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Abstract

Nowadays almost all software developers are using Integrated Development Environments (IDE’s), to write
their code. Big examples of these editors are Eclipse [1], NetBeans [2] and TextPad [3]. Editors like these
provide indents lines, matching words, highlight source code syntactically and have auto code completion.
Using an IDE as a developer improves the quality of code, syntax errors are less made and code can be
written in a faster way due to the code completion function. In addition, the existence of an outline view
helps to walk trough the code will writing it.

The editor in 2APL, A Practical Agent Programming Language, a multi-agent programming language
developed by Utrecht University, uses Jext [4] as an editor to provide the code with some basic coloring.
There is no check on whether the code is valid and other options such as auto completion are not
available.

This project aims to create an IDE for 2APL that has syntax highlighting, indents lines, content assist, an
outline view, constraint violations checking, and the ability to run the project from the editor. The IDE will
be created as an Eclipse plug-in so the look and feel should be familiar with most of the code developers.
This Eclipse plug-in will be created with the use of Xtext [5], a Eclipse plug-in creator for textual domain
specific languages. With the use of this IDE, end users who are writing code for 2APL should be able to
write code without the full knowledge of the 2APL syntax and enjoy all the other advantages that are build
in the IDE to help the programmer.

Tim Theeuwes
Utrecht, February 2010

Get graded on your ideas, not on your grammar!
I. Thies, 2009
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1 Introduction

Attending the multi-agent programming [31] course at Utrecht University during my research semester,
January 20009 till June 2009, | got my first hands on experience with 2APL. Participating in the practicum of
this course brought to my attention that the 2APL platform did not have an IDE to create 2APL code.
Working with a default notepad editor, the code was created during the various practicum sessions.

In my search to a final project for my bachelor study, | spoke with dr. M. M. Dastani, a lecturer at the
Intelligent Systems Group of Utrecht University [32], on the possibilities to create an IDE for 2APL. My
proposal to create an IDE for 2APL was received gratefully, and soon after the proposal a first drawing of a
project proposal was created.

From Hogeschool Utrecht drs. L. J. M. van Moergestel supported this idea, as he also had the
appropriate experience with 2APL and multi-agent systems since he attended various courses at Utrecht
University, including the multi-agent programming course, and was willing to be my first examinator during
my final bachelor project.

This thesis is composed of four parts. At first, | will describe the background that is needed to
understand the details in this project in chapter 2. In chapter 3, | will explain how and why various tools
and techniques are used. The actions taken in chapter 3 result in the final product, the 2APL IDE plug-in.
How this plug-in works is described in chapter 4, and finally the syntax of 2APL, that has had the various
updates during the project, is described to the bone in chapter 5. Ultimately, | will evaluate the project
and | will finish with my conclusion and ideas for future work.

| would like to take this opportunity to thank Mehdi Dastani for his time | stole to get the 2APL syntax fully
updated and his vision and advice throughout during this project. Most of all, | am grateful that | was asked
to keep on developing on 2APL as a member of the 2APL team. | would also like to express my gratitude to
the people of itemis [40], the company behind the Xtext project, for supporting me with their tutorials and
newsgroups. Furthermore, | would like to thank Leo van Moergestel for his assistance in each possible way.
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2 Background

In this chapter, some theoretical background is provided that is necessary to understand how this project
came to an existence. Next, an overview of the programs that were used to create the 2APL IDE plug-in,
will be described, together with a detailed explanation of those programs.

2.1 Multi-agent systems

The IDE was created for the 2APL platform, a multi-agent system oriented platform.
Multi-agent systems are systems composed of multiple interacting computing elements known as agents.
An agent is a computer system that is capable of independent action on behalf of its user or owner. A
multi-agent system is one that consists of a number of agents, which interact with one another, typically
by exchanging messages through some computer network infrastructure. In order to successfully interact,
these agents will thus require the ability to cooperate, coordinate and negotiate witch each other. [10]
Characteristics of multi-agent systems [10]:

1. Multi-agent systems consist of a number of interacting agents;

2. Multi-agent systems are designed to achieve some global goal;

3. Agents need abilities to cooperate, coordinate, and negotiate in order to achieve their
objectives;

4, Multi-agent systems are specified in terms of high-level abstract concepts such as role,

permission, responsibility, and interaction.
Multi-agent systems and Artificial Intelligence are not the same. Understanding and modeling social
intelligence and emergent behavior are essential in multi-agent systems. [20]

Artificial Intelligence Multi-agent systems

Planning Interaction and communication

Learning Social concepts: obligation, norms, responsibilities

Vision Optimal solutions can be obtained by co-ordination and co-operation
Language understanding Simulation can verify social and economic theories

2.2 About 2APL

2APL (A Practical Agent Programming Language) is an agent-oriented programming language created by the
Utrecht University that facilitates the implementation of multi-agent systems. It provides programming
constructs to implement an agent’s beliefs, goals, plans, actions, events and a set of rules through which
the agent can decide which actions to perform. [8]

To develop multi-agent programs, the 2APL platform is standard shipped with a editor that provides
only syntax coloring. The 2APL platform itself provides a step-by-step walkthrough while executing the
program, a message overview and a state tracker that shows the Beliefs , Goals and Plans for each
step.

2.2.1 2APL agent example
A very small example of a 2APL agent, which at runtime will make a number of pushups, looks like:

Bel i ef Updat es:
{true} DoPushup(s, X) { not count(S), count(S+X) }

Bel i ef s:
count(0).

CGoal s:
Pushup(10)

PG rul es:
Pushup(T) <- not count(T) |

[B(count(R));
DoPushup(R, 1)]

An Integrated Development Environment for A Practical Agent Programming Language



2.2.2 Example 2APL agent explained in detail
The pushup agent consists of 4 parts;

1. BeliefUpdates
2. Beliefs
3. Goals
4. PG-rules
The Bel i ef Updat es rule is responsible for updating the current count in his belief base.
{true} DoPushup(s, X) { not count(S), count(S+X) }
Precondition Name Postcondition

In our case there is no precondition.

The S in the DoPushup function stands for the current count in the beliefbase where X stands for the
number of pushups that needs to be added to this S count.

The postcondition updates the beliefbase by first removing the current count and then add a new belief
with the new count.

The Bel i ef s are a Prolog notation of the facts within the program.
count(0).
The belief count has variable O at the time the agent executes, the Bel i ef Updat es are able to change
this variable.

Goal s within 2APL tell the agent what state should be reached by executing actions.
pushup(10)
Where this looks like Prolog code, it is not, the goal is a state that the agent wants to believe, where in
our case the agent wants to pushup 10 times. To reach this the agent uses PG r ul es explained next.

PG r ul es are Planning Goal rules that are executed when the agent has the goal and this belief.
pushup(T) <- not count(T)
Variable T is grounded by the value 10 because the goal pushup(10) is still in place, where the belief not
count(10) s also true because when executing the agent this belief states count(0).
Because the PG-rule states true the plan is adopted.
B( count(R) );
DoPushup(R, 1)
First we want to know the current count of pushups in the beliefbase of the agent, we’ll do this by a
beliefquery B(count(R)) and after this query the R variable will contain the current count of pushups.
Now the agent executes the BeliefUpdate DoPushup(R, 1)  where the current count of pushups is added
with 1.

2.2.3 The 2APL platform

The 2APL platform, as shown in figure 2.1, consists of the loaded agents in the Multi-Agent System in the
left column, some menu buttons to run the agent , load a MAS file or to reload the initial states of the
agent, and on the right column different overviews of the selected agent in the left column.

The right column has the following views available:

Name Function

Overview Shows the beliefbase, goalbase and the planbase of the selected agent

Belief updates Shows all the belief update rules that the selected agent has

PG rules Shows all the PG rules that the selected agent has

PC rules Shows all the PC rules that the selected agent has

State Tracer For every state in the past of the agent the Step, Beliefs, Goals and Plans can be shown
Log Shows messages for every step the agent has taken

Not that all of agent codes in the 2APL platform the cannot be changed during runtime, but should be
changed in the 2APL files and then executed again to affect the changes.

An Integrated Development Environment for A Practical Agent Programming Language
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Figure 2.1 - 2APL platform

2.3 An Integrated Development Environment

As shown in the pushup agent example above, the code for the agent is plain, black on white with no
checks if the code is valid. An Integrated Development Environment (IDE) adds features to make the
programmer creating the code as simple as possible. So what should an IDE have or do?

Namespaces e jinking

Index
e AS T OutlineView

MyCustomLabelProvider

st Do FSer ContentASS|st
" SyntaxHighlighting

Erpnpltefioposal Valldatlon

Refactoring ContentProvider
Scoping
Figure 2.2 - Some options in an IDE [12]
A lot of words/terms, | will now show an overview with an explanation of the functions that will be
available in the 2APL IDE in the next six subchapters.

An Integrated Development Environment for A Practical Agent Programming Language -9-



2.3.1 CodeFormatting

Since code formatting is more a personal flavor, i.e. everybody likes his code formatted a different way, |
will give an example or unformatted code and formatted code of a 2APL source.

Unformatted:

I ncl ude: file . 2apl other .2apl BeliefUpdates: { offer (A ) and buy ( )}
AddBought Cbject ( N,P ) { boughtObject (N,P )}

Formatted:

I ncl ude:
file . 2apl
other . 2apl

Bel i ef Updat es:
{ offer(A) and buy() } AddBought Obj ect (N, P ) { bought bj ect(N,P) }

The meaning of code formatting is that code is easier readable. In the example above it is made clear
that formatting the code improves the ability to read the code. An IDE is able to accept whitespaces,
tabbing and new lines between the rules without throwing out an error.

2.3.2 OutlineView
An outline view gives a structured view of the code; the code is splitted into the different rules in a
hierarchical tree structure. The example below shows that selecting a rule in the outline view triggers the
code to be selected in the 2APL source, in this case the Atom rule offer .

=0 EE Outlne &3 ™. ’glaz =0

Include: = & = APAPL

file.2apl
other.2apl

BeliefUpdates:
¢ BEIN¢4) and buyi) ) AddBoughtObject(N, P} { boughtObject(H, P} }

1= Likeral

=

Figure 2.3 - Outline view example

2.3.3 ContentAssist

A content assistor helps the writer of the code selecting the available input, i.e. all the available options,
in the IDE. It can be invoked by ctrl + space . The example shows what options are available in the
middle of this rule.

PG-rules:
®x{3y <- £(0) | {
x{minus{1l}):

(x] £iplus(1}

-

[T
o

=)
a

Figure 2.4 - Content assist example

2.3.4 SyntaxHighlighting

By highlighting the code syntactical the code gets even more readable as per default all the code is black
and the keywords are red. To change the color preferences; see chapter 4.4 for the manual. The example
will show the difference between uncolored and colored code.

An Integrated Development Environment for A Practical Agent Programming Language
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clean( blockWorld ) <- bomb( X, ¥ ) | | clean{ blockWorld } <— bomb{ X, ¥ )} | {

gotol X, ¥ ): goto{ X, T ):

Bblockuorld( pickup({ i, L1 }: pickup( )

PickUp( ) PickUp{ });

[ [
@blockworld( drop( ), LZ ); drop{ }
send(iets, iets, atom|asdf)] send{iets, iets, atom{asdf}))

1 ]
i

3
Figure 2.5 - Syntax highlight example

2.3.5 CodeValidation

The code validation function checks if the code applies to the syntax rules. If it does not an error in the
form of a red line will be given. By clicking on the red x in front of the line an error message will be shown,
in the example it also gives the solution.

Beliefs:

@  [Multiple markers at this line ; member{ [price, Price], Item),\.,]
- mismatched input ;' expecting &=
- mismatched input ', expecting 'i-'

Figure 2.6 - Code validation example

2.3.6 ProjectCreator

A project creator helps the end user setup a new 2APL project. By running the project creator, the user
will be able to start off quicker than when he has to create a new project from the ground. The project
creator in the 2APL IDE plug-in also creates an example agent, the push-up agent, that is an out of the box
finished example.

2.4 Plug-ins

This project creates an IDE in the form of a plug-in for Eclipse. A plug-in consists of a computer program
that interacts with a host application, in this project the Eclipse platform, to provide a certain specific,
function on demand. [34]

In this tutorial [35] it is described how to create a basic plug-in for the Eclipse platform and how this
plug-in is functioning, as in this project Xtext creates the plug-in with the use of a MWE workflow file I will
only describe how to create the specific Xtext plug-in and how this can be installed within the Eclipse
platform.

2.5 Editors in other Agent Programming Languages

A quick look at the editors used by other Agent Programming Languages is shown below. This also gives an
inside look in the other available Agent Programming Languages out there.

Table comparing the editors/IDE’s:

2APL IDE | 2APL editor Jason Jade* 3APL
Syntax highlighting Yes Yes Yes Yes Yes
Auto code completion Yes No No No No
Outline view Yes No No Yes No
Code validation Yes No Yes No No
Code templates Yes No Yes No No
Run project from IDE Yes No Yes No Yes

* For Jade a standard Java editor [1] was used, Jade itself is not shipped with an IDE or Editor.

2.6 Created work

The following work was created during this project:

IDE plug-in for 2APL

New EBNF syntax for 2APL

Manual and installation guide for the 2APL IDE plug-in

Tutorial for 2APL (partly created during the multi-agent programming course)
Bachelor Thesis

U NWN =

An Integrated Development Environment for A Practical Agent Programming Language
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2.7 Project timeline

The official start of this project was 1% of September 2009, but due to private circumstances | started two
weeks earlier so that | could go on an external training of two weeks at the end of September. The
deadline for this thesis was originally 15" of December 2009, with a presentation in January 2010.

The following planning was made in the project proposal:

1. Orientation 4-6 weeks
2. Definition 2-3 weeks
3. Design 2-4 weeks
4, Realization 3-6 weeks
5. Implementation 5-7 weeks
6. Documentation 2-3 weeks

Due to the fact that | attended the “Multi-agent programming” course at Utrecht University before
starting with this project, | have got a good impression of agent oriented languages, 2APL and the BDI
(Belief, Desire and Intentions) model. The experience | acquired during this course helped me getting
started faster than | planned. More information about this course can be found on the website of the
Computer Science department [31] of the Utrecht University.
When my thesis was disapproved for graduating in January 2010, | had to hand in a redefined version of
my thesis. The deadline for the second version of this thesis is 16 of March 2010, with a presentation in
the end of March or the beginning of April 2010.
The timeline, splitted in the different phases, looks at the end of the project like this:

# | Phase Start date Explanation

1 | Orientation 20™ of August 2009 Looking into existing IDE’s, reading
2APL documentation, making tutorials
of Eclipse

2 | Start Xtext implementation 31°" of August 2009 Working on Xtext to create the IDE,
looking into Xtext documentation

3 | Update 2APL syntax 2" of September 2009 Updating the 2APL syntax with Mehdi

4 | Left-factoring 9™ of September 2009 Starting to left-factor the updated
2APL rules to fit in the Xtext project

5 | Thesis drafts Mid November 2009 Working on my thesis and review the
structure with Leo

6 | Implementing Xtext features Mid November 2009 Adding the outline view, syntax
coloring and project creator

7 | Finishing the 2APL syntax Begin December 2009 Making the final changes to the 2APL
syntax

8 | Finishing the Xtext implementation | Mid December 2009 Add the run project from IDE feature

9 | Thesis hand in 16" of December 2009

10 | Creating 2APL IDE manual End of December 2009 | Creating the installation and user
guide for the 2APL IDE plug-in

11 | Thesis disapproval 20" of January 2010 My thesis version of 16™ of December
was disapproved for graduating

12 | Updating thesis 21°" of January 2010 Updating my thesis for graduating,
talking with Leo and Martin how to
change my thesis in an appropriate
way

13 | Thesis hand in 2" version 16" of March 2010

14 | Project presentation End of March 2010

An Integrated Development Environment for A Practical Agent Programming Language
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Phase August 2009

September

QOctober

November

Decemhber

Orientation
Start Xtext implementation

Update 2APL syntax

Left-factaring

Implermenting Xtext features
Finishing the Xtext implementation
Creating 2APL IDE manual

January 2010

February

March

April

Creating 2APL IDE manual
Updating thesis
Project presentation

Figure 2.7 - Project timeline
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3 Creating the IDE

In this chapter all the steps that are taken to get from the idea to the IDE will be explained. Starting with
an overview of all the programs and techniques used and how these are all related to each other. Next, the
programs and techniques will be discussed and explained, in some cases accompanied by an example to

explain it in detail.

After reading this chapter it should be possible for the reader to recreate the project totally from
scratch and understand how and why the various choices have been made.

3.1 Used programs structure

To create the 2APL IDE a lot of programs, techniques, tools and methods are used during the project. An
overview is shown below with the paragraph reference followed:

1 Eclipse

2 Xtext

3 ANTLR

4, EMF

5. ECore Tools

6 MWE

7 Left-factoring
8 Outline view
9. DSL

10. EBNF

11. Multiple Alternatives
12. Backtracking

13. Project creator
14. Syntax highlighting
15. Run configuration

3.2and 3.4
3.3and 3.4

N -0

WWwwwwuwuwuwwwwuww
= G G Ve I G G G e - W e 8 3 |
—_

coOOoNUl A W

Using this, resulted in the following outputs:

1. ANTLR Syntax diagrams
2. Xtext diagram

3. Xtext grammar

4, 2APL Syntax

5. IDE plug-in

How all the programs work together
that are used during this project.

—e

EMF

3.5

wwww
N — O 0
N

ANTLR
Syntax diagral

)

stext magramj

7

ANTLR

—h

;

—

—h

— 11

ECore Tools

Left-factoring

Outling view

i
—'

Xtext

l

—%

Eclipse

_________________

i
!
:
Ls i
prmmmmmsm e = Mextgrammar |- | 2APL Syntax
H
H

—%h

Multiple

Alternatives

Backtracking

Figure 3.1 - Used programs overview

—

Project creator

—

Syntax

IDE plug-in

highlighting
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3.2 Eclipse

Eclipse is an open source community, whose projects are focused on building an open development
platform comprised of extensible frameworks, tools and runtimes for building, deploying and managing
software across the lifecycle. [17]

The choice for Eclipse as a framework for the 2APL IDE was made quickly. Although there are many
other editors available nowadays [2, 3, 4], Eclipse is well known under the end-users that will program in
2APL and Eclipse also supports the usage of EMF (Eclipse Modeling Framework) that is used by Xtext [5].

3.3 Xtext
Xtext is a framework for the development of domain-
specific languages and other textual programming Model <« ————— f
languages. It is tightly integrated with the Eclipse

Platform in order to provide a language-specific Xtess
integrated development environment (IDE). [11] e e

It is implemented in Java and is based on Eclipse, EMF
and ANTLR. A view of how the Xtext plug-in works with J / ¥ \
the other tools is shown here. Xtes2t Runti

| found Xtext on the Eclipse forum [41] in the asLURUnUme

Newcomers topic when | was asking for documentation or e v o L
examples of existing Eclipse IDE plug-ins.

Modeling Framework (EMF) and leverages the Eclipse 1 l
|
|
|
|

=W CI = =

Parser meta model Editor

Figure 3.2 - Xtext overview [13]

Create a new Xtext project by following the next five steps:

1. Open Eclipse Xtext [5] en select File , New, Project
2. Select Xtext Project in the New Project wizard to create a new Xtext project.
3. In the Xtext project wizard fill in:
a. Main project name;
(e.g. nl.uu.cs.apapl.ide )
b. Language name;
(e.g. nl.uu.cs.apapl.ide.APAPL )
c. DSL-File extension;
(e.g. 2apl )
d. Deselect the Create generator project checkbox (this option is for IDE plug-ins that
generate code from the created DSL).
4, By finishing the project wizard 2 new project will be available in the Package Explorer

& lava - Eclipse SDK

File Edit Source Refackor Mavigate Search Project Runm
[ I$-0-Q-|E#-|¢
E‘ Hierarchﬂ = <;==;> = =0

N
(-5 # sre-gen
[#B8, JRE System Library [jrel.6.0_04]
[+-E Plug-in Dependencies

| META-INF

: ath build.properties
gl plugin.sml

: plugin.ml_gen
EBEEn. 1. cs. apapl.ide. i

- sre

[
-5 sre-gen
[+-E JRE System Library [jrel.6.0_04]
[ Plug-in Dependencies
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Figure 3.1 - Xtext projects
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5. In the nl.uu.cs.apapl.ide src folder a default MWE Workflow file is created and also a

Xtext file, that holds the Xtext grammar, that can be found in appendix C, is created.
14 Package Explorer &3 Tg Hierarchy = <.‘='=’(> =
2w

nl.uu.cs.apapl.ide

4% sre

=83 nl.uu.cs. apapl.ide

; -- m APAPLRUntimeModule. java

e
[ GenerakeAPAPL. propetties

:ﬂ nl.uu,cs, apapl.ide. Formatking

~E3 nl.uu.cs. apapl.ide. scoping

-t nl.uu.cs. apapl.ide. validation

&
Figure 3.2 - Xtext project files

3.4 The Eclipse with Xtext platform

During this project | worked with Eclipse version 3.5.1 and Xtext version 0.7.2. The project consist of 2
parts, the language rules project and the GUI preferences project. Both of the projects are created during
the setup of a new Xtext project.

€ Java - nluu.cs.apaplide/src/nl/uu/cs/apaplide/APAPLtext - Edipse SDK =1l

Ele Edt Navigste Search Projsct Ain Window Help

ITs-H & [ F -0 [ B H G- [ &P [E] gl 2t Gre o &7

1% Packege Explorer 53 fg Herarchy| = & ¥ 7 O|[ - papLtext 52 (5] GenerateAPAPL e = O (EE outine 52\ 7w
51 | e7propunal: = &[a %
58 "dropgeal{” goalvar+-Goalvar "]" ¢ 6,5 el .
= | "dropsubgoals(" goalvar+=Goalvar ")" AbstractAction I~
{+1 [J] 4PAPLRutimeModul java 70 | rdrupsupergoals(” goalvar+=Goalvar )" “adoptgoal
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(5] GenerateaPAPL e 72Goalvar : s
[ GenerateapaPL properties 73 etoms=Atom ("and” atoms=Atom)®; atEps
G- rl.uu.cs.apaplide formatting 74 Aom
& nl.uu.cs.apaplide.scoping 75//** Plans element *%// AtomicPlan
B rl.uu.cs. apapl.ide validation 7EPlans: Baction
sregen 7 plant=Plan ("," plant=Plan]*; Belief
IRE System Library [ire1.6.0_04] 7EPlan: Beliefs
Plug-in Dependenciss 73 TerminalPlan ({Plaz.plant=current} (";" pla BeliefUpdate
META-INF BeliefUpdatenlame
buid.properties BeliefUpdate
plugin.xml EBelguery
= plugin xml_gen | whilePlan+=UhilePlan BelqueryTest
ol e apansi 54 | scopePlant=ScopePlan

85 | atomicPlan+=itomicPlan ot it
cs.apaplide a6 et
P APLSemanticHiohiightConfiguration java a7AtomicPlant il

plant=Plan "]1";

3] ApAPLSemanticHighichtingCalculator java
. 638copeP lan:

| 1] APARLUIModule. jav:

- 8 e, apaphide contentassist
& (s.apaplide labs

s.apepl ide. outine

" test+=Test "then” scopePlant=ScopePlan

Groundatom

cs.apapl.ide.ui.wizard - 93WhilePlan: GroundPar
sr-gen o4 “While tests=Test "do" scapePlan+=icop s
B luscs.speplice s Thent

. apaplide.contertassist 96//%7 Bactions ¥h//

cs.3papl.de.contentassit ant s7Baction:
. apapl e contentassist, antr.internal o8 "sleipn
£ nl.ud,cs.apaplide internal 99 | testt=Test
-8 rl.u.cs.apapl.ide 100

| externallction+=Externaliction
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& 102 | adoptgoal+=idoptgoal Literals -
il 17 e i=pranann [ ;l;l . s
| wikable ‘lnsevt ‘ms:s | e ek ||e@¢ B
Figure 3.3 - Eclipse with Xtext platform
The editor has a package explorer that allows you to navigate through all the src and src-gen

files, an outline view to easily oversee all the rules in the currently opened file and the editor with the
opened file itself.

3.5 ANTLR

ANTLR, ANother Tool for Language Recognition, is a language tool that provides a framework for
constructing recognizers, interpreters, compilers, and translators from grammatical descriptions containing
actions in a variety of target languages. [18] It is used in this project to create the syntax diagrams and is
also used by Xtext to auto generate the parser.

Other examples of language tools are YACC [37], GNU bison [38] or Coco/R [39], but due to the fact
that ANTLR is also used by Xtext, it was more then obvious to use ANTLR for our syntax diagrams. More
information about ANTLR can be found on the ANTLR website [18].

3.5.1 Parser

A parser is one of the many components within the IDE, it checks for correct syntax and builds a abstract
syntax tree implicit in the input rules. [36] In this project, the parser is automatically generated by Xtext
by inserting the EBNF-like Xtext grammar, see chapter 3.9.2, and executing the MWE workflow, see
chapter 3.7. To get an impression of how complicated a parser can get if it would be build by hand, the
parser for 2APL, with a syntax that contains 50 rules, is 30302 lines of code and called
InternalAPAPLParser.java in this project.
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3.5.2 ANTLR syntax diagrams

To create the ANTLR syntax diagrams, the Xtext code had to be loaded in the ANTLR platform, which is
easily accomplished by importing the Xtext grammar file in the ANTLR platform, the full Xtext grammar
file can be found in appendix C. A syntax diagram of every rule is then generated. Below you will find an
example of such output, called an ANTLR syntax diagram.

Pygrule T—[ Goalgquery ]_T—( [T |_._| 1 |——[Belqllerr]—"| K }—-—[Plan]—-—

Figure 3.4 - Example of a syntax diagram created by ANTLR

3.6 EMF

EMF stands for Eclipse Modeling Framework. The EMF project is a modeling framework and code generation
facility for building tools and other applications based on a structured data model. [28]

In the 2APL IDE plug-in, Xtext uses EMF to create an AST(abstract syntax tree)-meta model. Xtext
validates the AST for structural correctness, performs various modifications (linking, etc.) and
optimizations on it before eventually some other representation is created (typically code in some target
language). [29]

3.7 MWE & IDE plug-in

The modeling workflow engine (MWE) supports orchestration of different Eclipse modeling components to
be executed within Eclipse as well as standalone. Based on a dependency injection framework, one can
simply configure and wire up workflows using a declarative XML-based language. The project provides the
runtime used to execute workflows as well as the IDE tooling used to edit, start and debug them. [22]

During the creation of a new Xtext project, a workflow file (in this project named
GenerateAPAPL.mwe ) was created. | see this file as a kind of an apache ant [23] build file. In order to
create the IDE, this workflow file needs to be executed.

£ Java - nl.uu.cs.apaplide/src/nl/uu/cs/apapl fide/APAPLxtext - Eclipse SDK.

File Edt Soirce Refactor Mavigate Search Project Run Window Help

[ |30 G- | EFEG- | B | ol Le=re?
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e 2 nluugs.2paplide I | "drupsupergoals (" goalvar-
. B s New »

B8 nluu.cs.apapl.ide
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atefPAPL. mwe Show In BECSHRERH ¥ e o mrene 5n//
enerateAPAPLRIODE (v =

5 nl.uu.cs.apaplide formatt n+=FPlan ("," plan+=Plan)"
F Copy Qualified Name

83 rl.uu.cs spapl.ide, scoping
B rl.uu.cs.apaplide. validati = Baste Cerl+y minalPlan ({Plan.plant=ct
7 sregen 3 Delets Delets 1Plan returns Plan:

B JRE System Library [frel.o.0_ action+=Baction

i, Plug-in Dependencies S £Plan+=IfFlan

4= META-INF i hilePlan+=UhilePlan

Alet+shift+T b

: g Iport . copeFlan+=ScopePlan
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rl.uu.cs. apapl.ide.ul ' Refresh F5 tlan:
o s fissign Working Sets... PlanF=Plan

15 rl.uu,cs apaplide fan :
eatsemantisichicl R
|9] APAPLSEmanticHighligh Debug As 3 — : l
| B )] APAPLUMadu.java i y  External Tools Configurations... |

“Figure 3.5 - Running the MWE Workflow
In appendix D the full GenerateAPAPL.mwe file can be found. Parts changed in this file can be found
in chapters 3.14 Backtracking and 3.15 Project creator.
When executing the MWE Workflow the files from the folder src will be compiled, the result will be
stored in the folder src-gen , this folder then contains the generated java files that are the basis for the
IDE.
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To finally export the generated java code to a plug-in, the Xtext project has to be exported.
1. Select the 2 projects that where created during and right click to select Export;

& Java - nl.uu.cs.apapl.ideui/src/nlfuu/cs fapapl/ide/APAP)

File Edit Source Refactor Mavigate Search Project Rum '
[ i = I#-0-q-|&sa-]¢
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w5 i
[

g el b
- rluy Open in New Window
T rluu Shaw In Al+Shift+ ¥
-1 nluu
-0 nluu 3= Copy ChrC
T nluy 5= Copy Qualified Mame
<& rlhuu 2 page Chri+y
E zlr:i ¥ Delete Delete
- orgx Buid Path 4
Source Ale+Shift+s »
Refactor Ale+Shift+T  #
g Import...

5 Dafeach =3 I
Figure 3.6 - Export Xtext projects 1

2. In the Export wizard select Deployable plug-ins and fragments;
3. Select a Destination directory and click Finish.
ol
Deployable plug-ins and fragments =®_
Export the selected projects inka a form suitable For deploying in an Eclipse product Ay
1 -
Available Plug-ins and Fragments:
<J=nl.un.cs.apaplide (1.0.0) Select Al |
==nl.uu,cs.apaplide.ui (1,0,0)
Deselect Al I
Worling Set.., I
2 of 2 selected,
Destination |gpt|uns | 3R signing
' Directory:
Id:\ZAPL_IDE\Equrt | rowse...
" Archive file:
[ ctDacuments and Settingsitithesun\DeskboptAPAPL_IDE_v07_20051019.2ip =i Erowse.

€ Install into host, Repository:
IC:IDocuments and Settings/titheeuw,Desktop/workspace-testing/ . metadataf pluginsforg. eclipse. pde. corefinstallf ﬂ Erowse, ..

=
‘\?) < Back | [dExE = | Einish I Cancel |

Figure 3.7 - Export Xtext projects 2
The result is a set of two jar files; these files are the end product of this project. The files can now be
used by end users to enjoy all the features the 2APL IDE has to offer. In chapter 4.1 it is described how to
install the 2APL IDE plug-in files.
Note that executing the MWE workflow can be very time-consuming. A way to reduce the time that
worked for me was moving the entire Xtext project from a remote file system to my local desktop. This
action resulted in a executing time of 5 minutes to just over less than 25 seconds.

3.8 ECore Tools & Xtext diagram

The ECore Tools component provides a complete environment to create, edit and maintain ECore diagrams.
[21] In this project, an ECore diagram is created to show how all the 2APL rules have their specific
relations with other rules. To create an ECore diagram, the MWE Workflow has to be executed first (see
chapter 3.7 for this), then the src-gen folder holds an APAPL.ecore file that can be transferred to an
ECore diagram, in this thesis called the Xtext diagram.
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To create the Xtext diagram follow the three steps below:
1. Execute the MWE workflow file;

2. Open the src-gen folder and find the ecore file (in this project called APAPL.ecore );
3. Right-click the ecore file and select Initialize Ecore Diagram file

’

& Java - nluu.cs.apapl.ide/src-gen/nl/uu/cs/apapl/ide/APAPL2.ecorediag - Eclipse 5T)
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Figure 3.8 - Initialize Ecore Diagram
After step three there is a new file, called in our case APAPL.ecorediag , this gives a graphical
overview of all the various 2APL syntax rules and their relations with each other. In appendix F is a full size
version of the Xtext diagram attached.
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Figure 3.9 - Xtext diagram
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3.9 Syntax grammar

During this project | have been using two types of grammar; the EBNF grammar that is used to describe the
2APL syntax, and the Xtext grammar that is used to create the Xtext project. In a simple way | see the
Xtext grammar as an add-on to the EBNF grammar, where the Xtext has more options to modify the final
2APL IDE plug-in.

The next two subchapters will describe the formal way of the different syntaxes used in this project.

3.9.1 EBNF grammar

EBNF stands for Extended Backus Naur Form and is used to describe the formal way of computer
programming languages. [42] The explanation of the used notations in the 2APL grammar are shown below:

<name> =rule name

{<rule>} = 0..* (This rule can persist zero or mult iple times)
[<rule>] =0..1 (This rule is optional)

<rule>+ = 1..* (This rule can persist one or multi ple times)
<a>|<b> = choice between rule name a and b

(<a> | <b>) = choice between rule name a and b with in brackets
"var" = static text

; = end of the rule

Combinations of the differed notations are allowed as well (e.g. <ident> ['(" <ident> ")";
which would mean that this rule should start with an <ident> followed optional by "(" <ident>")" ).

3.9.2 Xtext grammar

The Xtext grammar rules are described using Extended Backus-Naur Form-like expressions. [27] The
explanation of the used notations in the Xtext grammar are shown below:

Name: = rule name (Xtext rule names start with a ¢ apital letter)

Rule? =0..1 (This rule is optional)

Rule* = 0..* (This rule can persist zero or multipl e times)

Rule+ = 1..* (This rule can persist one or multiple times)

A|lB = choice between rule name A and B

(A|B) = choice between rules within brackets

"var" = static text

name+=Rule = a multi valued feature and adds the va lue on the right hand to
that feature, which is a list feature

name=Rule = straight forward assignment, and used f or features which take only
one element

; = end of the rule

The Xtext grammar is an implementation of the new 2APL syntax that | updated during this project, the
new syntax can be found in chapter 5. The Xtext grammar is left-factored where needed. The full Xtext
grammar can be found in appendix C. An example of a rule is described below:

EBNF syntax

<beliefupdate> =
"{"<belquery>"}" < beliefupdatename > "{"<literals>"}";

Xtext syntax

BeliefUpdate:
{" belquery+=Belquery "}"  beliefUpdateName+=BeliefUpdateName
"{" literals+=Literals SO

Rules itself start with capital letters and the class where the rule is part of starts with a lowercase
letter. In the example shown above the rules are all multi valued, which means that there is an other rule
after Belquery , BeliefUpdateName  or Literals
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3.10 Left-recursive and left-factoring

During the creation of the IDE plug-in | ran into the following problem, left-recursive rules, this are rules
that call itself e.g.

<belquery> =
"true”
| <literal>
| <belquery>"and" <belquery>

The Xtext parser uses a LL parser that parses the input from left to right. In the <belquery> rule it
can therefore never find a match for e.g. dummy() (an example of a literal) because it can be a
<literal> or a <belquery> (that has next a <literal> or <belquery> etc.) rule.

setavery ——~{ T o E o ] .
(et} T

Figure 3.10 - Left-recursive rule example
This has to be rewritten with left-factoring. The rule would than look like:

<belquery> =
<terminalbelquery> ["and" <belquery>];

<terminalbelquery> =
"true”
| <literal>

The example dummy() would then parse to <termianlbelquery>, that will pars it to a <literal> and
finish.

Belgquery —I-[ Terminal Belgquery ]—rﬂ ‘a' |—I'-| 'n' l—l-| 'a! |—P[Belqwer1']—bt

Terminal Belgquery

il o B R

Literal

Figure 3.11 - Left-factored rule example

In this project seven 2APL rules had to be rewritten with the help of left-factoring, these rules are:
test
plan
planvar
par
goalquery
belquery
artexp
In chapter 5 all the 2APL rules will be described, there these seven rules are left-factored, more
information about left factoring can be found in my posts on the Eclipse forum [43].

Nouhwn=
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3.11 Outline view

As described in chapter 2.3.3, the outline view greatly improves the overview structure of the created
code. In the 2APL IDE plug-in, the outline view is made out of two parts. The first part is responsible for
the multi valued features, whereas the second part is responsible for the features that only take one
element. [30]

In the next two subchapters | will describe the difference between these two parts and how they both
are implemented in the 2APL IDE plug-in.

3.11.1 Multi valued features

The += sign, the add operator, expects a multi valued feature and adds the value on the right hand to that
feature, which is a list feature. [30]

In the 2APL IDE plug-in this is used by rules that have the option to contain a different rule, which in
the 2APL case will be practical almost all of the rules. The Xtext grammar describes how this is
implemented, see chapter 3.9.2 for this.

A multi valued feature is shown as a collapsed item in the outline view, by expanding the item one or
more rules can be applicable, the example below shows that the rule Goals and Plans can contain more
than one Goal or Plan rule, that are now parg of a list inside the outline view.
0= Outline &3

= U= APAFL

Ba'% Plan
Figure 3.12 - Multi valued features

3.11.2 Single valued features

The simple equal sign = is the straight forward assignment, and used for features which take only one
element. [30]

By assigning a rule with a single valued feature, the outline is not given the name of the rule, as with a
multi valued feature, but is given the name of the value inside the rule.

An example is shown below where the Goal rule starts with a GroundAtom that starts with an Ident
that then gives the name of the GroundAtom in the outline view, in this case receiveMoney . Next, it is
for the GroundAtom rule possible to have one or more GroundPars , so this rule is given the name of the
rule itself, in the GroundPars rule it is possible to have a Numrule, in our case with the value 100, this
value is than the name of the Numrule in our outline view.

g-I= Goal
| B-IZ receiveMoney
5= GroundPars
LLI= 100

recei veMoney(100)

Figure 3.13 - Single valued featureEs
The single valued rules in the 2APL IDE plug-in are:

1. Num
2. Var
3. Ident

| have chosen for this construction in order to make sure that the outline view is really representing the
code, the end user can now distinguish the multiple same rules by the single valued features inside the
rules.
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3.12 DSL

A domain-specific language (DSL) is a small programming language, which focuses on a particular domain.
Such a domain can be more or less anything, in this case it is the 2APL syntax language. The idea is that its
concepts and notation is as close as possible to what you have in mind when you think about a solution in
that domain. Of course this concerns problems which can be solved or processed by computers somehow.
[16]

The opposite of a DSL is a so called GPL, a General Purpose Language such as Java or any other common
programming language. With a GPL you can solve every computer problem, but it might not always be the
best way to solve it. [16]

3.13 Multiple Alternatives

The problem with multiple alternatives is that the parser cannot make a decision between different rules,
e.g. the static text true can also be a <literal> , that can be an <atom>, that can be an <ident> what
may contain the text true . This example is shown below:

TerminalBelequery —!-| ! |—l-| ‘! |—l-| 'u! |—n-| le! |‘T
Literal
/'/.
/' '('HﬁelmmryH iyt

Literal

Infixitom

,
.’"’
N o B o L

fj
/
|
/
Tdent o] 'a'..'zl}_rl__{ CuL.e, mLz, 7, e e} }J_’_.

Figure 3.14 - Multiple alternatives example
It can also happen that there are multiple rules applicable, e.g. the rule <terminalpar> has
<artexps> and <pars> that when you follow the rules both can have a <num> rule. The parser is unable
to distinguish the difference. This example is shown below.

Terminal Par AT

/
/|
&
Par ¥ lo{ TerminalPar }_FI_-( g% v, =, 4y | TerminalPar }—]-—’

Figure 3.15 - Multiple applicable rules example
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By using the backtrack option this problem can be tackled, see chapter 3.14 about backtracking and
how to enable this feature.

3.14 Backtracking

Backtracking is a general algorithm for finding all, or some, solutions to computational problem. The
backtracking algorithm enumerates a set of partial candidates that, in principle, could be completed in
various ways to give all the possible solutions to the given problem. The completion is done incrementally,
by a sequence of candidate extension steps. [24]

To enable the backtracking algorithm in this project the Xtext manual provides the following solution
[25], this solution was also used in the 2APL IDE plug-in:

1. In the MWE workflow file, in this case GenerateAPAPL.mwe , replace:
<fragment class="org.eclipse.xtext.generator.AntlrD elegatingFragment"/>
with:
<fragment class="de.itemis.xtext.antlr.XtextAntlrGe neratorFragment">
<options backtrack="true"/></fragment>

2. Execute the MWE workflow file, see chapter 4.7.

3.15 Project creator

The project creator can be enabled by modifying the MWE workflow file and adding two files to the ui
package (in this case nl.uu.cs.apapl.ide.ui ) by following the steps in the Xtext user guide [44].
1. Add the following line to the MWE workflow file:
<fragment
class="org.eclipse.xtext.ui.generator.projectWizard .SimpleProjectWizard
Fragment" generatorProjectName="${projectName}.gene rator"
modelFileExtension="2apl"/>
2. Modify the APAPLCustomNewProjectWizard.java file in the
nl.uu.cs.apapl.ide.ui.wizard package, change the addPages() function to:

publ i c voi d addPages() {
mainPage = new WizardNewProjectCreationPage( "basicNewProjectPage” );
mainPage .setTitle( "2APL Project” );
mainPage .setDescription( "Create a new 2APL project." );
addPage( mainPage );

3. Modify the APAPLNewProject.xpt file, this file holds a default project with 2APL source
code that will be created during the project setup. The default source that is shipped with the
2APL IDE plug-in is the push-up agent that was described in chapter 2.2.1. The full
APAPLNewProject.xpt  file can be found in part two of appendix G.

3.16 Syntax highlighting

After executing the MWE workflow the generated files will have some default settings regarding syntax
highlighting. To change the behavior of the highlighting functionality in the plug-in some changes have to
be made to the generated java files. The two files, APAPLSemanticHighlightConfiguration.java

and APAPLSemanticHighlightingCalculator.java , are responsible for the color settings and
identifying the various rules that will be given a color configuration. How this is implemented will be
explained in the following two subchapters, extracted from chapter 5 of the Xtext manual [26]. To register
the two new files in the 2APL IDE plug-in the Xtext generated APAPLUiModule.java file has to be
modified. In the first part of appendix E the full APAPLUiIModule.java file can be found.
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3.16.1 Highlight configuration

In the APAPLSemanticHighlightConfiguration.java file the various text styles will be defined. In
the 2APL IDE plug-in there are four rules that can be given different text styles:

1. Atom

2. UpperAtom

3. GroundAtom

4, ExternalAction

For every of the four rules there is a text style created, this text style holds settings like the
background color, text color and font style (e.g. bold or italic). The atom text style source code looks like:
[26]

publ i ¢ TextStyle atom() {

TextStyle textStyle = new TextStyle();
textStyle.setBackgroundColor( new RGB(255, 255, 255));
textStyle.setColor( new RGB(0, 0, 0));

r et ur n textStyle;

}

As per default | ship all the text styles of the four rules in this default format, the end users are free
the change the styles in the preferred way their selves. The full source code can be found in the second
part of appendix E.

3.16.2 Highlighting calculator

In the APAPLSemanticHighlightingCalculator.java file the different rules are identified and given
the text style settings specified earlier. To identify the various predefined rules all the content of the 2APL
file will be parsed into an EObject, that can then check if the object contains a rule that needs to be given
a text style. To walk through all these objects the following code is used to identify an atom rule: [26]

EODbject current = iter.next();
i f(current i nst anceof Atom){
AbstractNode node = nul | ;
NodeAdapter adapter = NodeUtil. get NodeAdapt er (current);
i f (adapter = nul 1){
CompositeNode nodeC = adapter.getParserNode();
i f (hodeC = nul 1) {
f or (AbstractNode child: nodeC.getChildren()) {
i f (child i nst anceof LeafNode) {
node = child;
highlightNode(node,
APAPLSemanticHighlightConfiguration. ATOM acceptor);
}
}
}
}

3.17 2APL syntax

The 2APL syntax is written in the EBNF standard, in chapter 6 it is described how the syntax was at the
start of this project, what and why changes to the syntax have been made and a description of all the rules
is given.

By making a code example for every rule a formal test is executed, every rule has therefore tested as
shown in chapter 5.5 and appendix H.
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3.18 Run configuration

A run configuration is made to execute the 2APL project from the IDE. In chapter 4.5 it is described how to
configure the 2APL IDE plug-in to execute the project. To obtain this functionality, a small change to the
2APL platform had to be made.

The run configuration starts the 2APL platform and sends some arguments to the 2apl.jar file, the
full arguments in the 2APL IDE plug-in are -jar 2apl.jar —nojade “${selected_recourse_loc}”
this executes the jar file and in this case disables the jade functionality inside the 2APL platform, then the
parameter ${selected_recourse_loc} is send that contains the full path to the 2APL project that is
active in the 2APL IDE.

In the 2APL platform, this parameter is used to load the MAS file that contains the agent configuration
of the 2APL project, the 2APL platform searches through the directory that is given by this parameter for a
file that has a .mas extension. If found, this file is loaded and executed in the 2APL platform, and if there
is no MAS file found, an error will be thrown to inform the user.

In appendix | the java code that has been added to the APAPL.java file is attached. Note that adding
this functionality has no impact on the way the 2APL platform works.

The run configuration option in the 2APL platform was first implemented by Michal Cap [33], a master
student at Utrecht University. This functionality only provided the loading of a selected file, what is
enough to run the 2APL platform from the command line, to have the desired functionality for the 2APL IDE
plug-in | modified his code so that a directory is checked to find a MAS file.
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4 2APL IDE plug-in

In the previous two chapters it has been described how to create an IDE. This chapter covers the question
of how to use the 2APL IDE plug-in. In this chapter, the various steps to install, work with and tune the IDE
as you like will be described. To use the 2APL IDE plug-in, it is required to have basic knowledge of the
Eclipse platform.

4.1 Install the 2APL IDE plug-in

In order to install the 2APL IDE plug-in you need to follow the next procedure:

1. Download the Eclipse Xtext application from its homepage at:
http://www.eclipse.org/Xtext/download
2. Extract the contents of the file into a directory. In this sequel, we assume that this directory
is named eclipse .
3. Download the 2APL IDE plug-in files from the 2APL website at:
http://apapl.sourceforge.net/?page_id=7
4, Extract the files to the eclipse plug-in directory named eclipse\plugins
You can now use the 2APL IDE as part of the Eclipse framework by executing Eclipse, the 2APL IDE plug-
in is then automatically loaded. The 2APL IDE plug-in has been tested with Eclipse 3.5.1 , Xtext

0.7.2 , under Windows and Mac OS X .

4.1.1 In the background of the plug-in
This plug-in is created by Xtext, Xtext creates, as described in chapter 3.3, a plug-in for Eclipse. As | did
not change any of the code to get the plug-in working with Eclipse, i.e. Xtext takes fully care of this part, |
will only show how Xtext is integrated with EMF.

Integration with EMF
= ©

(‘: e mf i >n
esource

Xtext |- -

Linker Serializer

! !

ValueConverter ScopeProvider Formatter

Figure 4.1 - Xtext integration with EMF [45]
For more information regarding the integration of the plug-in with Eclipse see the auto generated
AbstractAPAPLRuntimeModule.java file, attached in appendix J, how the various options are binded
in the framework.
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4.2 Look and feel of the IDE

& Java - apapl-test-project/everything.2apl - Eclipse SDK

File Edit Navigate Search Project Bun  Window Help

IFi-He -0 | E&6- |04 250

7 | & 3va

~=loix|

@hlockworld( enter{ Xpos,
while B{cheapestMatch{[[type, book]],
Scream{found{ Match) )

|| Copy of everything.2ap
“epl everything 2apl
-1 Forum
F 1= HU Semester Studenten
1= project Harry and Sally
[l project Michal Markst
i project test nick 1
s =] buyer.Zapl
buyerz. 2apl @
buyer3.Zapl
matchmaker. 2apl
seller.zapl

3:
if B{have(Car)) then {
sell(Car); collect(Monevy)
H
else {
getGas(UnleadedFusl £)

Y.

send(Receiver, Performative,

\=| matchmaker.2apl
=1 project test nick &
2|5 administrator 2apl
1] auction.mas
buyer.zapl
buyer1 2apl
buyerz. 2apl

<- true | skip

true <- true | skip

have(BookName) <- mo i=(
send{offerMatchf
procastinate(10) "

H

seller2, zapl while B{HavelMoney < 1000} do {
work
|17] webshop.mas
[l {32 project kest nick 2 :
== project best nick <
o =] market.2apl
PG-rules:
4] market.mas
(x] (makeMoney(Lots 1) and have({Time)] <-

Tpos) . Return},

E packs 37 [2 Hear | = O |[ = feverything 2epl 52 =
=l adoptz{stop() ), =
Elf apaphtest-project -~ dropsubgoals(goalX({F}],

Match) and not screamed(fao

send(Receiver, Performative, content(X)):
Language,

Ontology, content(¥)),

have(Car) | Sell{Car)

=

KM=mne, 3245

buryer3 2apl clean{ blockWorld }

buyerd, 2apl golo{ X, T ): "= Include:

seller. 2apl Eblockworld{ PiC| r=pCyes:
=| sellert.2apl BIokHp{ )i Grules:
°| sellerz. 2apl t Rrules:
=] sellers. 2apl L. eblockuorid(| P

sellerd, Zapl send({ iets, ievs;

timer. 2apl &
< | > 4 -

Bz outine %8 N\ |G 1% 7 O

= 1= APAPL

b I= Includes

Eeliefs

5-1= Belief

8- 1= Goals

Plans
Plan

4

Belieflipdates

&-I= literal

| Writable ‘ Insert

Figure 4.2 - IDE for 2APL

In the left column the Package explorer is shown, this gives an overview of all the available projects,
shown as folders, available in the IDE. A project can be opened to get an overview of the files inside the
project.

In the center column the editor is active, this editor shows the opened file and applies all the futures

available in the IDE such as syntax coloring and code validation checks.

In the right column the outline view is presented that shows the outline view of the current opened file,

that is also the file opened in the center column.

4.3 Create a new 2APL project

In order to work with the IDE you need to create a project. A project consists of one MASfile and one or
multiple 2APL files. Follow the instructions to create a new project, when finished you can modify the
files the way you like, add new files and run the project from the IDE.

1. Create a new project in the Eclipse Xtext version that has the 2APL IDE plug-in installed
2. In the project wizard, choose APAPL project and give the project a hame (e.g. push-up )
3. A template 2APL and MASfile are created within the new project
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& Java - push-up/agent.2apl - Eclipse SDK
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Figure 4.3 - New created project

4.4 Change syntax colors in the IDE

In the IDE it is possible to change the color of the 2APL code. To do this go to the Preference
under the menu Window, and select Syntax Coloring

under Xtext Languages

& Preferences i

and then APAPL

~1olx|
|apap\ Syntax Coloring o
b E":ﬁ;;;gluagas Token Styles.
Sy | e

ZAPL upperatom
Comment
Default
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Mumber
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Background . 1 |

™ Underline [~ Strike theough

¥ Bold

Courier New-regular-10

ghange. i |

Reestare: Qefau\t;.l Apply |

(?)

84 Cancel |

Figure 4.4 - Color settings

page,

Default only the Keyword token has a color (Red and bold), all the other tokens have the color black. It

is possible to change the token appearance of 2APL atom , 2APL externalaction
and 2APL upperatom

, 2APL groundatom
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4.5 Run the project from the IDE

It is possible to run the project form the IDE, this makes the sequence of trial and error

In order to run the project from the IDE a run configuration has to be added to the IDE.
1. Open the External Tools Configurations
2. In the External Tools Configurations window, right click program and select new

; &= External Tools Configurations

¢ Create, manage, and run configu

& Java - apapl-test-project/Copy of everything.2apl - Eclipse SDK
“File Edit Mavigate Search Project Run Window Help

Ies-Rolpro- & lBsEe- &7

Run a program

[% Package Explarer &2 ?g Hi % 1 28PL with GLIT
G 2 2RPL withaut GUT

G, 3 ZAPLwith JADE

Run &s.

o N ‘Duplicate
External Toals Configurations... 2

% 7 Delete:
Organize Favaribes, .,

{ true ar
Figure 4.5 - External tools configuration 1
3. In the configurations window:
a. Name: a name for the run configuration
(e.g. 2APL with GUI )
b. Location: the full path to your java.exe
(e.g. C:\Program Files (x86)\Java\jdk1.6.0_04\bin\java.ex e)
c. Working Directory: the path to your 2APL directory
(e.g. D:\apapl )
d. Arguments: -jar 2apl.jar —nojade “${selected_recourse_loc }"

& External Tools Configurations

Create. manage. and run configurations

Run a program

a lot faster.

=
=l
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type filter text
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-jar 2apl.jar -nojade "${selected_resource_loc)

Hate: Enclose an argument containing spaces using double-quotes ).

ApplE REvErt |
Filker matrhed 5 of 5 items

Figure 4.6 - External tools configuration 2
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5 2APL syntax

This chapter will review the 2APL syntax. During the project, many changes in the syntax have been made.
An overview of these changes can be found in chapter 5.4. The syntax is expressed in the EBNF, Extended
Backus-Naur Form [6], standard. Note that changing the syntax of the rules are made in a way that the
2APL platform does not have to be modified.

5.1 EBNF legenda

<name> =rule name

{<rule>} = 0..* (This rule can persist zero or mult iple times)
[<rule>] =0..1 (This rule is optional)

<rule>+ = 1..* (This rule can persist one or multi ple times)
<A>|<B> =choice between rule name A and B

(<A> | <B>) = choice between rule name A and B with in brackets
"var" = static text

; = end of the rule

5.2 Current EBNF 2APL syntax

The current 2APL syntax specifies <atom> as a Prolog like atomic formula starting with a lowercase letter,
<Atom> to denote a Prolog like atomic formula starting with a capital letter, <ident> to denote a string,

<Var> to denote a string starting with a capital letter and <ground_atom> to denote a grounded atomic
formula. [7, 19]

Because of the missing specification of these rules, it is unclear what an atom rule should look like. This

problem does not only exist for the atom rule, but for all the unspecified rules in the current EBNF 2APL
syntax. The full syntax can be found in appendix A. [19]

5.3 New EBNF 2APL syntax

The new syntax is a rewrite of the current syntax. It can also be found in appendix B.

<APAPL> = {"Include:" <includes>
| "BeliefUpdates:" <beliefupdates>
| "Beliefs:" <beliefs>
| "Goals:" <goals>
| "Plans:" <plans>
| "PG-rules:" <pgrules>
| "PC-rules:" <pcrules>
| "PR-rules:" <prrules>},
<includes> = <include>+;
<include> = <ident>".2apl";
<beliefupdates> = <beliefupdate>+;
<beliefupdate> = "{"[<belquery>] "}" <beliefupdate name> "{" <literals> "}";
<beliefupdatename> = <upperatom>;
<beliefs> = <belief>+;
<belief> = <ground_atom>"."
| <atom>":-"<literals>".";
<goals> = <goal>{"," <goal>},
<goal> = <ground_atom> {"and" <ground_atom>};
<baction> = "skip"
| <beliefupdatename>
| <sendaction>
| <externalaction>
| <abstractaction>
| <test>
| <adoptgoal>
| <dropgoal>;
<plans> = <plan>{"" <plan>};

An Integrated Development Environment for A Practical Agent Programming Language



<plan> = <baction>

| <sequenceplan>

| <ifplan>

| <whileplan>

| <atomicplan>

| <scopeplan>;
<sendaction> = "send(" <iv>"," <iv>"," <atom>")"

| "send(" <iv>"," <iv>"" <iv>"" <iv>"" <ato m>")";
<externalaction> = "@" <ident>"(" <atom>"," <var> ")
<abstractaction> = <atom>,
<test> = "B(" <belquery>")"

| "G("<goalquery>")"

| <test>"&" <test>

| (" <test>")";
<adoptgoal> = "adopta(" <goalvar>")"

| "adoptz(" <goalvar>")";
<dropgoal> = ‘"dropgoal(" <goalvar>")"

| "dropsubgoals(" <goalvar>")"

| "dropsupergoals(" <goalvar>")";
<ifplan> = "if" <test> "then" <scopeplan> ["else" < scopeplan>];
<whileplan> = "while" <test> "do" <scopeplan>;
<atomicplan> = "["<plan>"1";
<scopeplan> = "{"<plan>"}";
<pgrules> = <pgrule>+;
<pgrule> = [<goalquery>] "<-" <belquery> "|" <plan> ;
<pcrules> = <pcrule>+;
<pcrule> = <atom> "<-" <belquery>"|" <plan>;
<prrules> = <prrule>+;
<prrule> = <planvar> "<-" <belquery>"|" <planvar>;
<goalvar> = <atom> {"and" <atom>};
<planvar> = <plan>

| <var>

| "if" <test> "then" <scopeplanvar> ["else" <scope lanvar>]

| "while" <test> "do" <scopeplanvar>

| <planvar>";" <planvar>;
<scopeplanvar> = "{" <planvar>"}";
<literals> = <literal> {"," <literal>};
<literal> = <atom>

| <infixatom>

| "not" <atom>

| "not" <infixatom>;
<belquery> = "true"

| <belquery>"and" <belquery>

| <belquery> "or" <belquery>

| "(" <belquery ")"

| <literal>;
<goalquery> = "true"

| <goalquery> "and" <goalquery>

| <goalquery> "or" <goalquery>

| "(" <goalquery>")"

| <atom>;
<iv> = <ident>| <var>;
<groundatom> = <ident>"(" <groundpars>")";
<groundpars> = <groundpar> {"," <groundpar>};
<groundpar> = <ident>| <num>|"_"

| "["[<groundpars>] "T"

| "["<groundpars>"|" <var>"1";
<upperatom> = <var>"("[<pars>] ")";
<atom> = <ident> ["(" [<pars>] ")"];
<infixatom> = <par>("="|">"|"<"|"="|"<="| "> =S| =<

<par>;

<pars> = <par>{"" <par>};
<par> = <var>|<num>|"_"| <atom>

| <par> (“+" | " | "] ") <par>

| ["<pars>"T"

I

"[" (<artexps> | <pars>) "|" <var> "";

An Integrated Development Environment for A Practical Agent Programming Language



<artexps> = <artexp> {"," <artexp>};
<artexp> = <var>|<num>

| <artexp> ("+"|"-"|"™"|"/") <artexp>

| (" <artexp>")";
<var> = "A".ZU{"at."zt | A2 M09 | "L
<ident> = "a'."z"{"a"."z" | "A"."z" | "0".."9" | " "}
<num> = ('0"."9")+,

5.4 Differences

The differences are made without the need to change the existing program and can be grouped in 2 parts,
one is the group that holds the changes for a better overview, like includes and beliefupdates and
the other group contain the rules that where not specified like atom and var .

In the new version of the 2APL syntax the following rules have been added or specified:

Rule name Description
1. <APAPL> This rule overrides the old <Agent_Prog> rule
2. <includes> This rule is created to have multiple <include> rules
3. <include> This rule specifies one singe file that is included
4. <beliefupdates> This rule is created to have multiple <beliefupdate> rules
5. <beliefupdatename> This rule is created to have a better overview in the <beliefupdate>
rule itself
6. <beliefs> This rule is created to have multiple <belief>  rules
7. <groundatom> This rule specifies an <atom> like rule that should have one or more
parameters
8. <groundpars> This rule is created to have multiple <groundpar> rules
9. <groundpar> This rule specifies all the parameters within a <groundatom> rule
10. | <upperatom> This rule is identical to the <atom> rule but it starts with a capital letter
11. | <atom> This rule specifies how an <atom> rule should be implemented
12. | <infixatom> This rule is a special type of <atom>
13. | <pars> This rule is created to have multiple <par> rules
14. | <par> This rule specifies all the parameters within an <atom>, <upperatom> or
<infixatom>  rules
15. | <artexps> This rule is created to have multiple <artexp> rules
16. | <artexp> This rule specifies the arithmetic expressions within a <par> rule
17. | <var> This rule specifies a string starting with a capital letter
18. | <ident> This rule specifies a string starting with a lowercase letter
19. | <num> This rule specifies a number
The following rules have been deleted:
Rule name Description
1. <Agent_Prog> This rule is replaced by the <APAPL>rule
2. <BelUpSpec> This rule is replaced by the <beliefupdate> rule
The following rules have been modified:
Rule name
1. <beliefupdate>
2. <plan>
3. <sendaction>
4. <test>
5. <literal>

In appendix H is described what has changed for this five rules.
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5.5 2APL rules in detail

In total there are 50 rules in the 2APL syntax, all of these rules are well documented in appendix H. Every
rule is described in the following seven ways:

1.

2.

3.

Old EBNF syntax:

If the rule syntax has been updated this area shows the old syntax EBNF syntax

EBNF syntax:

The full syntax for the rule is shown here

Xtext syntax:

The Xtext syntax is shown here, if needed rules are left-factored and operators are added to
create the wanted outline view

ANTLR syntax diagram:

This diagram is added to have a graphical view of the rule, it shows that when a rule is chosen
what various steps are available to take next

Description:

In the description | briefly describe how the rule can be used, here | do not describe why a rule
exists in the 2APL platform, for this | suggest to read the 2APL user manual [7, 19]

Outline view:

The 2APL IDE plug-in gives an outline view for the rule that | here show to have a better
oversight of the rule

Example:

An example of the rule is given, here | use different coloring settings for the various rule to
distinguish the rules better
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6 Evaluation

Overall, | am very satisfied with the result of the project. When | started my search for existing IDE’s,
Eclipse and Xtext came up very fast, resulting in a good start of my project. Then | found out that not all
the rules of 2APL where described in the existing syntax, so these had to be added or existing rules had to
be modified. This took more time then | anticipated, and at the start of the project | did not even
calculate the time for this research in the project. Adding and modifying the 2APL syntax got me right into
the left-recursion problem, some extra changes had to be made to the Xtext grammar, but the
documentation available for this problem on the internet was more then enough to solve this matter.

If 1 look at the end product, the 2APL IDE plug-in that is now available for all the 2APL developers, |
could not have thought that all the options | wanted in the plug-in have been realized. Of course there is
more functionality to be added in a later stage, but considering the short time for this project | am more
then pleased with the result.

When | would have to make an other IDE, | would definitely use the same structure as | did in this
project, but | would require a complete syntax of the DSL before starting. During this project | had the
time to work on the syntax, but would have asked the 2APL development team to work on this if | came in
a short of time as this task was very time-consuming. | think that because of the use of a Prolog engine in
2APL the syntax is incomplete, if | check what rules are described in the existing syntax, all of these rules
are specific 2APL rules that refer in some cases to a Prolog rule. For this project all the available rules had
to be described, so just referring to a rule in Prolog would not work within the Xtext project. Working on
the 2APL syntax gained me quite some experience with the EBNF standard and the left-recursion problem.

Not only was this project the end of my Bachelor study, it is also the beginning of my Master study and
while working on this project | attended the Intelligent agents course [14] from John-Jules Meyer and the
Multi-agent systems course [15] from Mehdi Dastani. Attending these courses gave me a better insight into
the world of agents and into how 2APL is used in the agent-oriented world. All this will hopefully result in a
jump start towards my Master study.
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7 Conclusion and future work

During this project | have gained a good impression about how hard it is to create a programming language.
Although the 2APL language is relatively small compared to Java or C, it still manages to design agent
applications on a BDI model. Due to the fact that a good IDE was missing for 2APL, it was very hard for
programmers to create a bug free application without having to study the full 2APL syntax. Since the
creation of the IDE | received quite some positive feedback from people that used it, or even heard about
it. | hope that the use my IDE in the next Multi-agent programming course at Utrecht University will help
2APL developers to create, test and execute their projects.
To optimize the created IDE some additional features can be created, and of course it is possible that
during the Multi-agent programming course bugs are found in the IDE that need to be solved.
Additional futures that can be implemented later are:
1. Auto code formatting
The java editor in Eclipse has the function to press cltr + shift + F to format the code
automatically, this can be added in a later version of the 2APL IDE plug-in as well.
2. MAS file editor
To create a project in 2APL a mas file is required, an editor could be created for the relative
small mas files in projects. The latest development shows that the possibility exists that this
mas file will be replaced by a xml file. But also for this xml file a modified editor can be build.
3. 2APL pull down menu with help options
This menu should be available next to the Help section of Eclipse, it can hold a link to the
documentation of 2APL an other references.
4, Environment creator for the 2APL platform
A new editor can be build to create environments for 2APL. Recent development indicates that
this environment will be changed to a default standard so the environment will also work with
multi-agent programming languages such as Jason, agentspeak or jadex.
5. Negative integers and doubles
It is possible to run the 2APL platform with a negative integer, but the 2APL IDE does not
recognize a negative number as valid, this simply because it was not described in the 2APL
syntax. This syntax should be changed in a way to allow negative numbers and doubles.
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9 Appendices

9.1 Appendix A - Old EBNF 2APL syntax

<Agent_Prog>

<BelUpSpec>
<beliefupdate>
<belief>

<goals>
<goal>
<baction>

<plans>
<plan>

<sendaction>

<externalaction>
<abstractaction>
<test>

<adoptgoal>

<dropgoal>

<ifplan>
<whileplan>
<atomicplan>
<scopeplan>
<pgrules>
<pgrule>
<pcrules>
<pcrule>
<prrules>
<prrule>
<goalvar>
<planvar>

<scopeplanvar>
<literals>

= {"Include:" <ident>
| "BeliefUpdates:" <BelUpSpec>
| "Beliefs:" <belief>
| "Goals:" <goals>
| "Plans:" <plans>
| "PG-rules:" <pgrules>
| "PC-rules:" <pcrules>
| "PR-rules:" <prrules>};
= "{"<belquery>"}" <beliefupdate> "{"<I

= <Atom>;

= <ground_atom>"."
| <atom>":-"<literals>".";

<goal> {"," <goal>};

= <ground_atom> {"and" <ground_atom>};

= "skip"
<beliefupdatename>
<sendaction>
<externalaction>
<abstractaction>
<test>
<adoptgoal>
<dropgoal>;
<plan> {"," <plan>};
<baction>
<sequenceplan>
<ifplan>
<whileplan>
<atomicplan>;

= "send(" <iv>"," <iv>"," <atom>")"

| "send(" <ivs "M <iv> " <ivs " <iv> " <ato

"@" <ident> "(" <atom>"," <var>
<atom>;
= "B(" <belquery>")"
| "G(" <goalquery>")"
| <test>"&" <test>;
= "adopta(" <goalvar>")"
| "adoptz(" <goalvar>")";
= ‘"dropgoal(" <goalvar>")"
| "dropsubgoals(" <goalvar>")"
| "dropsupergoals(" <goalvar>")";
"if" <test> "then" <scopeplan> ["else" <
"while" <test> "do" <scopeplan>;
"[" <plan>"T";
"{" <plan>"}";
<pgrule>+;

<pcrule>+;
<atom> "<-" <belquery>"|" <plan>;
<prrule>+;

<atom> {"and" <atom>};
<plan>
<var>

"if* <test> "then" <scopeplanvar> ["else" <scope

| "while" <test>"do" <scopeplanvar>
| <planvar>";" <planvar>;

= "{" <planvar>"}";

<literal> {"," <literal>};

[<goalquery>] "<-" <belquery> "|" <plan>

<planvar> "<-" <belquery>"|" <planvar>;

iterals>"}";

m>")’;

scopeplan>];

lanvar>]
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<literal> = <atom>
| "not" <atom>;

<belquery> = "true"
| <belquery>"and" <belquery>
| <belquery> "or" <belquery>
| "(" <belquery ")"
| <literal>;

<goalquery> = "true"
| <goalquery> "and" <goalquery>
| <goalquery> "or" <goalquery>
| "("<goalquery>")"
| <atom>;

<iv> = <ident>| <var>;
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9.2 Appendix B - New EBNF 2APL syntax

<APAPL> = {"Include:" <includes>

| "BeliefUpdates:" <beliefupdates>
| "Beliefs:" <beliefs>

| "Goals:" <goals>

| "Plans:" <plans>

| "PG-rules:" <pgrules>

| "PC-rules:" <pcrules>

I

"PR-rules:" <prrules> };

<includes> = <include>+;
<include> = <ident>".2apl";
<beliefupdates> = <beliefupdate>+;
<beliefupdate> = "{"[<belquery>] "}" <beliefupdate name> "{" <literals> "}";
<beliefupdatename> = <upperatom>;
<beliefs> = <belief>+;
<belief> = <ground_atom>"."
| <atom>":-"<literals>".";
<goals> = <goal>{"," <goal>};
<goal> = <ground_atom> {"and" <ground_atom>};
<baction> = "skip"
| <beliefupdatename>
| <sendaction>
| <externalaction>
| <abstractaction>
| <test>
| <adoptgoal>
| <dropgoal>;
<plans> = <plan>{"" <plan>};
<plan> = <baction>
| <sequenceplan>
| <ifplan>
| <whileplan>
| <atomicplan>
| <scopeplan>;
<sendaction> = "send(" <iv>"," <iv>"" <atom>")"
| "send(" <iv>"," <iv>"" <iv>"" <iv>"" <ato m>")";
<externalaction> = "@" <ident>"(" <atom>"," <var> ")
<abstractaction> = <atom>;
<test> = "B(" <belquery>")"
| "G("<goalquery>")"
| <test>"&" <test>
| "(" <test>")";
<adoptgoal> = "adopta(" <goalvar>")"
| "adoptz(" <goalvar>")";
<dropgoal> = ‘"dropgoal(" <goalvar>")"
| "dropsubgoals(" <goalvar>")"
| "dropsupergoals(" <goalvar>")";
<ifplan> = "if" <test> "then" <scopeplan> ["else" < scopeplan>];
<whileplan> = "while" <test> "do" <scopeplan>;
<atomicplan> = "["<plan>"1";
<scopeplan> = "{"<plan>"}";
<pgrules> = <pgrule>+;
<pgrule> = [<goalquery>] "<-" <belquery> "|" <plan> ;
<pcrules> = <pcrule>+;
<pcrule> = <atom> "<-" <belquery>"|" <plan>;
<prrules> = <prrule>+;
<prrule> = <planvar> "<-" <belquery>"|" <planvar>;
<goalvar> = <atom> {"and" <atom>};
<planvar> = <plan>
<var>
"if" <test> "then" <scopeplanvar> ["else" <scope lanvar>]

"while" <test> "do" <scopeplanvar>
<planvar>";" <planvar>;
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<scopeplanvar>

<literals>
<literal>

<belquery>

<goalquery>

<iv>
<groundatom>
<groundpars>
<groundpar>

<upperatom>
<atom>
<infixatom>

<pars>
<par>

<artexps>
<artexp>

<var>
<ident>
<num>

= "{" <planvar>"}";
= <literal> {"," <literal>};
= <atom>
| <infixatom>
| "not" <atom>
| "not" <infixatom>;
= "true"
| <belquery>"and" <belquery>
| <belquery> "or" <belquery>
| "(" <belquery ")"
| <literal>;
= "true"
| <goalquery> "and" <goalquery>
| <goalquery> "or" <goalquery>
| "(" <goalquery>")"
| <atom>;
= <ident> | <var>;
= <ident>"(" <groundpars>")";
= <groundpar> {"," <groundpar>};
= <ident>| <num>|"_"
| "["[<groundpars>] "]"
| "[" <groundpars>"|" <var>"]";
= <var> (" [<pars>] )",
= <ident> ["(" [<pars>]")"];
= <par> (“=] ">t =] =
<par>;
<par>{"," <par>};
<var> | <num> | "_" | <atom>
<par> (“+"| " | "*" | "I") <par>
"[" <pars>""
"[* (<artexps> | <pars>) "|" <var>"1";
= <artexp> {"," <artexp>},
= <var>|<num>
| <artexp> ("+"|"-"|"™"|"/") <artexp>
| (" <artexp>")";
= "A".ZU{"at.zt | A2 0.9 | "%
= "a'."z"{"a"."z" | "A"."z" | "0".."9" |" "
= ("0".."9")+;

PSRN
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9.3 Appendix C - Xtext grammar

gr ammar nl.uu.cs.apapl.ide. APAPL wi t h org.eclipse.xtext.common.Terminals

gener at e aPAPL "http://www.uu.nl/cs/apapl/ide/APAPL"

I APAPL **/|

APAPL:
(elements+=

"Include:" includes+=Includes

| "BeliefUpdates:" beliefUpdates+=BeliefUpdates
| "Beliefs:" beliefs+=Beliefs
| "Goals:" goals+=Goals
| "Plans:"  plans+=Plans
|  "PG-rules:" pgrules+=Pgrules
|  "PC-rules:" pcrules+=Pcrules
|  "PR-rules:" prrules+=Prrules
)*

/I** Include elemenet **//
Includes:
(include+=Include)+;
Include:
includeName=Ildent "2apl"

/I** BeliefUpdates element **//
BeliefUpdates:

(beliefUpdate+=BeliefUpdate)+;
BeliefUpdate:

"{" (belquery+=Belquery)?
literals+=Literals B
BeliefUpdateName:

upperatom+=UpperAtom;

1 beliefUpdateName+=BelieflUpdateName

/[** Belief element **//
Beliefs:
(belief+=Belief)+;
Belief:
groundAtom+=GroundAtom
| atom+=Atom "-"  literals+=Literals

/[** Belief Query **//

Belquery:
TerminalBelquery ({ Bel query.belquery+= current}(( "and" | "or" )
belquery+=TerminalBelquery)+)?;
TerminalBelquery returns Bel query:
"true”
| literal+=Literal
| ' belguery+=Belquery b))
II** Goal Query **//
Goalquery:
TerminalGoalquery ({ Goal query.goalquery+= current}(( "and" | "or" )
goalquery+=TerminalGoalquery)+)?;
TerminalGoalquery returns Goal query:
"true"
| atom+=Atom
| ' goalquery+=Goalquery b)
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/I** Goals element **//
Goals:
goal+=Goal ( ", goal+=Goal)*;
Goal:
groundAtom+=GroundAtom ( "and" groundAtom+=GroundAtom)*;
Adoptgoal:

“adopta(" goalvar+=Goalvar "y
| “adoptz(" goalvar+=Goalvar ")
Dropgoal:
"dropgoal("  goalvar+=Goalvar ")
| “"dropsubgoals(" goalvar+=Goalvar "y
| "drupsupergoals(" goalvar+=Goalvar "y
Goalvar:'

atom+=Atom ( “"and" atom+=Atom)*;

/I** Plans element **//
Plans:
plan+=Plan ( " plan+=Plan)*;
Plan:
TerminalPlan ({ Pl an.plan+= current}( ™" plan+=TerminalPlan)+)?;
TerminalPlan returns Pl an:
baction+=Baction
| ifPlan+=IfPlan
| whilePlan+=WhilePlan
| scopePlan+=ScopePlan
| atomicPlan+=AtomicPlan

AtomicPlan:

"['  plan+=Plan "™
ScopePlan:

"{" plan+=Plan  "}" ;
IfPlan:

"if*  test+=Test "then" scopePlan+=ScopePlan ( "else" scopePlan+=ScopePlan)?;
WhilePlan:

"while"  test+=Test "do" scopePlan+=ScopePlan;

[I** Bactions **//
Baction:
"skip"
| test+=Test
| externalAction+=ExternalAction
| abstractAction+=AbstractAction

| adoptgoal+=Adoptgoal
| dropgoal+=Dropgoal
| sendAction+=SendAction
| beliefUpdateName+=BeliefUpdateName

/I** Actions **//

ExternalAction:
"@" name=ldent "(" atom+=Atom "," varname=Var ")" ;
AbstractAction:
atom+=Atom;
SendAction:
"send(" ivt=Ilv "Uiveslv ""  atom+=Atom )"
[ send(" iv+=lv " ivk=lv U iveslve Y dveslve " atom+=Atom )"

I[** PG-rules **//
Pgrules:
(pgrule+=Pgrule)+;
Pgrule:
(goalquery+=Goalquery)? "<-"  belquery+=Belquery "I plan+=Plan;
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[[** PC-rules **//
Pcrules:
(pcrule+=Pcrule)+;
Pcrule:
atom+=Atom "<-" belquery+=Belquery "I" plan+=Plan;

II** PR-rules **//
Prrules:
(prrule+=Prrule)+;
Prrule:
planvar+=Planvar "<-"  belquery+=Belquery "I" planvar+=Planvar;

/I** Planvar **//

Planvar:

TerminalPlanvar ({ Pl anvar .planvar+= current}( ™" planvar+=TerminalPlanvar)+)?;
TerminalPlanvar returns Planvar:

name=Var

| name="if* test+=Test "then" scopePlanvar+=ScopePlanvar ( "else”
scopePlanvar+=ScopePlanvar)?

| name="while" test+=Test "do" scopePlanvar+=ScopePlanvar

| plan+=TerminalPlan

ScopePlanvar:
"{"  planvar+=Planvar B -

[[** Test **//

Test:

TerminalTest ({ Test .test+= current}( "&" test+=TerminalTest)+)?;
TerminalTest returns Test:

BelqueryTest | GoalqueryTest | "(" test+=Test ) -
BelqueryTest:

"B(" belquery+=Belquery "t
GoalqueryTest:

"G(" goalquery+=Goalquery B
Literals:

literal+=Literal ( """ literal+=Literal)*;
Literal:

atom+=Atom

| infixatom+=InfixAtom

"not" atom+=Atom

| "not" infixatom+=InfixAtom

Iv:

name=Ildent | name=Var,;

/I** Terminal en static datatype rules **//

GroundAtom:

name=Ident (" groundpars+=GroundPars )" ;
GroundPars:

groundpar+=GroundPar ( "" groundpar+=GroundPar)*;
GroundPar:

name=Ildent

| name=Num

| II_||

| "[' (groundpars+=GroundPars)? "

| "[" groundpars+=GroundPars ‘I name=Var "
UpperAtom:

name=Var ‘(' (pars+=Pars)? D
Atom:

name=ident( (" (pars+=Pars)? )" )?;
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InfixAtom:

" ) par+=TerminalPar)+)?;

par+=Par ( "=" | ">" | "<" =" ">=" "=>" "=<" ) par+=Par;
Pars:
par+=Par ( "," part=Par)*;
Par:
TerminalPar ({ Par .par+= current}(( "+" e
TerminalPar  returns Par:
name=Var
| name=Num
| name= "'_
| T (parst=Pars)? T
| T (artexps+=ArtExps | pars+=Pars) ' name=Var T
| atom+=Atom
ArtExps:
artexp+=ArtExp ( ' artexp+=ArtExp)*;
ArtExp:

TerminalArtExp ({ Art Exp.artexp+= current}(( "+"
artexp+=TerminalArtExp)+)?;
Terminal ArtExp returns ArtExp:
name=Var
| name=Num
| ' artexp+=ArtExp b))

term nal Var:

(A" .2 )(@ .oz | ALz 0 L9 ),
term nal Ident:

(@ .27 )(wa ..z | ALz 0 L9 )
term nal Num:

(0 .9 )

term nal SL_COMMENT:
¢ %) W Y )N 2\t )?;

g

Ty
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9.4 Appendix D - MWE workflow file

<workflow>
<property  file= "nl/uu/cs/apapl/ide/GenerateAPAPL.properties" />
<property  name="runtimeProject" value= "../${projectName}" />

<bean class= "org.eclipse.emf.mwe.utils.StandaloneSetup"
platformUri=  "${runtimeProject}/.." />

<component class= "org.eclipse.emf.mwe.utils.DirectoryCleaner"
directory= "${runtimeProject}/src-gen" />

<component class= "org.eclipse.emf.mwe.utils.DirectoryCleaner"
directory= "${runtimeProject}.ui/src-gen" />

<component class= "org.eclipse.xtext.generator.Generator" >
<pathRtProject value= "${runtimeProject}" />
<pathUiProject value= "${runtimeProject}.ui" />
<projectNameRt  value= "${projectName}" />
<projectNameUi  value= "${projectName}.ui" />

<language uri= "${grammarURI}"  fileExtensions= "${file.extensions}" >
<!-- Java API to access grammar elements (required by several other
fragments) -->
<fragment
class= "org.eclipse.xtext.generator.grammarAccess.GrammarA ccessFragment" />

<!-- generates Java API for the generated EPackages -->
<fragment
class= "org.eclipse.xtext.generator.ecore.EcoreGeneratorFr agment" />

<!-- the serialization component -->
<fragment
class= "org.eclipse.xtext.generator.parseTreeConstructor.P arseTreeConstructorFragment" />

<!-- a custom ResourceFactory for use with EMF -->

<fragment
class= "org.eclipse.xtext.generator.resourceFactory.Resour ceFactoryFragment”
fileExtensions= "${file.extensions}" />
<!-- the following fragment tries to use the Antlr Generator fragment
which can be installed via update manager from http :/[download.itemis.com/updates/ -->
<!l-- <fragment
class="org.eclipse.xtext.generator.AntlrDelegatingF ragment" /> -->
<fragment class= "de.itemis.xtext.antlr.XtextAntlrGeneratorFragment" >
<options  backtrack= "true" memoize="true" />
</fragment>

<!-- java-based API for validation -->

<fragment
class= "org.eclipse.xtext.generator.validation.JavaValidat orFragment” >
<composedCheck value= "org.eclipse.xtext.validation.ImportUriValidator" />
</fragment>

<!-- scoping API -->
<fragment
class= "org.eclipse.xtext.generator.scoping.JavaScopingFra gment" />

<l-- formatter API| -->
<fragment
class= "org.eclipse.xtext.generator.formatting.FormatterFr agment" />

<!-- labeling API -->
<fragment
class= "org.eclipse.xtext.ui.generator.labeling.LabelProvi derFragment" />
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<!I-- outline API -->

<fragment
class= "org.eclipse.xtext.ui.generator.outline. Transformer Fragment" />
<fragment
class= "org.eclipse.xtext.ui.generator.outline.OutlineNode AdapterFactoryFragment” />

<!-- java-based API for content assistance -->

<fragment
class= "org.eclipse.xtext.ui.generator.contentAssist.JavaB asedContentAssistFragment” />
<!-- the following fragment tries to use the Antlr based content
assist fragment which can be downloaded from http:/ /www.itemis.com
and will be ignored if it's not available. -->
<fragment
class= "org.eclipse.xtext.generator.DelegatingGeneratorFra gment"
delegate= "de.itemis.xtext.antlr.XtextAntlrUiGeneratorFragmen t"
message="You are generating without ANTLR. It is highly
recommended to download and use the plugin ‘de.item is.xtext.antlr' \n\t using the update
site http://download.itemis.com/updates/." >
</fragment>
<!l-- <fragment
class="de.itemis.xtext.antlr.XtextAntlrUiGeneratorF ragment"/> -->
<fragment
class= "de.itemis.xtext.antlr.XtextAntlrUiGeneratorFragmen t" >
<options  backtrack= “true" memoize="true" />
</fragment>

<!-- project wizard (optional) -->

<fragment
class= "org.eclipse.xtext.ui.generator.projectWizard.Simpl eProjectWizardFragment"
generatorProjectName= "${projectName}.generator” modelFileExtension= "2apl" />
</language>

</component>
</workflow>
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9.5 Appendix E -Semantic highlight configuration
APAPLUiModule.java
package nl.uu.cs.apapl.ide;

i mport org.eclipse.xtext.ui.common.editor.syntaxcoloring. *
i mport org.eclipse.xtext.ui.core.wizard.|ProjectCreator

/**

* Use this class to register components to be used within the IDE.

*/

public cl ass APAPLUIModule ext ends nl.uu.cs.apapl.ide.AbstractAPAPLUIModule {

/I** Insert the configuration file for the syntax h ighlighting **//
public Class<? ext ends ISemanticHighlightingConfiguration>
bindlSemanticHighlightingConfiguration() {
r et ur n APAPLSemanticHighlightConfiguration. cl ass;

/I** Insert the highlighting calculator that looks if a token is part of one of the
predifined tokens that need to be highlighted **//
public Class<? ext ends ISemanticHighlightingCalculator>
bindlSemanticHighlightingCalculator() {
r et ur n APAPLSemanticHighlightingCalculator. cl ass;
}

}

APAPLSemanticHighlightConfiguration.java
package nl.uu.cs.apapl.ide;

i mport org.eclipse.swt.SWT ;

i mport org.eclipse.swt.graphics.RGB;

i mport org.eclipse.xtext.ui.common.editor.syntaxcoloring. *
i mport org.eclipse.xtext.ui.core.editor.utils. TextStyle;

publi c cl ass APAPLSemanticHighlightConfiguration i mpl ement s
ISemanticHighlightingConfiguration {
/I provide an id string for the highlighting calcul ator

public static final String ATOM= "2APL atom" ;

public static final String UPPERATOM= "2APL upperatom" ;
public static final String GROUNDATOM= "2APL groundatom" ;
public static final String EXTERNALACTI ON= "2APL externalaction”

/I configure the acceptor providing the id, the des cription string
/I that will appear in the preference page and the initial text style
/I method for calculating an actual text styles
publ i ¢ voi d configure(IHighlightingConfigurationAcceptor accep tor) {
acceptor.acceptDefaultHighlighting( ATOM "2APL atom" , atom());
acceptor.acceptDefaultHighlighting( UPPERATOM "2APL upperatom”
upperatom());
acceptor.acceptDefaultHighlighting( GROUNDATOM "2APL groundatom"
groundatom());
acceptor.acceptDefaultHighlighting( EXTERNALACTI ON, "2APL externalaction”
externalaction());

publ i ¢ TextStyle atom() {

TextStyle textStyle = new TextStyle();
textStyle.setBackgroundColor( new RGB(255, 255, 255));
textStyle.setColor( new RGB(0, 0, 0));

ret ur n textStyle;

publ i ¢ TextStyle upperatom() {

TextStyle textStyle = new TextStyle();
textStyle.setBackgroundColor( new RGB(255, 255, 255));
textStyle.setColor( new RGB(0, 0, 0));

r et ur n textStyle;
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publ i ¢ TextStyle groundatom() {

TextStyle textStyle = new TextStyle();
textStyle.setBackgroundColor( new RGB(255, 255, 255));
textStyle.setColor( new RGB(0, 0, 0));
r et ur n textStyle;
}
publ i c TextStyle externalaction() {
TextStyle textStyle = new TextStyle();
textStyle.setBackgroundColor( new RGB(255, 255, 255));
textStyle.setColor( new RGB(0, 0, 0));
r et ur n textStyle;
}

}

APAPLSemanticHighlightingCalculator.java
package nl.uu.cs.apapl.ide;

i mport java.util.*;

i mpor t nl.uu.cs.apapl.ide.aPAPL.*;

i mport org.eclipse.emf.ecore.*;

i mport org.eclipse.emf.ecore.util. EcoreUtil;

i mport org.eclipse.xtext.parsetree.*;

i mport org.eclipse.xtext.resource.*;

i mport org.eclipse.xtext.ui.common.editor.syntaxcoloring. *
publ i c cl ass APAPLSemanticHighlightingCalculator i mpl ement s
ISemanticHighlightingCalculator {

publ i ¢ voi d provideHighlightingFor(XtextResource resource,
IHighlightedPositionAcceptor acceptor) {

i f (resource == nul |')
return;
Iterator<EObject> iter = EcoreUstil. get Al | Cont ent s(resource, true);

whi | e(iter.hasNext()) {
EObject current = iter.next();
i f(current i nst anceof Atom){
AbstractNode node = nul | ;
NodeAdapter adapter = NodeUTtil. get NodeAdapt er (current);
i f (adapter != nul 1) {
CompositeNode nodeC = adapter.getParserNode();
i f (nodeC != nul I'){
f or (AbstractNode child: nodeC.getChildren()) {
i f (child i nst anceof LeafNode) {
node = child;
highlightNode(node,
APAPLSemanticHighlightConfiguration. ATOM acceptor);

}
}

el se i f (current i nst anceof UpperAtom){
AbstractNode node = nul | ;
NodeAdapter adapter = NodeUTtil. get NodeAdapt er (current);
i f (adapter != nul 1) {
CompositeNode nodeC = adapter.getParserNode();
i f (nodeC != nul I'){
f or (AbstractNode child: nodeC.getChildren()) {
i f (child i nst anceof LeafNode) {
node = child;
highlightNode(node,
APAPLSemanticHighlightConfiguration. UPPERATOM acceptor);

}
}
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}

el se i f (current i nst anceof GroundAtom){
AbstractNode node = nul | ;
NodeAdapter adapter = NodeUtil. get NodeAdapt er (current);
i f (adapter != nul 1'){
CompositeNode nodeC = adapter.getParserNode();
i f (nodeC != nul 1){
f or (AbstractNode child: nodeC.getChildren()) {
i f (child i nst anceof LeafNode) {
node = child;
highlightNode(node,
APAPLSemanticHighlightConfiguration. GROUNDATOM acceptor);
}

}
}

el se if (current i nst anceof ExternalAction){
AbstractNode node = nul | ;
NodeAdapter adapter = NodeUstil. get NodeAdapt er (current);
i f (adapter != nul 1'){
CompositeNode nodeC = adapter.getParserNode();
i f (nodeC != nul 1){
f or (AbstractNode child: nodeC.getChildren()) {
i f (child i nst anceof LeafNode) {
node = child;
highlightNode(node,
APAPLSemanticHighlightConfiguration. EXTERNALACTI ON, acceptor);

}
}

} }
private voi d highlightNode(AbstractNode node, String id,
IHighlightedPositionAcceptor acceptor) {
if (node==null)
return;
i f (node instanceof LeafNode) {
acceptor.addPosition(node.getOffset(), node.getL ength(), id);
} else{
f or (LeafNode leaf: node.getLeafNodes()) {
i f (Yleaf.isHidden()) {
acceptor.addPosition(leaf.getOffset(), leaf.ge tLength(),
id);
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9.6 Appendix F - Xtext diagram
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9.7 Appendix G - Project wizard

APAPLCustomNewProjectWizard.java
package nl.uu.cs.apapl.ide.ui.wizard;

i mport org.eclipse.ui.dialogs.WizardNewProjectCreationPag e;
i mport org.eclipse.xtext.ui.core.wizard.IProjectinfo;
i mpor t org.eclipse.xtext.ui.core.wizard.XtextNewProjectWi zard,;

publ i c cl ass APAPLCustomNewProjectWizard ext ends XtextNewProjectWizard {

pri vat e WizardNewProjectCreationPage mainPage ;
publ i ¢ APAPLCustomNewProjectWizard() {
super ();
setWindowTitle( "New 2APL Project” );
}
/**
* Use this method to add pages to the wizard.
*The one - time generated version of this class will add a def ault new project page
to the wizard.
*/
public voi d addPages() {
mainPage = new WizardNewProjectCreationPage( "basicNewProjectPage" );
mainPage .setTitle( "2APL Project” );
mainPage .setDescription( "Create a new 2APL project.” );
addPage( mainPage );
}
/**
* Use this method to read the project settings fr om the wizard pages and feed them
into the project info class.
*/
@Override
pr ot ect ed IProjectinfo getProjectinfo() {
nl.uu.cs.apapl.ide.ui.wizard. APAPLProjectinfo pro jectinfo = new
nl.uu.cs.apapl.ide.ui.wizard. APAPLProjectinfo();
projectinfo.setProjectName( mainPage .getProjectName());
r et ur n projectinfo;
}
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APAPLNewProject.xpt
«| MPORT nl::uu::cs::apapl::ide::ui::wizard»

«DEFI NEmain  FOR APAPLProjectinfo»
«EXPAND model FOR this»
«EXPAND project FOR t hi s»

«ENDDEFI NE»

«DEFI NE model FOR APAPLProjectinfo»
«FI LE "agent.2apl" -»

/*

* This is an example model for a new 2AP

*/
BeliefUpdates:

{true} DoPushup(S, X) { not count(S),

Beliefs:
count(0).
Goals:
pushup(10)
PG-rules:
pushup(T) <- not count(T) | {
[B(count(R));
DoPushup(R, 1)]
}
«ENDFI LE»
«ENDDEFI NE»

«DEFI NE project FOR APAPLProjectinfo»

«FI LE "pushup.mas" -»

/*
* This is an example project mas (Multi
*/

pushup : agent.2apl

«ENDFI LE»

«ENDDEFI NE»

Agent

L project

count(S+X)

Systems)

}

file

for

a new 2APL project
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9.8 Appendix H - 2APL rules in detail
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9.8.48
9.8.49
9.8.50

APAPL
INCLUDES
INCLUDE
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BELIEFUPDATE
BELIEFUPDATENAME
BELIEFS

BELIEF

GOALS

GOAL

BACTION

PLANS

PLAN
SENDACTION
EXTERNALACTION
ABSTRACTACTION
TEST
ADOPTGOAL
DROPGOAL
IFPLAN
WHILEPLAN
ATOMICPLAN
SCOPEPLAN
PGRULES
PGRULE
PCRULES
PCRULE
PRRULES
PRRULE
GOALVAR
PLANVAR
SCOPEPLANVAR
LITERALS
LITERAL
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9.8.1 APAPL
Old EBNF syntax

<Agent_Prog> = {"Include:" <ident>
| "BeliefUpdates:" <BelUpSpec>
| "Beliefs:" <belief>
| "Goals:" <goals>
| "Plans:" <plans>
|
|

"PG-rules:" <pgrules>
"PC-rules:" <pcrules>
"PR-rules:" <prrules> };

EBNF syntax

<APAPL>

{"Include:" <includes>
"BeliefUpdates:" <beliefupdates>
"Beliefs:" <beliefs>

"Goals:" <goals>

"Plans:" <plans>

"PG-rules:" <pgrules>
"PC-rules:" <pcrules>
"PR-rules:" <prrules> };

Xtext syntax

APAPL:

(elements+=

“Include:" includes+=Includes
| "BeliefUpdates:" beliefUpdates+=BeliefUpdates
| "Beliefs:" beliefs+=Beliefs
| "Goals:" goals+=Goals
| "Plans:* plans+=Plans
| "PG-rules:" pgrules+=Pgrules
| "PC-rules:" pcrules+=Pcrules
| "PR-rules:" prrules+=Prrules
)*

ANTLR syntax diagram

Belie flipdates

Description
The first rule that should be used is the <APAPL>, this rule can include zero or more elements. Changes
from the old version <Agent_Prog> are made to have a concurrent style.
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= L= APAPL

f-I= Includes
BeliefUpdates
Beliefs
Goals

Plans
Parules
Pcrules

L]l tl| Im L1 1

9.8.2 includes
EBNF syntax

<includes> = <include>+;

Xtext syntax

Includes:
(include+=Include)+;

ANTLR syntax diagram

Includes Include

Description

If the <includes> rule is called there should be at least one <include> rule present.
EI'—E Includes
= file
other

9.8.3 include
EBNF syntax

<include> = <ident> " .2apl

Xtext syntax

Include:
includeName=Ident " 2apl"

ANTLR syntax diagram
Tnclude S o I o I TN S T

Description

An <include> rule starts with an <ident> followed by .2apl . An example could be:
= 1= APaPL

5-1= Incudes | | i yde: file . 2apl
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9.8.4 beliefupdates
EBNF syntax

<beliefupdates> = <beliefupdate>+;

Xtext syntax

BeliefUpdates:
(beliefUpdate+=BeliefUpdate)+;

ANTLR syntax diagram

Belieflpdates AJ——[ BeliefUpdate ]J—»

Description
If the <beliefupdates> rule is called there should be at lease one <beliefupdate> rule present.
EI'—E BeliefUpdates
| @-0= Belieflpdate
= BeliefUpdate
1= BeliefUpdate

9.8.5 beliefupdate
Old EBNF syntax

<BelUpSpec> =
"{"<belquery>"}" <beliefupdate> "{"<literals>"}";

<beliefupdate> = <Atom>;

EBNF syntax

<beliefupdate> =
"{"<belquery>"}" < beliefupdatename > "{"<literals>"}";

Xtext syntax

BeliefUpdate:
"{" belquery+=Belquer "}"  beliefUpdateName+=BelieflUpdateName
"{" literals+=Literals B

ANTLR syntax diagram
Beliefpdate — '{' | —+ Belquery — '}' —{ BelicfUpdateName | —+[ '{' | —=Literals | ] '} |

Description

An <beliefupdate> rule has 3 parts. The first part, between the { and } brackets, is the so called
per-condition, the second part is the <beliefupdatename> that holds the name for the beliefupdate and
the 3rd part, between the { and } brackets. In the old version of the 2APL syntax this rule was called
<BelUpSpec> . An example could be:

& = APAFL { not sol dObject(N,P,M )}
51 BeliefUpdates AddSol dObj ect (N, P, M )
- 5I= BelisfUpdate { sol dObj ect(N,P,M )}
R Belquery
Ea 1= BelieflpdateMame
#--1= Likerals
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9.8.6 beliefupdatename
EBNF syntax

<beliefupdatename> = <upperatom>;

Xtext syntax

BeliefUpdateName:
upperatom+=UpperAtom;

ANTLR syntax diagram
BelieflipdateName

Description
A <beliefupdatename> consists of exactly one <upperatom> .

5= BeliefUpdatelame | 40| g ect (N, P, M )
i B-I= AddSoldObieck

9.8.7 beliefs
EBNF syntax

<beliefs> = <belief>+;

Xtext syntax

Beliefs:
(belief+=Belief)+;

ANTLR syntax diagram

Description
If the <beliefs>  rule is called there should be at lease one <belief> rule present. This rule didn’t

exist in the old 2APL syntax and is added to have a better view if multiple beliefs are implemented.

&--1= Beliefs

-IZ Belief bel i ef 1( slow )
#--1= Belief . : .
EE'—E Belief bel i ef 2(fast) :- wal ki ng(Hard).
Ha'—E Eelicf
9.8.8 belief
EBNF syntax
<belief> = <ground_atom>"." | <atom> ":-" <literals >

Xtext syntax
Belief:

groundAtom+=GroundAtom
| atom+=Atom "-"  literals+=Literals
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ANTLR syntax diagram

- -
ltam]—|-| P |_.-| [ |—p[Literals}—>|I|—]
Description

The <belief> rule holds a <groundatom> followed by a . or an <atom> followed by :-
<literals>.

Belief

8--1= Belief
B bonb(3,3).
,?....u:_g Be_IiEF clean( blockWrld ) - not bomb(X)Y), not
ml_: carry(bonb).
#--I= Literals
EI_E Eelief
E?""I_E hover ( something ) :-X isY+1l,F is X-1.
B--I= Literals
9.8.9 goals
EBNF syntax
<goals> = <goal>{ "," <goal>);

Xtext syntax

Goals:
goal+=Goal (", goal+=Goal)*;

ANTLR syntax diagram

Gonts ()L

Description
~ If the <goals> rule is called there should be at lease one <goal> rule present.
1= Goals

B-I= Goal goal 1(slow ),
#-I= Goal goal 2(fast )
9.8.10 goal
EBNF syntax
<goal> = <ground_atom> {"and" <ground_atom>};

Xtext syntax

Goal:
groundAtom+=GroundAtom ( "and" groundAtom+=GroundAtom)*;
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ANTLR syntax diagram

coa T |——[md+,

Description
A <goal> starts with <groundatom> and optional followed by multiple times and <groundatom>

2-1= Goal

 @-I= buy buy([car], 7, 10 )

5= Godl running(fast ) and have(drink )
#-I= running
B--1= have

9.8.11 baction
EBNF syntax

<baction> = "skip"
| < beliefupdatename >
| <sendaction>
| <externalaction>
| <abstractaction>
| <test>
| <adoptgoal>
| <dropgoal>

Xtext syntax

Baction:
"skip"
| test+=Test
| externalAction+=ExternalAction
| abstractAction+=AbstractAction
| adoptgoal+=Adoptgoal
| dropgoal+=Dropgoal
| sendAction+=SendAction
| beliefUpdateName+=BeliefUpdateName

ANTLR syntax diagram
Baction ——-I ‘g '—-| k! |—-| BN |_-| p '_i

—-[ ExternalAction

1
J
——[ IbstractAction ]

——| RAdoptgoal
—l'l Dropgoal

Sendiction

= BeliefUpdateHame |———
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Description
The basic actions are grouped together in <baction> and can have exactly one of the following rules
skip, <upperatom>, <sendaction>, <externalaction>, <abstractaction>, <test>, <adoptgoal>, <dropgoal>.

EI--"':E Baction B(test)
#--1= Belguery Test

&= Baction action()
H-1= external

5-I= Baction

#--I= AbstractAction abstract (Action )

&--I= Baction

@ 1= Adoptgoal adopt a(goal )
&-0= Baction

Eal = DergDa| dr Opgoal ( goal )
él----'_% Baction

#--1= Sendaction send(a, b, c())

EI 1= Baction
- I= BelizfUpdateame Update(X, Y )
9.8.12 plans
EBNF syntax
<p|anS> = <p|an>{ n , n <p|an>},

Xtext syntax

Plans:

plan+=Plan ( ;" plan+=Plan)*;

ANTLR syntax diagram

Plans i |——[P1a.n}J—-’

Description
<plans> start with <plan> and optional followed by multiple times , <plan>

B--I= Plans

H EI = P|E|I'| pl anA( X1 Y ) )
- Pl anB() ,
#--I= Plan
#-1= Plan r0
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9.8.13 plan
Old EBNF syntax

<plan> = <baction>
| <sequenceplan>
| <ifplan>
| <whileplan>
| <atomicplan>

EBNF syntax
<plan> = <baction>
| <sequenceplan>
| <ifplan>
| <whileplan>

| <atomicplan>
| <scopeplan>

Xtext syntax

Plan:
TerminalPlan ({ Pl an.plan+= current}( ""
plan+=TerminalPlan)+)?;
TerminalPlan returns Pl an:
baction+=Baction
| ifPlan+=IfPlan
| whilePlan+=WhilePlan
| scopePlan+=ScopePlan

| atomicPlan+=AtomicPlan

ANTLR syntax diagram

Plan _.-[ TerminalPlan )—rL-( e |—.-[ TerminalPlan ]J_-’

Terminal Plan —
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Description
The <sequenceplan>

EI';— Plans
. &-I= Plan
EI';— Plan
. ®-IZ ScopePlan
&-I= Plan
#--I= AtomicPlan

9.8.14 sendaction
Old EBNF syntax

has been left out of the Xtext syntax but is implemented as TerminalPlan

This new rule then contains all the other rules that <plan> should have. This change has to be made to
make the language left-factored. In the example below a <scopeplan> and a <atomicplan> are both
part of the <sequenceplan>

because of the ; between the <scopeplan> and <atomicplan>

Pl ans:
{ scope(yPl an) }

[ atonic(xPlan) ]

<Sendaction> - usend(u <iV> |l’|| <iV> n,u <atom> |l)|| :
| nsend(u <iV> n’u <iV> "1" <iV> u,u <iV> n,n
<at0m> II)II;
EBNF syntax
<sendaction> = "send(" <iv>"," <iv>"," <atom>")"
| "Send(" <iv> II,II <iv> Il,ll <|V> Il,ll <|V> II,II
<atom> II)II

Xtext syntax

SendAction:

atom+=Atom

"send(" iv+=lv
|  "send(" iv+=lv

)"

"Uoiv=lv " atom+=Atom )"

SUoivesly "iv=lv "ivt=lv ,

ANTRL syntax diagram

Sendhction

Description
The <sendaction>
example is shown below.
EBES -l ction
LIS Receiver

] Performative
#--I= content

Sendaction
= Receiver

= Performative
= Language

= Onkology
H--1= content

has

two possibilities, one with 2 times <iv> and one with 4 times <iv> . An

send( Receiver, Performative, content (X))

send( Receiver, Performative, Language, Ontology,
content(Y))
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9.8.15 externalaction
EBNF syntax

<externalaction> = " €' <ident> (" <atom> "," <Var> ")";

Xtext syntax

ExternalAction:
"@" name=Ident "(" atom+=Atom ") varname=Var )" ;

ANTRL syntax diagram
ExternalAction _-| @ |_—[Ident]_—| 'K |_—[1tam]_—| |_-[ Var ]_-| Y |_-.

Description

The <externalaction> is supposed to change the external environment by sending and receiving
messages. This starts with an <ident> that denote the name of the environment, an <atom> to call the
method in the external environment and a <var> that stores a return value.

R /ockiorld ent er ( Xpos, Ypos )
#--U= enter

9.8.16 abstractaction
EBNF syntax

<abstractaction> = <atom>;

Xtext syntax

AbstractAction:
atom+=Atom;

ANTRL syntax diagram

AbhstractAction Atom

Description
An <abstractaction> contains one <atom>.

EI'—E AbskrackAction r emove( X)
#--1= remove
9.8.17 test
Old EBNF syntax
<test> = "B(" <belquery>")"

| "G(" <goalquery>")"
| <test>"&" <test>

EBNF syntax

<test> = "B(" <belquery>")"
| IIG(ll <goa|query> ll)ll
| <test>"&" <test>
| II(II <test> Il)ll
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Xtext syntax

Test:

TerminalTest ({ Test .test+= current}( "&"
test+=TerminalTest)+)?;
TerminalTest returns Test:

BelqueryTest | GoalqueryTest | "(" test+=Test )
BelqueryTest:

"B(" belquery+=Belquery )
GoalqueryTest:

"G(" goalquery+=Goalauery "

ANTRL syntax diagram

Test _-[ TerminalTest )—rL.{ g |—.-[ TerminalTest )J—-r

TerminalTest ——l-[ BelqueryTest ]

—l-[ GoalgqueryTest ] o

BelgueryTest _"I B |—"| 1 |—'-[Be1quer1']—l-| g |—|-

Goalgquer yTest —'-I "G |—l'| g |—-'[ Goalgquery ]—l-| 8 ) |—l-

Description

The <test> rule also needed to be left-factored to TerminalTest . Then TerminalTest  was devided
in BelqueryTest ~ and GoalqueryTest _to make sure the outline structure is maintained.
B-1= B(me(X,Y))& B(other(X1,Y1))
#-I= BelqueryTest
#--1= BelqueryTest
él----'_—E GoalqueryTest G wal ki ng())
#--I= TerminalGoalquery
9.8.18 adoptgoal
EBNF syntax
<adoptgoal> = "adopta(" <goalvar>")"
| "adoptz(" <goalvar>")"
Xtext syntax
Adoptgoal:
"adopta(® goalvar+=Goalvar )"
| “adoptz(® goalvar+=Goalvar )"
An Integrated Development Environment for A Practical Agent Programming Language - 66 -



ANTRL syntax diagram
Moptgoa e e e e e e D
S IR IR TR A o U e ) e T

Description
<adoptgoal> can implement a goal at the top by adopta or at the end by adoptz .

- ded adopt a( doCheck())

- I= Goalvar

SR "copiooal adopt z(stop())

#--1= Goalvar

9.8.19 dropgoal
EBNF syntax

<dropgoal> = "dropgoal(" <goalvar>")"
| "dropsubgoals(" <goalvar>")"
| "dropsupergoals(" <goalvar>")"

Xtext syntax

Dropgoal:
"dropgoal(" goalvar+=Goalvar )"
| "dropsubgoals(" goalvar+=Goalvar "y
| "drupsupergoals(" goalvar+=Goalvar "

ANTRL syntax diagram
Dropgoal ] o o]

Description
<dropgoal> can drop a goals from an agent’s goal base.

5= dropgoal (check())

&= Goalvar

E""'.'E dr opsubgoal s(goal X(F))

&= Goalvar

9.8.20 ifplan
EBNF syntax

<ifplan> =
"if" <test> "then" <scopeplan> ["else" <scopeplan>]

Xtext syntax

IfPlan:
"if*  test+=Test "then" scopePlan+=ScopePlan ( "else"”
scopePlan+=ScopePlan)?;
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ANTRL syntax diagram

IfPlan 't! ScopePlan L ScopePlan

Description

The <ifplan> is formatted as if <test> then <scopeplan> and optionally the form else
<scopeplan> . The example shows that it is also possible to have a <sequenceplan>  within the
<scopeplan>

&.i= BelqueryTest i f B(have(Car)) then{

& I= Belquery sel |l (Car); collect(Money)

EI';— ScopePlan

- 5= Plan el se{

1= Plan get Gas( UnleadedFuel )
#--I= Flan
5-I= Scopeflan
#--1= Plan
9.8.21 whileplan
EBNF syntax
<whileplan> = "while " <test> "do" <scopeplan>;
Xtext syntax
WhilePlan:
"while"  test+=Test "do" scopePlan+=ScopePlan;
ANTRL syntax diagram
WhilePlan ——I E'Z l——| "h' l——| il l——| [Fi l——| gl '——[Test]——| al l——| ol l——[ScopePlan]—'-
Description

<whileplan>  will repeat the <scopeplan> until the <test> returns false.
R sl whi | e B(HaveMoney < 1000)  do {

g-I= BelquetyTest wor k

B--1= Belquery }

5-I= Scopeflan

#--1= Plan
9.8.22 atomicplan
EBNF syntax
<atomicplan> = "[" <plan> "]";
Xtext syntax
AtomicPlan:
‘' plan+=Plan "' ;
ANTRL syntax diagram
AtomicPlan ——III——[PluH 1 -
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Description

An <atomicplan>  surrounds the <plan> with a[ and] bracket.

H--1= Plan [ pl an(Y) ]

9.8.23 scopeplan
EBNF syntax

<scopeplan> = "{" <plan> "}";

Xtext syntax

ScopePlan:
"{" plan+=Plan  "}" ;

ANTRL syntax diagram
ScopePlan —l-| ! |—l-[ Plan ]—-—III—»

Description
<scopeplan> surrounds the <plan> with a{ and} bracket.

i

ScopePlan

Hal_f Plan { pl an(Y) }

9.8.24 pgrules
EBNF syntax

<pgrules> = <pgrule>+;

Xtext syntax

Pgrules:
(pgrule+=Pgrule)+;

ANTRL syntax diagram

Pgrules Pgrule

Description
If <pgrules> is called, at least one <pgrule> should be present.

1= Pgruis | PG rul es:
: I ’ <- true| skip
true<- true| skip

B-I= Pgrule
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9.8.25 pgrule
EBNF syntax

<pgrule> = [<goalquery>] "<-" <belquery> "|" <plan> ;

Xtext syntax

Pgrule:
(goalquery+=Goalquery)? "<-"  belquery+=Belquery
plan+=Plan;

ANTRL syntax diagram

Pgrule T—[ Goalgquery ]_T—( [T |_._| 1 |—-[Belq1mery]—"| K }—-—[Plan]—-—

Description

If the <pgrule> is called, it starts optional with a <goalquery> followed by <- and a <belquery>

e_nding with | <plan>

- @-I= TerminalGoalquery P e

S k n L <- hav r Sel | r
§5 tas makeMoney ( Lots ) ave(Car) | (Car)
H--I= Plan

9.8.26 pcrules
EBNF syntax

<pcrules> = <pcrule>+;

Xtext syntax

Pcrules:
(pcrule+=Pcrule)+;

ANTRL syntax diagram

Pcrules Pcrule
Description
If <pcrules> is called at least one <pcrule> should be present.
&-I= Prules PC-rul es:
B 1= Porule atom<- bel query| plan
9.8.27 pcrule
EBNF syntax
<pcrule> = <atom> "<-" <belquery> "|" <plan>;

Xtext syntax

Pcrule:
atom+=Atom "<-" belquery+=Belquery "I"  plan+=Plan;
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ANTRL syntax diagram
Perude —efeon) o[ T |+ - |—+{Belqueny = 1 |—+{Flan}

Description
A <pcrule> starts with an <atom> followed by <- <belquery> and ends with | <plan>

?""ITE message( From, Bank, received(X)) <- have(Account ) |
: B;}"'": message {
1= Belquery Savel nAccount ( X)
#-I= Plan }
9.8.28 prrules
EBNF syntax
<prrules> = <prrule>+;

Xtext syntax

Prrules:
(prrule+=Prrule)+;

ANTRL syntax diagram

Prrules Prrule

Description
If <prrules> is called at least one <prrule> should be present.

&-I= Prrdle PR-rul es:
IS Prrule | Planvar <-  true | Planvar
9.8.29 prrule
EBNF syntax
<prrule> = <planvar> "<-" <belquery> "|" <planvar>;
Xtext syntax
Prrule:
planvar+=Planvar "<-"  belquery+=Belquery "|"  planvar+=Planvar;

ANTRL syntax diagram
Prrule £t |—-| e, }——[ Belguery ]—-| 1 }——[ Planvar ]—-—

Description

A <prrule>  starts with a <planvar> followed by <- <belquery> and ends with | <planvar>

a-I= F'r'r'uIEe
! B-I= Planvar get Car ( Toyota ) <- not haveCar ()
Ea = Plarvar I{

1= Belquery } Updat eCar (R)
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9.8.30 goalvar
EBNF syntax

<goalvar> = <atom>{ "and" <atom>} ;

Xtext syntax

Goalvar:
atom+=Atom ( "and" atom-+=Atom)*;

ANTRL syntax diagram

Goatvar e '_'[""‘g“r

Description
<goalvar> contains at least one <atom> and can optionally multiple times be followed by and
<atom>.
&--1= adopkgoal
ERES ol adopt a( doCheck() and st opWal k())
doCheck
stopwalk,

9.8.31 planvar
EBNF syntax

<planvar> = <plan>
| <Var>
| "if" <test> "then" <scopeplanvar> ["else"
<scopelanvar>]
| "while" <test> "do" <scopeplanvar>
| <planvar> ";" <planvar>

Xtext syntax

Planvar:
TerminalPlanvar ({ Pl anvar .planvar+= current}( "
planvar+=TerminalPlanvar)+)?;

TerminalPlanvar returns Pl anvar:
name=Var
| name= "if" test+=Test "then" scopePlanvar+=ScopePlanvar
( "else" scopePlanvar+=ScopePlanvar)?
| name= "while" test+=Test "do" scopePlanvar+=ScopePlanvar

| plan+=TerminalPlan
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ANTRL syntax diagram

Planvar —-[ TerminalPlanvar }—H——E'—-{ TerminalPlanvar }J—-T

Terminal Planvar

ScopePlanvar

TerminalPlan

Description

<planvar> also needed to be left-factored, so TerminalPlanvar was created. In
TerminalPlanvar it is possible to put a <var> a differend version of <ifplan> and <whileplan> and
TerminalPlan . Note that TerminalPlan  is differend than TerminalPlanvar

Plartear

IS Toyota Toyota; B(Car=Toyota)
-I= Planvar

0= Plan

9.8.32 scopeplanvar
EBNF syntax

<scopeplanvar> = "{" <planvar> e

Xtext syntax

ScopePlanvar:
"{" planvar+=Planvar T

ANTRL syntax diagram
ScopePlanvar —I-I o |—|-[ Planvar ]_|-| 1} |_...

Description
<scopeplanvar> is almost the same as <scopeplan> only between the { and } brackets now exists

<planvar>

SRR copePlanyar
1= Planvar

{Toyota ; B( Car = Toyota ) }

9.8.33 literals
EBNF syntax

<literals> = <literal> { ", " <literal>} ;

Xtext syntax

Literals:
literal+=Literal ( " literal+=Literal)*;

ANTRL syntax diagram

Literals ', b Literal }J-.r
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Description

~ <literals> consist of <literal> optional followed by multiple times , <literal>
g--= e

b= Lireral not have(Car) , have(Money)

#-0= Literal

9.8.34 literal
Old EBNF syntax

<literal> = <atom>
| "not" <atom>
EBNF syntax
<literal> = (<atom> | <infixatom>)
| "not" (<atom> | <infixatom>)

Xtext syntax

Literal:
atom+=Atom
| infixatom+=InfixAtom
| "not" atom+=Atom
| "not" infixatom+=InfixAtom

ANTRL syntax diagram

Literal

InfixfAtom

= O

InfixAtom

Description
A <literal> has 4 posible options: <atom> or <infixatom> or not <atom> or not <infixatom>.

I%I----':—E not have( Car)
i B-I= have
=-1= g X is Y+l

9.8.35 belquery
EBNF syntax

<belquery> = "true"

<belquery> "and" <belquery>
<belquery> "or" <belquery>
"(" <belquery ")"

<literal>
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Xtext syntax

Belquery:
TerminalBelquery ({ Bel query.belquery+= current}(( "and" | "or" )
belquery+=TerminalBelquery)+)?;
TerminalBelquery returns Bel query:
"true”
| literal+=Literal
| 'C belquery+=Belquery b))

ANTRL syntax diagram

Belguery —I-[ Terminal Belygquery 'a' |—|-| 'n' |—|-| 'd! I—n—[ TerminalBelguery
'o! |——| figed |——| TerminalBelguery

TerminalBelquery ——I-I ' |—I-| ! |—I-| 'u! |—|-| le! |_|||.
—|-| Literal o
S TR g By

Description
To remove the left-recursion TerminalBelquery was created. TerminalBelquery can have true
<literal> or an <belquery> encapsulated by ( and ).
EI IEEEclquery
&-I= Belquery (have(Account ) and status(active))
EI'—E Belguery
- @-IE Literal
ENE Belquery
H-I2 Literal

9.8.36 goalquery
EBNF syntax

<goalquery> = "true"
| <goalquery> "and" <goalquery>
| <goalquery> "or" <goalquery>
| "(" <goalquery>")"
I

<atom>
Xtext syntax
Goalquery:
TerminalGoalquery ({ Goal query.goalquery+= current}(( "and" |

"or" ) goalquery+=TerminalGoalquery)+)?;
TerminalGoalquery:
"true”
| atom+=Atom
| 'C goalQuery+=Goalquery b))
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ANTRL syntax diagram

Goalguery ——[ TerminalGoalguery 'a' |——| 'n' |——| 'd! l——[ TerminalGoalgquery

e - |——| i i l——[ TerminalGoalgquery

rermtnatcoatguery  ——~ ¥ fof o W o e}y

Rtom A

o T —{ Gontauery }—+ 7 | —

Description

The only difference between <goalquery> and <belquery> is the <atom> and <literal>

remove the left-recursion TerminalGoalquery was created.
[=EBNES oalquery

EE Goalgquery

- (makeMoney(Lots ) and have(Time)
B-I= Goalquery

: #--I= makeMoney
E,.....__f Goalquery

#-1= have
9.8.37 iv
EBNF syntax
<iv> = <ident >|<Var> ;

Xtext syntax

Iv:
name=ldent | name=Var;

ANTRL syntax diagram
™
Description
An <iv> can be an <ident> or a <var> this rule is only used in the <sendaction>

9.8.38 groundatom

EBNF syntax
<groundatom> = <ident> " (" <groundpars> "y
Xtext syntax
GroundAtom:
name=Ident (" groundpars+=GroundPars )" ;

ANTRL syntax diagram

Groundit om L |—|-[ GroundPars ]—|-| iy |—|-

. To
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Description
A <groundatom> is a atom that must have <groundpars> surrounded by ( and) .

ERES st start(0,xPos,yPos )
#--I= GroundPars

9.8.39 groundpars
EBNF syntax

<groundpars> = <groundpar>{ "," <groundpar>};

Xtext syntax

GroundPars:
groundpar+=GroundPar ( "" groundpar+=GroundPar)*;

ANTRL syntax diagram

GroundPars GroundPar oo l—--[ GroundPar ]J—-’

Description
<groundpars> consist of <groundpar> optionaly followed by one or

<groundpar>

multiple times

B0 o =roundPars

______ 0 start (0, xPos, yPos, [A, _| F] ) .

...... Hpos
vPos

F
1= GroundPars

9.8.40 groundpar
EBNF syntax

<groundpar> = <ident> | <num>|"_"
| "[" [<groundpars>] "]"
| "["<groundpars>"|" <var>"]"

Xtext syntax

GroundPar:
name=ldent
| name=Num
| II_!I
| "[" (groundpars+=GroundPars)? T
| "[" groundpars+=GroundPars "' name=Var "]"
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ANTRL syntax diagram

surrounded by [

GroundPar —_@
)y T :
R 0 —{Var ] 3 |
Description
<groundpar> can contain an <ident> a <num>or a _. Also optional <groundpars>
and ] or [ <groundpars> | <var>]
..... 1= Xpos
..... |:— name start (
..... =g name,
=-I= GroundPar 9,
E----I_;— GroundPars )
..... = A [ ,B],
L= B [F, 9 | ReSt]
=[] ;— Rest )
é----'_;— aroundPars
=F
=9
9.8.41 upperatom
EBNF syntax
<upperatom> = <var> "(" [<pars>] RAE
Xtext syntax
UpperAtom:
name=Var ‘(' (parst=Pars)? )" ;

ANTRL syntax diagram

. <3} TE

Description
An <upperatom>

is used to denote a <beliefupdatename>

( and) bracket with optional <pars> between the brackets.

g-I= BeliefUpdatehlame

b |;—

5-I= BeliefUpdatehlame
i é 1 ;—
H-1= Pars

AddReceivedmoney

and starts with a <var> followed by the

Updat e()

AddRecei vedMoney(N, P, M )
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9.8.42 atom
EBNF syntax

<atom> = <ident> ["(" [<pars>] ")"];

Xtext syntax

Atom:
name=Ildent (  "(" (pars+=Pars)? )P

ANTRL syntax diagram

Description
An <atom> starts with <ident> and optional ( and ) brackets with optional <pars> between the
brackets. at om
runni ng()

recei ved( Money)

9.8.43 infixatom
EBNF syntax

<|nf|Xat0m> = <par> (n:u | nsn | nen | n_n | e | N ] |
u:<u) <par>;

Xtext syntax

InfixAtom:
par+:Par ( II:II Il>ll II<II II<:|I Il>:II II:>II II:<II
par+=Par
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ANTRL syntax diagram
Infixfitom —n-[ Par ]——n-l t=! |—|-[ Par ]7

— T
] S S
i ! s T s L
— T
Description
An <infixatom> is a logic atom starting with <par> followed by an expression and ending with
<par> . = vl
EI'—E IrfixAkom -
Eal_f Par
B-I= par F- X > X+3
9.8.44 pars
EBNF syntax
<pars> = <par>{ "," <par};
Xtext syntax
Pars:
par+=Par ( "" par+=Par)*,

ANTRL syntax diagram

pars )y

Description
<pars> consists of <par> optionally followed by one or multiple times , <par>

&=

H-I= Par X,[ ]
g0 Par
9.8.45 par
EBNF syntax
<par> = <var> | <num> | "_" | <atom>
| T <pars>'T"

| n[u (<arteXpS> | <pars>) ||||| <var> n]u
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Xtext syntax

Par:

TerminalPar ({ Par .par+= current}(( "+" )
par+=TerminalPar)+)?;
TerminalPar returns Par:

name=Var

| name=Num

| name= "'

| T pars+=Pars T

| T (artexps+=ArtExps | pars+=Pars) " name=Var 7

| atom+=Atom

ANTRL syntax diagram

rax x| Temminaira Mj

Terminal Par __—[E
Hum -
— ] -
T (T 7] -
E#A ArtExps 0 b—{var }—= 7' |-

a?

Description
To remove the left-recusion, TerminalPar was created. <par> starts with TerminalPar and

optional an operation followed by TerminalPar . TerminalPar can consist of a <var> a <num>a _ or an

<atom>. TerminalPar can also have [ and ] brackets with <pars> or <artexps> inside.

'

e-U= Done

. ®-I= current

Done+ current(X) - cheat *[X]

9.8.46 artexps
EBNF syntax

<artexps> = <artexp> {"," <artexp>}:

Xtext syntax

ArtExps:
artexp+=ArtExp ( ' artexp+=ArtExp)*;
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ANTRL syntax diagram

ArtExp=s ArtExp b ArtExp

Description
<artexps> consists of <artexp> optionally followed by one or multiple times , <artexp>

=
g0 Par

X+10,Y- X

9.8.47 artexp
EBNF syntax

<artexp> <var> | <num>
| <artexp> (“+" | "-" | " | /") <artexp>

| "(" <artexp> )"

Xtext syntax

ArtExp:
Terminal ArtExp ({ Art Exp.artexp+= current}(( "+" e
"I" ) artexp+=TerminalArtExp)+)?;
Terminal ArtExp returns ArtExp:
name=Var
| name=Num
| '( artexp+=ArtExp b))

ANTRL syntax diagram

ArtExp ——[ TerminalArtExp }—r{——{ [* e, o gy |——[ Termi nallir tExp }J-.,

Terminal ArtExp ——={ Var ]
) :
T

Description

<artexp> starts with TerminalArtExp that can consist of a <var> a <num> or an <artexp>
surrounded by ( and ) brackets. <artexp> can also consist of TerminalArtExp followed one or multipe
times by an operation and TerminalArtExp

9.8.48 var
EBNF syntax

<var> - " Au B n Zu { n au . n Zn | n Au . n Zu | " Ou B n 9" | n _u };

Xtext syntax

term nal Var:
(A2 )(a 'z | ALz 0 L9 )
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ANTRL syntax diagram

Var

.'Z', 1 Ir Ia'..'zl} }JT

Description
A <var> denotes a string starting with a capital letter.

Seller

9.8.49 ident
EBNF syntax

<ident> = "a'.. "z" {"a".."z" | "A".."Z'|] "Oo". "9"| " "L
Xtext syntax

term nal Ident:

('a' 'z )(@a ..z | A L2 | S S

ANTRL syntax diagram

Ident LR DU, (L T (R L - L 'z'} }J—r—.

Description

An <ident> denotes a string starting with a lowercase letter.

seller

9.8.50 num
EBNF syntax

<num> ("O"..II9")+;

Xtext syntax

term nal Num:

(0 .9 )

ANTRL syntax diagram

Description

A <num> denotes a number value.

Hum

900
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9.9 Appendix | - Run configuration

APAPL.java
if (args. length >0){
i f (fargs[args. length - 1].startsWith( "N A
/I Does the file exist?
masfile = new File(args[args. length - 1]);
i f ('masfile.isFile()) {
/[ Try to find the mas file in the directory
i f (masfile.isDirectory()) {
File[] listOfFiles = masfile.listFiles();
for (inti=0;i<IlistOfFiles. length ;i++){
i f (listOfFiles]i].isFile() &&
listOfFiles[i].getName().endsWith( ".mas" )){
System. out .print(  "Found mas file "
listOfFiles[i].getName() + "in directory " + argslargs. length -1]+ “\n" );
masfile = new File(args[args. length -1]+
File. separator + listOfFiles[i].getName());
br eak;
}
/I Check again if a mas file is found and loaded
i f (Imasfile.isFile()) { -
System. out .print(  "Cannot access MAS file: " + masfile +
")
System. exi t (0);
} el se{
System. out .print(  "Cannot access MAS file: " + masfile + “\n"
System. exi t (0);
}
}
}
}
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9.10 Appendix J - AbstractAPAPLRuntimeModule.java
/*
* generated by Xtext
*/
package nl.uu.cs.apapl.ide;

i mport org.eclipse.xtext.Constants;
i mport org.eclipse.xtext.service.DefaultRuntimeModule;

i mport com.google.inject.Binder;
i mport com.google.inject.name.Names;

/**
* Manual modifications go to {nl.uu.cs.apapl.ide.A PAPLRuntimeModule}
*/
public abstract class AbstractAPAPLRuntimeModule ext ends DefaultRuntimeModule {
@Override
publ i ¢ voi d configure(Binder binder) {
super .configure(binder);
binder.bind(String. cl ass).annotatedWith(Names. named(Constants. LANGUAGE_NAME)).tolns
tance(
"nl.uu.cs.apapl.ide.APAPL" );
}
/I contributed by org.eclipse.xtext.generator.gramm arAccess.GrammarAccessFragment
publ i c Class<? ext ends org.eclipse.xtext.IGrammarAccess> bindlIGrammarAcce ss() {
r et ur n nl.uu.cs.apapl.ide.services. APAPLGrammarAccess. cl ass;
}
/I contributed by
org.eclipse.xtext.generator.parseTreeConstructor.Pa rseTreeConstructorFragment
publ i c Class<? ext ends org.eclipse.xtext.parsetree.reconstr.IParseTreeCon structor>
bindIParseTreeConstructor() {
return
nl.uu.cs.apapl.ide.parseTreeConstruction.APAPLParse treeConstructor. cl ass;
/I contributed by de.itemis.xtext.antlr. XtextAntlrG eneratorFragment

publ i c Class<? ext ends org.eclipse.xtext.parser.antlr.|AntlrParser>
bindlAntirParser() {
r et ur n nl.uu.cs.apapl.ide.parser.antlr. APAPLParser. cl ass;
}

/I contributed by de.itemis.xtext.antlr. XtextAntlrG eneratorFragment
publ i c Class<? ext ends org.eclipse.xtext.parser.ITokenToStringConverter>
bindITokenToStringConverter() {

r et ur n org.eclipse.xtext.parser.antlr.AntlrTokenToStringC onverter. cl ass;
}
/I contributed by de.itemis.xtext.antlr. XtextAntlrG eneratorFragment
publ i c Class<? ext ends org.eclipse.xtext.parser.antlr.lAntlrTokenFileProv ider>
bindlAntlrTokenFileProvider() {
r et ur n nl.uu.cs.apapl.ide.parser.antlr. APAPLANtIrTokenFil eProvider. cl ass;
}
/I contributed by de.itemis.xtext.antlr. XtextAntlrG eneratorFragment
publ i c Class<? ext ends org.eclipse.xtext.parser.antlr.Lexer> bindLexer()
r et ur n nl.uu.cs.apapl.ide.parser.antlr.internal.InternalA PAPLLexer. cl ass;
}
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/I contributed by de.itemis.xtext.antlr. XtextAntlrG eneratorFragment
publ i c Class<? ext ends org.eclipse.xtext.parser.antlr.ITokenDefProvider>
bindITokenDefProvider() {

r et ur n org.eclipse.xtext.parser.antlr. AntlrTokenDefProvid er. cl ass;
}
/I contributed by org.eclipse.xtext.generator.valid ation.JavaValidatorFragment
@rg.eclipse.xtext.service. SingletonBinding (eager= true) publi c Class<? extends
nl.uu.cs.apapl.ide.validation.APAPLJavaValidator> b indAPAPLJavaValidator() {
r et ur n nl.uu.cs.apapl.ide.validation.APAPLJavaValidator. cl ass;
}
/I contributed by org.eclipse.xtext.generator.scopi ng.JavaScopingFragment

publ i c Class<? ext ends org.eclipse.xtext.scoping.IScopeProvider>
bindIScopeProvider() {

r et ur n nl.uu.cs.apapl.ide.scoping.APAPLScopeProvider. cl ass;

}

/I contributed by org.eclipse.xtext.generator.forma tting.FormatterFragment

publ i c Class<? ext ends org.eclipse.xtext.formatting.IFormatter> bindIForm atter() {
r et ur n nl.uu.cs.apapl.ide.formatting. APAPLFormatter. cl ass;

}
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