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Abstract

Students at Johannes Kepler University learn the fundamentals of compiler construction us-
ing the language MicroJava. While the language provides a clear and simple structure for
educational purposes, most students are unfamiliar with it, and the lack of dedicated tooling
makes the learning process unnecessarily difficult. Unlike established programming languages,
no integrated development environments or editor extensions exist that support working with
MicroJava. To address this problem, an environment with modern editor support would lower
the entry barrier to MicroJava and improve the learning experience. This thesis follows this ap-
proach by developing a Visual Studio Code extension for MicroJava. The extension offers syntax
highlighting, error highlighting, program execution, and auto completion, thereby improving
the readability of code and supporting students in identifying mistakes early. In addition, real-
time feedback and integrated execution make it possible to test MicroJava programs directly
within the editor.



Zusammenfassung

Studierende an der Johannes Kepler Universitidt lernen die Funktionsweise eines Compilers
anhand der Sprache MicroJava. Obwohl die Sprache eine klare und einfache Struktur fir Bil-
dungszwecke bietet, sind die meisten Studierenden damit nicht vertraut und der Mangel an
speziellen Werkzeuge erschwert den Lernprozess zusétzlich. Im Gegensatz zu etablierten Pro-
grammiersprachen existieren keine integrierten Entwicklungsumgebungen oder Editorerweiterun-
gen, die die Arbeit mit MicroJava unterstiitzen. Um dieses Problem zu lésen, wiirde eine
Umgebung mit moderner Editorunterstiitzung den Einstieg in MicroJava erleichtern und das
Lernerlebnis verbessern. Diese Arbeit folgt diesem Ansatz durch die Entwicklung einer Visual-
Studio-Code-Erweiterung fiir MicroJava. Die Erweiterung bietet Syntax Highlighting, Error
Highlighting, Programmausfiihrung und Auto-Vervollstdndigung, wodurch die Lesbarkeit des
Codes verbessert und Studierende friihzeitig auf Fehler hingewiesen werden. Dartiber hinaus
ermoglichen Echtzeit-Feedback und integrierte Ausfithrung das direkte Testen von MicroJava-

Programmen innerhalb des Editors.
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Chapter 1

Introduction

MicroJava is a simplified version of Java used at Johannes Kepler University for educational
purposes [1]. In the course "Compiler Construction', students need to implement a compiler
for this programming language. Although, this language is essential for this course, students
currently have no option to check syntax or execute MicroJava programs until they have de-
veloped the compiler themselves. This makes getting familiar with the language particularly
difficult for beginners and increases the effort of writing and understanding MicroJava programs

drastically.

Visual Studio Code is a modern platform-independent Integrated Development Environment
(IDE) [2]. Due to its widespread use and customizability through extensions, Visual Studio
Code is an ideal IDE to support the MicroJava language. A MicroJava extension for Visual
Studio Code would not only improve development efficiency but could furthermore provide

support for students learning the language.

This Visual Studio Code extension aims to address these issues by providing functionalities
like syntax highlighting, bracket matching, error highlighting, and convenient execution of
MicroJava code in Visual Studio Code. Furthermore, declarative language features including
comment toggling, auto identation and simple auto completion aim to additionally simplify
the coding process. To create such an extension ANTLR is used to automatically generate the
scanner and parser from a given grammar description of the MicroJava language. Additionally,
a pre-built MicroJava compiler and runtime is included. This enables students to compile
and execute MicroJava code, which helps them to get more familiar with the language. The

implementation is developed in TypeScript and follows Visual Studio Code’s Extension APT [3,
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4).

The structure of this thesis is organized as follows. Chapter 2 provides the theoretical back-
ground, introducing the MicroJava language and outlining ANTLR as the basis for grammar
processing. Chapter 3 describes the Visual Studio Code API in detail, with a focus on its
event system, providers, commands, and the language server protocol, which form the founda-
tion for Visual Studio Code extensions. Chapter 4 presents the implementation of the devel-
oped extension, including syntax highlighting, program execution, grammar specification with
ANTLRATS, as well as the structure and integration of the language server for error highlight-
ing and auto completion. Chapter 5 demonstrates the functionality of the developed extension
in practice. Chapter 6 discusses potential enhancements and outlines directions for future work.

Finally, Chapter 7 summarizes the main findings and concludes the thesis.
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Chapter 2

Background

Before providing further details, we will first explore the existing concepts and technologies
relevant to the developed extension. This includes an overview of the MicroJava language and
the parser generator ANTLR.

2.1 MicroJava

MicroJava is a simplified programming language that is heavily inspired by Java [1]. Tt is
primarily used for educational purposes at JKU, such as in the course "Compiler Construction",
where students have to implement a compiler for this language. The syntax of MicroJava is
defined using Extended Backus—Naur form (EBNF) and may be adapted between semesters
[5]. This thesis is based on the version used in the winter term 2024, which is attached at the

end of this thesis.

To provide a general overview of the current version, the most relevant language constructs are

highlighted below:

« Declarations of constants, global variables, classes, and singletons.
o Method definitions including parameters and local variables.

» Expressions and operators.
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« Function calls, object creation, and array access.

o Basic control structures.

Listing 2.1 shows a short example of a MicroJava program.

1 program SumCalc

2 final int num = 10;
3 int total;
1
5

void printSum(int n)
6 int[] numbers;

7 int i;

8 {

9 numbers = new int[n];
10 total = 0;

11 i =0;

12 while (i < n) {

13 numbers[i] = i + 1;
14 total += numbers[i];
15 i +4+;

16 }

17 print(total);

18 print(’\n’);

19 }

20

21 void main () {

22 printSum (num) ;

23 }

24}

Listing 2.1: MicroJava example

2.2 ANTLR

ANTLR is a parser generator used for reading, processing, executing, or translation structured
text or binary files [6]. It generates a parser for a given grammar written in the g4 format,
containing lexer and parser rules. Listing 2.2 shows a short example of such a g4 grammar.
The code is generated in TypeScript in context of this thesis, however, ANTLR supports
code generation in various other languages. The generated parser consists of following four

components [7]:

o A lexer, often called scanner, which tokenizes the input.
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o A parser, which checks the syntax based on the defined parser rules.

o A listener, which automatically traverses the parse tree through methods that are called
by an ANTLR-provided walker object.

o A visitor, which manually traverses the parse tree through explicit visit method calls.

By default ANTLR generates the lexer, parser, and listener. The listener generation is enabled
automatically, but can be disabled if needed. However, visitor generation is not included, unless
explicitly enabled. These configurations can be performed simply by setting the appropriate
flag during the generation process.

| IDENT : [a-zA-Z_] [a-zA-Z_0-9]s;
A

4 : ’program’ IDENT (constDecl | globalVarDecl | classDecl | singletonDecl)« ’{’ methodDecl+ '}’

Listing 2.2: g4 grammar example

2.3 Yeoman

Yeoman is a scaffolding tool that simplifies the creation of the base structure for new projects [8].
For Visual Studio Code, Yeoman offers an official extension generator that enables developers
to quickly set up the necessary files and configuration for different extension types [9]. When
the language support option is selected during generation, the resulting setup already includes

essential functionality such as bracket matching.
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Chapter 3

Visual Studio Code API

Visual Studio Code is made to be highly customizable and extendable [10]. Its architecture
is designed to support a wide range of functionalities, such as adding support for different
programming languages. For each language, a different set of features can be implemented,
allowing developers to create extensions that address specific requirements and provide optimal
support [11]. This can be achieved through the Extension API, which consists of a set of
JavaScript APIs that can be invoked within an extension to either add additional functionalities

or interact with the editor itself [4].

In the following sections, important aspects of the Visual Studio Code API will be discussed.
These include underlying concepts of how extensions interact with the API and how developers

can take advantage of its features.

3.1 Events

Events are one of the most important aspects of the extension API, which enable extensions
to respond to actions that occur within the editor. Visual Studio provides an extensive list of
Activation Events that can be specified in the package.json. These events are triggered by user
interactions such as opening or saving files. When one of the added Activation Event occurs,
the extension is activated and can execute custom logic, such as running a MicroJava program,

registering commands, or starting the language server. [12].
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3.2 Providers

Providers are components that can be used to implement different kinds of editor functionalities.
In this thesis, the focus lies on the CompletionItemProvider and DiagnosticProvider, which
enable code completion suggestions and error highlighting. However the Visual Studio Code
APT offers many other providers, enabling features like showing tooltips, helping with parameter
hints and allowing quick navigation to code symbols [13]. Additionally, the CodeLensProvider
is used in this work to add a button above the main function, allowing a convenient way to

execute the program directly from the editor [14].

3.3 Commands

Commands can be used to trigger various actions defined in the extension. They need to be
registered with a unique identifier and a function that is executed when the command is invoked.
Such commands are typically invoked via the Command Palette or keyboard shortcuts, however

they can also be triggered through Ul elements, such as buttons provided by CodeLens [15].

3.4 Language Server

Language Servers can be used to implement autocompletion, syntax checking, and various other
language features. They utilize the Language Server Protocol (LSP), which standardizes the
communication between the editor and the Language Server, allowing the server implementation
to be written in any programming language. This separation provides additional benefits, such
as increased performance and enabling integration with not only Visual Studio Code but also

multiple other LSP-compliant code editors [16].

In this thesis, the Language Server is used to provide diagnostics in the form of error highlighting
and auto completion. It is implemented in TypeScript to take advantage of the seamless

integration with Visual Studio Code and its extension system.
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Chapter 4

Implementation

This chapter describes the implementation of the MicroJava Extension for Visual Studio Code
developed as part of this thesis. As outlined in previous sections, the developed extension
adds language support for MicroJava, including syntax highlighting, program execution, error

highlighting and auto completion.

The implementation consists of multiple components, each responsible for a specific aspect
of the language support. Syntax highlighting is implemented using a TextMate grammar, a
pattern-based definition that assigns scopes to keywords, literals, and other language constructs,
while program execution is handled via registered commands and a CodeLensProvider [17].
A custom language server was implemented using ANTLRATS for parsing, enabling advanced
features such as error highlighting and auto completion. This chapter is split into four sections,
each of which focuses on a specific feature, concept, or technology used in the implementation.
Each section is accompanied by short code snippets or examples to describe the concepts more

precisely.

4.1 Syntax Highlighting

Syntax highlighting in Visual Studio Code can be implemented using a custom . tmLanguage . json
file. This file defines a TextMate grammar, which consists of two main sections: patterns and
repository. The patterns section serves to reference elements defined in the repository section,

as shown in Listing 4.1.
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1 "patterns": [
2 { "include": "#comments" },
3

]

Listing 4.1: TextMate grammar pattern example

The repository section contains grammar rules, each of which can define one or multiple pat-
terns. Every pattern includes a name field, that specifies the scope name for syntax highlighting.
Visual Studio Code follows the official TextMate scope naming conventions and applies themes
accordingly. In addition, each pattern contains either a match field or a pair of begin and end
fields. The match field contains a regular expression that identifies single-token patterns. On
the other hand, the begin and end pair is used to define the start and end of a multi-token
pattern. Listing 4.2 shows a portion of the TextMate grammar used in the developed extension,
including patterns for both single-line and multi-line comments.

"repository": {

1

2 "comments": {

3 "patterns": [

4 {

5 "name": "comment.line .double-slash.microjava",

6 "match": "//.«$"

9 "name": "comment.block.microjava",
10 "begin": "/\\x",

11 "end": "\\s/"

12 }

13 ]

Listing 4.2: TextMate grammar repository example

Registering the .tmLanguage. json file in the contributes section of the package.json activates
the defined TextMate grammar, which is required to achieve syntax highlighting. Listing 4.3

shows the corresponding registration.

1 "contributes": {

2 "grammars": [

3 {

1 "language": "microjava",

5 "scopeName": "source.microjava",

6 "path": "./syntaxes/microjava.tmLanguage.json"

Listing 4.3: TextMate language registration
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4.2 Program Execution

To execute MicroJava programs directly from Visual Studio Code, the developed extension
registers a custom command. This command is also integrated into a CodeLensProvider,

allowing users to execute the program with a single click above the main method in the editor.

4.2.1 Command Registration

In Visual Studio Code Extensions, custom commands are defined in the package. json file by
adding an entry to the commands array. Each entry specifies a command identifier and a title,
which determines the label shown in the command palette. An example of this definition is

shown in Listing 4.4.

I "contributes": {
2 "commands": [

3 {
4 "command": "microjava.runFile",
5 "title ": "Run MicroJava File"

8}

Listing 4.4: Command registration — package.json

The command can then be registered in the extension.ts file. This registration is demonstrated
in Listing 4.5.

const runCommand = vscode.commands.registerCommand (’microjava.runFile’, () => {

1

2 // Execution logic

31

1

5 context.subscriptions.push(runCommand) ;

Listing 4.5: Command registration — extension.ts

In the context of this thesis, the execution logic was implemented by invoking the JAR file
of the compiler developed during the "Compiler Construction" course. This approach ensures
consistent behavior with the course environment and ensures that the execution logic can be

easily adapted to future changes in the grammar.
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4.2.2 CodeLens

To simplify program execution, a Codelens is used to provide a button above the main method,
allowing the users to run the program with a single click. This functionality is implemented
through a custom CodeLensProvider, which locates the position of the main method using a
regular expression. A CodeLens is then inserted at the corresponding position and linked to the

previously defined command. The implementation of this provider is shown in Listing 4.6.

export class MicroJavaCodelLensProvider implements vscode.CodelLensProvider {

1

2 provideCodelLenses (document: vscode.TextDocument, _: vscode.CancellationToken): vscode.CodelLens[] {
3 const codelenses: vscode.CodelLens[] = [];

4 const mainRegex = /M\s«void\s+main\s«\(\s=*\)\s«\{/;

5

6 for (let line = 0; line < document.lineCount; line++) {
7 const text = document.lineAt(line).text;

8 if (mainRegex.test(text)) {

9 const position = new vscode.Position(line, 0);

10 const range = new vscode.Range(position, position);
11 codelenses. push(

12 new vscode.CodelLens(range, {

13 title: >Run_MicroJava_ File’,

14 command: ’microjava.runFile’,

15 arguments: [],

16 H
)

S © 0 3
—_—
—

return codelenses;

NN NN
W N =
——

w
—

Listing 4.6: Custom CodeLensProvider

The CodeLens functionality is enabled by registering the custom CodeLensProvider in the

extension.ts, which can be seen in Listing 4.7.
context.subscriptions.push(
vscode . languages.registerCodelLensProvider (

1

2

3 { language: ’microjava’, scheme: ’file’ },
4 new MicroJavaCodelLensProvider ()
-

15}

6);

Listing 4.7: CodeLens regsitration
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4.3 ANTLRATS

In this extension, ANTLRATS is used to generate a TypeScript-based parser for the MicroJava
grammar. For generation, the grammar provided in the "Compiler Construction" course was
used. However, adaptations were necessary, as the original grammar was written in EBNF,
which differs from the format required by ANTLR. The steps required for this adaptation are
described in Section 4.3.1.

The parser can be generated either by running the ANTLR command directly or by defining
it as a script in the package. json and invoking it via the npm script. In the context of this
thesis, the latter approach was chosen, as it simplifies the process by eliminating the need to
remember the exact flags and file paths required for generation. The relevant commands are
shown in Listing 4.8.

# Direct command
antlr4ts -visitor src/antlr/Microdava.g4

> N =

2
5]
1 # Using npm script
5 npm run antlréts

Listing 4.8: ANTLR generation alternatives

4.3.1 Grammar Specification

The MicroJava grammar used in the "Compiler Construction" course is originally written in
EBNF. Since ANTLR requires grammars to be defined in the .g4 format, adaptations are
necessary. In this format, a distinction is made between lexer rules, which define individual

tokens and parser rules, which describe higher-level language constructs.

The main required adjustments are:

1. Repetitions: Curly braces {...} are replaced with (...)*. In contrast to EBNF, the

.g4 format also provides the syntax (...)+ for one or more repetitions.

2. Optionals: Square brackets [...] are replaced with (...)7.
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3. Lexer and parser rules: Lexer rules need to be explicitly defined, written in uppercase
(e.g., NUMBER : [0-9]+;, where [0-9] defines the range of digits from 0 to 9). Parser

rules are written in lowercase and combine lexer tokens into higher-level constructs.

4. Rule termination: Dots . at the end of rules are replaced with semicolons ;.

Listing 4.9 shows the same rule written in EBNF and in the adapted .g4 format.

——— EBNF ——

GlobalVarDecl = Type ident { "," ident } [ "=" Expr ] ";"
5 — .g4 ——

7 IDENT : [a-zA-Z_] [a-zA-Z_0-9]+;

9 globalVarDecl
10 . type IDENT (’,’ IDENT)= (’'=" expr)? ’;’

Listing 4.9: EBNF vs .g4

4.4 Language Server

To provide language features such as error highlighting and auto completion, this extension
implements a custom language server. This separation decouples the core logic from the imple-
mentation specific for Visual Studio Code, resulting in a cleaner project structure. Furthermore,
it enables support for other editors that implement the Language Server Protocol, making the

solution more extensible and portable.

4.4.1 Structure

To enable communication between Visual Studio Code and the Language Server, the server
has to create a connection and register document listeners. This allows the server to receive
updates about changes in open documents and provide features such as error highlighting and

auto completion.
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The basic structure of a Language Server consists of the following:

1. Creating a connection using the createConnection function (line 1).
2. Use an instance of TextDocuments to track open files (line 2).
3. Defining server capabilities in the onInitialize method (lines 4-10).

4. Starting the document and connection listeners (lines 12-13).

An example demonstrating this basic structure is provided in Listing 4.10.

I const connection = createConnection (ProposedFeatures. all);
2 const documents = new TextDocuments(TextDocument) ;

3
I connection.onlnitialize ((_params: InitializeParams): InitializeResult => {
5 return {

6 capabilities: {

textDocumentSync: TextDocumentSyncKind.Incremental

=~

8 }
9 b
10 }1);
11

12 documents. listen (connection) ;
13 connection.listen () ;

Listing 4.10: Language Server — basic structure

4.4.2 Integration

To activate the language server, a LanguageClient has to be initialized and started within the
extension.ts file. This client is responsible for managing the connection between Visual Studio

Code and the language server.

Integrating a language server in the extension.ts file involves the following steps:

1. Defining the path to the compiled language server (line 1).

2. Configuring the ServerOptions for standard and debug execution modes (lines 3-10).
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3. Configuring the LanguageClientOptions with a document selector (lines 12-14).

4. Initializing and starting the LanguageClient (line 16-23).

A basic version of the setup is shown in Listing 4.11.

const serverModule = path.join (context.extensionPath, "out", "server.js");

1
2
3 const serverOptions: ServerOptions = {

4 run: { module: serverModule, transport: TransportKind.ipc },
-

15

debug: {
6 module: serverModule,
7 transport: TransportKind.ipc,
8 options: { execArgv: ["--nolazy", "--inspect=6009"] }

9 1,
10 };

12 const clientOptions: LanguageClientOptions = {
13 documentSelector: [{ scheme: "file", language: "microjava" }],
14}

16 client = new LanguageClient(
"microjavalLanguageServer",
18 "MicroJava Language Server",
19 serverOptions,

20 clientOptions

)
client.start();

Listing 4.11: Language Server — integration

4.4.3 Error Highlighting

Error highlighting is achieved in the extension developed in this thesis by using the Language
Server Protocol’s diagnostic feature. Within the onInitialize method, the language server
defines the diagnosticProvider, enabling it to send validation results to the client. This
definition is shown in Listing 4.12.

1 connection.onlnitialize ((_params: InitializeParams): InitializeResult => {

2 return {

3 capabilities: {

1 diagnosticProvider: {
-

8]

interFileDependencies: false,
6 workspaceDiagnostics: false

7 b
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Listing 4.12: Error highlighting — definition

After defining the diagnostic provider, the language server registers a listener for diagnostic
requests using connection.languages.diagnostics.on. This listener is triggered whenever
the client requests validation of a document. In the context of this thesis, the executed code
block calls the function that performs the validation logic, provided the document is valid, as
shown in Listing 4.13.

connection . languages . diagnostics .on(async (params) => {

const document = documents.get(params.textDocument. uri);

return {
kind: ’full’,
6 items: await validateTextDocument(document)
7 } satisfies DocumentDiagnosticReport;

1
2
3 if (document) ({
4
5

10 return { kind: ’>full’, items: [] };
1}

Listing 4.13: Error highlighting — listener

To perform the actual validation of the document, in the context of this thesis the ANTLR
generated parser is used to analyze the text and provide all syntax errors as a list of diagnostics.
A custom ErrorListener class is defined and added to the parser, adding a diagnostic entry for
each syntax error detected during parsing. After the parsing process, the collected diagnostics
are returned. The implementation of this validation logic is shown in Listing 4.14.

I async function validateTextDocument(textDocument: TextDocument): Promise<Diagnostic[]> {
2 const diagnostics: Diagnostic[] = [];

3 const input = textDocument.getText();

4 const inputStream = CharStreams.fromString (input);

5 const lexer = new MicroJavalexer (inputStream);

6 const tokenStream = new CommonTokenStream(lexer) ;

7 const parser = new MicroJavaParser (tokenStream) ;

9 class ErrorListener implements ANTLRErrorListener<any> {

10 syntaxError(

11 recognizer: Recognizer<any, any>,
12 offendingSymbol: any,

13 line : number,

14 charPositionInLine : number,

15 msg: string ,

16 e: RecognitionException | undefined
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-~

): void {
const token = offendingSymbol as Token;
const tokenText = token.text ?? "";
const length = tokenText.length;

2 diagnostics . push ({
severity: DiagnosticSeverity.Error,
range: {
5 start: { line: line - 1, character: charPositioninLine },

end: { line: line - 1, character: charPositionlnLine + length },

b

message: msg,

NN NN NN NN
ISV

-3

N DN
©

source: "antlr",

30 1)

34 parser.removeErrorListeners () ;

35 parser.addErrorListener (new ErrorListener());
36 parser.program() ;

return diagnostics;

Listing 4.14: Error highlighting — validation

4.4.4 Auto Completion

To provide auto completion, the language server implemented in the extension described by

this thesis maintains a cache of all variables, methods, and classes. This is achived by the

updateSymbolCache method, which uses the ANTLR generated parser and a custom SymbolCollector

visitor to extract and store these symbols, which can be seen in Listing 4.15.

I function updateSymbolCache (document: TextDocument) {
2 const input = document.getText();

3 const inputStream = CharStreams.fromString (input);
4 const lexer = new MicroJavalexer (inputStream);

5 const tokenStream = new CommonTokenStream(lexer);
6 const parser = new MicroJavaParser (tokenStream) ;

8 const collector = new SymbolCollector () ;
9 collector.visitProgram (parser.program());

11 symbolCache . set (document. uri, {
12 variables: collector.variables,
13 methods: collector.methods,

14 classes: collector.classes

15 1)
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16}

Listing 4.15: Auto Completion — Symbol Cache

The custom SymbolCollector implements the ANTLR-generated Visitor class and keeps track
of all classes, methods, and variables in dedicated lists. It uses specific visit methods to traverse
the parse tree and store the relevant symbols found. Listing 4.16 shows the implementation of
the SymbolCollector class focusing on the methods relevant for collecting variables.

export class SymbolCollector implements MicroJavaVisitor<void> {

1

2 public variables: string[] = [];

3

1 visit(tree: ParseTree): void {

5 return tree.accept(this);

6 }

7

8 visitChildren (node: RuleNode): void {

9 for (let i = 0; i < node.childCount; i++) {
10 const child = node.getChild(i);
11 child.accept(this);
12 }
13 }
14
15 visitVarDecl (ctx: VarDeclContext): void {
16 const idNodes = ctx.IDENT() ;
17 if (idNodes && idNodes.length > 0) {
18 const varName = idNodes[0]. text;
19 this.variables .push(varName) ;
20 }
21 }
22
2 visitProgram (ctx: ProgramContext): void {
2 this.visitChildren (ctx);

Tt o W

[\

}

»

)
Listing 4.16: Auto Completion — SymbolCollector

To keep the symbol cache up to date while the user edits a document, the language server listens
to relevant document events. In the context of this thesis, events for opening, saving, and chang-
ing the content are used. Whenever one of these events is triggered, the updateSymbolCache

function is called to refresh the cached symbols, which can be seen in Listing 4.17.
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1
2
3
!
5

documents.onDidOpen (change => updateSymbolCache (change.document));
documents.onDidSave (change => updateSymbolCache (change.document));

documents.onDidChangeContent(change => {

updateSymbolCache (change . document) ;

b
Listing 4.17: Auto Completion — Events

To provide auto completion suggestions, the language server uses the onCompletion event. In

this implementation, all symbols are first retrieved from the symbol cache and stored in a local

variable. Then, each type of symbol is iterated over and added to a list of completion items,

which is finally returned to the editor. The snippet in Listing 4.18 shows the part of the code

responsible for handling variable completions.

1
2
3
4
5

16
17
18
19

20

connection.onCompletion (

(params: TextDocumentPositionParams): Completionltem[] => {

const symbols = symbolCache. get(params.textDocument. uri);
if (!symbols) {
return [];

const completions: Completionltem[] = [];

symbols.variables.forEach(variable => {
completions . push ({
label: variable,
kind: CompletionltemKind. Variable ,
detail: ’Variable’
b
b

return completions;

Listing 4.18: Auto Completion — suggestions
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Chapter 5

Demo

This chapter demonstrates the functionality of the developed Visual Studio Coded Extension for
MicroJava. Each subsection demonstrates one of the key features of the extension, supported

by screenshots that showcase its usage in practice.

5.1 Syntax Highlighting

This extension provides syntax highlighting to improve the readability of MicroJava programs.
Keywords, identifiers, literals, and operators are displayed in distinct colors, allowing students
to visually distinguish between different elements of the code. This not only makes the code
easier to understand, but also allows students to directly recognize the structure of the program.

An example of this syntax highlighting is shown in Figure 5.1.

5.2 Error Highlighting

The extension developed in this thesis detects errors in MicroJava programs automatically dur-
ing editing. The invalid syntax is underlined, and the corresponding error message is displayed
directly in the editor. This allows students to identify and correct errors without the need
for separate compilation attempts, leading to a more interactive and less frustrating learning

process. An illustration of an error with the respective error message is shown in Figure 5.2.
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void print_prims (int n)
int[] numbers;

int i, j;
{
numbers = new int[n];
i=0;
while(i < n) {
if(1 < i & numbers[i] == @) {
print(i);
print('\n');
j=1;
while(j < n) {
numbers[j1++;
j += 1;
}
}
1++;
}
}

Figure 5.1: Example MicroJava program with syntax highlighting

number

o mismatched input ')' expecting {'(', '-', 'new', IDENT, NUMBER, CHARCONST} antlr
i=20;
View Problem (XCF8) No quick fixes available
while(){
}

Figure 5.2: Error highlighting example
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1 | >run mid l

ir  Run MicroJava File recently used %%

¢ Runand Debug: Focus on Run View

Figure 5.3: Execution Command

5.3 Program Execution

The developed extension integrates a direct execution option for MicroJava programs. Students
can run their code from within the editor, and the output is displayed in the Visual Studio
Code terminal. This simplifies the workflow, by eliminating the need for external tools, keeping

all essential functions in a single environment.

5.3.1 Execution Command

Execution can be triggered via a registered command in the command palette, providing a
way that is consistent with existing Visual Studio Code workflows. This integration ensures
that students can execute their programs through familiar editor mechanisms. The registered

command is shown in Figure 5.3.

5.3.2 CodeLens

In additon to the command palette, a CodelLens is displayed directly above the main method,
providing a option to run the program directly with one click. This function places the execution
functionality in close proximity to the relevant code, streamlining the coding process even more.

An example of this CodeLens feature is shown in Figure 5.4.
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» Run MicroJava File
void main () {
print_prims(1000);

Figure 5.4: Program execution with CodeLens

print/(n)
== new
while(1ie] numbers
if(1 < i && numbharelil == A1 4

Figure 5.5: Auto Completion Demo

5.4 Auto Completion

Variable

The extension developed in this thesis provides auto completion suggestions based on the sym-

bols within a program, including variables, methods, classes, and keywords. This functionality

helps students to reduce typing errors and accelerate the development process itself. In this

way, auto completion serves as a productivity tool, as well as a learning aid for students. A

sample completion menu is shown in Figure 5.5.
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Chapter 6

Future Work

The current implementation of the MicroJava Extension for Visual Studio Code provides a
functional foundation for syntax highlighting, error highlighting, code execution, and auto com-
pletion. However, several additional features could further enhance functionality and practical

usability. The following proposals outline potential directions for future development:

1. Type Checking: Extending the language server with type checking would allow it
to detect semantic issues, such as type mismatches. This enhancement would improve

usability by providing immediate feedback to the user and reducing development time.

2. More Descriptive Error Messages: Improving the clarity and precision of error mes-
sages would make it easier to understand issues, helping users identify and resolve errors

more efficiently.

3. Navigation and Hover Support: Adding navigation features, such as jumping to
symbol definitions or finding references, would make it easier to work with larger files.
Hover support could provide immediate information about variables, such as their type,

or methods, including return type and parameters.

4. Debugging Support: Implementing debugging features, such as breakpoints or variable

inspection, would allow users to test and understand programs more effectively.



Conclusion 30

Chapter 7

Conclusion

The extension developed in this thesis provides a development environment for the MicroJava
programming language within Visual Studio Code. Its primary goal is to support students
by addressing challenges, such as the lack of editor support, missing error feedback, and lim-
ited assistance during program writing. Through features such as syntax highlighting, error
detection, program execution, and auto completion, the extension lowers the entry barrier to
MicroJava and helps users focus on learning the language itself rather than struggling with

technical limitations.

Throughout the thesis, the design and implementation of the extension were discussed in de-
tail. Key aspects included the use of ANTLR for grammar parsing, the integration of a custom
symbol collector to support auto completion, and the handling of document events within the
language server to provide real-time feedback. These features, combined with the execution
functionality, provide an development environment that not only improves the usability of Mi-
croJava, but also demonstrates how modern language tooling can enhance the learning process

of a new programming language.

In conclusion, the thesis has shown that a fully functional Visual Studio Code extension can be
built for MicroJava that significantly improves the programming experience. While the current
version already provides essential functionality, there still remains potential for enhancement,
such as type-checking, more descriptive error messages, navigation and hover support, and
debugging capabilities. With these improvements, the extension could evolve into a more
complete development environment, bridging the gap between educational use and practical

programming support.
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MicroJava — Grammar

Program = "program" ident { ConstDecl | GlobalvarDecl | ClassDecl
| singletonDecl } "{" {MethodDecl} "}".

ConstDecl = "final" Type ident "=" ( number | charConst ) ";"

GlobalvarDecl = Type ident { "," ident } [ "=" Expr ] ";".

VarDecl = Type ident { "," ident } ";".

ClassDecl = "class" ident "{" { VarDecl } "}".

SingletonDecl = "singleton" ident "{" { VarDecl } "}"

[ SingletonInitializers ].

SingletonInitializers = "(" Expr { "," Expr } ")".

MethodDecl = ( Type | "void" ) ident "(" [ FormPars ] ")"
{ VarDecl } Block.

FormPars = Type ident { "," Type ident }.

Type = ident [ "[" "]" 1.

Block = "{" { Statement } "}".

Statement = Designator ( Assignop Expr | ActPars | "++" | "--" ) ";"
| "if" "(" Condition ")" Statement [ "else" Statement ]
| "while" "(" Condition ")" Statement
| "bl"eak" ll;ll
| "return" [ Expr ] ";"
| llreadll Il(ll Designator‘ II)II II;II
| llpr\intll Il(ll EXpr‘ [ ll,ll number\ ] ll)ll Il;ll
| Block
| ll;ll

ASSignOp — ||=|| | ll+=ll | ||_=|| | ll*=ll | ||/=|| | lI0°=Il.

ActPars = "(" [ Expr { "," Expr } 1 ")".

Condition = CondTerm { "||" CondTerm }.

CondTerm = CondFact { "&&" CondFact }.

CondFact = Expr Relop Expr.

RelOp = ||==|| | ||!=|| | ||>|| | ||>=|| | ||<|| | ||<=||.

Expr = [ "-" ] Term { Addop Term }.

Term = Factor { Mulop Factor }.

Factor = Designator [ ActPars ]
| number
| charConst
| llnewll ident [ ll[ll EXpr\ Il]ll ]
| ll(ll EXpI" ||)||.

Designator = ident { "." ident | "[" Expr "]" }.

AddOp = ||+|| | ll_ll.

MUlOp = "x" | "/" | "0°ll .
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