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Abstract. This paper presents an iterative and interactive information
retrieval system to search on the web using formal concept analysis
(FCA). FCA provides a natural way to organize objects according to
their properties and it has been used in recent works to organise in a
more convenient manner answers provided by a search engine. The nav-
igation into the lattice helps the user explore a structured and synthetic
result. Such a lattice contains concepts that are relevant and some others
that are not relevant for a given information retrieval task. We introduce
lattices into an interactive and iterative system. The user expresses his
negative or positive agreement with some concept of the lattice, in re-
spect with his objective of information retrieval. These user choices are
converted into operations over the lattice so to make the context change
and to better fit user needs.
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1 DMotivation

Formal concept analysis (FCA) provides a natural way to organise objects ac-
cording to their properties. In the framework of Information Retrieval (IR), FCA
has been applied to query refinement, ranking, documents classification, etc. In
a web context, some recent works [5, 1] proposed to built a concept lattice start-
ing from title and snippet words of documents returned by a search engine (like
GOOGLE), in order to organise them in a structured and synthetic result. To the
best of our knowledge, no work has been done on the evolution of the hierarchy
during an IR process. The hierarchy is built once and gives an abstract view of
the set of documents, in which the user may navigate. However, there is no pos-
sibility to change the lattice which may contain numerous non relevant concepts
(and documents). In the same time, relevant documents may exist outside the
initial set of documents used to build the lattice. So, making the initial set of
documents —and the lattice— evolve is a way to tune the results of the IR system
to the user needs.

In the domain of IR, many works have be done to embed the user inside
the IR process in order to improve the performances of the systems. In these
works, user feedback directly impacts on the IR system. This paper presents
the CRECHAINDO system which plugs the user feedback approach on a lattice



navigation. The user explores the lattice, and identifies relevant or irrelevant
concepts. The user feedback is converted into a reduction or an extension of the
context, of the lattice and a new lattice is built.

The paper is organised as follows: section 2 shows how FCA and user feedback
improve IR. Section 3 details the CRECHAINDO system and section 4 gives a
concrete example of CRECHAINDO at work. Future directions for this work
conclude the paper.

2 Improving IR using FCA

2.1 Formal concept analysis
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Fig. 1. A binary context and the corresponding concept lattice.

FCA is a mathematical approach to data analysis based on lattice theory. A
formal context is a triple K = (G, M, I), where G is a set of individuals (called
objects), M a set of properties (called attributes) and I the relation on G x M
stating that an object is described by a property [11]. Table in the left-hand side
of Fig. 1 gives an example of context: G is a set of 6 documents (dy,...,ds) and
M the set of properties composed of 7 keywords describing the documents. A
formal concept is a pair (I, E), where E is a maximal set of individuals (called
extent) and I is a maximal set of properties (called intent) shared by this extent.
For instance, ({IR,SearchEngine, Web}, {d;,ds,ds}) is a concept (see diagram
in the right-hand side of Fig. 1).

Furthermore, the set Cx of all formal concepts of the context K = (G, M, I) is
partially ordered by extent inclusion also called the specialization (denoted <y)
between concepts. £ = (Cx, <x) is a complete lattice, called the concept lattice.
The lattice £ can be drawn as a Hasse diagram where nodes are concepts, and line
segments specialization links. Fig. 1 illustrates a context and its corresponding
lattice. The top concept contains all the documents ; its intent is empty because
there is no common property shared by all the documents. On the opposite, the
bottom concept is defined by the set of all properties and its extent is empty
as none of the documents is described by all the properties. A great number of
algorithms has been proposed for the construction of concept lattices, see [11].
For our application, we use CORON, a software platform implementing a rich



Tale ‘Carpineto Romano - Wikipedia the free encyclopedia:

Snippet
o Lazio, located about 60 km southeast of Rome. .,,

 Lazie ,.Jocated about B0 km southeast of ROME. e oo,
URL { enwikipedia org/wkyCarpineto_Romano 31k -

Fig. 2. A cooGLE document returned for the query "carpineto romano".

set of algorithmic methods for symbolic datamining, including concept lattice
construction algorithms [19].

2.2 Formal concept analysis for information retrieval

FCA has been applied to solve various core problems of IR systems (a fine state
of the art is presented in [5]). Lattice based IR follows the idea that a concept
intent can be seen as a query and its extent as the retrieved documents. The
underlying idea is that the neighbour concepts of a query concept can be seen
as the minimal changes for a query reformulation. The REFINER system [3]
exploits these properties, by building only a part of the lattice around the query
concept and by displaying it to the user.

Concept lattices are also good candidates for hybrid IR systems based on
querying and navigation [6,8]. The user query is classified into the lattice. This
concept is the starting point for a navigation into the hierarchical structure.
In this framework, [2] proposes to enhance the lattice structure by exploiting
a subsumption hierarchy about the set of terms describing the documents, in
the form of a thesaurus. Two specific functionalities for querying and navigating
into the lattice are proposed in [9]. The first one, a query-by-example function
retrieves documents which own common properties shared by a set of documents.
The second one, a similarity measure between concepts (based on their intensions
and extensions) ranks similar concepts to a given one.

Finally, lattices are also used for ordering documents returned by an IR sys-
tem. Approaches have been proposed for document ranking [4], or even for doc-
uments re-organisation. The CREDO (standing for Conceptual REorganisation of
DOcuments) system [5] (or its adaptation CREDINO for PDA [1]) uses a lattice
for clustering and navigating into a set of documents returned by GOOGLE on a
given query. Each GOOGLE document, as the one given on Fig. 2, is composed
of a title, a snippet and an URL. CREDO builds two binary contexts. The first
level of the hierarchy results from the document x title words context, whereas
the next levels result from the document x (title + snippet words) context. In
this hierarchy, the intent of a concept is a set of words and its related extent
is the set of documents containing all the words of the intent. The initial flat
list of documents given by GOOGLE is now organised in a strutured way. The
navigation into this hierarchy helps the user to explore the set of documents. We
improve the CREDO approach adding interactive capabilities.

2.3 Iterative and interactive information retrieval process

The goal of an IR system is to provide a user with information about a given
need. In most IR systems, and especially web search engines, the IR process



consists in the submission of a query representing the user need. As a query is
a reduce representation of the user’s need, some IR systems exploit additional
information. Relevance Feedback (RF) [15] provides more information on the
search and is known to be effective for improving retrieval accuracy [16].

There are two kinds of RF: explicit RF and implicit RF. In explicit RF, the
user has to give explicitly his feedback to the IR system by, for example, entering
keywords, answering to specific questions, marking a subset of retrieved docu-
ments as relevant or irrelevant [12], annotating documents [7], etc. In implicit
RF, IR systems do not propose any specific interactions for the feedback. The
feedback is deduced by the IR system according to all the implicit interactions
of the user [17]. For example, in a query system, the results returned on a first
query may generally not be satisfactory. Often, the user may need to modify
his query and to view ranked documents with many iterations before the infor-
mation need is completely satisfied. All these interactions may be exploited for
feedback. Query reformulations may, for example, disambiguate the context of
polysemic words [10]. We refer to [13] for a classification of implicit feedback
techniques in link with the major works of the domain.

The IR process proposed in CRECHAINDO implements an explicit RF. The
user interacts iteratively with the system for evaluating if a concept is relevant
or not. His feedback is linked to a modification of the context used to built the
lattice.

3 The CRECHAINDO system
3.1 Principles

To take into account the iterativity and interactivity of the IR process, CRE-
CHAINDO ! integrates a dynamical context modification approach. In the first
step of the IR process, the user submits a query and a lattice is built. Then, the
user may perform choices over the lattice. Like in IR systems in which the user
can accept/reject documents or set of documents, CRECHAINDO offers the user
to select concepts which are relevant and concepts which are not relevant.

Definition 1. A concept is relevant with respect to the user need, if a query Q,
resulting from the conjunction of all the words of its intent, makes more precise
the user need.

The underlying idea of this definition is that the lattice do not necessarily
contain, at a given time, all the relevant documents that can be found on the
web, and that a new search engine interrogation on ) may return new relevant
documents. This definition does not take into account the concept extent be-
cause the extent of a relevant concept does not necessarily contain only relevant
documents.

Definition 2. A concept is not relevant according a user need, if the documents
contained in its extent are not relevant for the user need, and if none of the words,
defining its intent, can take part of the intent of a relevant concept.

! The experimental protoype is available at http://intoweb.loria.fr/CreChainDo



The CRECHAINDO interface (see Fig. 4, afterwards) proposes to the user,
for each concept of the hierarchy, to click on the icon & if relevant and @ if not
relevant. Each user action acts on a context modification and a new lattice is
computed. In CRECHAINDO, the IR process is a succession of context: Ky —
Ki—...—> K, —> Kiy1 — .... We note K; = (G;, M;, I;) the context related
to the step i. Ko = (Go, My, Iy) denotes the initial empty context: Go = 0, and
thus MO = (Z) and IO = @

3.2 Context extension

We denote by @ a user query. Q is a non empty set of words : Q = {word;|i > 0}.
We denote by DOC(Q) the set of documents returned by a search engine to the
query Q: DOC(Q) = {doc;|j > 0}.

Definition 3. The extension of the context K; to K;11, noted K; *9, Ky, is
done by adding the result returned by a search engine to the query Q) :

— new documents are added to the objects set of the context : G;1; = G; U
DOC(Q);

— new words are added to the properties set of the context : M;y; = M; U
{word;|i € DOC(Q)};

— the relation I; between G; and M; is extended to the relation I,11 between
GiJrl and Mi+1

In a K;y1 extended context, objects from G; are described exactly with the
same properties. Therefore, for all (g,m) € I;, if g € G;41 then (g,m) € ;1.
For all concept (g,m;) € K;, there exists a concept (g,m;+1) € K;y1 where
m; C m;41. The intent remains unchanged while extent may increase. This
ensures a progressive lattice evolution between two steps.

There is two cases, where the context is extended:

— the user submits a new query: the user query Qo (Ko Do, K1) defines a new
context but the user may introduce at anytime in the IR process a new query

Q; (adding new words in the search) between two steps (K; *9, Kiyq).
— the user evaluates a concept C as relevant for his need: a query composed
of the conjunction of all the words defining the intent of C' is submitted to

. . i C
a search engine, the context is extended by K; inteni(©), K.
3.3 Context reduction

The objective of a context reduction is to remove from the lattice, concepts that
the user evaluates as non relevant for his need.

Definition 4. The reduction of the context K; to K; i1, noted K; -, Ky, is
done as follows:



— the documents which are in C extent are removed from the context: G;y; =
G; \ extent(C);

— the words which are in C intent are added to a stopwords list (see 3.4). This
implies that M;; = M; \ {word;|i € intent(C)};

— the relation I, between G;+1 and M; i1 is obtained by deleting into I; the
lines associated to the documents forming extent(C) and the columns with
the words of intent(C').

3.4 Implementation of CRECHAINDO
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Fig. 3. The CRECHAINDO architecture.

The architecture of CRECHAINDO is given on Fig. 3. CRECHAINDO queries
GOOGLE which returns a web page containing the query result. This page is
parsed for extracting a set of documents, as the one given as example on Fig. 2.
For each document, the title, the snippet and the URL is extracted. The new
documents are added to G; (the URL is used as key for removing duplicated
documents). Creating a context from textual data in CRECHAINDO follows the
classical approach of automatic indexing proposed by [20]. Each document (title
ans snippet) is segmented in single words. The singular/plurial inflexional vari-
ations are joined using the major rules of variations: a finishing s (day — days,
etc.), an — en (man — men, etc.), y — ies (baby — babies, etc.), fe — ves
(wife — wives, etc.), etc. According to these rules, the vocabulary is normalised
by keeping the most frequent form. This avoids the dispersion of the vocabulary.
The lattice is directly impacted by reinforcing some concept extensions. Finally,
we use the stopword list coming from the SNOWBALL project [18] to eliminate
grammatical words (like "a”, "the","of", etc.) and the stopwords list related to
negative words identified by the user, to eliminate words that do not represent
the user need. All the remaining words are used to create a binary context doc-
ument X words (there is no specific word selection). Once the context is built,
CORON is used to compute the new lattice [19] and a HTML /javascript page is
generated and is sent to the web user interface.
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Fig.4. The CRECHAINDO user interface, after a request on "carpineto romano".

The user interface (see Fig. 4) is divided in 4 parts:

— on the top, the request interface allows the user to (1) submit a query and
to specify some parameters like (2) the number of documents wanted to
be returned by GOOGLE. Two parameters related to the hierarchy construc-
tion and output are available: (3) the maximal number of concepts (Mnc)
displayed at each level of the hierarchy and (4) the minimal number of doc-
uments (mnd) contained in the extent of the concepts (this number can be
an expressed by a number, or in percentage of the number of documents of
the context).

on the middle of the interface, the hierarchy resulting from a top-down explo-
ration of the lattice, presents the concept intents in a tree view. We choose
that all the concepts of the lattice satisfying the Mnc and mnd parameters
will be displayed.

— on the right-hand side of the interface, a division is designed to display the
documents related to the concepts. The content of this division is modified
dynamically when the user puts his mouse over a concept of the hierarchy.
All the documents being in the extent of the selected concept are displayed.
on the left-hand side, there is an history division, in which, all the users
actions are stored: new query, accepting or rejecting a concept. In the future,
the objective of this division is that the user could go back on some of
his decisions, as propoposed in the EXALEAD (http://www.exalead.fr/) web
search engine.



4 Impact of the user interactions over the hierarchical
structure.

This section presents and discuss some experiments. Let say that the user searches
for documents about the two italian researchers Carpineto and Romano. This
kind of task is very usual for domain analysis or scientific survey. Let "carpineto
romano” the first query submitted. The resulting hierarchy obtained by extend-

+ "carpineto romano"

ing the initial empty context Ky by Ky K, is presented on
the left-hand side of Fig. 5. We can notice that the top concept contains only 97
documents instead of 100 requested. The reason is that 3 of the 100 documents
returned by GOOGLE do not contain the 2 words in the title nor in the snippet.

4.1 Rejecting a non relevant concept
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Fig. 5. From K hierarchy to K3 hierarchy by K; carpineto romano castel Ko.

The user can quickly see that the hierarchy contains non relevant concepts for
a search about Claudio Carpineto and Giovanni Romano. Let C, with intent(C)
= {carpineto, romano, castel}, be a non relevant concept. Clicking on & in front
of "carpineto, romano, castel” in the user interface produces the K5 hierarchy
presented on the right-hand side of Fig. 5. The K5 hierarchy contains now only
82 documents. In the tree-view display, the effect is a subtree deletion (but in the
lattice, these concepts are either removed or merely adapted if they are linked to
another part of the lattice). Eliminating documents and terms of a context can
affect the whole hierarchy. As illustrated on the left-hand side of Fig. 5, all the
framed subtrees have been deleted and some concept extents have been reduced.
For example, 3 documents have been deleted in the extent of the "carpineto,
romano, italy” concept.



4.2 Accepting a relevant concept
Let C, with intent(C) = {carpineto, romano, giovanni, claudio} be a relevant
concept. Clicking on in front of C in the user interface produces the Kj
hierarchy presented on Fig. 6. The 87 new documents that have been added
produce a more fine grain structuration of the hierarchy.

Fig. 6. Part of the K3 hierarchy, after K»

e e
D O 153] caprats. nmms

B3 O HIY] arprma, sosmann, gueeitin
B €| corpmtn o, e, 1wk

B 03] corpmta, 1o

ST gt maans, 3
B L cwrpana | reeaee, gewarn, coreag
B3 B 4] cupmems pmann, g, insaal

83 D101 | parpenn, el
B €| corpmtn o, e, (s

BT O[30 ¢ ppits, rosnasm gimiren, Clinallt, Doeeapl
B[ %| coprai, rovass poswws st concegt sl pus
B 0 23] dopsts, ressiim. primaren, sl dil i
O[] copmuty, rormans, pawns, jiasta Efe cansE, Earye
B Q7] ¢ mmetn, ivrwen . g, el swipen
B3 O[] cowmaty. rorvaing e, o [ongag edie
] Q[ coprwts, inmasn prewws, chrais oy
B0 1) s gty revarc gemwws_risgin | fsiu, sssrep, sy feery
rarn poeses i e
1 21 ropmtn, nmans paswvs, rigeie S
51 B crpmeta, e prewvn clecim sppl e

KD [10] copmmty, romens. pormuren. hbwteh. 00 o0l
B B8] copruis. romare powwws, tSada, corcegt sratpEn

B0 1] corpmety, romars | pores, sinaiin, i

K3 0| oy, rosmasn guimaren, dimit, Co0dapl

+ "carpineto romano giovanni claudio’

Ks.

4.3 New query submission
Sometimes, during the IR process, the user has to reformulate his need. In CRE-
CHAINDO, each new query submitted to the system will continue to add doc-
uments onto the context. For example, the part of the hierarchy presented on
Fig. 7 concerns an extension of K3 by a new query on "carpineto romano lattice":
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4.4 Discussion

Three possible types of interaction are available in CRECHAINDO.

Rejecting a non relevant concept is very useful when a lattice contains
concepts which do not immediatly focus on information satisfying the user. This
type of lattice is obtained for query with polysemic words, but also if the vocab-
ulary of GOOGLE documents is very scattered. To limit this problem, building
concepts on a restricted set of properties —as it is done in CREDO for the first level
of the hierarchy—is a possible solution. But in this case, non relevant documents
or non relevant concepts are even present into the hierarchy. Therefore, there
is a real need to clean the hierarchy. Eliminating the noise allows indirectly to
focus on relevant documents.

Accepting a relevant concept is a way to add new documents, more
specific that those obtained until now, into the context. This is a significant
extension of CREDO. Indeed, the hierarchy proposed by CREDO is depth-limited
and the degree of specialisation of concepts is limited as well. Indeed, the lattice
is built only on 100 documents and the vocabulary used in these documents
does not necessarily cover all possible various topics related to the words used to
query the system. Moreover, the extent of some concepts can be very small, due
to the distribution of the 100 documents over all the concept. In CRECHAINDO,
if a concept C' contains few documents —as it is the case for concepts directly sub-
suming the bottom concept— accepting C' will extend the sub-hierarchy starting
from C. More specific subconcepts of C' will be generated by the construction of
a new lattice. So, the depth of the hiearchy and the degree of specialisation are
less limited.

Submitting a new query offers the user to reformulate his need by himself,
without being restricted on the lattice concepts. So, the user can submit multiple
queries to the system and all the results returned by GOOGLE will be synthesised
into a same hierarchy. This approach seems to be very interesting for merging
results coming from multiple query reformulations and can probably also be
applied for merging results coming from multiple information sources, as it is
done, for example, by meta search engines.

4.5 Future work

First of all, the iterative approach proposed by CRECHAINDO, has to be eval-
uated and validated. More generally, we think that many problems, concerning
the IR process, have to be studied concretly. For example: how is it possible
to take into account the change of the user need during the process? What are
the impacts of our choices for the context modifications on the IR process? For
example, the context extension on all the words of a relevant concept is possi-
bly too specific: a context extension restricted on specific words of the relevant
concept intent (i.e words which are not inherited from more generic concepts)
may be an alternative. These questions, about the CRECHAINDO IR process, are
strongly connected to the lattice construction and the dynamical modification
of context.



The quality of hierarchies, built according to various strategies like those
proposed in CREDO and CRECHAINDO, has to be examined as well because they
play a central role in this type of IR process. We also think that some parts
of CRECHAINDO lattices follows a specific organisation and that the study of
the lattice properties is a way to improve the hierarchy quality. For example,
in Fig. 6, the concept "[99] carpineto, romano, giovanni, claudio” is subsumed
by the two concepts "[101] carpineto, romano, giovanni” and "[103] carpineto,
romano, claudio”. We agree that a multiple inheritance favors the access to
a concept, which is thus reachable by several paths. Nevertheless, the interest
of the two concepts "[101] carpineto, romano, giovanni” and "[103] carpineto,
romano, claudio” can be discussed with regards to (1) their connexions with
the "[99] carpineto, romano, giovanni, claudio” one and of (2) the very high
similarity of their extents (containing [99/, [101] and [103] documents). This
difference mainly results from the exploitation of the snippets, which boundaries
are not wide enough to cover all the 4 words (but these missing words appear in
the complete document).

Finally, an attractive direction concerns the potential of synthesis of lattice
for a set of search engine results. This approach can be applied for a same
query submited to multiple search engines, or also for multiple queries. In the
framework of CRECHAINDO, all the user interactions which are stored in the
history could be exploited for an implicit RF [14]. According to the set of positive
words (extracted from user queries and relevant concepts) and to the set of
negative words (extracted from user non relevant concept), multiple queries can
be submitted to GOOGLE. These queries could automatically be generated from
all the possible conjunctions of positive words and from a filtering on all the
negative words.

5 Conclusion

The CRECHAINDO system, presented in this paper, is an innovative application
of FCA for IR on the web. The user feedback approach has been plugged on
the exploration of a lattice used to structure a flat answers list of documents
returned by a search engine. With CRECHAINDO, the user can act directly on
the lattice, to make it evolve by a dynamical modification of context. Cleaning
the lattice, extending it in a specialised direction or using the lattice as a merging
tool for multiple queries offer significant possibilities for IR. This approach can
also be seen as a web mining one, in which the result of a step is exploited on
the next step.

CRECHAINDO extends FCA for IR in a dynamical way. Lattices may evolve
during the IR process. The user is not restricted anymore by a static and once
computed structure.
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