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Abstract. Over the last two decades a number of tools have been developed to
support the application of Formal Concept Analysis (FCA) to a wide variety of
domains. This paper presents an overview of tool support for FCA.

1 Introduction

Over the last two decades a number of tools have been developed to support the applica-
tion of Formal Concept Analysis (FCA) to a wide variety of domains. These tools range
from the early DOS-based implementations of Duquenne’s GLAD tool to Java-based
tools currently under active development like ConExp and ToscanalJ. Both commercial
and open-source software appears in the list which also includes general-purpose and
application specific tools.

The next section of the paper introduces the general purpose tools. Application
specific tools are then discussed in Section 3] before Section ] concludes the paper.

2 FCA Tools

Duquenne’s tool for General Lattice Analysis and Design (GLAD) is possibly the earliest
software tool that facilitates the analysis of formal concept lattices [[1]. GLAD is a DOS-
based program written in FORTRAN that has been under development since 1983. The
tool facilitates the editing, drawing, modifying, decomposing and approximation of finite
lattices in general and is not restricted to the analysis of concept lattices. The lattices to be
analysed can be derived from abstract mathematics or applied statistics using techniques
like Analysis of Variance. Single-valued data can also be analysed by exploiting the
classic correspondence between lattices and binary relations identified by Birkhoff.

GLAD contains a large number of features, many of which are undocumented and it
also supports “scenarios” which represent a form of macro. These scenarios can be used
regenerate and manipulate a lattice by recalling the list of commands used to construct
it. Diagrams can also be output directly from GLAD in the Hewlett Packard Graphics
Language (HPGLﬂ — a vector based language designed for plotters.

Conlmp (Contexts and Implications) is another DOS-based tool implemented by
Peter Burmeister [2]] who started development in 1986 on an Apple II computer. While
Conlmp is purely text based and provides no graphical output for lattices it also supports

! See http://www.piclist.com/techref/language/hpgl.htm
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a wide range of features for manipulating contexts and provides concept listings which
can be used for drawing line diagrams by hand.

The Duquenne-Guigues-base represents a canonical base of valid implications for a
given context and this is computed and used extensively within Conlmp. Interactive at-
tribute exploration is supported which can be used to derive both the Duquenne-Guigues-
base and a typical set of objects. In addition, a three-valued logic that allows for true,
false and unknown values can also be used.

While Conlmp supports single-valued contexts another tool called MBA (possibly
from the German for “Many-valued FCA”: “Mehrwertige BegriffsAnalyse”) can be used
to scale and pre-process many-valued contextd. In addition, contexts can be exported
from Conlmp in the so called “Burmeister Format” (*.CXT’) and rendered using another
DOS-based tool called Diagram [3]]. The use of separate tools for the tasks of data-
preparation, context creation, and line diagram rendering (Diagram) is also reflected in
the classic FCA tools Anaconda and TOSCANA.

Anaconda and TOSCANA (TOolS of Concept ANAlysis) are tools used for building
conceptual knowledge systems on top of data stored in relational databases. A conceptual
system engineer uses knowledge from a domain expert to create queries in the form of
conceptual scales using a conceptual system editor. These scales essentially capture the
expert’s knowledge and the information is stored in a conceptual system file. A user can
then exploit the conceptual scales to retrieve or analyse data from the database using
a conceptual schema browser [4]. In traditional TOSCANA systems Anaconda is the
conceptual system editor, TOSCANA is the conceptual system browser, and the data is
stored in a Microsoft Access database.

Anaconda is a tool for the creation and editing of contexts, line-diagrams and scales.
The context, scales and line-diagrams are saved in a conceptual schema file which is
then used by TOSCANA to analyse the data in the database. While TOSCANA users
cannot create new scales, the scales can be composed to produce nested line diagrams.
There are three versions of TOSCANA based on Vogt’s Ct+ FCA libraries [5/6] and
more recently a Java-based version — Toscanal.

Toscanal [4] is a platform-independent implementation of TOSCANA that supports
nested line diagrams, zooming and ideal/filter highlighting. Originally part of the Tockit
projecﬁ — an open source effort to produce a framework for conceptual knowledge
processing in Java — Toscanal is now a separate projecﬂ.

In the context of the workflow described earlier, Toscanal represents the conceptual
schema browser and the conceptual system editor role is filled by two tools — Siena
and Elba. The two tools can be seen as Anaconda replacements that are both used for
preparing contexts and scales, however, each represents a different workflow. Elba is
used for building Toscanal systems on top of relational databases while Siena allows
contexts to be defined using a simple point and click interface.

Toscanal] can be used to analyse data in relational databases via ODBC (Open
Database Connectivity)/JDBC (Java Database Connectivity) or, alternatively, an em-
bedded relational database within Toscanal can be used. Line diagrams can also be

2 See http://www.mathematik.tu-darmstadt.de/ags/ag1/Software/
3 See http://tockit.sourceforge.net/
* See http://toscanaj.sourceforge.net/
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exported in a variety of raster and vector-based formats including Portable Network
Graphics (PNG), Joint Photographic Expert Group (JPEG), Encapsulated PostScript
(EPS), Portable Document Format (PDF), and Scalable Vector Graphics (SVG).

An XML-based conceptual schema file (.CSX) is used to store the context and scales
produced by Siena and Elba. In addition, an extensible viewer interface allows custom
views to be defined as well as allowing external data viewers to be specified. This feature
is exploited by the formal specification browser SpecTrE described in Section 3.2l

The line diagrams in Siena and Elba use an n-dimensional layout algorithm in which
each attribute in the purified context is assigned to a vector [7]. The layout is then
projected onto the Cartesian plane using standard parallel projection and the approach
is based on the algorithm used in Cernato.

Cernato is a commercial FCA tool developed by Navicor that combines some of
the features of Anaconda and TOSCANA into a single tool. Users are presented with a
familiar spreadsheet-like interface for creating contexts and data can be imported and
exported in Comma Separated Value (CSV) format which facilitates the analysis of data
from genuine spreadsheet applications.

Line diagrams are constructed incrementally in Cernato and the layout is animated
by default. Zooming and the construction of scales, which are known as “views” in
Cernato, are also supported, however, nested line-diagrams are not. In addition to the
CSV import/export facility a custom XML format can also be used. Furthermore, line
diagrams can be exported in a number of raster-based image formats, contexts can be
saved as HTML-tables and Cernato is also able to export complete TOSCANA systems.

ConExp (Concept Explorerﬁ is another Java-based, open-source FCA project. Like
Cernato, ConExp combines context creation and visualisation into a single tool. While
ConExp does not support database connectivity, contexts can be imported and exported in
Conlmp’s *.CXT’ format. A number of lattice layout algorithms can be selected including
chain decomposition and spring-force algorithms. The line diagrams also support various
forms of highlighting including ideal, filter, neighbour and single concept highlighting
and can be exported in JPEG or GIF format.

ConExp currently implements the largest set of operations from Ganter and Wille’s
FCA book [8] including calculation of association rules and the Duquenne-Guigues-base
of implications. Interactive attribute exploration is also supported and the context can
display the arrow relations g /*m and g,/ m.

GaLiciﬂ, the Galois Lattice Interactive Constructor is another Java-based FCA tool
that provides both context creation and visualisation facilities [9]. GaLicia’s heritage
lies in a series of incremental data mining algorithms originally entitled the GALoOIS
LATTICE-BASED INCREMENTAL CLOSED ITEMSET APPROACH and also a trie data-structure
based version called GALICIA-T. These incremental algorithms were used for mining
association rules in transaction databases [[10l11]] and form the basis for the incremental
construction of lattices in GaLicia.

Both single and many-valued contexts can be analysed in GalLicia. In addition,
binary relationships between objects can also be described via a context and stored

5 See http://www.navicon.de
6 See http://sourceforge.net/projects/conexp
7 See http://www.iro.umontreal.ca/"valtchev/galicia/
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using GaLicia’s Relational Context Family [[12]]. A number of different lattice and Galois
sub-hierarchy construction algorithms are also supported.

GalLicia provides two lattice layout mechanisms including a “magnetic” spring-force
algorithm. The lattices can also be viewed using a novel, rotating 3-Dimensional view.
GalL.icia can be run as a stand-alone application or it can be used via the World Wide
Web as a Java applet running in a Web browser.

3 Other Tools

Having introduced a number of generic FCA tools in the preceding sections, this section
provides a brief overview of some application specific FCA tools. These tools can be
broadly classified into two main groups: the modular and the monolithic. Tools that rely
on other programs for part or all of their functionality will be classified as “modular”.
For example, a number of the application specific tools make use of pre-existing graph
drawing applications for lattice layout. In contrast the term “monolithic” will be used to
describe those tools which do not rely on other applications to function. This does not,
however, exclude the use of pre-existing libraries within the tools code. Additionally, the
term should not infer that a tool is poorly engineered or necessarily massive, but rather
that the tool has been constructed from scratch.

3.1 Monolithic Approaches

Diiwel’s BASE [13] tool supports the identification of class candidates from use-cases.
The name is taken from the German “ein Begriffsbasiertes Analyseverfahren fiir die
Software-Entwicklung” which translates into English as “concept-based analysis during
software development”.

Taran and Tkachev’s [14] tool SIZID is designed to support the analysis of sociolog-
ical and psychological data. SIZID can handle multi-valued contexts and the calculation
of implications.

Cole and Eklund have implemented a number of FCA based document management
and information retrieval tools. Warp-9 FCA [15] is a tool for managing a collection
of medical discharge documents that is implemented using the scripting and extension
language Tcl/T K. A medical ontology to index documents and the visualisation supports
folding line diagrams. The ideas in Warp-9 FCA are further refined and applied to the
analysis of email in the tool CEM — the Conceptual Email Manager [16]. More recently
a commercial descendant of CEM known as Mail-Sleuth has also been releasedl.

In Lindig and Snelting’s [17]] paper on the structure of legacy code a footnote men-
tions an inference based software environment called NORA which was used to produce
the analyses described in the paper. NORA stands for “NO Real Acronym”. While no
details of the NORA environment are presented in the paper, both Snelting and Lindig
have produced other tools to support the analysis of software using FCA. Snelting and
Streckenbach’s KABA is a Java-based tool that implements the analysis earlier described

8 See http://www.tcl.tk
? See http://www.mail-sleuth.com
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by Snelting and Tip [18]. The name KABA is taken from the German “KlassenAnal-
yse mit BegriffsAnalyse” which translates as “class analysis via concept analysis” in
English. Apparently “KABA” is also the name of a popular chocolate drink in Germany.

KABA combines concept lattices with dataflow analysis, and type inference. In
particular the prototype tool supports the visualisation of horizontal-decompositions in
Java classes and a 15 KLOC (“thousand Lines Of Code”) example is reported.

While another prototype tool that implements Lindig’s component retrieval ideas
could be considered monolithic [19], there have been a number of modular tools devel-
oped using Lindig’s concepmm framework.

3.2 Modular Approaches

Concepts is an updated version of Lindig’s TkConcept tool '] implemented in Tcl/Tk.
TkConcept is included here as an example of a modular tool because it makes use of a
graph layout application called Graphplac to draw lattice diagrams. TkConcept was
intended as a framework for concept analysis applications that provides basic abstractions
so that software designers can focus on the implementation of domain specific parts of
an application.

Van Deursen and Kuipers [20] used Lindig’s concepts tool in conjunction with Graph-
place in the analysis of a 100 KLOC COBOL program. A relational database was used
to derive information about the application using a COBOL lexical analysis tool. The
data was then extracted and formatted for analysis with concepts.

The ConceptRefinery tool described by Kuipers and Moonen [21] also uses concepts
in conjunction with a COBOL parser and a relational database. Concept refinery is
implemented using Tcl/Tk and a version of the dot directed graph drawing tool was
used for visualisation. Dot is part of the GraphViz graph visualisation packag.

GraphViz and concepts are also used to render lattice diagrams in Eisenbarth et al.’s
Bauhaus tool [22]. Bauhaus makes use of a number of components including the gcc
compiler and gprof profiler which are glued together using Perl. In addition to their
earlier work identifying features in web-browser code, Eisenbarth et al. have also used
their tool to analyse a 1,200 KLOC production system.

The Cable tool implemented by Ammons et al. makes use of FCA to aid in the
debugging of temporal specifications [23]. This visualisations presented to Cable users
are implemented using the Dotty and Grappa graph visualisation tools which are also
part of GraphViz.

Janssen’s JaLaBA tool4 is a novel on-line Java Lattice Building Application that uses
Freese’s LatDran] program for lattice layout. LatDraw makes use of a 3-dimensional
spring and force layout algorithm which produces line diagrams similar to GaLicia and
ConExp.

10 See http://www.eecs.harvard.edu/ lindig/src/concepts.html
' See http://sensei.ieec.uned.es/manuales/tkconcept/welcome.html
12 Available from
ftp://ftp.dcs.warwick.ac.uk/people/Martyn. Amos/packages/graphplace/graphplace.tar.gz
13 See http://www.research.att.com/sw/tools/graphviz/
14 See http://juffer.xs4all.nl/cgi-bin/jalaba/JaLaBA.pl
15 See http://www.math.hawaii.edu/ ralph/LatDraw/
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The round-trip engineering work of Bojic and Velasevic [24] also makes use of a
modular tool implemented using Conlmp. By adapting the output from the Microsoft
Visual C*+ profiler, Conlmp was able to analyse their data which was then used to update
a UML model using the Rational Rose design tool!],

Richards and Boettger et al.’s RECOCASE tool [25] is also comprised of a number
of other applications. RECOCASE uses the Link Grammar Parser] to parse use-cases
and ExtrAndd is used to generate “flat logical forms” which are then analysed using
FCA.

A paper by Tonella [26] describes the CANTO tool (Code and Architecture aNalysis
TOol) [27] which has a modular architecture composed of several subsystems. CANTO
consists of a front-end for analysing C code, an architecture recovery tool, a flow analysis
tool and a customised editor. The components communicate either via sockets or files
and apart from the flow analysis tool each of the components is an external application.
Visualisations produced by the architecture recovery tool are created using PROVIS —
yet another graph drawing application based on Dotty.

Another FCA framework implemented by Arévalo [28.29] and Buchli [30]] is ConAn
(Concept Analysis) [30]. ConAn is implemented in Smalltalk and consists of a number
of tools for the creation and analysis of formal contexts. A tool called ConAn PaDi (Co-
nAn Pattern Displayer) built using the ConAn framework is used for analysing patterns
in data from the Moose Smalltalk re-engineering environmenJ. Beyond software engi-
neering applications ConAn also represents a generic and extensible framework. Users
can provide objects and attributes (known respectively as elements and properties) as la-
bels in a table or custom Smalltalk objects can be implemented to represent the elements
and properties used by ConAn.

The implementation of the authors own tool [31]], SpecTrE (the Specification Trans-
formation Engine), mirrors the modular approach taken by Van Deursen and Kuipers.
SpecTrE is used for visualising and navigating formal specification documents written
in Z [32]. The tool makes use of a parser to extract information from specifications which
is stored in a database. The information is then formatted for analysis and visualisation
using Toscanal and ZML [33]] — an XML-based Z representation.

4 Conclusion

This paper has presented an overview of FCA tools ranging from the early DOS-based im-
plementations through to Java-based tools currently under active development. Section2]
introduced the general purpose tools which include both commercial and open-source
software. Section[3 then discussed application specific tools. While the modular tools
demonstrate the reuse of common components for both the analysis of concepts and
visualisation, the diversity represents the applicability of FCA itself to wide-range of
problems.

16 See http://www.rational.com/products/rose/

17 See http://bobo.link.cs.cmu.edu/link

18 See http://www.ifi.unizh.ch/cl/extrans/overview.html
1% See http://www.iam.unibe.ch/"scg/Research/Moose/
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