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Liens dynamiques et recherche textuelle
pour un Editeur de documents SGML

Résumé : Ce rapport décritl’intégration de Grif, un éditeur de documents SGML,
avec Sigma, un outil de recherche textuelle développé au CSIRO. Cette integration
dote Grif d’une fonctionalité de recherche textuelle dans la base de documents qui
peut étre considérée comme des liens dynamiques. Inversement, le systéme Sigma
est ainsi étendu a la recherche d’information dans des documents SGML et leur
affichage par un éditeur structuré. Le papier met en évidence I’architecture de cette
intégration et la communication entre les deux outils.
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Abstract

This document describes the integration of Grif, an SGML editor developed at Inria
and marketed by Grif.Sa, with Sigma, a text retrieval tool developed by CSIRO. The
integration provides Grif with flexible search and dynamic hypertext linking functions,
and enhances the Sigma system to support search and display of SGML documents
using a structured editor. The integration also clarifies the requirements for more
generic facilities for document search, linking, and indexing for the respective systems
as modular components of an open systems environment.

1 Motivations

Grif is an SGML editor providing authoring capabilities for writing documents according
to a specific document model, or document type definition (DTD). It also offers hypertext
capabilities for linking documents or parts of documents. For creating links the author must
explicitly select a target object, requiring explicit knowledge of exactly what to link and
where the target information is located (ie. which file or database).

Although explicit links may be required for precise references, handling them by hand
rapidly becomes tedious and then infeasable as the size of the document or database, and
therefore the number of links involved, increases. Moreover, the user may want to search
for information freely and in different ways from those provided for by the author. In this
case dynamic links are preferred. Integration with an information retrieval tool will help in
both of these cases:

- to automatically retrieve a referenced object to be linked
- to provide dynamic linking between pieces of information semantically connected
- to provide dynamic linking in response to an arbitrary user query.

The integration of a text retrieval tool with Grif allows an author to choose to make static
links as appropriate for the type of link or application, while supplementing all static links
with interactive dynamic linking.

*In secondment to CSTRO-DIT, from December 1993 to August 1994.



Sigma is a retrieval tool for textual search within and among documents, based on statistical
similarities. Currently Sigma can search on text documents where the elements to be
retrieved are separated by specific markers. Sigma extensions to deal with SGML documents
will increase the range of applications where Sigma could be used. Integration of Sigma
with Grif supports retrieval of components of SGML documents, and provides a high level
display for the retrieved information (see 3.1), as well as full authoring tools for SGML
documents. Evaluation of the prototype system developed to demonstrate this integration
highlights the need for modifications of the Sigma indexing system to make the software
more flexible and dynamic. The extensions made to Grif are compatible with a variety of
text retrieval engines, and so represent general purpose functions and interfaces in an open
environment.

2 Functional requirements

The following functions are required:

- an indexing mechanism for SGML documents

- a search function for SGML documents

- display of a ranked list of references to retrieved SGML document parts, with
support for the selection of references from the list

- a display of retrieved SGML document parts

Providing these functions by integrating Grif and Sigma will require:

- communication (interfaces) between Grif and Sigma

- a method of allowing the Sigma preprocessor to index documents initially repre-
sented within Grif tree structures

- extension of the Grif user interface to accommodate the new capabilities.

3 Sigma description

The Sigma software system is a set of C++ software routines for ranked information re-
trieval. The routines have been used for standard information retrieval, and also for auto-
mated link generation in hypertext and multimedia applications (Lindley et al, 1994). This
section summarises the operation of the Sigma software and the retrieval methods upon
which it is based.

Sigma retrieval takes place within the scope of a number of source documents. The source
documents are each subdivided into logical text units (or LTUs), that are the individual
targets of retrieval (ie. the items that are retrieved). LTUs are separated within source
documents by appropriate markers.



3.1

Sigma Preprocessing

Sigma retrieval first requires preprocessing of the material that is to be retrieved (see Fig-

ure 1).
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Figure 1. Sigma pre-processing.

Input parameters for the preprocessor include:

- the name of a file that lists all of the source documents to be referenced by a
particular index. The source documents may be located in any accessible place
within a network environment.

- the name of the index file that is to be generated.

Preprocessing involves the application of:

1.

conflation algorithms, that carry out word stemming on the input text files to over-
come problems with different word endings, variations in spelling, punctuation, and
hyphenation.

. stop lists, to filter out terms within the input text files that add little to the mapping

operation, such as conjuncts, articles, etc.. Stop lists may be general, or application-
specific.

. synonynm lists to ensure that similarity matching is not limited to identical word

forms, but captures identity of meaning. Synonym lists may be general, or application-
specific.

. information trace generation algorithms, to produce information traces for each LTU

in the text base. The generation of information traces is the only mandatory aspect
of preprocessing.

The Sigma information traces are fundamental to the retrieval process. To generate an
information trace, a pre-filtered document is parsed into character substrings of length n,
referred to as ngrams (a default value of n = 3 has been found to provide the best results).
The number of occurrences of each unique ngram are counted. The information trace for

an LTU contains a list of each ngram that the LTU contains, along with the frequency

of occurrence of each ngram within that LTU. The information trace for a document set
(or database) contains the total number of occurrences of each unique ngram within the



document set (this depends upon the kind of similarity metric used; not all similarity
metrics use such a database-wide information trace). The information traces for an LTU
or a document set also include the relative frequency of each ngram within the LTU or
document set, respectively. Currently, the global information trace (spanning the whole
document set covered by an index) is generated dynamically when the Sigma process is
invoked.

The output of the Sigma preprocessor is an index file that contains:

- an information trace for each LTU, along with a reference to the LTU (eg. path
name and offset within the text file that an LTU belongs to)

- possibly an information trace for the whole document set covered by the index,
depending upon the similarity metric used and whether this global trace is generated
statically or dynamically.

3.2 Sigma Retrieval

The index produced by the Sigma preprocessor is used for information retrieval (see Fig-
ureD 2).
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Figure 2. Sigma retrieval process.

Input parameters used by the retrieval process are:

- the name of the index file
- a threshold for minimum item similarities

The algorithm used by the retrieval process is:

- accept an input search string

- apply conflation algorithms, stop-list filtering, and synonym expansion to the input
string

- generate an information trace for the input string

- generate similarity measures that represent the similarity of the input string to

each of the LTUs within the target document set, as a function of ngram frequencies
within the search string, the LTUs, and (possibly) the overall document set



- return a list of LTUs in decreasing order of similarity to the input string, for those
LTUs with a similarity above the specified similarity threshold. The returned list
includes the path name to the associated item in the document set.

The similarity calculation can be made using a number of methods (see Teufel, 1989, and
Teufel and Schmidt, 1988). The current CSIRO Sigma algorithms use a De Heer metric.
A De Heer metric is an example of a direct similarity measure thatmeasures the similarity
between a list of key terms and a document. The De Heer metric is:

YD1 = M * z(q,a) * e(1—a(g,a)

where: YD1  is the measure of similarity between a particular ngram and a
particular LTU
p(q)  is the set of ngrams of the query
p(a)  is the set of the ngrams within an LTU
z(q,a) is the average frequency of ngrams that are in both the query
and the text database
e(1=a(2:9)) {5 a weighting function

Once a list of items has been returned, a particular item can be selected (eg. by a user) and
retrieved from the storage system. This level of operation is accomplished by the software
within which the Sigma routines are embedded. The Sigma routines have successfully been
embedded as automated link generation functions within a hypermedia system (Lindley et
al, 1994), and for supplementary support within a combined hypermedia and knowledge
based decision support system (Kumar and Lindley, 1994).

Note that the Sigma retrieval system can be regarded as an instance of an information
retrieval system based upon weighted models (type SW) as described by Mazur (1994)
when:

- each ngram is regarded as a single descriptor, and an ngram/descriptor is regarded
as a taxonomic category such that every document d associated with the descriptor
t contains at least one occurrence of the ngram type identified with t.

- there are no generalisation relationships between descriptors (ie. between ngrams).

- the relative frequency of an ngram t in a document d is equated with the weight
wof t in d.

4 Grif as an SGML editor

Grif is an SGML WYSIWYG Editor developed and marketed by Grif.Sa, France, based on
the Grif prototype developed by Inria and CNRS. Grif supports the production of docu-
ments that conform to the SGML standard and contain text, tables, graphics, mathematical
formulae, etc..



Grif’s interactive user interface assumes no prior knowledge of the SGML language. It
gives users a “natural “ view of documents (wysiwyg), hiding the SGML tags unless they
are required for specific tasks. When the document is edited, grif uses a Document model
(DTD) that specifies the possible structure and presentation of the document, displayed in
logical views.

When a document is edited, all commands are contextual and guarantee that the document
is always valid and in conformance with its model.

4.1 Grif: an open and extensible system

Grif is based upon an object-oriented architecture in which each element of a DTD is
considered as an object. These objects can react to stimuli (commands) received from the
user via the editor.

Openness is provided at several level:

- creation of new DTDs and their presentation models: the Grif Builder allows for adding
new kinds of document or their presentations. Compiling the new specifications will produce
the adequate tools for these new types of document. “Documents“ must be understood here
in a broad sense including “data structures® used by external applications.

- extension or tuning of the user interface: new menus may be added to the standard
interface to provide new functionality. Markup callback facilities are provided through
message-action association. Menu items may be restricted to be active when selecting
specific classes of elements or documents (contextual commands).

- Development of new applications using the Grif Application Interface (GATE). With
GATE it is possible to build new documents or update existing documents from applications.
Documents may then act as rich interfaces for applications.

- Access to external data and external applications through a listener function.

All these Grif capabilities have been extensively used for the Grif-Sigma integration.

4.2 Tree representation of SGML Documents in Grif

Documents in Grif are internally represented as trees that reflect the logical structure as
defined by the Document Model (DTD). Grif uses an SGML parser to build the tree rep-
resentation for the document . The parser checks whether the document conforms to the
DTD (the grammar for this document). When the document has been edited with Grif
it is garanteed to conform to its model since Grif allows only for contextual and correct
modifications.

Figure 3. shows un example of a document marked up using SGML.



<article status=*“final“>

<title> Information Retrieval and Links Authoring in an SGML-based Editor
<\title>

<author> Anne-Marie Vercoustre

<author> Craig A. Lindley

<abstract> This document describes the integration of Grif, an SGML editor
developed at Inria and marketed by Grif.Sa, with Sigma, a text retrieval tool de-

veloped by CSIRO.

<section>
<title> Motivation<\title>

<body><paragr font="“default “> Grif is an SGML editor which provides author-
ing capabilities for writing documents according to a specific document model, or
document type definition (DTD) ...

<\body><\section>

<section>

<title> Sigma description<\title>

<body><paragr font=%“default“> The Sigma software system is a set of C++
software routines for ranked information retrieval ...

<\body><\section>

<section>

<title> Grif as an SGML editor <\title>

<body><paragr font=“default “> Grif is an SGML WYSIWYG Editor developped
and marketed by Grif.Sa, France, based on the Grif prototype developped by Inria
and CNRS. ...

<\body>

<subsection>

<title> Grif an open and extensible system<\title>

<body><paragr font=“default “> Grif is based upon an object-oriented architec-
ture in which each element of a DTD is considered as an object.

<\body>

<\subsection><\section>

<acknowl>We are grateful to V.R Kumar for his support in providing Sigma in-
terfaces <\article>

Figure 3. An example of an SGML Tagged file.

Figure 4 shows an example of a tree document representation for the SGML document given
in Fig.3
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Figure 4. Tree document representation for the SGML document file given in Figure 3.
The small boxes represent the textual content (i.e basic elements).

5 Analysis of Integration Requirements

The starting point for integrating Grif and Sigma was to change as little as possible of the
existing software. In the first part of this section we describe how to extend Sigma from text
retrieval to SGML documents using tagged text files. Several solutions for integration with
Grif are considered within this framework; however, this approach raises many technical
difficulties, so we then propose a stronger integration using Grif document representations.

5.1 Indexing of SGML documents

The extension of Sigma indexing to SGML documents will involve:

- use of SGML tags for deciding the granularity of chunks to retrieve and for iden-
tifying the elements!.

- filtering of the list of tag names from SGML documents prior to preprocessing so
that SGML markup is not used in the search and matching process

- re-indexing of updated documents

In order to simplify the above issues, indexing can be applied in a first phase to only
one model of a document (i.e. to documents conforming to a specific DTD), with a new
preliminary preprocessing step performed by Grif to create document sources for the Sigma
preprocessor that include the appropriate LTU parsing and SGML component identification,
but without SGML markup.

!Note that Sgml syntax does not require that each opening tag is closed with the corresponding ending
tag; one closing tag may close a hierarchy of hanging open tags.



5.2 Display of a ranked list of retrieved elements

Currently Sigma provides a ranked list of retrieved elements and the first line of each element
is displayed to the user (eg. using the Hyperbrowser) to allow the user to select and view
desired items. With Grif the list of elements can easily be defined and displayed as a path
. As in the Intellitext system described by Jansen (1993), a path is a list of references to
typed elements such as sections, figures, or notes within a document or among different
documents. In Grif, a path is implemented as an instance of a general path type defined as
an SGML document model.

5.3 Displaying a retrieved element

It is not generally desirable from a users viewpoint to diplay the SGML markup during
retrieved document display, although this may be useful under some circumstances. If a
display system is used that does not handle SGML markup appropriately, an “on the fly“
translater could be used to remove low level tags and apply some pretty printing heuristics.
(Note that SGML documents do not contain any information on the way documents may
be displayed, except fonts as attributes. Other descriptions, known as presentation models,
must be used by SGML displayer systems.) This has the disadvantages of losing the ability
to use ancillary presentation information defined in terms of SGML structures, and of not
providing the option for viewing the SGML markup.

A better alternative is to use an SGML display system like Grif for displaying SGML
documents or document components. Grif has the particular advantage of providing the user
with an optional window for viewing the SGML markup, as well as the primary structured
presentation interface. A major issue in using Grif with Sigma is how Grif will be given the
reference to the part of a document identified by Sigma.

5.4 Designation of an element in an SGML document

As seen in the previous section, a protocol must be defined between Sigma and Grif to
identify a selected element within a document. SGML/HTML protocols for specifying
targets of links within documents cannot be used because they are based on named and
predefined target anchors.

In the current version of Sigma, the retrieved elements are referred to by the numbers of the
lines enclosing the corresponding text within a file?. In contrast, Grif uses an SGML parser
to built an internal tree representation of a document. Hence it is necessary in integrating
the Grif and Sigma systems to maintain the relationship between coordinates (ie. enclosing
line numbers) in the Sigma source file and the corresponding subtree positions in the Grif
document representation. Some potential methods for doing this are:

1. add attributes to the tree structure in Grif for recording the enclosing line number

2This information is not generally sufficient to identify the selected element in the case of SGML doc-
uments because several tagged elements may share the same subset of lines (for example two very short
paragraphs may be kept on the same line).



of each substructure. The attributes must be set during source parsing.This solution
would require modifications of the tree constructor connected to the SGML parser, a
solution that may not be accessible in the commercial version of Grif.

2. use a skeleton of the SGML document as a protocol, i.e an SGML document con-
taining all of the tags of the initial document with no content other than the text
corresponding to the retrieved element(s). Grif would load both the full document
and the skeleton and match the tree of the skeleton against the full tree for identi-
fying the place(s) of interest. This may be computationally expensive in both the
generation of the skeleton files and in matching to a currently loaded document.

3. use a protocol containing the text of the element retrieved and the name of the doc-
ument that contains it. Once Grif has loaded the document, it will search for the
textual string using its internal search mechanism. The efficiency of this solution
must be evaluated; an efficiency improvement can be achieved by filtering the search
with the tag name (added to the protocol). This approach will not properly handle
cases where text components are duplicated.

4. record the Grif tree position as part of the path name of an LTU in the Sigma index.
This means that the tree position must be provided to the Sigma preprocessor, so
the method cannot be used to access documents that have not received some form of
additional preprocessing by Grif. This method has been used for the demonstration
prototype as the most appropriate and viable method of integrating the Grif and
Sigma systems without extensive modifications.

Note that in all cases the document must be reindexed when it has changed; when saving
a document Grif can easily call Sigma for reindexing the document. All of the approaches
above have the same limitation that they will not work for retrieving elements within a
currently loaded, modified but unsaved document - Grif would not display the right element
because of the shift of line numbers or changes in the tree structure. This issue is considered
below (see section 8).

In general this problem highlights a deficiency of SGML in not recognising the sequential
order of document components as part of the logical structure of a document. If the SGML
notation allowed for recording this information it could be used by both the Grif and Sigma
systems for indexing LTUs or other document structures.

5.5 Encoding SGML Document Component Locations

The usual method for designating subtrees of a given tree is to use pointers towards nodes
of the tree. An alternative is to designate a subtree or any collection of subtrees by the path
from the root node of the document to the root node of the subtree. This way of addressing
subtrees, called a selection path® has been implemented in Centaur, a generic programming
environment developed at Inria (Clement and Hascoet, 1988). A selection is the path from

3This selection path must not be confused with the Path structure used in Intellitext and Grif and refered
to in section 5.1.2; even though they both allow for keeping track of places in a graph, they correspond to
completly different structures.
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the top of the tree to the top of a subtree. The path to a particular child node from its
immediate parent node is given by a number corresponding to the rank of that particular
child node. A selection therefore consists of a sequence of numbers indicating the rank of
each branch taken in a traversal of the tree from the root to the target node. For example,
for the tree structure on Figure 5, the selection path for element g is given by 1.3.all, where
“all“ represents selection of the target subtree having the node g as its root.

a
b c d
€ f g k m
Figure 5.

In considering how the selection path must be encoded, it is necessary to consider the
representation and coding/decoding efficiency of a path. In the present case, it was decided
to encode the path as an integer. To facilitate this, the tree structure can be interpreted
as a binary tree, with binary “0“ representing a left branch and binary “1“ representing a
right branch. A total selection path can then be interpreted as a binary number that can
be represented in its decimal integer equivalent. This method consistently handles both
fixed-arity structures and lists of arbitrary length. For example, the tree of Figure 5 can be
represented as shown on Figure 6.

Figure 6.

In this case, the selection path to node g is 01101, where the terminal “1¢ stands for “all“.
The binary string is reversed for ease of processing, ensuring an integer value beginning
with “1“ (to accurately encode the tree depth to the target), so this example is encoded as
the decimal number 22.

With this addressing method we can answer questions such as “are these two subtrees
children of this third node“ more easily than using pointers. Other advantages and an
implementation for such addressing may be found in Clement and Hasccet (1988).
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5.6 Interfaces issues

The interface between Grif and Sigma uses existing and clearly defined facilities: Sigma is
made of a set of C functions while Grif offers an API (Application Interface) for interfacing
with external applications (via C routines).

6 Implementation

The integration of the Grif and Sigma systems has involved the development of appropriate
Grif functions that interact with generic sigma functions via the Grif Application Program-
mer Interface (API). For the prototype system described here, the generic Sigma routines
were not modified, and inter-program data exchange occurs via files. The structure of the
resulting system is shown in Figure 7.

Document 1 E list of
=— | documents
LTU1 d
output
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> —)
[ ]
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SGML
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fe':‘e”t ranked it
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Figure 7. Grif-Sigma Interaction.

6.1 Indexing

Before retrieval is possible, it is necessary to generate a Sigma index for the target files.
Currently preprocessing is an independent process. Each document to be indexed is loaded
into Grif, where it is represented as a Grif tree structure; then, each sequential component
(corresponding to an LTU) of the document is written without SGML markup into an
external file for preprocessing. Within the external file each element is preceded by a

12



line indicating its encoded position in the Grif tree structure (see section 5.5). The Sigma
preprocessor uses another external file containing a list of all documents to be preprocessed.
The preprocessor creates a Sigma index file containing an information trace for each LTU of
each named document. The document name and Grif tree location of the associated LTU
is recorded with each information trace within the index.

6.2 Searching and Displaying Answers

Once an index has been created, it is possible to initiate search and retrieval from Grif. The
Grif user is presented with an interface for specifying a search query, or a text substring
of a current element can be selected and used as a query in order to implement dynamic
and automated hypertext linking (as described by Lindley et al, 1994). The query is passed
via the Grif API to the Sigma processor, along with the name of the index. The Sigma
processor generates an information trace for the query and then uses the Sigma index to
generate a list of LTUs (ie. text components) ranked in decreasing order of similarity to
the query. The list includes the title of each element (which may be a section title or the
first line of the element), the name of its parent document, and the position of the element
in the tree structure used by Grif to represent the document. The list is passed back to
Grif via the Grif API. Grif then displays the list to the user using a document type called
a path, which represents a list of references to objects of interest (eg. LTUs) in a database.
An example of query-answers is shown in Figure 8. The query “Documents et Hypertext“
(in French) has been input by the user in this place (the title of the Path document) and
the titles of retrieved elements are listed underneath. The name between brackets is the
name of the corresponding document while the figure is the encoded position within the
document that should not be displayed to the end user.
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