POLYSYNTACTIC META MODELING:
HISTORICAL ROOTS IN THE WORK OF
RAIMUNDUS LULLUS
Hans-Georg Fill
Universitätsassistent, University of Vienna, Research Group Knowledge Engineering
Währingerstraße 29, 1090 Vienna, AT
hans-georg.fill@univie.ac.at; http://homepage.dke.univie.ac.at/fill

Keywords:
Abstract:

Legal Visualization, Meta Modeling, Ars brevis
Several legal visualizations today are based on model based approaches. For
developing such approaches it can be reverted to polysyntactic meta modeling
techniques to define modeling languages, algorithms and visualizations on a
syntactic, machine processable level for expressing semantic relationships. In this
paper we review historical roots of polysyntactic meta modeling in the work of the
Catalan philosopher Raimundus Lullus and draw relations to currently used
approaches. Thereby we gain insights not only on the historical developments of
model based visualization approaches but also on the semantic mechanisms
underlying these approaches.

1. Introduction
As has been discussed previously, one way to formally describe legal visualizations is the use of
model based approaches, e.g. [Kahlig (2011)]. Thereby, visualizations are composed of elements of
a modeling language. The modeling language thus defines the syntactic and semantic space for
creating visualizations in a formal, machine-processable way. The particular advantage of this
approach for legal visualizations is that it enables to exactly keep track of how a visualization is
composed and how semantics are assigned to its individual parts. In addition, algorithms and
procedures can be defined based on the modeling language to process the models specified with the
language and to describe, how the modeling language shall be used for creating valid visualizations
[Karagiannis and Kühn (2002)].
When designing new types of model based legal visualizations, which cannot be created by using
existing modeling languages, several aspects have to be taken into account. These encompass not
only the specification of the syntax and semantics of the modeling language. At the same time, also
the future application of the modeling language needs to be considered. For example, if the legal
visualizations shall be processed by a certain algorithm, e.g. to automatically analyze the quality
and complexity of a visualization based on pre-defined criteria, the modeling language needs to be
designed accordingly. Similarly, also aspects such as smooth human interaction or the semantic
scope of the modeling language play an important role. In the following we will subsume these
activities of designing new model based approaches under the term “meta modeling” - as opposed
to “modeling”, which stands for the concrete creation of model based visualizations.
With the following contribution we will further investigate the inner workings of meta modeling
and thus contribute to a better understanding of how to use meta modeling for the specification of
visualizations. This will be accomplished by revisiting a type of a model based visualization that

has been designed by the Catalan philosopher Raimundus Lullus. Although this type of
visualization has so far not been used for legal visualizations, we will show that its constituents and
mechanisms contribute interesting generic insights into the working of model based visualizations.
They may therefore act as a basis for the development of new types of legal visualizations.
The remainder of the paper is structured as follows: in section 2 we will briefly describe the
foundations of our view on meta modeling by using the notion of a ‘polysyntactic’ view. Section 3
will outline the visualization method designed by Raimundus Lullus and section 4 will discuss the
insights that can be gained through this method. The paper will conclude with an outlook in
section 5.

2. Polysyntactic Meta Modeling
When designing model based visualizations it can be distinguished between three levels. At first the
model level that stands for the actual visualization; second, the meta model level that defines the
modeling language, the modeling procedure and potential algorithms; and third, the meta meta
model level that defines the language that is used for defining the modeling language and the
language for the algorithms.
In order to realize model based visualizations using information technology, the elements of these
levels have to be specified in some machine processable format. For this purpose, it can either be
reverted to formats that are readily defined and that provide all means to be directly processed by a
machine such as a standard programming language. As an alternative, domain specific languages
can be used that are specifically designed for a particular purpose, e.g. to describe the composition
of modeling languages. In order to make these domain specific languages processable by machines,
not only the syntax of these languages has to be exactly specified in the way of a formal language
cf. [Tarski (1936)]. Also, the interpretation of the syntax in terms of its concrete behavior on a
machine needs to be added. This can be accomplished by mapping valid expressions of the syntax
to expressions in a language whose syntax and behavior are exactly defined, e.g. the previously
mentioned programming languages. Similarly, also the expressions in a programming language are
mapped to another language, i.e. in the end the actual machine code that is directly executed by
hardware. When looking at these mappings in more details, it becomes apparent that everything we
deal with are actually only syntactic specifications and their mappings, which ultimately define the
semantics that can be processed by a machine, cf. [Messer (1999)]. From this we derive the notion
of a “polysyntactic view”, i.e. the use of multiple syntactic specifications, cf. [Fill (2011)].
This view can be directly applied to meta modeling in the sense that also the levels of model based
visualizations are specified by a number of syntaxes that are mapped to each other. For example, we
find that syntactic specifications are needed to express the concrete graphical representations of the
visualizations on the model level, to specify the modeling language underlying the visualizations,
the algorithms and so forth [Karagiannis and Kühn (2002)]. In order to realize model based
visualizations, we therefore have to take into account these multiple syntaxes and their mappings to
each other. These basic conceptions of polysyntactic meta modeling will in the following guide our
analysis of the behavior of the model based visualization method by Raimundus Lullus.

3. The Method of Raimundus Lullus
The model based visualization method of the Catalan philosopher Raimundus Lullus (1232-1316
AC) has been originally described in his Ars Magna to analyze the combination of multiple types of
categories. In the following we will briefly outline his method that has inspired later scientists such
as Gottfried Wilhelm Leibnitz and that has also been regarded by some as the origin of modern
computer theory cf. [Künzel and Cornelius (1991)]. The original motivation underlying the

development of Lullus’ visualization method was to provide a means that could help in developing
arguments for convincing people of other religions of the Christian mysteries of faith. He therefore
designed an algebraic notation based on the three monotheistic religions together with a procedure
for combining these concepts using mechanical visual models. In his Ars brevis, which is a
shortened version of the Ars magna that Lullus compiled himself, he first defines an alphabet with
the nine letters from B to K, cf. [Fidora (1999)]. To each of these letters he then assigns
fundamental concepts and questions – see table 1.
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Table 1: Concepts and Questions in Lullus’ alphabet, Source: [Bonner (2011)]

These concepts and questions are then used in several combinatorial figures. These combinatorial
figures are designed in the form of discs, where the single discs are cut out of paper and can be
rotated1. From these we will only discuss two central ones here to give an idea of the mechanism. In
figures 1 and 2 the Figura A and the Figura T are shown. In the Figura A as shown in figure 1, the
subjects and predicates assigned to the letters can thus be combined, e.g. by 'Gloria' and 'Durans' for
expressing that glory is durable. In the Figura T, further meanings of the symbols of the alphabet
are described and again placed in the form of a disc - see figure 2. Furthermore, for this figure also
three triangles are added. The first triangle contains the terms 'differentia' (difference),
'concordantia' (concordance), and 'contrarietate' (contrariety); the second triangle the terms
'principio' (beginning), 'medio' (middle), and 'fine' (end); and the third triangle the terms 'maioritate'
(majority), 'aequalitate' (equality), and 'minoritate' (minority).
To support humans in finding conclusions, the method first requires choosing a combination of
three letters which are then analyzed starting from the middle letter and by trying to combine them
with the other letters. The choice of the letters shall be based on the user’s intellect and also the
combination of the concepts requires human knowledge to derive conclusions. This is an interesting
aspect as it means that the mechanism does not provide a complete specification of the semantics
contained in the method but rather rests on human interaction and knowledge. However, certain
restrictions for the combination still apply and thus permit to trace to a certain extent how the
concepts have been combined to arrive at conclusions.
Although Lullus’ method has been later criticized by Gottfried Wilhelm Leibniz in his dissertation
[Leibniz, (1666), 58] for its precision, Leibniz built upon the basic mechanisms to develop his
famous calculation engine [Heer (1959), 90-91]. For this purpose he transferred Lullus’ mechanism
to the world of numbers, thereby eliminating the original metaphysical expressions of the ordinary
1

In the medieval books of Lullus' work these discs are cut out of paper and attached with little strings to the pages so
that they can be actually rotated in the book. For example, the copy in the Austrian National Library features this
mechanism [De Lizarazo and Hieronymo (1619].

language. In this way, the first step towards the use of mathematically based language for computer
processing was made [Fidora (2011), 2].

Figure 1: Figura A, redrawn from [Fidora (1999), 6]

Figure 2: Figura T, redrawn from [Fidora (1999), 10]

4. Discussion
The visualization method of Raimundus Lullus can be characterized as an early form of a model
based visualization. On the model level we find the actual combinations of concepts that have been
previously defined on the meta level in the form of discs. With the discs the syntax of the modeling
language is defined, i.e. the symbols, questions and concepts of the language and the rules how they
can be combined to form valid expressions through the rotation mechanism. On the meta meta
model level, the fundamental concepts that are provided for defining modeling languages are the
discs together with the rotation mechanism. Furthermore, we also find polysyntactic aspects to be a
core component of Lullus’ visualization method: in order to make the method work, several
syntaxes are combined. The mapping between the syntaxes for the concepts and questions is
thereby accomplished through the letters B to K of the fundamental alphabet. The syntax of the
visual representation is given by the shown representations of the discs, although it is not formally
described.
In contrast to many of the modern model based legal visualization approaches, the method by
Lullus does not follow a graph-like structure, as it is for example common for legal visualizations of
processes. However, the use of discs with fixed concepts provides an intuitive and easily
understandable way of combining existing concepts. Regarding semantics, Lullus’s method shows
several interesting features. On the one hand, pre-defined concepts are provided that can only be
combined in the way foreseen by the method. In case of the discs it is thus for example not possible
to combine several subjects in Figura A. In this way the semantic space of what can be expressed
through the visualizations is limited. On the other hand, we find that the method explicitly requires
human involvement in drawing conclusions. This stands in contrast to visualization methods that
specify the semantics of the concepts or at the least the semantic relations between concepts more
formally in order to let machines generate inferences, e.g. by using formal ontologies or rule based
systems.

5. Conclusion and Outlook
In summary we can conclude that the Lullian visualization method is an intuitive method that can
be used to combine sets of pre-defined concepts for deriving new insights. The semantic
interpretations are based on human intellect and do not rely on machine mechanics. Rather, the
mechanics only support human users in finding conclusions by providing support for mastering the
complexity of the combinations of the involved concepts. These principles may also serve as
guidance for the future development of model based legal visualizations. As a core insight the
modeling language should be kept as simple and intuitive as possible and consider how to involve
humans in using the method. At the same time, mechanical aids can help users in assembling the
right information and consider aspects that may have not been directly evident before. Such multimodal aspects could therefore also be part of future types of legal visualizations, similar to the
aspects that have been previously developed in the context of multi-sensory law, cf. [Brunschwig
(2011)].
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