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Abstract. Semantic wikis are new generation of collaborative tools.
They allow to embed semantic annotations in the wiki content. These
annotations allow to better organize and structure the wiki contents. It
is then possible for users to build knowledge understandable by humans
and computers. By this way, machines are allowed to produce or update
semantic wiki pages as humans can do. In this paper, we propose a new
smart agent based on Formal Concept Analysis. This smart agent can
compute automatically category trees based on defined semantic proper-
ties. In order to reduce human-machine collaboration problems, humans
just validate changes proposed by the smart agent. A distributed version
of wiki is used to ensure consistency of the content during the validation
process.
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1 Introduction

Semantic wikis are new generation of collaborative tools [1,2,3,4]. They allow
to embed semantic annotations in the wiki content. These annotations allow to
better organize and structure the wiki contents. Semantic wikis allow mass col-
laboration for creating and emerging ontological resources. They guide the users
from informal knowledge contained in documents to more formal structures.

Semantic wikis allow users to build knowledge understandable by humans and
computers. By this way, they also allow machines to produce or update semantic
wiki pages as humans can do. This opens the opportunity to consider machines as
new member of communities to produce and maintain knowledge. Consequently,
such “smart agents” can reduce significantly the overhead of communities in the
process of continuously knowledge building and correct humans errors.

In [5], authors coupled a case-based reasoner with a semantic wiki. The case-
based reasoner can enrich the wikis with new semantic pages and thus can be
considered as a smart agent. As pointed out in [5], human-machine collaboration
can lead to unstable system if not managed. For example, if humans change
the category tree used by the case-based reasoner, the case-based reasoner can
produce incorrect results from the point of view of humans users.



In this paper, we propose a new smart agent based on Formal Concept Analy-
sis (FCA) [6]. This smart agent can compute automatically category trees based
on defined semantic properties. By this way, the FCA smart agent leverages hu-
mans from these tasks. In order to reduce human-machine collaboration prob-
lems, humans just validate changes proposed by the FCA smart agent. This is
achieved using the DSMW [7] semantic mediawiki extension.

The paper is organized as follows. Section 2 introduces the FCA framework.
Section 3 shows how the FCA smart agent is used to enrich the wiki. Section
4 details the validation process. The last section concludes and points future
works.

2 Formal Concept Analysis

In this paper, we present a smart agent that enrich a wiki based on a classification
method. Actually, any classification methods might be used. We choose Formal
Concept Analysis (FCA) because it extracts concepts organized into a lattice,
which is interesting for the navigation into the wiki. In this section, we briefly
introduce FCA.

Formal Concept Analysis [6] is a classification method allowing to build a
concept lattice where concepts are composed of an intent, a maximal set of
attributes, and an extent, a maximal set of objects sharing the attributes.

A context K relies on a set of objects G, a set of attributes M and a relation
between objects of attributes I C G x M. Considering an object g € G and an
attribute m € M, (g, m) € I means that g has the attribute m.

A context can be visualized as a binary table. Table 1 shows a (simple) ex-
ample of context about animals. There are five attributes that describe animals.
Animals may have hair, feather, wings. They might breath in air or water. Ob-
jects are animals: bat, bird, cat and fish. In the table, a cross in one cell indicate
the animal has the corresponding attribute.
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Table 1. Example of context (animals)



FCA allows to build concepts organized into a lattice. A concept C; =
(A1, By) is defined by an extent A; (a set of objects) and an intent Bs (a set
of attributes that define the concept). If Cy = (A, B2) is a subconcept of C
(denoted by Cy C C1), then As C Ay and By C Bs. The top concept T contains
all the objects and usually its intent is empty (unless an attribute is present
in each object). The bottom concept L is defined by all attributes but usually
contains no objects (unless an object has all attributes).

On figure 1 is shown the concept lattice of the context of table 1. On the
graph, every node is a concept. A link between two nodes indicates a subsumption
relation (a concept is a subconcept of another concept). The intent of a concept
is written on a gray background, the extent on white background.

Breathe in air

Fig. 1. Galois lattice based on the context from table 1

3 Wiki Enrichment

3.1 Principles

We developed a method that reorganizes the categories of the wiki according to
the result of FCA. A new wiki will be created with the same pages and properties,
but different categories, based on the lattice of concepts.

The new categories will be created based on the previous ones, and on seman-
tic links between pages. Useful categories human users did not create might be
discovered. It is even possible to start a wiki without creating any categories but
only semantic links between pages, and then let the smart agent build the cate-
gories, based on the semantic links. The new categories facilitate the navigation
in the wiki and provide an explicit and complete organization of the pages.



A mapping between original categories and lattice concepts is performed.
Each category maps one (and only one) concept: the most general concept con-
taining the category in its intent (the attribute concept). Each concept maps
zero, one or several categories. If a concept maps a single category the category
will be preserved. If a concept maps two categories or more, it means these cat-
egories are identical and should be merged (however this case is very unlikely).
If a concept does not map any category, a new category will be created.

Currently, the enrichment is performed by a Java application that access the
content, of the wiki and create an enriched version of it.

3.2 Case study

The method presented in this paper will be illustrated by a wiki concerning
academics. Here we present the initial content of the wiki. We have the following
(user-defined) categories:

— Category:Professor;

— Category:Topic;

— Category:Course;

— Category:Level which contains two subcategories: Category:Master 1
Level and Category:Master 2 Level.

We also defined two properties:

— Property:isTaughtBy, the domain is a course, the range a professor;
— Property:isAbout, the domain is a course, the range a topic.

Finally, we added pages in the wiki:

— Prof. Smith and Prof. Jones in the Professor category;

— Artificial Intelligence, Software Engineering and Networks in the
Topic categorys;

— Knowledge Discovery, in the Course and Master 1 Level categories,
this page has two semantic links isAbout:Artificial Intelligence and
isTaughtBy:Prof. Smith;

— Semantic Wiki, in the Course and Master 2 Level categories, this
page has two semantic links isAbout:Artificial Intelligence and
isTaughtBy:Prof. Smith;

— Semantic Web, in the Course, Master 1 Level and Master 2 Level
categories, this page has two semantic links isAbout:Artificial
Intelligence and isTaughtBy:Prof. Smith;

— Design Patterns, in the Course and Master 1 Level categories, this
page has two semantic links isAbout:Software Engineering and
isTaughtBy:Prof. Jones;

— Network Administration, in the Course and Master 1 Level categories,
this page has two semantic links isAbout :Networks and isTaughtBy:Prof.
Jones;

— IPv6 Protocol, in the Course and Master 2 Level categories, this page
has two semantic links isAbout:Networks and isTaughtBy:Prof. Jones;



3.3 Formal concept analysis applied on the wiki

FCA can be applied on the content of the wiki. Objects to be classified by the
FCA algorithm are the standard pages of the wiki.

The description of a page is composed of two parts: the categories it belongs
to and the semantic properties it has (in our first prototype, we only considered
wiki properties of type “Page”). Each of these two parts allow to build a context.
We can combine these two context by apposition.

Based on the content of the wiki, as described above, we can create the
context shown on table 2. When applied to this context, FCA returns the lattice
shown on figure 2.

Table 2. Context based on the wiki
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Prof. Smith X
Prof. Jones X
Artificial Intelligence X
Networks X
Software Engineering X
Knowledge Discovery X | X[ % X X
Semantic Web X |[x| [x]x X
Semantic Wiki X[ x| x|x]|x X
Design Patterns X | X[ % X X
IPv6 Protocol X | X X X X
Network Administration X [ X | % X X

In the case study, as one can see on figure 2, four concepts match one cate-
gory: Professor, Topic, Master 1 Level, and Master 2 Level. One concept
matches two categories: Course and Level. All the other concepts do not match
any category at all.

How to create the new categories depends on the number of categories
matched by each concept. Depending on that number different methods are
used. However, no categories are created for the two concepts T and L, as T
always contains all pages and 1 does not contain any page.
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Fig. 2. Galois lattice based on the context from table 2

3.4 Preserving of an original category

If a concept matches one and only one category, this category will simply be pre-
served in the enriched wiki. This is the case of the category Topic, for instance.
Actually, in most cases, all the original categories are preserved.

3.5 Category merging

If a concept matches two categories or more, a new category is created. This
new category will merge the content of the original matching categories: text of
each pages are concatenated together. A default title is given to the category.

Category merging should be rare. It only happens if two or more categories
always appear in the exact same pages. This would happen if several users use
different terms for the same concept. Bit by bit, after a number of wiki edition,
these different categories will appear in all the same pages and then will be
merged by the FCA.

This is the case of the two categories Course and Level. Having these two
categories is due to a naming problem. The enriched wiki has now only one
category for this concept.

3.6 New categories

If a concept matches no category, a new one is created, with a default title.



This might happens in two (non-exclusive) cases:

— a page belongs to two categories or more;
— several pages having some identical properties.

A category about courses on software engineering has been created, based
on the semantic relation in the page Design Patterns. Also, a category about
courses available for both Master 1 and Master 2 students has been created,
Semantic Web is a page of this category.

3.7 Category enrichment

Whatever the creation method of a category, all the new categories are enriched
with new text content, based on properties. Sentences like “The pages belonging
to this category seems to have relation T with the page P.” would be appended in
the page. This will help human users to understand the meaning of the category.

For instance, the category of courses about software engineering will con-
tain the sentence “The pages belonging to this category seems to have relation
Property:isAbout with the page Software Engineering.”, as a description of
the category.

4 Validation

4.1 Validation by human users

After the enrichment, new categories need to be validated by human users. Some
merged categories might be spit, some new categories removed. Also, human
users should edit all the categories: default titles should be changed into more
relevant ones, text should be refined. We will present three examples of valida-
tion.

The first one concerns the two categories Course and Level that have been
merged. Having this two categories was a mistake. Human users will acknowledge
that and rename the merged category Course. They will also rename two of
the subcategories Master 1 Course and Master 2 Course to make them more
intelligible.

Another example concerns a new category that has been created based
on the semantic relation in the page Design Patterns with a default name
(Category:New Category 42, for instance). As explained in previously, the new
category will contain a text describing some properties of the concept. A human
user will understand that this category contains courses about software engi-
neering and will rename it consequently. The same thing will be done for the
category about courses taught by Prof. Jones.

The last example concerns a subcategory of Master 1 Course and Prof.
Jones’ Course. One might consider this category to be irrelevant, or at least
not useful. A human user would decide to remove this category from the wiki
and update the hierarchal links consequently.



4.2

This scenario demonstrates how the DSMW extension can be used to im-
plement processes. In this case, a simple process allows validation of changes
produced by the FCA smart agent and avoids the problem of instability of

Distributed wiki organization

FCA Smart
Agent

SemanticWiki1 2 SemanticWiki2

(3) Validate

Fig. 3. Man-machine collaboration process

In order to ensure consistency of the data, we used a distributed wiki. Two
semantic mediawiki sites are synchronized with the DSMW extension! [7] (see
figure 3).

The first one is the “SemanticWikil” wiki. Humans access this wiki as usual.
From this “SemanticWikil”, the FCA smart agent creates the lattice in the
“SemanticWiki2” site.
Human users will then check the content of this second wiki site, correct and
refine the content.

Next, they can push the content of “SemanticWiki2” on a push feed.
Finally, administrator of “SemanticWikil” can pull validated modifications
from “SemanticWiki2” into “SemanticWikil”.

human-machine collaboration.

4.3 Enriched wiki content

After validation, here is the content of the enriched wiki (SemanticWikil in

figure 3) in the case study:

— Category:Professor, contains pages about Prof. Smith and Prof. Jones;

! http://dsmw.org



— Category:Topic, contains pages about Networks, Artificial Intelligence and
Software Engineering;

— Category:Course;

— Category:Master 1 Course, a subcategory of Category:Course;

— Category:Master 2 Course, a subcategory of Category:Course;

— Category:Artificial Intelligence Course, a subcategory of
Category:Course, the page indicates that Prof. Smith is teaching all
the courses in this category;

— Category:Prof. Jones’ Course, a subcategory of Category:Course;

— Category:Master 1 Artificial Intelligence Course, a subcategory
of Category:Master 1 Course and Category:Artificial Intelligence
Course, contains the page about Knowledge Discovery;

— Category:Master 2 Artificial Intelligence Course, a subcategory
of Category:Master 2 Course and Category:Artificial Intelligence
Course, contains the page about Semantic Wiki;

— Category:Master 1 and 2 Artificial Intelligence Course, a sub-
category of Category:Master 1 Artificial Intelligence Course and
Category:Master 2 Artificial Intelligence Course, contains the
page about Semantic Web;

— Category:Networks Course, a subcategory of Category:Prof. Jones’

Course;
— Category:Software Engineering Course, a subcategory of
Category:Prof. Jones’ Course and Category:Master 1 Course,

contains the page about Design Patterns;

— Category:Master 1 Networks Course, a subcategory of Category:Master
1 Course and Category:Networks Course, contains the page about Net-
work Administration;

— Category:Master 2 Networks Course, a subcategory of Category:Master
2 Course and Category:Networks Course, contains the page about IPv6
Protocol.

5 Conclusion and future work

Semantic wikis allow users to build knowledge understandable by humans and
computers. By this way, they also allow machines to produce or update semantic
wiki pages as humans can do. This opens the opportunity to consider machines as
new member of communities to produce and maintain knowledge. Consequently,
such “smart agents” can reduce significantly the overhead of communities in the
process of continuously knowledge building and correct humans errors.

In this paper, we proposed a new smart agent based on Formal Concept
Analysis. This smart agent allows to reorganize the wiki: new categories are
computed and pages are placed into these new categories. This allows a better
organization of the content and facilitate the navigation in the wiki.

The refactoring process needs to be validated by human users. Consistency
of the wiki is ensured by the use of DSMW: a second wiki site is used to store



the result of the smart agent and is pulled back to the main wiki after human
validation.

This paper presented an early work, and more research have to be done in the
future. Clearly, if applied on a real wiki, a method such as FCA would produce a
large amount of concepts, and it would by impossible for human users to validate
any one of them. Some filtering methods should be used to prevent irrelevant
categories to be added, based on the number of instances in a category or other
criteria.

Using Relational Concept Analysis instead of FCA should provide interesting
results. Other clustering methods will also be considered.

In the current version of our method, human users have a feedback from the
smart agent, they will take into consideration the new categories that have been
created. However, the smart agent does not have a feedback from the human
users: if a category has been rejected during the validation process, the smart
agent will create it again when the process will be reiterated. To avoid this
problem, the smart agent has to be “history-aware” and use the information of
the modification by human users during the validation process.
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