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Abstract. The traditional context is used in formal concept analysis. Formal Concept Analysis method is:
a mathematization of the philosophical understanding of concept; a human-centred method to structure
and analyze data; a method to visualize data and its inherent structures, implications and dependencies.
But this method is quite difficult using it for information system because there is not enough data stored
in context. In this paper we propose the context logical structure that allows extending the traditional
context. That allows saving more data in the context and simplifying the usage of context in information
systems.
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1 Introduction

Knowledge is used in modern information systems. Knowledge used in information systems is stored in
knowledge bases, data bases, ontology and other knowledge sources. Formal context is a source of knowledge.

The traditional formal context is used in formal concept analysis. The traditional context is a triple
(G,M,]) consisting of a set of formal objects G, a set of formal attributes M, and a binary relation I cG x M
(expressing for each object which attributes it has) ([1], [2], [6], [7], [8], [9]). Formal Concept Analysis method
is: a mathematization of the philosophical understanding of concept; a human-centred method to structure and
analyze data; a method to visualize data and its inherent structures, implications and dependencies. But this
method is quite difficult using it for information system because there is not enough data stored in context.

For comparison with formal context structure we review the ontology structure because that’s structures
are similar. They have objects (classes), attributes and relations between objects and attributes. Ontology in
computer science and information science is a formal representation of a set of concepts within a domain and the
relationships between those concepts. It is used to reason about the properties of that domain, and may be used to
define the domain. Most ontologies [3] describe individuals (instances), classes (concepts), attributes, and
relations. In this section each of these components is discussed in turn.

Common components of ontologies include:

Individuals: instances or objects (the basic or "ground level" objects)

Classes: sets, collections, concepts, types of objects, or kinds of things.

Attributes: aspects, properties, features, characteristics, or parameters that objects (and classes) can have

Relations: ways in which classes and individuals can be related to each other.

Function terms: complex structures formed from certain relations that can be used in place of an
individual term in a statement

Restrictions: formally stated descriptions of what must be true in order for some assertion to be
accepted as an input

Rules: statements in the form of an if-then (antecedent-consequent) sentence that describe the logical
inferences that can be drawn from an assertion in a particular form

Axioms: assertions (including rules) in a logical form that together comprise the overall theory that the
ontology describes in its domain of application. This definition differs from that of "axioms" in generative
grammar and formal logic. In these disciplines, axioms include only statements asserted as a priori knowledge.
As used here, "axioms" also include the theory derived from axiomatic statements.

Ontology structure is more difficult and better than formal context structure.

Here in this paper we propose the context logical structure that allows extending the traditional context.
That solution allows saving more data in the context and simplifying the usage of context in information
systems.

* The work is supported by Lithuanian State Science and Studies Foundation according to High Technology Development Program Project
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2 Distributional formal context

A traditional formal context in formal concept analysis is a triple (G,M,I) consisting of a set of formal
objects G, a set of formal attributes M, and a binary relation I &G x M (expressing for each object which
attributes it has) ([1], [2], [6], [7], [8], [9]). The traditional logical data model and graphical representation of
formal context ([2], [4]) in formal concept analysis is shown in figure 1.

For more information storage in formal context, we propose extend logical scheme of formal context.
That step allows keeping general futures of formal concept analysis. Formal Concept Analysis (FCA) [5] method
is:

e a mathematization of the philosophical understanding of concept;
e a human-centred method to structure and analyze data;
e amethod to visualize data and its inherent structures, implications and dependencies.
By ([2],[7]) for the mathematical definition of formal concepts we introduce the derivation operators

@

For a set of objects A, A'is defined as: A' = (all attributes in M shared by the objects of A);
For a set of attributes B, B' is defined as: B' = (all objects in G that have all attributes of B);

We are looking for pairs of sets (A,B) of objects and attributes that fulfil the conditions A' =B and B' =
A and we call these pairs formal concepts.

Using the derivation operators we can derive formal concepts from our traditional formal context with
the following routine:

1. Pick a set of objects A;

2. Derive the attributes A';

3. Derive (A"

4. (A",A")is aformal concept.

Example of generating formal concept from traditional formal context (Fig. 1):

1. Pick any set of objects A, e.g. A={Object 3};

2. Derive the attributes A'={Attribute 3, Attribute 4, Attribute n};

3. Derive (A")'={ Attribute 3, Attribute 4, Attribute n }'={ Object 3, Object 4};

4. (A",A")=({ Object 3, Object 4 },{ Attribute 3, Attribute 4, Attribute n }) is a formal concept.

Formal context

OBJECT <pi> VARCHAR <M>
prewy osJeCl =<pi> VARCHAR =M>

] | ] ! 1 | | Attibute_1 VARCHAR
gt 7 x x x Attribute_2 VARCHAR
oaiert 3 | x | x | | x Attribute._.. VARCHAR
— ‘ = | = | I = Attribute_n VARCHAR
o « X x Identifier 1 <pi>

FC

Figure 1. Traditional formal context (FC) scheme and symbol

We propose distribute the traditional formal context in tree parts:
e objects are described in first table (Objects);
e  attributes are described in second table (Attributes);

o relations between objects and attributes are described in third table (Relation). Proposed
physical data model are shown in figure 2.

To separate the distributional (extended) formal context (DFC) from traditional formal context (FC) we
propose graphical notation:

e The traditional formal contexts are represented as rectangles (Fig. 1);
e The distributional formal context is represented as rectangles with bias (Fig. 2);
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OBJECT

0BJ_ ID int <pk>
OBJECT_NAME text

A

FK_has

Relation

FK_has2

OBJ_ ID int <pkfk1>
ATTR_ID int <pk.fk2>

ATTRIBUTES

DFC

ATTR ID int
ATTRIBUTE_NAME text

<pk>

Figure 2. Proposed logical scheme and notation of distributional (extended) formal context (DFC)

But for formal concept analysis needs traditional context (Figure 1). For converting distributional
formal context to traditional context the additional transformation is needed. We propose the transform table
where relations between objects and attributes are saved. That transformation is used for formal concept analysis.
In figure 3 relation table transformations into traditional context are shown. The tradition formal context is
created after transformation.

OBJ_ID ATTR_ID Object | Attnbute1 | Attribute2
Objectt ‘A'nnbutel TransFormaTion | Oblect! X

Object2 Attribute o] Object2 x X
Object2 | Atiibute2 Qbjects | X
Object3 Aftribute2

Figure 3. Transformation of distributional formal context into traditional formal context

That solution allows connecting to distributional formal context additional data. Additional data can be
either traditional formal context or distributional formal context. The type of context depends from one reason.
The distributional formal context is always parent. Relationships between contexts are generally represented in
contexts rectangles by a line with dot. Context is parent when line ends with dot.

Logical data model, where the relation between two formal contexts are represented, are shown in
figure 4. One is distributional formal context and another is traditional formal context.

Logical data model, where the relation between two distributional formal contexts are represented, are
shown in figure 5.

Our proposed method is deriving formal concepts from distributional formal context with the following
routine (first method when context 1 is main and used for data analysis, and context 2 will be used for saved
additional data):

1. Pick a set of objects A from context 1;

Derive the attributes A' from context 1;

Derive the all formal concepts B' from context 2;
Derive (A")' from context 1;

Derive the all formal concepts B" from context 2;
(B", B") is a formal concept.

Example (Fig. 4) of generating formal concept from distributional formal context (where A is a
distributional formal context 1 and B is a additional formal context 2):

S kv

1. Pick any set of objects A from context 1, e.g. A={Object 3};
2. Derive the attributes A'={Attribute 3, Attribute 4, Attribute n};

3. Derive all attributes B' (has relation with attributes from context 1) from context 2, e.g.
B'={Attribute 3 ({Object 1},{Attribute 1, Attribute 2}) , Attribute 4 ({Object 2},{Attribute 1,
Attribute 3}), Attribute n ({Object 3, Object 4}, {Attribute 3, Attribute 4}) };

Derive (A")'={ Attribute 3, Attribute 4, Attribute n }'={ Object 3, Object 4};

5. Derive the all objects B' (has relation with objects from context 1) from context 2, e.g. B"={
Object 3 ({Object 1},{Attribute 5, Attribute 6}), Object 4 ({Object 5},{Attribute 1, Attribute 2})};

6. (B", B)=( { Object 3 ({Object 1},{Attribute 5, Attribute 6}), Object 4 ({Object 5},{Attribute 1,
Attribute 2})},{Attribute 3 ({Object 1},{Attribute 1, Attribute 2}) , Attribute 4 ({Object
2},{Attribute 1, Attribute 3}), Attribute n ({Object 3, Object 4}, {Attribute 3, Attribute 4}) }) is a
formal concept from context 1.
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RELATIONS1
OBJECTS1 ATTRIBUTES1
oBJ 1 int(50) <pk.fki> has -
QBJ 1 _ int50) =pk> has ATTRIB 1 int(50) <pk.fk2> ATTRIB_ 1 int(50) =pk>
OBJECT varchar(255) OBJ 2 int(50) <fk3> ATTRIBUT varchar(255)
h%s
FC
Context 1
1D int(50) =pk> -
ATTRIBUTE1  int(50)
ATTRIBUTE2  varchar(255)
ATTRIBUTE3  varchar(255)
ATTRIBUTE... varchar(255)
ATTRIBUTE_N varchar(255) Context 2

Figure 4. Relationship between traditional formal context and distributional formal context

RELATIONS1
OBJECTS1 OBJ 1 int(50) <pk.fki> has ATTRIBUTES1
OBJ 1 int(50) <pk> has ATTRIB 1 int(50) <pk.fk2> ATTRIB 1  int(50) <pk>
OBJECT varchar(255) OBJ_2 int(50) <fk3> ATTRIBUT varchar(255)
ATTRIB_2 int(50) <fk3>

has
OBJECTS2 has RELATIONS2 . ATTRIBUTES2
-y as N
OBJ 2 int(50) <pk> OBJ2  int(50) <pk.fki> \% |nt(5:) vss <pk>
OBJECT varchar(255) ATTRIB 2 int(50) <pk.fk2> varchar(255)
Context 1
°
T
Context 2

Figure 5. Relationship between two distributional formal contexts
The second method of using distributional formal context is: when parameters to select the specific
context from context 1 are describing in context 2. Example of second method is given in the next section.

The proposed method theoretically and practically allows composing the network from contexts (Fig.
6). We can see from this network example that some contexts are traditional (contexts: 2, 4, 5) and others are
distributional (contexts: 1, 3, 6). One point of the future work is to research and analyze the network of contexts.

— L

Context Context Context
Context
Context I Context

Figure 6. Network of contexts

3 Distributional formal context for collecting many contexts

The second method of using distributional formal context: when parameters for select the specific
context from context 1 are described in context 2. The context 1 is multiple contexts.

Example (Fig. 8) of generating formal concept from distributional formal context (where A is a
distributional formal context 1 and B is a additional formal context 2):

1. Pick any set of objects A from context 2, e.g. A={Object 01};

Derive the attributes (from context 2) A' ={Context 01 };

Derive (A")'={ Object 01 }'={ Context 01};

(A",A")=({ Object 01},{ Context 01}) is a formal concept of formal context 2.

Pick any set of objects B from context 1 (has relation with formal concept (A",A") from context 2
(Table. 1)), e.g. B={Object 2};

6. Derive the attributes from context 1 (has relation with formal concept (A",A') from context 2
(Table 1)) B' ={Attribute 1, Attribute 2};

Derive (B')'={ Object 2 }'={Attribute 1, Attribute 2};
8. (B",B")=({ Object 2}, {Attribute 1, Attribute 2}) is a formal concept of formal context 1.

wok v
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In figure 9 is represent the lattice when we select all formal concepts from context 1 (when select from
context 2 the context 02).

If we set from context 2 the Object 2 we get lattice shown in figure 10.

Context 01 Context 02
Object 01 b
Object 02 X
All context X X

Figure 7. Contexts are described in context 2

The process of using distributional formal context for selecting the specific contexts from multiple
formal context is presented in figure 10.

Attribute 3 Attribute 4 Attribute 6

Figure 8. The context 1 includes context 01 and context 02 (red line (dash) show concepts of context 2; blue line
(square dot) shows concepts of context 1)

Table 1. Relations between objects and attributes of context 1 and objects of context 2

Objects Objects Objects Objects
(context 1) (context 2) (context 1) (context 2)
Object 1 All context Attribute | All context
Object 2 Context 01 Attribute 2 All context
Object 3 All context Attribute 3 Context 02
Object 4 Context 02 Attribute 4 Context 02
Object 5 Context 02 Attribute 6 Context 01
Object 7 Context 01
Attribute 1 Attnibute 2 Attnbute &
Object 1 X
Object 2 x X
Object 3 X X
Object 7 x X X
Figure 9. Context 1 and lattice of context 1
Attribute 1 Attribute 2 Attribute 3 Attribure 4
Object 1 X
Object 3 i X
Object 4. X
Object 5 X X

Figure 10. Context 2 and lattice of context 2
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4

Layer of requests Viewpoint 1 | Viewpoint 1&2 | Viewpoint n
using context 1 | using context 1&2 | using context n

Layer of network
of contexts

Layer of results

Concepts lattice : Concepts lattice i Concepts lattice

from viewpoint 1 | from viewpoint 1&2; | from viewpoint n

Figure 11. Diagram of process where usage of the contexts network is shown

Conclusion
This paper had proposed structure of distributional formal context. That solution allows saving more

data in the context and simplifying the usage of context in information systems. Two methods of using
distributional formal contexts are described in this paper. One of these methods allows connecting the many
contexts and use multiformal context in the network.
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