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Step by step creation of a simple
compiler using ANTLR4

—— — | ——

ANTLR

What is ANTLR?

ANTLR (ANother Tool for Language Recognition) is a powerful framework for building
programming language parsers, interpreters, and compilers. It was created by Terence
Parr and first released in 1989. ANTLR provides a robust set of tools and libraries that

simplify the process of creating language processors.

Why ANTLR?

At its core, ANTLR is a parser generator that takes a formal description of a language
(specified using its own grammar syntax) and generates code that can parse input
conforming to that language. It supports both lexer (tokenization) and parser (syntactic
analysis) phases, making it capable of handling a wide range of language structures and

grammatical rules.

One of the distinguishing features of ANTLR is its support for LL(*) parsing, which stands
for “lookahead left-to-right with arbitrary lookahead.” This parsing technique allows

ANTLR to handle ambiguous grammars and resolve conflicts efficiently. ANTLR-generated
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parsers are typically efficient and can produce helpful error messages when encountering

invalid input.

In addition to parsing, ANTLR provides features for constructing abstract syntax trees
(ASTs), generating visitors or listeners for AST traversal (more on that later), and

performing semantic analysis on the parsed input.

ANTLR supports multiple target languages, including Java, C#, Python, and more. This
flexibility allows developers to choose their preferred programming language for
implementing the actions associated with parsing rules which makes ANTLR a popular
choice for building language processors and facilitating language-related tasks in software

development.

What is an AST traversal?

AST traversal refers to the process of traversing or visiting the nodes of an Abstract Syntax
Tree (AST). An Abstract Syntax Tree is a hierarchical representation of the syntactic
structure of a program or a piece of code. It captures the relationships between different

language constructs, such as statements, expressions, and declarations.

During AST traversal, each node of the AST is visited to perform specific operations or
analyses. This allows to extract information, perform transformations, or generate code

based on the structure and content of the AST.

There are generally two common approaches to AST traversal: visitor pattern and listener

pattern.

1.Visitor Pattern: In the visitor pattern, visitor classes are defined to encapsulate
operations on different nodes of the AST. Each visitor class typically has methods
corresponding to different node types. By traversing the AST, the appropriate
visitor methods are invoked for each visited node, allowing to perform specific
operations or gather information.

2.Listener Pattern: In the listener pattern, listener classes are defined to respond to
events triggered during the traversal of the AST. Listeners are associated with
specific node types and are notified when those node types are encountered
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during traversal. Listeners can react to these events by executing custom logic or
modifying the AST.
Both patterns offer flexibility in performing operations during AST traversal, and the

choice between them depends on the requirements of each use case.

AST traversal is commonly used in various language processing tasks, including static
analysis, code generation, optimization, and refactoring. By traversing the AST, the
structure and content of a program can be accessed and analyzed in a systematic and

organized manner.

Overall, AST traversal is an essential technique for extracting information, performing

analyses, and manipulating code during the language processing pipeline.

ANTLR4 for Windows

To install ANTLR on Windows, we need to follow these steps:

Step 1: Set up Java

ANTLR requires Java to run. Ensure that you have Java Development Kit (JDK) installed on
your Windows system. You can download the JDK from the Oracle website

at https://www.oracle.com/java/technologies/javase-jdkl11-downloads.html. Follow the

installation instructions provided by Oracle for your specific version of the JDK.

//Side notes:

Do I need also to download JRE? Actually, in the case of ANTLR, we only need to install
the JDK on Windows. The JDK includes both JRE and the necessary tools for Java

development, so it is sufficient for running ANTLR.

What is the difference between JDK and JRE? The JDK (Java Development Kit) and JRE
(Java Runtime Environment) are both components of the Java platform, but they serve

different purposes:

1.JDK (Java Development Kit) is a software development kit that provides tools and
libraries necessary for Java development. It includes the JRE, along with additional
tools like the Java compiler (javac), debugger (jdb), and other utilities. The JDK is
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used by developers to write, compile, and debug Java programs. It also includes
development-related documentation and examples.
2.JRE (Java Runtime Environment): The JRE is an environment that allows to run
Java applications on computer. It includes the Java Virtual Machine (JVM), which is
responsible for executing Java bytecode, as well as core libraries and other
runtime components required to run Java applications. The JRE does not include
the development tools and utilities found in the JDK.
In summary, the JDK is used for Java development and includes the JRE, while the JRE is
used to run Java applications but does not include the development tools. If you are
developing Java applications, you need the JDK installed on your system. If you only need
to run Java applications, the JRE is sufficient. It’s worth noting that starting from Java 11,
Oracle has changed the distribution of Java, where they only provide the JDK and no
longer separate the JRE. The JDK now includes everything needed to run Java applications

as well.

/IEnd of side note

Step 2: Download ANTLR

Visit the official ANTLR website at https:/www.antlr.org/download.html and navigate to
the download page. Look for the latest release of ANTLR and download the ANTLR binary
jar file (antlr-4.x-complete.jar). At the time of writing this tutorial, the link for download
is ANTLR tool itself. At the time of writing this tutorial the version: antlr-4.12.0-

complete.jar is the one available for download and the one used in this tutorial.

Once donwloaded, we need to put the ANTLR jar file (antlr-4.12.0-complete.jar) into a
folder we will need later on. In our case, we will create a folder named JavaLib put it into
the C:\ root and copy the ANTLR jar file inside of it.

Step 3: Set up the CLASSPATH
Once the ANTLR binary jar file downloaded, we need to set up the CLASSPATH

environment variable to include the location of the jar file.

To access the environment variables, open “Control Panel.” In the Control Panel, change
the view to either “Large icons” or “Small icons” so that you can see all the available
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options. Look for and click on the “System” or “System and Security” option. In the System
or System and Security section, you should find an option called “System.” Click on it. In
the System window, click on the “Advanced system settings” link on the left side. The
System Properties window will open with the “Advanced” tab selected. In the “Advanced”

tab, click on the “Environment Variables” button near the bottom of the window.

You can also do that by going to ytstem and Security, click on System, and then click on
“Advanced system settings” on the left sidebar. We can also do that by typing env in the

search bar of windows 11:

" (1) Chat @ Apps  Documents Web  Settings  Folders  Photos

Best match

Edit the system environment

'" variables

Control panel
Edit the system environment variables
Settings Control panel

gma Edit environment variables for your
- account

Search the web
) env - See web results
) envato
O envoyer conjugaison
envoyer
environnement
O environment
) envie de plus
enveloppe

Documents (7+)

cdmodvcoans

In the Environment Variables window, under the “System variables” section, click on
“New” to add a new variable. Set the variable name as “CLASSPATH” and the variable
value as the full path to the downloaded ANTLR jar file.
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Computes Mame  Hardware Advanced System Protecton Remole

User variables fer In:

You must b lagged on a3 an Administrator ko make mes o these changes

Variable
CLASSPATH
OneDrive
Path

TEMP

T™P

Perfarmance
Visial eBects processor scheduling, memary usage acd vitual memery

Satings

User Profies
Deskiop setings related 1o your sign-in

Edit.. Deiete
Szantup and Recovery
System startup, systom fadure and debugging infarmation
System variables
Satings Variable Value
AMDRMSDEPATH C\Program Files\AMD'\RyzenMastesSDK\
Envitonment Variables LomSpec CAWINDOWSsystem32\cmd.exe
DriverData CAWindows\System32\ Drivers\DriverData
GIT_LFS_PATH Ci\Program Files\Git LFS
Cancal NUMBER _OF_PROCESSORS 12
OnlineServices Cnline Services
05 Windows_NT
' MNew... Edit... Detete
Variable name: CLASSPATH
Variable vale: CiJavalibhantir-4.12.0-comglete jar oK Cancel

Browse Directory... Browse File... [s]4 Cancel

T )

saf

Value
ChJavalibhantir-4.12.0-complete jar
CA\Users\Insaf\OneDrive

AL alMic
C\Users\Insal\AppDatalLocal\Temp
CAUsers\Insaf AppDatatLocal Temp

Datal

In the use variable path, add the path of the ANTLR jar file as well as the %CLASSPATH%

variable we just created. To do so, double click on the oath of the User variables:

ComputerName  Hardware  Advanced  System Protecion Remate User variables for Insaf

You mustbe logged on as an Admmistrator lo make most of hese changes. N
Variable

Performance CLASSPATH

.%USERPROFILE%\AppOala\LocaI\Microsofl'\WindomApns l/-

Mew TMP
CAUsers\Insaf\AppDatatLocal\Programs\Microsoft VS Code’\bin
SeCLASSPATHS Edit
C\avalib
Browse...
1
Dekte System variables
| variable
Move Up GIT_LFS_PATH
MUMBER_OF_PROCESSORS
Move Down OnlineServices
08
Path
Edit text.. PATHERT
platformecode
OK Cancel

Value

ChJavalibhantlr-4.12.0-complete jar

Chlsers\Insaf\OneDrive
ChUsers\Insaf,AppData\Local\Microsoft\WindowsAppsCAUs.
Chlsers\InsafAppDatatLocal\Temp
Chlsers\InsafAppDatatLocaliTemp

New.. Edit.. Delete

Value

CA\Program Files\Git LFS

12

Online Services

Windows_NT

C\Program Files\Common Files\Oracle\Java\javapathyCh\Prog_.
COM; EXE; BATCMD: VES; VBE, IS, JSE; WSF, WSH, MSC

KV

Mew... Edit... Delete

OK Cancel
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//Side note

What is %CLASSPATH%: In a Windows environment, the %cLASSPATH% variable is an
environment variable that defines the search path for Java class files and libraries. It is

used by Java applications and tools to locate and load classes and resources.

When a Java program is executed, it needs to find the necessary class files and libraries
required for its execution. The %cLASSPATH% variable specifies the directories or JAR files

where Java should look for these files.
Here’s a breakdown of what %cLASSPATH% stands for:

*%: The percent sign is used as a prefix and suffix to indicate an environment
variable in Windows.
scLAssPATH: The name of the environment variable. It specifically refers to the Java
classpath.
By setting the %cLASSPATH% variable, you can specify one or more directories or JAR files
separated by semicolons (;). Java will search for class files and resources in these locations

when executing a Java program.

It's worth noting that modern Java development practices typically rely more on build
tools like Apache Maven or Gradle, which manage dependencies and classpath
configurations automatically. However, the %cLASSPATH% variable can still be used in certain

cases where manual classpath configuration is necessary.

/[End of side note

Step 4: Create the batch files

We will need to «create three files: antlr.bat, class.bat and grun.bat. The

previous JavaLib folder we created will look like this:
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» This PC » Windows (C:) » Javalib

5
Name

antlr.bat
|=:] antlr-4.12.0-completejar
class.bat
grun.bat

We need then to edit the three bat files. Choose any editor of your convenience. In our

case, we will use notepad.

X +
Open
© [@ @D ® W Edit
Print

> ThisPC > Windows (C:) > Javalib ™ Runas administrator N
. Add to Favourites
Name 7-Zip 3
antlrbat Edit with Notepad++

Scan with Microsoft Defender...

& L

|=:] antlr-4.12.0-completejar Copy as path JFie

>

class.bat Share :h Fi

Restore previous versions

grun.bat *h File

Send to >

Cut

Copy
Paste

Create shortcut
Delete

Rename

Properties

For antlr.bat copy the following code:
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java org.antlr.v4.Tool %x

In case antlr is still not recongnized, you can write the following instead:

java -cp ".;C:\JavaLib\antlr-4.12.0-complete.jar" org.antlr.v4.Tool %=

For class.bat the following:

SET CLASSPATH=.;C:\JavaLib\antlr-4.12.0-complete.jar;%CLASSPATH%

And for grun.bat the following:

java org.antlr.v4.gui.TestRig %x

Similarily, if grun does not work; try the following:

Java —cp ".;C:\JavalLib\antlr-4.12.0-complete.jar" org.antlr.v4.gui.TestRig %x*
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Step 5: Check the installation

The first thing we need to do is to make sure that ANTLR is properly installed. To do so, we
will go to the command prompt and type antlr. To open the command prompt, we will just
type cmd in the search bar of windos. If ANTLR is properly installed, typing antlr in the

cmd will give details about the version installed:

] Command Prompt

C:\Users\Insaf>antlr

C:\Users\Insaf>java —cp "C:\Javalib\antlr-4.12.0-complete.jar" org.antlr.vid.Tool
ANTLR Parser Generator \Version 4.12.0
specify output directory where all output is generated
specify location of grammars, tokens files
generate rule augmented transition network diagrams
—encoding ___ specify grammar file encoding; e.g., euc-jp
-message—format ___ specify output style for messages in antlr, gnu, vs2005
-long-messages show exception details when available for errors and warnings
-listener generate parse tree listener (default)
-no-listener don't generate parse tree listener
—visitor generate parse tree visitor
-no-visitor don't generate parse tree visitor (default)
—package ___ specify a package/namespace for the generated code
—depend generate file dependencies
—D<option>=value set/override a grammar-level option
=Werror treat warnings as errors
-XdbgST launch StringTemplate visualizer on generated code
-XdbgSTWait wait for STViz to close before continuing
—Xforce-atn use the ATN simulator for all predictions
—Xlog dump lots of logging info to antlr-timestamp.log
-Xexact-output-dir all output goes into -o dir regardless of paths/package

C:\Users\Insaf>

We can see that the version installed in 4.12.0

Running the grun batch file will also reflect that our system knows ANTLR. The result is as

follows:

C:\Users\Insaf>grun

C:\Users\Insaf>java —cp ".;C:\JavalLib\antlr-4.12.0-complete.jar" org.antlr.vd.gui.TestRig
java org.antlr.vld.gui.TestRig GrammarName startRuleName
[-tokens] [-tree] [-gui] [-ps file.ps] [-encoding encodingname]

[-trace] [-diagnostics] [-SLL]

[input-filename(s)]
Use startRuleName='tokens' if GrammarName is a lexer grammar.
Omitting input—filename makes rig read from stdin.

Step 6: Test ANTLR with a simple grammar

Our final step is to test the ANTLR library with a very basic grammar. Let us create a

folder and a file with g4 extension for that:

Contact: insaf.setitra@utc.fr


https://medium.com/@isetitra/step-by-step-creation-of-a-simple-compiler-using-antlr4-9285755cf943
mailto:insaf.setitra@utc.fr

ALLIANCE
SORBONNE
UNIVERSITE

GE
5 / UtC Installations TP 2 ANTLR - AI21/NF11 - Lien du TP

» Documents » test_antlr

Ea)
Mame

D Expr.g4

Copy paste the following content into the Expr.g4 file and save the file:

grammar Expr;
prog: (expr NEWLINE)=x ;
expr: expr ('x'|['/') expr
| expr ("+'|'-"') expr
| INT
| '(" expr )"
5
NEWLINE : [\r\n]+ ;
INT : [0-9]+ ;

Now, to run ANTLR with the grammar we just created, we need to point to the

corresponding file in the command prompt. Our grammar is saved in a folder named

test_antlr inside Documents:

cd Documents

cd test_antlr

To generate the java code and classes for this grammar we need to write in the command

prompt:

antlr Expr.g4
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The result will be the set of java and class files generated in the folder we created our

grammar:

1 Command Prompt

C:\Users\Insaf>cd Documents
:\Users\Insaf\Documents>cd test_antlr

\Users\Insaf\Documents\test_antlr>antlr Expr.gt

:\Users\Insaf\Documents\test_antlr>java —cp "C:\Javalib\antlr-4.12.08-complete.jar" org.antlr.vd.Tool Expr.gd

C:\Users\Insaf\Documents\tes

command lines in the command prompt

> Documents > test_antir

Name ) Date modified Type Size
D Expr.g4 19/05/2023 01:56 G4 File 1 KB
D Expr.interp 25/05/2023 09:37 NTERP File 2 KB
D Expr.tokens 25/05/2023 09:37 TOKENS File 1KB
| ExprBaseListenerjava 25/05/2023 09:37 Java Source File 2 KB
D Exprlexer.interp 25/05/2023 09:37 NTERP File 2KB
| ExprlLexerjava 25/05/2023 09:37 Java Source File b KB
D ExprLexer.tokens 25/05/2023 09:37 TOKENS File 1KB
| ExprListener,java 25/05/2023 09:37 Java Source File 1KB
| ExprParserjava 25/05/2023 09:37 Java Source File 11 KB

result of the previous command lines (generation of the java files)

Now that our javafiles have been generated, we can compile and run them. To compile the

java file simply use the javac (java compiler):

javac Expr*.java

The generated java class files will be in the same folder as previously:
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* % % % % B

TDs-20

liants

C)

» This PC > Windows (C) » Users > Insaf » Documents » test_antlr

el
Name

D Expr.g4

D Expr.interp

D Expr.tokens

D ExprBaselistener.class

D ExprBaselistenerjava

D ExprlLexer.class

D Exprlexer.interp

D Exprlexerjava

D ExprLexer.tokens

D ExprListener.class

D Exprlistenerjava

D ExprParser$ExprContext.class
D ExprParser$ProgContext.class
D ExprParser.class

D ExprParser.java

Date modified

19/05/2023 01:56

25/05/2023 11:57

25/05/2023 11:57

25/05/2023 11:57

25/05/2023 11:57

25/05/2023 11:57

25/05/2023 11:57

25/05/2023 11:57

25/05/2023 11:57

25/05/2023 1157

25/05/2023 11:57

25/05/2023 11:57

25/05/2023 1157

25/05/2023 11:57

25/05/2023 11:57

Type

G4 File

INTERP File
TOKENS File
CLASS File
Java Source File
CLASS File
INTERP File
Java Source File
TOKENS File
CLASS File
Java Source File
CLASS File
CLASS File
CLASS File

Java Source File

to run the java codes with the user interface we will type:

grun Expr prog -gui

1KB

2 KB

1KB

1KB

2KB

5KB

2KB

6 KB

1KB

1KB

1KB

2 KB

2KB

8KB

11 KB

Note the parameters of grun: the grammar file name (Expr) and the grammar name

(prog). -gui is used to ask grun to launch the graphical interface to show the execution tree.

This command will expect an example of code that will follow the grammar we defined.

Let us take the example:
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10*%2+1

Since we are testing on the command prompt, we need to tell the command that after
(10+2+1) we need to add an EndOfFile, which can be done with Ctri+Z. ANTLR will now
analyse the code (10*2+1) according to the grammar we defined. To visualize the
execution tree, we will type ctrl+d. Note that this will take some time.

mand Prompt - grun Exp X

Windows

Lr=antlr Expr.gt

s\test_antlr>rem java —cp ".;C:\JavaLib\antlr-4.12.8-complete.jar® or

est_antlr=java org.antlr.vd.Tool Expr.gt

vaLib\antlr-4.12.8-complete. jar" or

cuments\test_antlr>java org.antlr.vi.gui.TestRig Expr prog -—gui

L2

0K Export as PNG Export as VG

A new window is opened to show the grammar. You can close the windows by
typing Ctrl+C.

Note that if we write a code that does not respect our defined grammar, then ANTLR will
show us the erros but still the tree will be shows:
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] Command Prampt - grun Exp X

Jsers\Insaf\Documents\test_antlr>grun Expr prog -gui

cumentshtest_antlr>rem java -cp JavaLib\antlr-u4.12.8-complete. jar" or

r prog —gui

t_antlr>java org.antlr.vl.gui.TestRig Expr prog —gui

:5 token recognition error at: ‘A’ 9 prog

aneous input '-' expecting {'(', INT} i /\

10 e:-(|pr & e/::{r

2 =5

O

OK Exportas PNG Export as SVG

Well, all done. Enjoy using ANTLR !
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