Install and Configure ANTLR 4
for Ubuntu and MacOS X

Ronald Mak
Department of Computer Engineering
Department of Computer Science
Department of Applied Data Science
January 7, 2020

Introduction

This tutorial describes how to install the ANTLR 4 and the ANTLR 4 plugin for Eclipse running on either
Ubuntu or MacOS X.

ANTLR 4 (“Another Tool for Language Recognition”) is a “compiler-compiler”, a tool that generates
components of a compiler for a programming language. See https://www.antlr.org. We will use this tool
in our compiler design class. Given a grammar file for a programming language, it will generate a parser,
lexer (scanner), and parse tree classes written in Java or C++. Other included tools create graphical
syntax diagrams and parse tree diagrams.

If you want to use Ubuntu and have not already installed it, read “Install Ubuntu on Windows 10 and on
VirtualBox” (http://www.cs.sjsu.edu/~mak/tutorials/InstallUbuntu.pdf) and “Configure Ubuntu for
Software Development” (http://www.cs.sjsu.edu/~mak/tutorials/ConfigureUbuntu.pdf).

If you have not already installed Eclipse, read the tutorial, “Install Eclipse for Java and C++ Development”
(http://www.cs.sjsu.edu/~mak/tutorials/InstallEclipse.pdf).

If you only want ANTLR to generate Java code, then this tutorial is all you need to read. If you want
ANTLR to generate C++ code, then after reading this tutorial, read “Install and Configure ANTLR 4 for
C++” (http://www.cs.sjsu.edu/~mak/tutorials/InstallANTLR4Cpp.pdf).

Download ANTLR 4 jar file

Go to https://www.antlr.org/download.html. Download file antlr-4.7.2-complete. jar which
contains the ANTLR tool itself: https://www.antlr.org/download/antlr-4.7.2-complete.jar. Create a
directory named ANTLR-4. 7.2 and move the jar file into it.
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Edit your startup script

In an Ubuntu terminal window, change to your home directory. On Ubuntu, edit the startup script
.bashrc. On MacOS X, edit .bash_profile. Add the following lines at the end of the script:

# ANTLR 4

export ANTLR_HOME="$HOME/ANTLR—4.7.2"

export ANTLR JAR="$ANTLR HOME/antlr-4.7.2-complete.jar"
export CLASSPATH=".:$ANTLR_JAR:$CLASSPATH"

alias antlr4="java -jar $ANTLR JAR"

alias grun="java org.antlr.v4.gui.TestRig"

To make your changes take effect immediately in your terminal, type the command
source .bashrc

on Ubuntu, or the command
source .bash profile

on MacOS X.

Any new terminal window that you open in the future will have the new CLASSPATH and the new
aliases.

A simple expression grammar

In your home directory, create a directory named example and cd to it. Create a grammar file
Expr .g4 which is a text file containing:

grammar Expr;

prog: (expr NEWLINE)* ;
expr: expr ('*'|'/') expr

| expr ('+'|'-"') expr
| INT

I |(| expr l)l

NEWLINE : [\r\n]+ ;
INT : [0-9]+ ;

This is a grammar for simple arithmetic expressions. Use your antl1r4 alias to invoke ANTLR 4 to
process the grammar file:

antlr4 Expr.g4

You should see that ANTLR generated Java source files for the parser and lexer and other files in the
directory. Compile the Java source files with the command:

javac Expr*.java



R. Mak, Install and Configure ANTLR 4 for Ubuntu and MacOS X

Now you should also see . class files. Use your grun alias to run the parser and lexer on a Java test
rig. Give an arithmetic expression as input and generate a graphical parse tree. Terminate the input with
control-D (*D):

grun Expr prog -gui
100+2*34
“D

A parse tree should display (Figure 1). AU CR T - 0@
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Figure 1. An expression parse tree. ps Bxport as PNG Export as SVG

Install the ANTLR plugin for Eclipse

Go to https://github.com/jknack/antlrdide, scroll down the page, and carefully follow the Installation
instructions under Eclipse Installation. Modifications to the instructions:

e Ignore the instructions’ version numbers of the components, but instead install the latest
version of each component. In particular, install the latest version of Eclipse (currently 2019-12).

e Insteps 2 and 3, wait until the installer finishes and you get the prompt to restart Eclipse. This
can take several minutes.

e Instep 3, select 2019-12 - http://download.eclipse.org/releases/2019-12 (or whatever the latest
version of Eclipse is) from the Work with dropdown menu.

e Instep4,install ANTLR 4 IDE 0.3.6.

After all the plugin installations, select Help | Install New Software again. Click the already installed link
at the bottom right. You should now see:

e ANTLR 4 SDK

e Eclipse Faceted Project Framework

e Eclipse Faceted Project Framework JDT Enablement
e Xtext Complete SDK
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Create the Java Hello ANTLR project

Go to https://github.com/jknack/antlrdide, scroll down the page and carefully follow the instructions for
Creating a project in Eclipse:

e First close the Welcome tab if it’s still open.

e Instep 12, you must first open a . g4 grammar file in the editor window before you will see
ANTLR 4 in the list of properties.

e Instep 15, after you're done with the project specific settings, uncheck the Enable project
specific setting. Click the Configure Workspace Settings link. Then add and select your antlr-
4.7.2-complete. jar file.

The default Java-based ANTLR project will include a sample Hello.g4 grammar file and generate
several . java and . token files in the project under target/generated-sources/antrl4.
You can use these files to verify that the ANTLR plugin works properly.

From the Window dropdown menu at the top, select Show View | Other. Under ANTLR 4, select Syntax
Diagram and click the Open button. Repeat and select Parse Tree. Open the Hello.g4 grammar file in
the editor window. Select the Syntax Diagram tab. You should see a syntax diagram that ANTLR
generated from the grammar file (Figure 2). If you do not see a syntax diagram, try closing the project
and then reopening it.

ece ANTLR - Example/Hello.g4 - Eclipse IDE
O HR R 0@ Q- #6G BB 5 & Hl- G o 4 4 < Q imS & B PyDev
[# Package Explorer 83 [=] = § = 8 @ -‘Helogs R
T Arraylnit 2® * Define a grammar called Hello||
LI ArraylnitCpp 4 grammar Hello;
ngﬂ:ﬁmes > r : 'hello' ID ; an identifier
1J CN_NewBee
1J DonaldHung / ID : [a-z]+ ;
v (23 Example 8
> (& target 9 WS : [ \t\r\n]+ => skip ; //
@ Hello.ga 10 |
LI Expr —
LJ ExprCpp
LJ ExprJava
1 Extractinterface PTODR ) C it &) syntax Diagram 53 Parse T w9
L ExtractinterfaceCpp . ‘hello’
I Final-BDL - u
LI Final-BDL2
I GetToTheChoppa
LI GiveUsAnA D "
I Group1 [a-z)
LI Group2
1 Hello
J HelloCpp
1J HelloCpp2 ws "
1 Jasper [\t\r\n]
T Karina
Writable Insert 10:1:248 313M of 417M @

Figure 2. The sample Hello.g4 grammar file, generated code, and syntax diagram.

Create the Java Expr ANTLR project

Create a new Java project named Expr. Open the project properties and select Java Compiler. Set the
Compiler compliance level to a level below 9, such as 1.8. Uncheck Use ‘—release’ option. See Figure 3.
Click the Apply and Close button. (ANTLR 4 has compatibility problems with Java levels 9 and above.)
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® 0 Properties for Expr
[ ] Java Compiler 8
» Resource
Builders Enable project specific settings
Coverage .
Java Build Path JDK Compliance

» Java Code Style

- "~ | Use compliance from execution environment JavaSE-13" on the ‘Java Build Path’
P Java Compiler

» Java Editor Compiler compliance level: 1.8
Javadoc Location N
Project Facets Use '--release’ option

Project Natures
Project References
Refacteoring History
Run/Debug Settings

Use default compliance settings

» Task Repository Preview features with severity level: +

Task Ta.gs Generated .class files compatibility: +
> Validation

WikiText Source compatibility: 4

Disallow identifiers called 'assert": <

Disallow identifiers called 'enum': <

Classfile Generation

Add variable attributes to generated class files (used by the debugger)
Add line number attributes to generated class files (used by the debugger)
Add source file name to generated class file (used by the debugger)

Preserve unused (never read) local variables

v

| Store information about method parameters (usable via reflection)

1, When selecting 1.8 compliance, make sure to have a compatible JRE installed and
activated (currently 13). Configure the ‘Installed JREs' and 'Execution
Environments', or change the JRE on the Java Build Path'.

Restore Defaults Apply

Figure 3: Java Compiler settings.
If it exists, delete the source file module-info. java from the project.

Copy the Expr . g4 grammar file to the top level of your project, not under srec. Open Expr.g4 in the
editor window. If ANTLR did not automatically generate compiler files, select Expr .g4 in the project’s
file list, right click, and select Run As | Generate ANTLR Recognizer from the context menu. Then you
should be able open the syntax diagram view (Figure 4).
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[ ] [ ] ANTLR - Expr/Expr.g4 - Eclipse IDE

= N A0 Q@G & P Q im [ reoev

[# Package Explorer 3 [=] 2, § = 8 @ctxprodR
LI Arrayinit 1 grammar Expr;
L ArraylnitCpp 2
1J CharTest o *% m - + rles s raid *
B CloudNatives J / The _,ta‘r—_ rule; begin parsing here. /
LJ CN_NewBee 2 prog: stat+ ;
1J DonaldHung =]

v 2 Expr 6o stat: expr NEWLINE

» m)\, JRE System Library [JavaSE-13) | ID '=' expr NEWLINE
v Bsre 8 |  NEWLINE

» [J) module-info.java
» (= target -
@ Exproa 10
= sample.expr lleexpr: expr ('*'|'/') expr
1J ExprCpp 12 | expr ('+'|'-'") expr
J ExprJava 13 | INT
U Extractinterface 14 | ID
LI ExtractinterfaceCpp v (B
1 Final-BDL [ ( expr )
1 Final-BDL2 16 .
1 GetToTheChoppa 17

UJ GiveUsAnA 18 ID : [a-zA-2]1+ ; // match identifiers <label id="code.tour.expr.3"/>

B Group 19 INT : [0-91+ ; // match integers
1J Group2
1 Hello - ) !
3 HelloCpp 21 WS : [ \t]l+ => skip ; // toss out whitespace
U HelloCpp2 22

1 Jasper
I Karina
U Keaw
1] LabeledExpr
1] LabeledExprCpp prog "
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1J MakChickens

1 Milonitime
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3 Null stat
U Pascal

U pclo

LJ Pclocpp
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I PeliCpp

I PelTest
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13 Pel2cpp

1 Pcl2Test

1J PciCpp expr
LI PinkMonkeys

13 PrintTest

LI Proj-MicroGame
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LI RefTest

1J RemoteSystemsTempFiles
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Figure 4. Syntax diagrams generated from Expr . g4.

The generated compiler files will regenerate automatically each time you modify the grammar file. You
can manually cause a regeneration by right-clicking the name of the grammar file and selecting Run As |
Generate ANTLR Recognizer from the context menu.

Right-click the project name and select New | File to create an input source file sample . expr at the
top level. Enter the arithmetic expression 100+2*34 which we used before into the file and then save
the file. (Figure 5).

20 NEWLINE:'\r'? '\n' ; // return newlines to parser (is end-statement signal)



R. Mak, Install and Configure ANTLR 4 for Ubuntu and MacOS X

[ ] [ ] ANTLR - Expr/sample.expr - Eclipse IDE

[mild N RET 0@ QR HEG BB PG r Q ® & Pypey

[% Package Explorer 3 [=] & § = 0O @ Exprgs

I Arraylnit 1100+2*34
1T ArraylnitCpp )
1J CharTest
UJ CloudNatives
LI CN_NewBee
1J DonaldHung
v (=2 Expr
» =\, JRE System Library [JavaSE-13]
v (@B src
» [J] module-info.java
> (=target
0 Expr.g4
|=| sample.expr

LJ ExprCpp
J ExprJava
1J Extractinterface
1 ExtractinterfaceCpp
UJ Final-BDL
LI Final-BDL2
I GetToTheChoppa
LI GiveUsAnA
LI Group1
1J Group2
LI Hello
1J HelloCpp
1J HelloCpp2
LJ Jasper
U Karina
I KLaw
1J LabeledExpr
1 LabeledExprCpp prog "
[J LabeledExprCpp2
1J MakChickens
I Milonitime
I MissionPossible
LI NoName1
I Nul stat
UJ Pascal
U Pclo
1J PcloCpp
OPcit
LI Pel1Cpp
UJ Pl Test
U Pcl2
1J Pcl2Cpp
LI Pel2Test
UJ PeiCpp expr
1J PinkMonkeys
LI PrintTest
LI Proj-MicroGame
1J Racoon
LI RefTest
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1 swe

=| sample.expr 23

2

Problems Javadoc Declaration Searc Console (g Syntax Diagram 3 Parse Tree

Writable Insert 2:1:10 192M of 434M [

Figure 5. Input source file sample . expr.

Copy the contents of sample . expr onto the clipboard. Select the Parse Tree tab. Select the Expr . g4
tab and click on prog, the start rule. Paste the contents of the clipboard into the Expr: : prog panel,
and you should see a parse tree that the plugin generated from the source file contents (Figure 6).

%

= 0
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[ XoX ) __| ANTLR - Expr/Expr.g4 - Eclipse IDE
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3 Arrayinit 1 grammar Expr;
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O charTest . N N ) .
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J CN_NewBee 4 prog: JiEEIE P
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Y Bsre ) 8 |  NEWLINE
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I Final-BDL 5 | (" expr ')
I Final-8DL2 16 i
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I KLaw [£] Problems @ Javadoc [E) Declaration <’ Search [ Console [ Syntax Diagram (&) Parse Tree 52 = g
D LabeledExpr Expr::prog
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Figure 6. A parse tree generated from the input source file sample . expr.

[ JoN ) Source Folder Selection

Run a Java-based ANTLR project Select the sourc foldr:
. e

Open the project properties and select Java Build = b G settings
- » (= bin

Path 9 = src
- VBEarget

In the Source tab, click the Add Folder button and ¥ (= generated-sources
» (= antir4

select target | generated-sources | antrird (Figure 7).

Create New Folder...

Figure 7. Adding the generated sources.

@ concel | (T
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In the Libraries tab, click the Add External JARs button, navigate to where you stored antlr-4.7.2-
complete. jar, and add the jar file to the list of libraries (Figure 8). Click the Apply and Close button.

O [ ] Properties for Expr
Java Build Path 8
> Resource
»ANTLR 4 (8 Source = Projects ‘}i,. Order and Export @ Module Dependencies
(B::t:rearze JARs and class folders on the build path:
Java Build Path ¥ &; Modulepath

b Java Code Style » (oo antlr-4.7.2-complete.jar - /Users/rmak/ANTLR-4.7.2

¥ Java Compiler » m)\ JRE System Library [JavaSE-13)

» Java Editor &
5 Cl
Javadoc Location g Classpath

Project Facets
Project Natures
Project References
Run/Debug Settings
¥ Task Repository
Task Tags
> Validation
WikiText
b Xtend
Xtext

Apply

Cancel " Apply and Close

Figure 8. Adding antlr-4.7.2-complete. jar to the list of libraries.

To run in Eclipse, our sample project needs a e e New Java Class

main. Right-click the project name and select ~ JavaClass
1, The use of the default package is discouraged.

New | Class from the context menu. Enter

ExprMain as the name of the class (Figure
9). Click the Finish button.

Source folder: Expr/src Browse...

Package: (default) Browse...

| Enclosing type:

Name: l ExprMain
Modifiers: © public package
| abstract (| final
Superclass: java.lang.Object Browse...
Interfaces: Add...
Which method stubs would you like to create?
| public static void main(String[] args)
| Constructors from superclass
| Inherited abstract methods
Do you want to add comments? (Configure templates and default value here)
Generate comments
. . . . (A — .
Figure 9. Creating the main class ExprMain. @ Cancel
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Enter the following code for class ExprMain:

{

import org.antlr.v4.runtime.¥*;
import org.antlr.v4.runtime.tree.*;
import java.io.FileInputStream;
import java.io.InputStream;

public class ExprMain

public static void main(String[] args) throws Exception

{
String inputFile = null;

// Create the input stream.
if (args.length > 0) inputFile = args[0];
InputStream is = System.in;

if (inputFile != null) is = new FileInputStream(inputFile)

// Create the character stream from the input stream.
CharStream cs = CharStreams. fromStream(is) ;

// Create a lexer which scans the character stream

// to create a token stream.

ExprlLexer lexer = new ExprLexer (cs) ;

CommonTokenStream tokens = new CommonTokenStream(lexer) ;

// Print the token stream.
System.out.println("Tokens:") ;
tokens.fill() ;
for (Token token : tokens.getTokens())
{

System. out.println (token.toString());

}

// Create a parser which parses the token stream
// to create a parse tree.

ExprParser parser = new ExprParser (tokens);
ParseTree tree = parser.prog();

// Print the parse tree in Lisp format.
System.out.println("\nParse tree (Lisp format):");
System.out.println(tree.toStringTree (parser)) ;

Now create a run configuration for this project. Select the project name. From the context menu, select

Run As | Run Configurations. In the Run Configurations dialog box, select Java Application in the left
panel and click the New Launch Configuration button above it (the document icon with the yellow plus

sign).

10
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In the right panel, type Expr for the configuration name (Figure 10).

Run Configuration; :

Create, manage, and run configurations

€3 Main type not specified

@

CEHoeEX B Y-

» [C]C/C++ Application
£ Eclipse Application
¥ Gradle Task
¥ Gradle Test
Java Applet
¥ [T] Java Application
New_configuration (6)
Ju JUnit
7 JUnit Plug-in Test
@ Launch Group
@ Launch Group (Deprecated)
m2 Maven Build
[F] Mwe2 Launch
& 0SGi Framework
Juj Task Context Test

Name: | Expr]

M")= Arguments | B\ JRE"\ LN Dependencies\‘\ By Source\‘\ & Environment | [ Common\‘\ |p| Prototype |

Project:

Expr Browse...

Main class:
Search...

"I Include system libraries when searching for a main class
| Include inherited mains when searching for a main class

| Stop in main

Revert Apply
Filter matched 15 of 100 items
@ Close
Figure 10. Creating a run configuration for the project.
Under Main class, click the Search button. In the Sl e S ala i ain T ma e

Select Main Type dialog box, select ExprMain and

Select type (? = any character, * = any String, TZ = TimeZone):

click the OK button (Figure 11).

-

Matching items:

8

e

<)

- ExprMain - (default package)

~ .
Workspace matches

e

Q FlexibleHashMap - org.antlr.v4.runtime.misc
Q LogManager - org.antlr.v4.runtime.misc
QSTViz - org.stringtemplate.v4.gui
QTestRig - org.antirvd.gui

QTestRig - org.antirv4.runtime.misc

QTooI - org.antirv4

l £+ Expr/bin - (default package)

Figure 11. Selecting the main class ExprMain. @ Cancel [ ok ]

11
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Back in the Run Configurations dialog box, click the Arguments tab and enter sample . expr as the
program’s command-line argument, the source file to compile. (Figure 12).

Run Configurations

Create, manage, and run configurations

Run a Java application

» [C]C/C++ Application
& Eclipse Application
& Gradle Task
& Gradle Test
] Java Applet

v [T] Java Application

| [ Expr
Ju JUnit
J JUnit Plug-in Test
@ Launch Group
@ Launch Group (Deprecated)
m2 Maven Build
[¥} Mwe2 Launch
&} 0OSGi Framework
Juj Task Context Test

Filter matched 15 of 100 items

|/'A’\\

&/

Name: Expr

>

©® Main (9= Arguments =\ JRE %, Dependencies | i~ Source | /i Environment | [_] Common | [P| Prototype

Program arguments:

sample.expr

VM arguments:

Use the -XstartOnFirstThread argument when launching with SWT

Working directory:

© Default:
Other:

Show Command Line Revert

Close

Figure 12. Specifying the command-line argument sample . expr, the source file to compile.

Variables...

Variables...

Apply

Click the Apply button and then the Run button. You should see output from running the generated
compiler in the Console tab of the main Eclipse window. First is a list of tokens from the token stream
generated by the lexer, and then the parse tree generated by the parser in Lisp format (Figure 13).

12
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[ JoN ] _a ANTLR - Expr/src/ExprMain.java - Eclipse IDE
e % 50 Q- Qu 8 G & 5~ © Gy Q im [@]® poev 25
[% Package Explorer 53 =) SR Expr.g4 sample.expr [4) ExprMain.java 83 = B8
SA”aY'"f' l=import org.antlr.v4.runtime.*;
DS:::TI::CFP 2 import org.antlr.v4.runtime.tree.*;
83 CloudNatives 3 import java . J:.O .FileInputStream;
J CN_NewBee 4 import java.io.InputStream;
1J DonaldHung 5
Vi Expr 6 public class ExprMain
» i\, JRE System Library [JavaSE-13] 71
¥ (@B src - . . .
v 88 (dofautt package) 8 public static void main(String[] args) throws Exception
» [J) ExprMain. java 9 { X . »
» (¥ target/generated-sources/antlrd 0 String inputFile = null;
» =), Referenced Libraries 11
¥ (= target 12 // Create the input stream.
QEXD"?° 13 if (args.length > 0) inputFile = args[0];
=| sample.expr .
D;pGC: i 14 Input.:strear‘n is = Systemr in; ) . -
3 Exprlava 15 if (inputFile != null) is = new FileInputStream(inputFile);
J Extractinterface 16
QEnrac!lnterfaceCpp 17 // Create the character stream from the input stream.
I Final-BDL 18 CharStream cs = CharStreams.fromStream(is);
UJ Final-BDL2 19
[J GetToTheCh: -
DG:;SS;A opPa 20 // Create a lexer which scans the character stream
3 Group1 21 // to create a token stream.
I; Group2 22 ExprlLexer lexer = new ExprLexer (cs);
U Hello 23 CommonTokenStream tokens = new CommonTokenStream(lexer) ;
I HelloCpp 21
I; HelloCpp2
82;‘:\:’ *] Problems @ Javadoc [} Declaration 7 Search | G Console 5% @ Syntax Diagram (&) Parse Tree X%k ZEEREE #B-8-= 08
B kAW <terminated> Expr [Java Application] /Library/Java/JavaVirt jdk-13.0.1.jdk/Conter (Jan 7, 2020, 5:59:59 PM)
D LabeledExpr Tokens:
I LabeledExprCpp [@0,0:2="100",<9>,1:0]
I;Labeledsxprcppz [@1,3:3="+",<4>,1:3]
15 MakChickens [@2,4:4="2",<9>,1:4]
I Milonitime (R
I MissionPossible [@3,5:5= 7 <2>,1:5]
1J NoName1 [@4,6: ='34',<9>,1:6]|
I Null [@5,9:9="\n",<10>,1:9]
3 Pascal [@6,10:9="<EOF>',<-1>,2:0]
O peio
S;z:?cw Parse tree (Lisp format):
3 Pelicop (prog (stat (expr (expr 100) + (expr (expr 2) * (expr 34))) \n))
3 Pcl1Test
O pei2

e [0 ;

Figure 13. Output from running the generated compiler to compile sample . expr.

If you plan to do only Java development, then you have successfully installed ANTL4 and the ANTLR 4
Eclipse plugin.

If you plan to do C++ development, then next read the tutorial “Install and Configure ANTLR 4 for C++”
(http://www.cs.sjsu.edu/~mak/tutorials/InstallANTLR4Cpp.pdf).

13



