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Abstract .  TOSCANA is a computer program which allows an online 
interaction with larger data bases to analyse and explore data concep- 
tually. It uses labelled line diagrams of concept lattices to communicate 
knowledge coded in given data. The basic problem to create online pre- 
sentations of concept lattices is solved by composing prepared diagrams 
to nested line diagrams. A larger number of applications in different areas 
have already shown that TOSCANA is a useful tool for many purposes. 

1 F o r m a l  C o n c e p t  A n a l y s i s  

Formal Concept Analys,s has grown during the last fifteen years to a discipline 
of successful methods for analyzing and exploring data  (cf. [3], [8], [11]). Those 
methods have the main advantage that  they clearly unfold the inherent concep- 
tual structures of data  contexts always keeping the original data. The conceptual 
structures are represented by labelled line diagrams which have been proved in 
a large variety of applications as very useful communication tools (cf. [9]). To 
assist the computation and graphical representation of conceptual structures, 
computer programs have been developed which are already used by a large num- 
ber of scientists in different areas of research and applications. TOSCANA is the 
most extensive program which allows an online interaction with larger data  bases 
to explore and analyse the data  conceptually (see [5]). A basic problem of such 
an interactive program is the online presentation of conceptual diagrams. In this 
paper we explain how this problem is solved in the program TOSCANA. 

Formal concept analysis is based on the notion of a formal context which is 
defined as a triple (G, M, I) consisting of sets G and M together with a binary 
relation I between G and M; the elements of G and M are called objects and 
attributes, respectively, and gIm (i. e., (g, m) E I) is read: the object g has the 
attribute m. Following the traditional concept theory in philosophy, a formal 
concept of the context (G, M, I) is defined as a pair (A, B) with A C G, B C M, 
A = {g E G I g I m f o r a l l m  E B}, and B = {m E M I g I m f o r a l l g  E A}; 
A and B are called the extent and the intent of the formal concept (A,B), 
respectively. The hierarchical relation subconcept-superconcept is mathematized 
by the definition: 

(A1, B1) < (A2, B2) :r A1 C As (r B1 _D B2) 
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The set of all formal concepts of (G, M, I) with this order relation is a complete 
lattice called the concept lattice of (G, M, I) and denoted by ~__(G, M, I). Concept 
lattices are the main tools for analyzing and exploring data  by methods of formal 
concept analysis. The first step is always to determine suitable data  contexts 
which are appropriate for the desired aims and goals. Such data contexts may 
be given by cross tables as in the example of Fig. 1. The objects of this context 
are the digits 0 , . . . ,  9 as they are displayed by a usual seven-segment display; 
the attributes are the segments of the display, and the relation indicates which 
digit uses which segment. 
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Fig. 1. The context of the digit display 

The concept lattice of the context in Fig. 1 is represented in Fig. 2 by a 
labelled line diagram. The circles in the diagram represent the concepts of the 
context in Fig. 1. The subconcept-superconcept relation can be read from the 
diagram by following ascending paths of lines. Therefore, the relation of the 
context can be reconstructed from the line diagram (i. e., the object "3" has 
the attribute "a" because there is an ascending path from the black filled circle 
which is labelled by "3" up to the black filled circle which is labelled by "a". 
The extent of each concept is obtained by collecting all objects which can be 
reached by descending paths, and the intent is obtained dually by collecting all 
attributes which can be reached by ascending paths. As an example, we consider 
the concept which is represented by the white circle at the right margin of the 
line diagram in Fig. 2. The extent of this concept is {4, 5, 6, 8, 9}, and its intent 
is {b, d, g}. 

Let us remark that  there is an efficient algorithm by B. Ganter (cf. [2]) to 
compute the concepts of a given formal context. However, in order to represent 
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Fig. 2. A labelled line diagram of the concept lattice of the context in Fig. 1 

the concept lattice by a labelled line diagram we need not only compute the 
concepts on the set-theoretical level but must also decide where to draw each 
circle and line on the drawing pad or the computer screen. There are several 
methods and algorithms which give partial solutions to this problem (cf. [10]). 
In TOSCANA, we follow the strategy to compose large diagrams from previously 
given smaller ones. 

2 N e s t e d  L i n e  D i a g r a m s  

The visual complexity of a labelled line diagram of a concept lattice can become 
very high although the underlying context is quite small. One way to reduce this 
complexity is to reduce the number of lines which must be drawn by introducing 
additional rules for reading the diagram. This idea leads to the notion of nested 
line diagrams. In Fig. 3, we see a nested line diagram which compares the bus 
types of 74 personal computers with their price. The personal computers are 
the objects of the underlying context. In the diagram, they are not referred by 
their name. Only the number of computers is given at the corresponding points. 
The data for this example are taken from an article in PC Magazine, 1993. 
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Let us remark that ,  originally, these da ta  were given as a many-valued context 
which can be thought as a table with arbi trary entries instead of crosses. From 
a many-valued  context we obtain a formal context by translating every m a n y -  
valued at tr ibute into a collection of one-valued at tr ibutes using a conceptual 
scale (see [4]). 

Fig. 3. A nested line diagram showing bus types and prices of personal computers 

Let us explain how we read nested line diagrams and how we can obtain 
them from a formal context. The nested line diagram in Fig. 3 was obtained 
from the context by splitting its at tr ibutes in two groups: the at t r ibutes  which 
are connected with the price and those which are connected with the bus type. 
From the first group we obtain the line diagram which consti tutes the outer 
par t  (factor) of the nested line diagram whereas we get the line d iagram of the 
inner part  (factor) from the second group. The circles of the outer line d iagram 
are enlarged to ellipses, and in each ellipse we draw a copy of the second line 
diagram. This way we get a representatition of the direct product  of the two 
concept lattices. For an ordinary line diagram of this direct product,  we have 
to replace all lines between ellipses by parallel lines between the corresponding 
circles of the inner diagrams. 

The concept lattice of the whole context can now be embedded into this 
direct product. This embedding is indicated in Fig. 3 by the black filled circles, 
i. e., only these circles represent concepts of the underlying formal  context. We 
must  extend the reading rules for labelled line diagrams as follows: A concept 
(A, B) is a subconcept of the concept (C, D) if there is an ascending pa th  of 
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"outer" lines from the ellipse containing the circle which represents (A, B) to the 
ellipse containing the circle which represents (C, D), and if there is an ascending 
path of "inner" lines between the corresponding circles. Observe that  this rule 
simply reflects th~ comparability in direct products of ordered sets. Following 
this rule, we can read the extents and intents and reconstruct the relation of 
the context similarily to non-nested line diagrams. As an example, consider 
the single personal computer which is referred to by the "1" at the lower right 
corner of the nested line diagram in Fig. 3. This personal computer has, e. g., 
the at tr ibute "ISA-Bus" because there are ascending outer lines to the ellipse 
at the top of the nested line diagram, and there is an ascending inner line from 
the circle which corresponds to the "1" up to the circle which is labelled with 
"ISA-Bus". 

3 C o n c e p t u a l  F i l e s  

Nested line diagrams provide an effective tool for automatic drawing of large line 
diagrams if there are enough small line diagrams prepared which can be used 
as factors in the nested line diagram. This method follows the paradigm that ,  
in many cases, "good" diagrams cannot be drawn fully automatically and that  
we must provide small line diagrams which are drawn by hand for making them 
well readable. 

Conceptual files formalize these ideas since they are understood as a collec- 
tion of data  which contains a many-valued context as well as scales with their 
diagrams for all attributes of the many-valued context. In order to obtain a visu- 
alization of the conceptual hierarchy of a part of the context, the corresponding 
attributes and scales are used to draw a nested line diagram (cf. [6], [7]). Fig. 4 
shows a nested line diagram of the conceptual hierarchy of a part of a conceptual 
file containing data  of an investigation about children suffering from diabetes. 
This investigation was made at the Children's Hospital of the McGill University 
in Montreal, Canada (cf. [1]). 

The nested line diagram in Fig. 4 represents the concept lattice which results 
from the combination of the three different conceptual scales for "coma", "pH- 
level", and "symptom duration". Each of the three line diagrams of the scales 
was drawn by hand and stored into the conceptual file, together with the scales 
and line diagrams for all other many-valued attributes. For the question which 
was taken into consideration, these three scales were chosen. Then the nested 
line diagram was drawn automatically. 

4 T O S C A N A  

TOSCANA is a management system for conceptual data systems. The notion of 
conceptual data  systems was introduced in [6] and denotes the combination of a 
conceptual file together with the software tools which are necessary to explore 
the data  in the conceptual file. With TOSCANA, a user can choose a sequence of 
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symptom duration: none or year I 

pH-level: pathological 

nth-year] 

I Isymp  d. o.:w -y--J 
symptom duration" month ] 

~on: week-month I 

luraUon: w~----~] 

pH-level:dangemus 

symptom duration: no symptoms' 

Fig. 4. An automatically drawn nested line diagram 

scales of the current conceptual file. Then TOSCANA draws the outer factors of 
the resulting nested line diagram on the screen (see Fig. 5 for a typical screen). 
Now the user can zoom into one of the ellipses, i. e., he can choose an ellipse, 
and then TOSCANA draws the contents of that  ellipse, extended by the next 
factor, on the whole screen. This way, the user can move up and down through 
the different levels of the nested line diagram and explore the da ta  contained in 
the conceptual file. 

It  has turned out that  this method of exploration matches the requirements 
of many  users. Usually, only some at tr ibutes of a many-va lued  context are in- 
teresting for finding an answer to a specific question. With TOSCANA, the user 
can choose them an investigate the resulting nested line diagram with respect to 
his question. After that,  he can change the selection of the scales for exploring 
the da ta  with respect to another question. Although TOSCANA is still available 
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N~umen 

Fig. 5. A typical TOSCANA screen 

"only" as a prototype, it already has become the tool of choice for dealing with 
large data collections and nested line diagrams. For example, also every nested 
line diagram in this paper is an original output of TOSCANA. 

5 F u r t h e r  D e v e l o p m e n t s  

For certain applications (e. g. retrieval systems) an extension of TOSCANA 
turned out to be desirable which allows online creation of new scales with their 
graphical representation. One way to establish such an extension is to prepare 
a large library of abstract scales and corresponding line diagrams which may 
be adapted during the use of a concrete conceptual data system. Of course, 
not every new scale created by questions of a user will be in the library, but 
there should be suitable scales and line diagrams in which the new scale and 
its line diagram can be embedded. There exists already a large collection of 
conceptual line diagrams for such a library. Algorithms to search for embeddings 
into given scales and line diagrams have also been designed; methods to compose 
scales and diagrams may be used, too. Further research and development is 
necessary to establish the desired extension of TOSCANA. Another project to 
extend TOSCANA is concerned with components of knowledge inference and 
akquisition (cf. [9], [11]). Especially, knowledge acquisition needs new graphical 
tools to support the communication between the system and experts for the 
desired knowledge. 
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