getDefData’, key, keyring )
17. })
3.
21. commands.registerCommand(’varvault.getPeakInfo’, (keyName, keyRing, Pos) → {
22. DisplayDefinition(keyName, keyRing, Pos)
23. })
3.
24. myRefProvider ← new MyReferenceProvider
24. myCodelens ← new MyCodeLensProvider
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24. docSelector ← clientOptions.documentSelector
25. DispocodeLens ← languages.registerCodeLensProvider(docSelector, myCodelens)
26. DispoRefPeak ← languages.registerReferenceProvider(docSelector, myRefProvider)
3.
29. context.subscriptions.push(codeLensDisposable)
30. context.subscriptions.push(DefinitionPeakDisposable)
3.
36. client.start()
——————————————————
The commands that the client have defined is most to call functions and tests surrounding
the providers described earlier. However, other commands added is a activation and
deactivation command, a status command, and some commands to toggle features on
and off.

4.5 Server

The implementation is very big with a lot of controls to check if an project have been
updated or not. However, the biggest functionallities for this implementation is the
activation and the diagnostics system which is presented in Algorithm 4 and 5 providing
a easy to follow structure on how these is planned out.
——————————————————-
ALGORITHM 4 - Server Activate
——————————————————-
1. function onInitialize(params) returns InitializeResult:
2. capabilities ← params.capabilities
3.
4. // Check if the client supports ‘workspace/configuration‘ request
5. hasConfigurationCapability ← capabilities.workspace and
6. capabilities.workspace.configuration
7. hasWorkspaceFolderCapability ← capabilities.workspace and
8. capabilities.workspace.workspaceFolders
9. hasDiagnosticRelatedInformationCapability ← capabilities.textDocument and
10. capabilities.textDocument.publishDiagnostics and
11. capabilities.textDocument.publishDiagnostics
| .relatedInformation
12.
13. result ← {
14. capabilities: {
15. textDocumentSync: TextDocumentSyncKind.Incremental,
16. // Inform the client that this server supports code completion
17. completionProvider: {
18. resolveProvider: true
19. },
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20. diagnosticProvider: {
21. interFileDependencies: false,
22. workspaceDiagnostics: false
23. }
24. }
25. }
26.
27. if hasWorkspaceFolderCapability:
28. result.capabilities.workspace ← {
29. workspaceFolders: {
30. supported: true
31. }
32. }
33.
34. return result
——————————————————-
The Algorithm 4, the server activation, is similar to Algorithm 3 for the Client. We try
to understand the system we will perform diagnostics and similar, asking the document
what kind of limitations we might face. Then we save these criterias and rest of the
implementation is magic behind the node API.

For the next part looking at the Server Diagnostics in Algorithm 5 we will see that
the diagnostics fetches the errors from a "valid.validatekeyring" function for this imple-
mentation, this is done to run the Python AST to validate and parse the code, then using
the VS Code diagnostics system to display these errors as either a error or warning in
real time.
——————————————————-
ALGORITHM 5 - Server Diagnostics
——————————————————-
1. async function validateTextDocument(textDocument) returns Diagnostic[]:
2. settings ← await getDocumentSettings(textDocument.uri)
3. text ← textDocument.getText()
4. diagnostics ← []
5.
6. Output ← await valid.validateKeyring(text)
7. if Output.toString().length > 2:
8. jsonObject ← JSON.parse(Output.toString())
9.
10. for index from 1 to jsonObject[0].ErrorList - 1:
11. if index > settings.maxNumberOfProblems:
12. break
13.
14. StartPos ← Position.create(jsonObject[index].StartPosition.Line,
15. jsonObject[index].StartPosition.Character)
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16. EndPos ← Position.create(jsonObject[index].EndPosition.Line,
17. jsonObject[index].EndPosition.Character)
18. Severity ← jsonObject[index].ErrorType
19. message ← jsonObject[index].ErrorDesc
20.
21. diagnostic ← {
22. severity: Severity,
23. range: {
24. start: StartPos,
25. end: EndPos
26. },
27. message: message,
28. source: ’Varvault Extension’
29. }
30.
31. if hasDiagnosticRelatedInformationCapability:
32. diagnostic.relatedInformation ← [{
33. location: {
34. uri: textDocument.uri,
35. range: Object.assign({}, diagnostic.range)
36. },
37. message: message
38. }]
39.
40. diagnostics.push(diagnostic)
41.
42. return diagnostics
——————————————————-

4.6 Key Tracker

The core function saved for last. The keytracker was the main objective of the imple-
mentation, being able to list the different use cases of a specific key inside a keyring from
varvault[12]. Though this system is one of the more important its very straightforward
and simple implemented. It contains three parts, the varvault file tree constructor, the
python code to fetch the keys from these files and the getters to retrieve the keys of
interest for different use cases. The code of interest in this is the theory behind the file
tree and the python script that fetches the keys.

4.6.1 Construction of the file tree

The theory behind this functionality is simple, loop over all files in the workspace from
the root folder, initialize a structure that can be transformed into json easily and add the
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root folder and give it a property of children. Then recursively (use the same function
with different input data) on all of the child folders and files, when encountering another
folder call the same recursive function with this folder as its root and note that in the
child part of the structure created and continue so until you find a file.
Whenever a file have been encountered we need to check for two things, firstly if its a
python file, and secondly if its imports varvault.
The tricky part here is to check for varvault efficiently, as using a python script would
make the job easy, it would slow down the process tremendously as we now introduce
asynchronous functionality, meaning we need to wait for the answer before continuing
even though its a lost cause. Using Typescript instead will give a faster result even
though its a more tricky implementation. For Typescript, regex is used to find the
pattern matching an import or import from, which is the two kinds of imports python
supports.
When those two are figured out and we see that both are true, we add the file and return
the functionality, meaning that we continue the last folder sequence if the recursion have
occurred, otherwise exiting the function.
Lastly we return this as an string using a JSON Parser in typescript, which will then be
the ground of which files the keys will be searched for in the fetching of keys functions.

4.6.2 Utilisation of AST to fetch keys

Time to fetch the keys and we start a child process from our typescript extension to run
a Python script that uses abstract syntax trees (AST) to determine the patterns of and
functionalities of another Python script. Bypassing the File tress string intro Python and
then running that through first a file filter and then starting the AST checks for each
file. While this might be a big implementation, the functionality is mostly a repeating
pattern, therefor Algorithm 6 only showcases the most basic one determining if the file
is a keyring, and then Algorithm 7 how we fetch the key information from the AST
Modules.

——————————————————-
ALGORITHM 6 - Finding the Keyring
——————————————————-
1. Function findKeys(filepath) returns void:
2. file ← open(filepath, ’r’)
3. try:
4. tree ← ast.parse(file.read())
5. except:
6. return
7.
8. for node in tree.body:
9. if isinstance(node, ast.ClassDef):
10. keyringClassNames.append(node.name)
11. for base in node.bases:
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12. if isinstance(base, ast.Attribute) and base.attr == "Keyring":
13. if isinstance(base.value, ast.Name) and base.value.id == "varvault":
14. findKeysInKeyring(node, filepath)
——————————————————-
——————————————————-
ALGORITHM 7 - Fetching the key data
——————————————————-
1. Function findKeysInKeyring(node, filepath) returns void:
2. for stmt in node.body:
3. if isinstance(stmt, ast.Assign):
4. target ← stmt.targets[0]
5. if isinstance(target, ast.Name):
6. key_name ← target.id
7. value ← stmt.value
8. if isinstance(value, ast.Call):
9. func ← value.func
10. if isinstance(func, ast.Attribute):
11. key_name_arg ← None
12. for arg in value.args:
13. if isinstance(arg, ast.Constant):
14. key_name_arg ← arg.value
15. for kw in value.keywords:
16. if kw.arg == ’key_name’ and isinstance(kw.value, ast.Constant):
17. key_name_arg ← kw.value.s
18.
19. if key_name_arg == key_name:
20. id ← (abs(hash(key_name)) + abs(hash(node.name))) % 10000
21. if keyKeys.count(id) != 0:
22. usage ← {
23. "Occurance": 0,
24. "Usage": 0,
25. "Filepath": filepath,
26. "Lineno": target.lineno
27. }
28. keys[id]["UsedList"].insert(0, usage)
29. else:
30. key ← {
31. "KeyName": key_name,
32. "KeyRing": node.name,
33. "Occurances": 1,
34. "UsedList": [{
35. "Occurance": 0,
36. "Usage": 0,
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37. "Filepath": filepath,
38. "Lineno": target.lineno
39. }]
40. }
41. keys[id] = key
42. keyKeys.append(id)
——————————————————-
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Chapter 5

Result
Looking at the implementation we gained some interesting results to walk through.

First and most important is the performance factor as this is a real-time diagnostics and
code analysis extension. The next is the usability result of how useful the extension is
to the user. The performance part will be presented in numbers and statistics, while
usability will utilize some numbers from the result but mostly be presented as feedback
points from the end users.

5.1 Performance

Thinking about performance in this scenario we aim towards unfrustrating development
hours for the end user. What this means in general is that the information should be
there when it occurs and be able to update fast enough to give a smooth session inside of
the editor. Looking at the extension and implementation, we know from Chapter 3 that
using a Live Server Protocol already gives a fair bit of performance as everything runs
in the background on a separate process, which gives freedom to perform code analysis
without freezing the whole editor when a big project has been opened or similar. But
with the extension’s hard work on another process, we need to think if the information
gets provided to the user in time to be useful and relative. It’s not productive to wait
2-4 minutes for some processes to complete, as ten or twenty more problems could have
appeared in this time.

So how does the implementation perform? To answer this we will look into the
research function, as this loops over the whole "workspace" that is opened, and then
check how long it takes to make a thorough analysis with diagnostics of a big project.

5.1.1 Key Search Performance

When borrowing one of the biggest projects Ductus had using the Varvault[12] system
we timed how long it took to first find all of the relative files, which means stripping
away empty folders, systems files, and other files that have no relation to Varvault and
its vault system. When testing these two functionalities which also depend on each other
for better performance, we did 5 tests and gathered the time in milliseconds it took
both to perform these tests. Note that the key search functionality is performed in a
Python process and then received back to Typescript, and creating the file tree structure
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Test Number Time File Structuring Time Key Search

(4448 Files) (168 keys)
Test 1 601 ms 1583 ms
Test 2 1053 ms 1764 ms
Test 3 1229 ms 1814 ms
Test 4 1364 ms 1827 ms
Test 5 1129 ms 2178 ms

Average Times 1075.2 ms 1833.2 ms

Table 5.1: Time Table For Key search test

of relative files is only utilizing the Typescript environment. The resulting time of these
tests is presented in table 5.1.

Seeing the results it might seem that it takes a lot of time, but being around 1-2
seconds is actually better than good for this kind of process. As this process only runs
when the editor receives that a file has been saved, or the current work file has been
swapped, it is a process happening in the background. But if this would be changed up
to be performed more often, then it might be a bit more problematic. Though looking
at it from the request from Ductus, this was more of an informational point to see what
is used, where it’s used, and so on, meaning that unless multiple people would work
together live in one document, this result is very good for their use case.

5.1.2 Code Analysis and Diagnostics Performance

Looking at the performance done from the code analysis we will be measuring the time it
takes to find errors in different environments and code lengths. Using the implementation
done with the borrowed project we will run the diagnostics on big files that set keyrings in
varvault, furthermore check this against looping over files of the same size with no keyrings
at all and where only one keyring is defined, to find the difference in the performance of
the tool. The reason to look into these scenarios is to find the net time it takes to check
the keyring function, as this was the only one implemented diagnostics for.

In table 5.2 you will find the times for each test and an additional isolated test where
100 keys get assigned and tested. This is to have some kind of isolated number that
should remain close to the same each time, as this one will not be affected by the rest of
the extension’s performance.

Looking at the result from 5.2 we can conclude that it’s very light on the system to
run the AST on these scenarios and that everything is running smoothly. These tests
are also made with the additional systems ongoing, so if it’s miss-timed and runs at the
same time as the Key searcher functions it might slow down the times. But close to 150
milliseconds is the average of all tests, which is less than what a person can perceive.[29]
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Test Number Only Keys No Keys One key Isolated

(232 Lines) (228 Lines) (125 Lines) 101 Lines
Test 1 178 ms 145 ms 132 ms 150 ms
Test 2 175 ms 133 ms 169 ms 160 ms
Test 3 147 ms 196 ms 185 ms 175 ms
Test 4 149 ms 144 ms 148 ms 144 ms
Test 5 140 ms 179 ms 171 ms 168 ms

Average Times 158 ms 159 ms 161 ms 159 ms

Table 5.2: Diagnostics Time Table For Tests

5.2 Usability

Using feedback from the supervisors from Ductus, we tried to draw a result on the us-
ability of the extension. Something necessary to note before this is that most of the
functionality that has been tested on usability is shipped core functionality from Visual
Studio Code that has been modified to fit the requirements for Varvault. Those function-
alities are the diagnostics, where the usability of the error messages and warnings is what
has been tested, and the providers which include the Codelens- and Reference-Provider.

The diagnostics have been through a bit of testing on the Keyring creation functions
inside Varvault, here the error messages and warnings follow the rules set for the Key
object which is that the key argument name has to be the same as the variable name
which is associated with the key and that the input type of the key is a legal one from the
Python standards. When either both or one of these rules is not held, an error message
is displayed which provides the information on which line the error is, highlights it in
the editor, and also gives a prompt as to what has happened. These messages have been
selected as useful enough with a bigger priority in the key search system of the extension.
But more work would be needed to find these up-to-standards useful.

On the other hand, looking at the providers, the tested implementation has had a few
iterations before feeling useful enough. The first iteration more or less only said how many
times a key has been used throughout the workspace with a Codelens implementation, of
course with the goal to expand to something more useful, but how to meet the objective
of listing inputs and outputs was still to be decided on. Iteration two had the upgrade
to now see where those keys are used through a reference provider, but still, the display
on which of these inputs and outputs was too difficult which led to the third and final
iteration where the codelens got expanded to 3 lenses for each key, one of total references,
one for inputs and one for outputs, each of these had their separate reference provider
which made it super easy to find where keys were used. This final iteration was accepted.
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Chapter 6

Discussion

The core subject of this thesis project has been to learn and create with the Visual
Studio Code Extension API and further to find how a custom extension can be useful
for Ductus with their Python development process utilizing their own Varvault Library.
By combining the API with some Python abstract syntax tree evaluation we could pro-
vide both real-time diagnostics and code evaluation/information gathering. The main
question received from Ductus when starting the project was if it would be possible to,
nicely, find and show where all keys were used. During the study’s development, it has
been shown that making an extension is fairly simple. Visual Studio Code and Microsoft
provide detailed guides to get started and tools to make onboarding to the development
quick and easy. With the Yeoman[13] generator tool Microsoft utilizes to create their
extension code generator, we can get into developing super fast and also be ready for
GitHub version control in just a few clicks answering some standard questions.

Upon mastering the fundamental concepts, a significant challenge emerged in working
with Language Servers. Resources such as guides and tutorials became increasingly
scarce for specific systems. However, a valuable approach was discovered: examining the
codebases of other developers and reviewing Visual Studio Code’s example extensions. A
notable advantage of the Visual Studio Code extension ecosystem is that many extensions
link their GitHub repositories directly on the marketplace, providing extensive access to
source code. This access proved invaluable in developing the Varvault extension as part
of the implementation phase of this study. However, it is crucial to acknowledge that
thoroughly reviewing and comprehending others’ code can be highly time-consuming.
Additionally, understanding and adapting their unique workarounds or implementations
for integration into the new extension presented considerable challenges.

Grasping the Microsoft API is relatively straightforward for individuals with a few
years of programming experience. However, a professional background in Node.js de-
velopment and TypeScript is advantageous, as the majority of concepts are constructed
upon these two components. This implies that only the extension-specific functions
require additional comprehension, for which the API documentation is generally ade-
quate in the context of regular extension development. Conversely, the documentation
is notably deficient when dealing with Language Server Protocol (LSP) projects. This
discrepancy necessitates a deeper understanding and often requires developers to seek
additional resources or community support to effectively implement LSP functionalities.
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6.1 Results and Outcomes

The evaluation of the extension demonstrates that it effectively meets the objectives out-
lined in the thesis. Temporal performance appears satisfactory based on the conducted
tests, although additional testing is necessary to establish a more robust average. It is
important to note that the tests were executed exclusively with Visual Studio Code run-
ning, without monitoring RAM usage, which leaves uncertainty regarding the consistency
of the results under typical programming conditions.

Nevertheless, the extension’s tested components operate on a separate process from
the editor. This separation ensures that the primary performance metric, the speed at
which essential functions are executed, remains optimal. Specifically, the key-fetching
functionality, which is the most time-consuming, is only triggered upon saving or during
idle periods in the editor. This design choice ensures minimal impact on the editor’s and
extension’s usability during active programming sessions.

In conclusion, while there is room for enhancement and additional features, the results
from the current tests indicate that the extension successfully fulfills the requirements
for real-time support as specified in the thesis objectives.

6.1.1 Ease of development

One of the goals of this thesis is to see how easy it is to develop an extension. Using
the implementations that have been done both during the implementation and research
it’s easier to create a standard extension for Visual Studio Code than a Language Server
Extension. The reason for this is mostly the accessibility of readings. Finding information
surrounding regular extension development is all over the place, from YouTube to Visual
Studios’ guides, we can find most of the things we search for. However transitioning to
a Language Server uses the node API instead of the regular one, which shares a lot of
functions but gives far less connectivity on what they do from the server to the client as
there is low to no guidance to be found online.

However, something that can be considered is the length of this study. Going from
no prior experience in Extension development, nor any active experience of typescript
in other than web-page environments, to a Language Server implementation, a few hin-
drances were to be expected. It became a rush to learn the basics and then proceed to the
more intermediate implementations. So for a more experienced TypeScript or JavasSript
developer, the learning curve and ease of development might look otherwise.

Nonetheless, making an extension is fairly easy. There is a lot of guidance out there,
especially through learning from other extensions. And having the whole Visual Studio
out as an open-source freeware on GitHub is a great plus in the corner when understand-
ing advanced topics.
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6.2 Typescript, NodeJS, and the Language Server

Creating a language server extension using the Language Server Protocol(LSP) gave lots
of freedom but also a lot of things to make decisions on. The LSP can be created through
almost any language, so here comes the question as to why the decision was made that
typescript should be used and not for instance Python which would have made the whole
process of parsing easier. The short answer to this is that working with Visual Studio
Code, it was beneficial to work with their native NodeJS language server API through
typescript, to implement all of the functionality from scratch which would be a challenge
in itself even though great guidance exists on the topic. The loss in using Typescript
and the VS Code API is that it gets hooked to only work with VS Code, which for this
implementation is fine but for a company’s benefit in the long run it would be a good idea
to develop a stand-alone language server as most IDE’s have support for LSP and with
the right configuration it might have been possible to make it work for both Jetbrains
PyCharm and Microsofts Visual Studio Code.

6.3 Python

Using Python scripts as a child process from TypeScript was adopted after extensive
testing. In the early drafts, trying to use Typescript and Regex to read and understand
Python code which ended up being very hard to work with as well as resulting in su-
per long functions to perform very small tasks. After that, we tried to make the whole
LSP in Python but quickly found that it would be very complicated and this opened
the knowledge on how to run Python scripts from the Typescript extension and receive
information back and forth. Using this we found that it was very effective to use Async
functions in typescript and await the result from Python Scripts, utilizing either regu-
lar data structures like Booleans, integers, and floats, or returning a JSON string for
more complicated data. Using this it became very natural to utilize Python libraries to
understand the Python code and figure out what to display to the user.

6.4 Improvements and Scalability

One of the easiest improvements that could be used in Visual Studio Code Extension
development with a language server is to separate work into multiple servers. This will
make both the implementation cleaner and more readable as only one server will perform
one thing, in the best of worlds. However we here need to look out for limitations like
running too many servers will slow the program down a bunch as each of these might
run their Python script as well, which will make the system run slower. But with the
right amount, we will gain a lot from this simple thing. This also allows for scalability
as it will be faster to gather all the information per task, which in turn makes room for
more features without slowing down the extension’s runtime.

Another thing that should be considered is to implement some sort of history system
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that can easily decide when a high workload process needs to be executed. One example
of this is fetching all of the keys in this thesis’s implementation. This task is run every
time you save the file you work in or open a new file, even though a new key might not
even been implemented. Keeping track somehow of when there is a change in the keys
would improve the workload on the extension a lot, as most keys are introduced once and
then used here and there, but not in all files. This function has already gone through
some optimization as described in the implementation part but could need more work as
a bigger project might slow down a lot.

6.4.1 Optimization

Working with Python turned out to be very time-consuming for big tasks in the imple-
mentation. Therefore as much as possible were recomputed in Typescript. An example
of this was when implementing a key search for the Varvault integration, this needs to go
through every file in the editor opened and find first the initialization of the key and then
where it was used and then return a readable JSON structure for this. This was origi-
nally created in Python, resulting in a 3-4 second runtime for a thousand or more files,
but moving most of the file traversing, checking which files included Varvault and also
sorting them to typescript made it take less than 100 milliseconds on the same amount
of files, which was a great improvement.

6.5 Potential Improvements

Given more time, a more thorough understanding of the libraries used for the extension
implementation would have been beneficial. Learning these libraries during the devel-
opment phase led to numerous inefficiencies and suboptimal code structure. Despite
this, our approach of utilizing separate testing programs for different examples from the
VS Code API GitHub repository and thoroughly reviewing the entire API documenta-
tion beforehand provided a solid foundation for the extension development. It is also
recommended to examine simpler extensions available in the marketplace by browsing
similar extensions to the intended goal. These extensions often have associated GitHub
repositories with well-structured code that can serve as valuable learning resources. Ad-
ditionally, having access to these GitHub repositories allows for experimentation with
the code, provided that license agreements are respected.
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Conclusion
In this study, we explored the creation of a Visual Studio Code extension and ex-

amined the feasibility of integrating it with the Varvault system. We assessed the ease
of implementation, transitioning from a simple TypeScript extension that parses Python
through Regex to a fully functional extension utilizing both TypeScript and Python.
This integration aimed to provide a faster development experience for the Ductus team
and future Varvault users.

Through this process, we acquired a variety of new skills crucial to current software
development and other related disciplines. By fully leveraging Visual Studio Code, this
study offers a baseline for beginners and an introduction to advanced areas such as
Language Servers, highlighting best practices and common pitfalls to avoid when creating
extensions.

The project progressed smoothly, meeting all Ductus criteria and exploring more
areas than initially anticipated. We successfully provided a working extension to the
Python team, complete with guidelines for continued development, marking this study
as a success.

However, the project’s conclusion reflects the time constraints within which the exten-
sion was developed. Many topics remain to be explored and tested to make the extension
more dynamic and helpful. Additionally, several functions lack diagnostic capabilities,
which should be the first area of expansion.

In conclusion, creating an extension is an enlightening project that provides insight
into how editors and compilers work behind the scenes and how to expand their func-
tionalities.

7.1 Future Work

Looking forward there’s a lot to be explored within the realm of extension creation in
Visual Studio Code. Some of the areas that this thesis did not touch are web integration,
theme and styling of the editor, and window manipulation. Which all could be very
interesting subjects to cover in the future. Mostly the web part as it can provide a lot
of ways to show information. An example of this that was planned for the thesis was to
create a web tree view to track the usage of keys in files so you could traverse the life of
a key-value pair.
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Appendix

Glossary of Terms:

- Extension: A piece of software that adds specific capabilities to a larger application.
- API: Application Programming Interface, a set of functions and protocols for building
software and applications.
- IDE: Integrated Development Environments, a text editor with core functionalities for
code analysis, debugging, and compiling.
- LSP: Language Server Protocol, a protocol designed by Microsoft to make it easier to
create Language Servers to evaluate and analyze code without impacting the editor.
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