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l. Introduction

We present in this paper how some techniques used in information retrieval systems (IRS) can be used to enhance the
process of document analysis and recognition Our studies have been centered on the types of query and result that can
be obtained from an IRS. Our approach has been to represent knowledge on document structures in form of database.
This allows the use of the IRS functions to access the knowledge on document structures. The fact that document anal-
ysis requires the employment of knowledge on document structures shows the potential contributions of IRS tech-
niques.

In our studies, we represent two categories of knowledge on documents. The first category of knowledge concerns the
structural organization of the class of documents to analyze. The knowledge in this category is occasionally available
in a normalized form, such as®Bl'X for bibliographic references or SGML documents for books. The second cate-

gory of knowledge concerns the physical structure of documents. This structure is generally associated to a printing
style. The knowledge in this second category is also occasionally available such as the printing styles implemented in
document generation systems.

In sectionll., we present the general architecture for document analysis in which the knowledge on documents is man-
aged by an IRS. A brief description of the types of result and the types of possible queries on the database is presented
in sectionlll..

[I.  Architecture of document analysis using IRS techniques

As illustrated inFigure 1, documents to be analyzed can be grouped into categories, such as bibliographic references,
books, catalogues, etc. Some of these categories are well structured while others are not. Knowledge on well struc-
tured documents are relatively easy to obtain. For example, the logical and physical structures of bibliographic refer-
ences are generally normalized. Their logical structures can be obtained from i#iBiXBepresentation and their

physical structures can be obtained from the printing style used for generating the reference. The links (al) (ai) (an)
symbolize the process of extraction of the knowledge on the different categories of documents.

We have adopted the approach that consists in transforming the logical and physical structures into their SGML equiv-
alents. This format corresponds to our central format for information representation. We have chosen SGML format
for two main reasons. The first reason is that SGML format allows an easy representation of concepts that are related
hierarchically or by simple associations. Since document structures are based mainly on the concept of hierarchy or
simple association, the SGML format is very suitable for their representation. SGML format can be suitably applied to
well structured document as well as those that are not.

The second reason for choosing SGML format is that it can be considered as a grammar which can be easily used for
programming. It can be viewed as a syntactic representation of a document and semantic interpretations can be
attached to the tags. Furthermore, since their is no limit to the tags that can be used in SGML representation, any type
of document can be represented using SGML. Therefore, the adoption of this format allows us to represent well struc-
tured documents as well as those that are not.



From the SGML representation of our knowledge on the document structures, we generate an Object Oriented Data-
base (OOD). Here again, the use of SGML format for information representation facilitates the generation of the
OOD. The main technique employed is to attach a set of instructions to each SGML tag. We use OOD for managing
our knowledge on document structures for the reasons inherent from object programming. For example, OOD allows
the implementation of the concept of class from which object instances can be created, inheritance, polymorphism,
considering each object in domain of application as distinct objects and the possibility of associating particular meth-
ods to the instances obtained from the class. The generation of the OOD is illustrated in the figure by the links (c1)
and (d1). OODL1 is the corresponding object oriented database for the logical and physical structures of the classes of
documents.
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Figure 1. Architecture of IRS in document analysis

As illustrated inFigure 1, we start our presentation of the process of document analysis from the stage of segmenta-
tion. The result of segmentation consists in a set of document tokens, that is the basic components of the document
analyzed. In order to render the analysis as accurate as possible (that is the identification of the document contents),
there is need to identify the document with a document structure (logical and physical structure). The objective is
therefore tdind the closest document structureto the document analyzed. It is at this stage that we propose the use
of IRS techniques to discover the closest document structure. In order words, the OOD is used as knowledge base.
Following are some examples of information that can be obtained from the OOD (OODL1 in the figure) :

« What are the printing styles that use the printing style discovered from segmentation ?

» The printing style obtained above is associated to what type o document logical structure ?

» What are the components that can be expected from a particular type of document logical structure ?

» What are the separators that can be expected from a particular type of printing style ?

* etc.
After the interactions in (e), (f) and (k) d¢figure 1, a specific document structureis obtained. This structure con-
tains both the document’s logical structures and the associated tokens. This specific document structure is also repre-
sented in SGML format (SGML3 in the figure) since the format provides the means for this type of representation. We
use SGML3 to generate a new OOD (OOD?3) that represents the document and its elements. This second OOD pro-
vides the possibility of exploiting the document contents at a semantic level. For example, instead of simply consider-
ing the document tokens a simple characters, they can be considered as semantic representations. This extention
illustrates how document analysis can contribute to document indexing in IRS.

It should be noted that OOD2 can also be used during the process of discovering the closest structure from the seg-
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mentations. For example, the OOD can be queried to discover in what type of document that a particular token is most
frequently used. This can guide the discovery of the closest structure.

[ll. Information analysis using an IRS

The OOD query method that we developed is what we aalisificationwith constraints The result of any type of

query provides the distribution of values assigned to the document attributes. We present below what classification
and constraints are.

Classificationallows a user to specify the attributes to use for analysis. Attributes can be combined in three ways :
» Only one attribute Let L be a set of all assigned values to the attribAita the database. Specifying only one
attribute, sayA, for analysis, we suppose that the user wants to obtain the distribution of each eleinemtof
the database objects. In other word, the user wants to obtain how many times each eldnigstssfgned to
the attributeA. For example, if the user specifidaithoras the only the attribute for analysis, we provide the

list of all authors in the database and how times they are assigned as authors.

» Two same attributesLet L be a set of all assigned values to the attribAiie the database. If two attributes,
sayX andY, are specified for the analysis and tbat Y, then we suppose that the user wants to know the dis-
tribution of the co-occurrence of any two valued.dbr attributeX (or Y). For example, if the user specifi&s
= AuthorandY = AuthorandL is a set of all the authors of the database, then we provide all the co-occurrence
of any two authors that have written together and how many times they exist as co-authors.

» Two different attributesLet L be a set of all assigned values to the attribhiBmdR a set of all values assigned
to the attributeB. If the user specifieé andB (A different fromB), then we provide all the existing co-occur-
rences of the elements bfand those oR in the objects of the database. For exampleAletAuthorandB =
Keyword In this case we provide the frequencies at which each keyword in the database is used by each author.

These three types of classification can be combined with constraints that indicate the conditions that should be
satisfied by the objects to be produced as results.

Constraintscan be represented as
C,opb; G, oply, ... G, where
C; = {attribute, opc, valuejvhere
attributeis one of the document attributes,
opcis one of the comparison operatprs<=, >=, *, etc.]
valuethe attributes’s value
oph is a boolean operatfamnd, or, except, etc]
TheCiscorrespond to what is called criteria. In IRS, the criteria can be combined using boolean operatoysifikie

exceptetc.

The algorithm for processing a query is based on the use of symbolic indexed arrays and the facility of obtaining an
object’s attribute values in object representation. Supposing that the user spéatifigmitel = Author) and
(attribute2 = Author)as his classification requirement the algorithm for processing this request is as follows :
For eacho in the list of objects {
put the authors of objeotin A (comment : facilitated by object programming)
While there are more than one authorif
put the first author i
put the remaining authors A
For eachyin the list of authors id {
If the elementf,g) exists in the indexed array then {
append the objectto the element
}else {
create an eleme(tg) in an indexed array

}



Supposing that the user specif{astributel = Author) and (attribute2 = Keywordsis his classification requirement
the algorithm for processing this request is as follows :
For eacho in the list of objects {
put the authors of objeotin A
put the keywords of objectin B
Fore eacH in the list of author# {
For eachyin the list of keywords iB {
If the elementf,g) exists in the indexed array then {
append the objectto the element
}else {
create an eleme(tg) in an indexed array

}

}
}

The final result of the processing is presented in form of a list of the co-occurrences of the values in the two specified
attributes. The list is presented in decreasing order of the number of objects assigned to each co-occurrence. The
results of two queries are presenteéigure 2.

The inverse lists are used for processing requests with only one attribute and the constraints. For example, if only one
attribute is specified, we use the inverse list to obtain all the values of the attributes, the objects in which they are used
and of course the number of objects associated. The object programming language we use provide symbolic indexed
arrays which facilitates the management of inverse lists.

(@) request -aT keyword -aZ keyword (b) request -aT author -aZ keyword
{ 92 <intelligence_artificielle><systeme_expert>} { 13 <Nye,_Adrian><x_window>}
{ 67 <apprentissage><intelligence_artificielle>} { 12 <Rozenberg,_Grzegorz><réseau_pétri>}

{ 65 <intelligence_artificielle><représentation_connaissance>} { 10 <O'Reilly, Tim><x_window>}

Figure 2. Example of co-occurrences for pairs of two Keywords (a) and pairs of Authors and Keywords (b)

IV. Conclusion

We showed in this paper how some IRS techniques can be of help to document analysis and recognition for the extrac-
tion of knowledge and its automatic representation in form of database. Two categories of knowledge on documents
are represented. The first category of knowledge concerns the structural organization of the class of documents to ana-
lyze. The knowledge in this category is occasionally available in a normalized form, suaitgs<Bor bibliographic
references or SGML documents for books. The second category of knowledge concerns the physical structure of doc-
uments. This knowledge was validated in different recognition systems applied with a great success on bibliographic
reference structure identification.
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