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Abstract. Answer Set Programming (ASP) is a truly-declarative programming
paradigm proposed in the area of non-monotonic reasoning and logic program-
ming. In the last few years, several tools for ASP-program development have
been proposed, including (more or less advanced) editors and debuggers. How-
ever, ASP still lacks an Integrated Development Environment (IDE) supporting
the entire life-cycle of ASP development, from (assisted) programs editing to ap-
plication deployment. In this paper we present ASPIDE, a comprehensive IDE
for ASP, integrating a cutting-edge editing tool (featuring dynamic syntax high-
lighting, on-line syntax correction, autocompletion, code-templates, quick-fixes,
refactoring, etc.) with a collection of user-friendly graphical tools for program
composition, debugging, profiling, database access, solver execution configura-
tion and output-handling.

1 Introduction

Answer Set Programming (ASP) [[1] is a declarative programming paradigm which has
been proposed in the area of non-monotonic reasoning and logic programming. The
idea of ASP is to represent a given computational problem by a logic program whose
answer sets correspond to solutions, and then use a solver to find such a solution [2]]. The
language of ASP is very expressive [3l]. Furthermore, the availability of some efficient
advanced applications. ASP applications belong to several fields, from Artificial Intel-
ligence [14016017018/19120421]] to Information Integration [22], and Knowledge Man-
agement [23124125]]. These applications of ASP have confirmed, on the one hand, the
viability of the exploitation in real application settings and, very recently, stimulated
some interest also in industry [26]. On the other hand, they have evidenced the lack
of effective development environments capable of supporting the programmers in man-
aging large and complex projects [27]. It is nowadays recognized [27]] that this may
discourage the usage of the ASP programming paradigm, even if it could provide the
needed reasoning capabilities at a lower (implementation) price than traditional imper-
ative languages. Note also that, the most diffused programming languages always come
with the support of SDKs featuring a rich set of tools that significantly simplify both
programming and maintenance tasks.
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In order to facilitate the design of ASP applications, some tools for ASP-program
development were proposed in the last few years (consider, for instance, the aim of SEA
workshop series [28129]), including editors [30.31] and debuggers [32133134/35/36].
However, ASP still lacks an Integrated Development Environment (IDE) supporting the
entire life-cycle of ASP development, from (assisted) programs editing to application
deployment.

This paper provides a contribution in this setting. In fact, it presents ASPIDE, a com-
prehensive IDE for ASP, which integrates a cutting-edge editing tool (featuring dynamic
syntax highlighting, on-line syntax correction, autocompletion, code-templates, quick-
fixes, refactoring, etc.) with a collection of user-friendly graphical tools for program
composition, debugging, profiling, DBMS access, solver execution configuration and
output-handling. Currently, the system is able to load and store ASP programs in the
syntax of the ASP system DLV [4]], and supports the ASPCore language profile em-
ployed in the ASP System Competition 2011[37]. Data base management is compliant
with DLVPZ [38]] language directives.

A comprehensive feature-wise comparison with existing environments for develop-
ing logic programs is also reported in this paper, which shows that ASPIDE represents
a step forward in the present state of the art of tools for ASP programs development.

2 Main Features of ASPIDE

The main functionalities provided by ASPIDE are first summarized below, and then
described in more detail. In particular, ASPIDE provides the following features:

— Workspace management. The system allows to organize ASP programs in projects
a la Eclipse, which are collected in a special directory (called workspace).

— Advanced text editor. The editing of ASP files is simplified by an advanced text
editor, which provides several functionalities: from simple text coloring to auto
completion of predicates and variables names.

— Outline navigation. ASPIDE creates an outline view which graphically represents
program elements.

— Dependency graph. The system provides a graphical representation of the depen-
dency graph of a program.

— Dynamic code checking and errors highlighting. Syntax errors and relevant condi-
tions (like safety) are checked while typing programs: portions of code containing
errors or warnings are immediately highlighted.

— Quick fix. The system suggests quick fixes to reported errors or warnings, and ap-
plies them (on request) by automatically changing the affected part of code.

— Dynamic code templates. Writing of repeated programming patterns (like transitive
closure or disjunctive rules for guessing the search space) is assisted by advanced
auto-completion generating rules or part of them.

— Test suite. The user can define test suites on the line with the principle of unit testing
diffused in the development of software with iterative languages.

— Debugger and Profiler. Semantic errors detection as well as code optimization can
be done by exploiting graphic tools.



ASPIDE: Integrated Development Environment for Answer Set Programming 319

— Configuration of the execution. This feature allows to configure input programs and
execution options.

— Presentation of results. The output of the program (either answer sets, or query
results) are visualized in a tabular representation or in a text-based console.

— Visual Editor. The users can draw logic programs by exploiting a full graphical en-
vironment that offers a QBE-like tool for building logic rules. The user can switch,
every time he needs, from the text editor to the visual one (and vice-versa) thanks
to a reverse-rengineering mechanism from text to graphical format.

— Interaction with databases. Interaction with external databases is made easy by a
fully graphical import/export tool that automatically generates mappings by follow-
ing the DLVPZ Typ files specifications [38]. Text editing of Typ mappings is also
assisted by syntax coloring and auto-completion.

In the following, we describe in more detail the above mentioned functionalities.

Workspace organization. The system allows for organizing ASP programs in projects
a la Eclipse. This facilitates the development of complex applications by organizing
modules (or projects) in a space where either different parts of an encoding or sev-
eral equivalent encodings solving the same problem are stored. In particular, ASPIDE
allows to manage: (i) DLV files containing ASP programs in both DLV syntax [4]
and ASPCore [37]; (i¢) TYP files specifying a mapping between program predicates
and database tables in DLVPP syntax; (iii) TEST files containing a set of directives
conceived for defining unit tests for the created logic programs.

Advanced text editor. The presence of an editor that provides a set of advanced fea-
tures is indispensable for a good development environment. In particular, besides the
core functionality that basic text editors offer (like, code line numbering, find/replace,
undo/redo, copy/paste, etc.), ASPIDE offers others advanced functionalities:

— Text coloring. ASPIDE exploits different colors for outlining key words (like ““ :— )
predicate names, variables, strings, comments etc. Predicates involved in database
mappings are also specifically marked.

— Automatic completion. The system is able to complete (on request) predicate names,
as well as variable names. Predicate names are both learned while writing, and ex-
tracted from the files belonging to the same project; variables are suggested by
taking into account the rule we are currently writing. This helps while developing
either an alternative encoding for the same problem (input/intermediate predicate
names are ready to be suggested after the first file is completed) or when the same
solution is divided in several files. When several possible alternatives for comple-
tion are available the system shows a pop-up dialog.

— Refactoring. The refactoring tool allows to modify in a guided way, among others,
predicate names and variables. For instance, variable renaming in a rule is done by
considering bindings of variables, so that common side effects of find/replace are
avoided by ensuring that variables/predicates/strings occurring in other expressions
remain unchanged.
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Outline navigation. ASPIDE creates a graphic outline of both programs and Typ files,
which graphically represents language statements. Regarding the programs, the outline
is a tree representation of each rule where in the first level of the tree there are the head
atoms, while the second level corresponds to the bodies. Each item in the outline can
be used to quickly access the corresponding line of code (a very useful feature when
dealing with long files), and also provides a graphical support for building rules in the
graphical editor (see [39]).

Dependency graph. The system provides a graphical representation of the (non-ground)
dependency graph associated to the project. Several variants of the dependency graph
are supported depending on whether both positive and negative dependencies are con-
sidered. The graph of strongly connected components (playing an important role in the
instantiation of the program) can be displayed also.

Dynamic code checking and errors highlighting. Programs are parsed while writing,
and both errors or possible warnings are immediately outlined without the need of sav-
ing files. In particular, syntax errors as well as mismatching predicate arities and safety
conditions are checked. Note that, the checker considers the entire project, and warns
the user by indicating e.g., that atoms with the same predicate name have different ar-
ity in several files. This condition is usually revealed only when programs divided in
multiple files are run together.

Quick fix. The system suggests quick fixes to reported errors or warnings, and applies
them (on request) by automatically changing the affected part of code. This can be acti-
vated by clicking on the line of code which contains an error/warning and choosing from
a popup window the desired fix among several suggestions, e.g., safety problems can
be fixed by correcting variable names or by projecting out “unsafe” variables through
an auxiliary rule (which will be automatically added).

Code template. ASPIDE provides support for automated writing of parts of rules
(guessing patterns, aggregates, etc.), as well as automated writing of entire subpro-
grams (e.g., transitive closure rules) by exploding code templates. Note that, templates
can be also user defined by writing DLT [40] files.

Test suite. A very important phase in the development of software is testing. In ASPIDE
we have defined a syntax for writing and running tests in the style of JUnit. One can
write assertions regarding the number of answer sets or the presence/absence of an atom
in the results of a test.

Debugger and Profiler. We have embedded in ASPIDE the debugging tool spock [32].
To this end we have worked on the adaptation of spock for dealing with the syntax of the
DLV system. Moreover, we developed a graphical user interface that wraps the above
mentioned tool. Regarding the profiler, we have fully embedded the graphical interface
presented in [41]].

Configuration of the execution. ASPIDE provides a form for configuring and manag-
ing solver execution. A run configuration allows to set the solver/system executable,
setup invocation options and input files. Moreover, ASPIDE supports a graphical tool
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for composition of workflow executions (e.g., combining several solver/system calls),
which are transparently compiled in perl scripts.

Presentation of the results. The ASP solvers output results in textual form. For mak-
ing comfortable the browsing of results, ASPIDE visualizes answer sets by combining
tabular representation of predicates with a comfortable tree-like representation for han-
dling multiple answer sets. The result of the execution can be also saved in text files for
subsequent analysis.

Visual editor. ASPIDE offers also the possibility to draw programs using a fully graph-
ical environment by embedding and extending the Visual Editor tool which offers a
QBE-like approach; it allows, for example, to create graphical bindings of variables
using “joins” between predicates. For a detailed explanation on how the Visual Editor
works, see [39]. An important feature offered by ASPIDE is reverse engineering that
allows to switch between textual and visual representation of programs.

Interaction with databases. Interaction with external databases is useful in several ap-
plications (e.g., [22126119]). ASPIDE allows to access external databases by exploiting
a graphical tool connecting to DBMSs via JDBC. Imported sources are emphasized
also in the program editor by exploiting a specific color. Database oriented applica-
tions can be run by setting DLVP? as solver in a run configuration. A data integration
scenario [22] can be implemented by exploiting this feature.

3 Interface Overview and Implementation

The system interface of ASPIDE is depicted in Figure Il where the main components
are outlined in different numbered zones. In the upper part of the interface (zone 1) a
toolbar allows the user to call the most common operations of the system (from left
to right: save files, undo/redo, copy & paste, find & replace, switch between visual to
text editor, run the solver/profiler/debugger). In the center of the interface there is the
main editing area (zone 4), organized in a multi-tabbed panel possibly collecting several
open files. The left part of the interface is dedicated to the explorer panel (zone 2), and
to the error console (zone 3). The explorer panel lists projects and files included in
the workspace, while the error console organizes errors and warnings according to the
project and files where they are localized. On the right, there are the outline panel (zone
5) and the sources panel (zone 6). The first shows an outline of the currently edited file,
while the latter reports a list of the database sources which might be mapped to some
predicate of the current project. The one shown in Figure[Tlis the standard appearance of
the system, which can be however modified, since panels can be moved as the user likes.
A comprehensive description of ASPIDE is available in the online manual published in
the system web site http://www.mat .unical.it/ricca/aspide.

ASPIDE is written in Java by following the Model View Controller (MVC) pattern. A
core module manages, by means of suitable data structures, projects, files content, sys-
tem status (e.g., error lists, active connections to DBMSs etc.), and external component
management (e.g., interaction with solver/debugger/profiler). Any update to the infor-
mation managed by ASPIDE is obtained by invoking methods of the core, while, view
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Fig. 1. The ASPIDE graphical user interface

modules (graphically implemented by interface panels) are notified by proper events
in case of changes in the system status. ASPIDE exploits: (i) the JGraph (http://
www . jgraph.com/) library in the visual editor, in the dependency graph and in the
workflow modules; (i7) the DLV Wrapper for interacting with DLV; and, (4i%)
JDBC libraries for database connectivity. Debugging and profiling are implemented by
wrapping the tool spock [32]], and the DLV profiler [41]], respectively. Visual editing is
handled by including an extended version of the VisualASP tool [39].

4 Usage Example

In the following we report an usage example by describing how to exploit ASPIDE
for encoding the maximum clique problem. The maximum clique is a classical NP-
complete problem in graph theory requiring to find a clique (a complete subgraph) with
the largest number of vertices in an undirected graph. Suppose that the graph G is spec-
ified by using facts over predicates node (unary) and edge (binary), then the following
program solves the problem:

% Guess the clique

ri: inClique (X1) v outClique(X1l) :- node(X1).

% Order edges in order to reduce checks

ro: uedge(X1l,X2) :- edge(X1l,X2), X1 < X2.

r3: uedge(X2,X1l) :- edge(X1l,X2), X2 < X1.

% Ensure property.

rq: :— inClique(X1l), outClique(X2), not uedge(X1l,X2), X1 < X2.
r5: :7 outClique(X2).

The disjunctive rule (r1) guesses a subset S of the nodes to be in the clique, while
the rest of the program checks whether .S’ constitutes a clique, and the weak constraint
maximizes the size of S. Here, an auxiliary predicate uedge exploits an ordering for
reducing the time spent in checking.

Suppose that we have already created a new file named clique.dl, which is open in the
text editing area. To write the disjunctive rule r;, we exploit the code template guess.
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We type the key word guess and press CTRL-Space: the text editor opens a popup
window where we indicate clique; ASPIDE auto-composes the head of the disjunctive
rule (a preview is displayed on the bottom of the popup, see Fig. Rla)). After that, we
write the predicate node in the body. Rules ro, rs, r4 and rj are easily written by
exploiting the auto-completion (see Fig. 2(b)): atoms are composed by typing only the
initial part of the predicate names, and variables are automatically added.

Now, Suppose that a safety error is revealed in rule r4 (see Fig.2(c)) since we write
variable Y instead of X2 in the negated literal uedge; then, the text editor promptly
signals the error with a rule highlighting. By double-clicking on the wrong rule, the
system will open a popup window reporting the error message and a list of possible
quick fixes. With a simple click on the third proposal, variable Y is renamed in X2, and
the problem is easily detected and fixed. Now, we can execute the program by setting
a run configuration. To open the run configuration window (Fig. ld)), we select Show
Run Configuration from the menu Execute. Using that window we choose the program
file clique.dl and select DLV as solver. Finally we click on the Run button and a user-
friendly window shows the results (see Fig. Rle)).

Note that, ASPIDE supports many different ways of creating and modifying logic
programs and files. For instance, the same encoding can be graphically composed by
exploiting the visual editor (see Fig. R(f)). For respecting the space constraints, we
reported only one of the possible combinations of commands and shortcuts that can
be exploited for writing the encoding of the considered problem. The reader can try
ASPIDE by downloading it from the system website http://www.mat .unical.
it/ricca/aspide.

5 Related Work

Different tools for developing ASP programs have been proposed up to now, including
editors and debuggers [3213334]. Moreover, people from the logic programming com-
munity, and especially Prolog programmers are already exploiting tools for assisted pro-
gram development. Some support to the development of logic programs is also present
in environments conceived for logic-based ontology languages, which, besides graphi-
cal ontology development, also allow for writing logic programs (e.g., to reason on top
of the knowledge base). To the best of our knowledge the systems which are closer to
our are the following:

— OntoDLV [44], an ASP-based system for ontology management and reasoning on
top of ontologies.

— OntoStudio (http://www.ontoprise.de), a commercial modeling environ-
ment for the creation and maintenance of ontologies; it also allows for writing logic
programs according with to F-Logic molecules syntax.

— DES (http://www.fdi.ucm.es/profesor/fernan/des/): adeductive
database system that supports both Datalog and SQL; it supports querying, debug-
ging and testing of Datalog programs, and supports several DBMSs.

— DLV!sual (http://thp.10/2009/dlvisual): a GUI frontend for DLV,
which allows for developing programs as well as graphically-browsing the answer
sets;
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— Visual DLV [30)]: a graphical integrated environment for developing DLV programs;
it helps the programmers during the development phases, supports the interaction
with external DBMS and features a naive debugging tool;

— Digg(http://www.ezul.net/2010/09/gui-for-dlv.html): asimple
Java application conceived for learning ASP and experimenting with DLV;

— APE [31]: an Eclipse plug-in that allows users for writing ASP programs in the
Iparse/gringo language;

— J-Prolog(http://www.trix.homepage.t-online.de/JPrologEditor):
an IDE for the Prolog language, written in Java.

— ProDT (http://prodevtools.sourceforge.net): an Eclipse plugin for
developing Prolog projects.

— PDT (http://roots.iai.uni-bonn.de/research/pdt): an Eclipse
plugin for developing Prolog projects.

— ProClipse [43]): an Eclipse plugin for developing Prolog projects;

— Amgzi! Prolog (http://www.amzi.com/products/prolog_products.
htm: an Eclipse plugin for developing Prolog projects.

People interested in programming, in general, wish to have, in those systems, a set of
editing features (which are already available for a long time in development tools for
imperative languages) like syntax coloring, syntax highlighting, code completion, er-
ror management, quick fix, etc. Debugging, profiling and testing tools, as well as the
capability of organizing programs in projects are fundamental for assisting the develop-
ment of complex applications. Moreover, the declarative nature of logic programming
languages makes them good candidates for developing tools which allow for writing
programs in a fully graphical way. In Table 1 we compare ASPIDE and the above listed
tools by separately considering general desirable features. A check symbol indicates
that a system provides (in a more or less sophisticated way) a feature. We first note
that ASPIDE is the most complete proposal, followed by the commercial product On-
toStudio; and, if we restrict our attention to competing systems tailored for ASP, APE
follows ASPIDE.

Note that, execution results are reported by most systems only in a textual form (only
ASPIDE, OntoDLV and OntoStudio offer a graphical view of them in intuitive tables),
the outline of the program is often missing, and the execution of systems/solvers is not
handled in an effective way. Moreover, only ASPIDE, OntoStudio and APE show the

dependency graphs in a graphical way, and the detection of errors during the editing
phase, as well as (some form of ) debugging and testing are offered by a few systems.
Interaction with databases, often required by applications, is supported by only 5 sys-
tems out of 13 (data integration only by two).

Conversely, text editing is supported by all systems, and in order to provide a more
precise picture regarding this central feature we have deepened the analysis by consid-
ering, also, more advanced editing functionalities and support for project management
(see Table 1). Also in this case, ASPIDE is the system offering more features. Surpris-
ingly, OntoStudio lacks advanced text editing features, which are conversely provided
by the more mature environments for Prolog. It is worth noting that, systems based
on the Eclipse platform, which eases the development of text editors, provide quite a
number of editing and project management features (see, e.g., APE). In general, many
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Table 1. Logic programming tools comparison
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Comparing General Features
Text Editor| V v v v vV v A\ v v v v WV
Visual Editor| V v
Project Management| V VIV v VIiVvIV |V
File Content Outline| V | V | V v v VIiVvI IV |V
Test Suite| V VIV v
Integration with databases| V V|V \'% v
Debugger| V V|V \Y VIV |V vV
Command line v VI IVIV]|V ]V
Visual Dependency Graph| V v v
Profiler/Tracer| V \Y VI iVI]V
Gilobal Error Console| V v v v v v Y v WV
Textual Result Visualization| V v v vV v A\ v v Y v WV
User Friendly Result Visualization| V | V |V
Visual Workflow Definition| V
Detect Error on editing| 'V v v v Y v WV
Dynamic Layout| V N N VIiVIV |V
Refactor variables and predicates| V v
Configuration of the execution| V V|V VIV v N Y v
Data Integration| V v
Datatype Management| V.| V | V | V v
Comparing Text Editor Features
Text Coloring| V VIV VIiVIVIV]|V]|V
Parenthesis pair highlighter| V v v VIV ]|V
Token pair highlighter| V v v Y VIV |V
Undo/Redo| V v Y v v v v Y
Syntactic Error/Warning highlighter| V Y VIV |V
Semantic Error/Warning highlighter| V v v v
Find/Replace| V VIV VIV |V ]|V
Quick Fix| V A" A Y
Auto completion| V v N VIiVIV ]|V
Code Templates| V A\ V|V
Dynamic Code Template Definition| vV A%
Code Annotation| V
Automatic Code Indentation| V
Text Hover (quick info of predicates) \Y
Code Documentation (like JavaDoc)| V v
Comparing Project Management Features
Multi Project| V v v VIV IV |V
Multi File| V v v v v Y Y W v v v Y
Sub Folder Organization| V v Y v v v Y

existing tools provide syntax coloring, but few systems for ASP support code comple-
tion and quick fix of errors. It is quite strange that very basic features like undo/redo and
find/replace are not supported by all systems. A particular mention merits the Source-
to-Source transformation feature, which allows for translating one language to another.
Actually, only OntoStudio and DES support this feature to translate, respectively, from
an ontology language to an other one (e.g., F-Logic and RDF) and from Datalog to
SQL. Although every considered system supports a textual editor, only ASPIDE, On-
toDLV and OntoStudio offer a complete graphical editing environment for writing pro-
grams. Thus, in Table 2 we report only the systems allowing for graphic composition
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Table 2. Visual editing tools: features and language constructs

Comparing Visual Editor Features
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of programs. In this case we consider also supported language constructs. Focusing on
ASP-based systems ASPIDE easily beats OntoDLV, which supports only queries. On-
toStudio, which supports a different logic language, clearly misses many ASP-specific
constructs, but provides a rich environment that supports ontology constructs.

6 Conclusion

This paper presents ASPIDE, a comprehensive IDE for ASP, combining several tools
for supporting the entire life-cycle of logic programs development. A key feature of
ASPIDE is its rich set of assisted program composition features, like dynamic syntax
highlighting, on-line syntax correction, autocompletion, code-templates, quick-fixes,
refactoring, visual editing, program browsing etc. Moreover, ASPIDE integrates sev-
eral graphic tools tailored for ASP, including: fully-graphical program composition,
debugging, profiling, project management, DBMS access, execution configuration, and
user-friendly output-handling. Comparing several softwares for developing logic pro-
grams, ASPIDE is one of the most complete solutions available in the present state of
the art.

As far as future work is concerned, we plan to extend ASPIDE by improving / intro-
ducing additional dynamic editing instruments, and graphic tools. In particular, we plan
to enrich the interface with source-to-source transformation (e.g., for supporting seam-
less conversions from multiple ASP dialects); and, to develop/extend the input/output
interfaces for handling multiple ASP solvers. Moreover, we are improving the test-
ing tool by including more advanced approaches such as [43]. We are currently using
ASPIDE in a logic programming course of the University of Calabria to assess the ap-
plicability of the system for teaching ASP.
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