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Abstract: This paper presents a novel platform based methodology for the transformation of Document Type
Definition (DTD) models using an attributed grammar. The proposed approach consists of two main phases.
In the first phase, we define a new representation of the DTD called DT'D,,,.;, which is created using the
attributed grammar theory from the compiler design. In the second phase, this intermediate model DT'D,, .,
is used to facilitate the transformation of the DTD into arbitrary target models via XSLT stylesheets. To enable
this transformation, we introduce an algebraic grammar for the DTD language that can syntactically recognize
and parse any DTD specification. This grammar is then used to define an attribute system that can be used to
semantically annotate DTD documents and transform them into an intermediate XML based representation. This
structured representation, DT' D, ,, serves as input for XSLT transformations that generate the corresponding
target relational schemas or other model formats. The main contribution of this work is the decomposition of the
model transformation process into two distinct phases: a structuring phase, in which the source DTD is rewritten
into an XML syntax using attributed grammar techniques, and a target model generation phase, in which the
normalized intermediate representation is translated into the desired model using Extensible Stylesheet Language
Transformations (XSLT). This modular separation improves the reusability, scalability and extensibility of model
transformation processes. It allows the compilation process to be carried out once, regardless of the number of
transformations required. Each transformation is then defined via an independent stylesheet, so that a new lexical
and syntactic analysis is no longer necessary.
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1 Introduction with which we can transform an XML document
into another XML document or other documents
of different types such as HTML, text and PDF.
Relational databases are suitable for storing and
displaying data in relationships. Each relationship
consists of a series of records, with each record
containing a list of fields. This architecture is
implemented using a list of tables and has a very
powerful manipulation language, the SQL language.
In addition, a relational database management system
stores data efficiently and without redundancy, as

The modeling of data and processes is of fundamental
importance for the representation, organization,
implementation and management of data and
processes within a system. Data modeling is
about defining the entities within a system and the
relationships between them. Process modeling, on
the other hand, is about defining the activities and
tasks within a system and their execution flow. With
the advent of new technologies, the need to convert
data between different types of data models has - g ' v !
become crucial to ensure interoperability between each piece of information is only stored in one
systems, [1]. The task of converting between the place, [4]. It is important to know that we store data
XML data model and the relational data model is in relational databases when we want to manipulate

the subject of numerous articles and studies in the 1t If we want to exchange or transform data, we
literature due to the importance, widespread use store it in XML documents. Therefore, the data from

and numerous applications of these technologies in XML documents must be converted into relational

software applications and systems, [2]. databases in order to retrieve the data.

XML is an emerging standard for the representation This paper proposes a new platform for model
and exchange of data over the Internet, [3]. XML conversion that consists of two phases. In the first
adds tags to describe the meaning of thé data. Tags phase, the text model is rewritten into an intermediate
can be embedded. and an XML document is a tree model in XML format using the theory of attribute
of elements with a unique root that can be nested grammars in compiler theory. In the second phase,
at many levels. The XML environment is based on the intermediate XML model is converted into an

very useful transformation languages such as XSLT, arbitrary model using the XSLT language. The
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contributions of our approach can be described as
follows:

1. We propose a formalization of the set of
Document Type Definitions DTDs using a
context free grammar called G_DTD. In this
formalism, each transformation of a DTD is
represented by the definition of attributes over
G prp and thus enables the construction of a
compiler based on the principles of an attributed
grammar.The introduction of an attribute system
to semantically annotate the documents and
convert them to an XML based intermediate
representation DT'D,ml is a key innovation.

2. We demonstrate the applicability of G'ppp in
the field of DTD conversion. Specifically,
G prp facilitates the definition of attributes
that enable the transformation of a given
DTD into a target DTD while preserving the
declarations of elements and attributes and
maintaining conformance with XML syntax. The
resulting intermediate representation, referred to
as DT'D,,,,, serves as an intermediate model.
Any transformation algorithm that targets the
original DTD can be specified as an XSLT
stylesheet that is applied to DT'D,_,.;,. With
this method, the compilation process can be
executed once, regardless of the number of
transformations required. Each transformation
is then defined via an independent stylesheet,
eliminating the need for a new lexical and
syntactic analysis of the DTD source.

The paper is organized as follows: Section 2 deals
with related work. In Section 3, we present our
methodology for mapping DTDs to XML DTDs
based on compiler design. In Section 4, we explain
how we map DTDs to database schemas using XSLT.
Section 5 shows the experimental results, and Section
6 concludes the paper.

2 Related Work

Mapping XML DTDs to relational schemas is not an
easy task, as the structure of a DTD document differs
fundamentally from that of a relational database.
DTDs can contain arbitrary regular expressions
such as recursion, disjunction and set values that
require further analysis. Several mapping algorithms
have been proposed in the literature to solve this
problem, [5], [6]. However, semantic keys are
not used efficiently because system generated IDs,
such as ID, parentID and parentCODE, are widely
used. Studies have shown, [7], that relying on
these IDs leads to data and relationship redundancy
given the limitations in XML documents. This
approach does not take semantic dependencies into
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account and is therefore ineffective when it comes
to reducing data redundancy.Other algorithms have
completely ignored the semantics of DTDs and
created relational schemas in which much of the
original DTD information has been lost, [§]], [9].

In the study, [10]], the authors use relational table
and object mappings. Both mappings model the
data in XML documents and not the documents
themselves. The table based mapping cannot
handle mixed content, and the object based
mapping of mixed content is inefficient.  This
makes it a poor choice for centralized documents.
Other mapping algorithms preserve the cardinality
constraints, [[11]], [[12], [[13], [[14], but do not consider
the functional dependencies over DTDs. In [[15]], the
authors have developed a mapping algorithm that
preserves both the structure of the DTDs and the
semantics implied by the DTD constraints. However,
the multivalued dependencies are not preserved by
the mapping algorithm.

A mapping algorithm has been developed in the
scientific literature to map a DTD to a relational
schema that preserves not only the content and
structure, but also the semantics of the original
XML documents, [16]. To solve the problem of
expressing constraints, the authors have introduced
a method for defining functional dependencies and
normalizing the DTD. In a normalized DTD, each
constraint expressed by functional dependencies can
be converted into keys. They used the key definitions
for XML as the basis for creating relationships and
kept the keys in the relationships.

Another technique, based on the hybrid inlining
algorithm, [[17]], has been proposed to map the DTD
to a relational schema by preserving the functional
dependencies and creating relationships with less
redundancy, [18]]. Redundancies are reduced by
moving attributes, creating relationships, introducing
keys and retaining functional dependencies. In [|19]],
the authors analyzed the sets in the data model of
the XML document and defined the dependency
relationships. Based on these relationships, they
create a set of rules for mapping the XML document
to a relational database. However, the proposed
algorithms are complex and need to be reexecuted
for multiple transformations, which slows down the
online decision process.

In [20], the authors deal with the formal
representation and transformation of DTDs into
semantic SemODM schemas. While many projects
have focused on the storage and exchange of XML
data, this study deals with the formalization of
these data models and their transformation and
presents a concise framework for the definition
of DTDs and SemODM Semantic Schemas. The
formalization process begins with the definition
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of DTDs, which serve as the basis for XML data
structures. DTDs consist of elements and attributes
with specific types and restrictions. At the other
end of the transformation, SemODM semantic
schemas are introduced as a high level data model.
SemODM maps real world scenarios in a similar
way to the entity relationship model and offers the
advantages of the object oriented model. Categories
and relationships are the central elements that reflect
entities and relationships.

In [6]], the authors address the problem of translating
XML data into relational data by converting the
DTD into a relational schema. Many previous works
have proposed algorithms for converting a DTD
into a relational schema, but have only focused on
translating the structure of XML data and neglected
the semantic constraints embedded in the DTD. In
contrast, this paper proposes an algorithm called
Constraints Preserving Inlining (CPI) to translate the
DTD into a relational schema.

In [16], the authors investigated XML storage in
relations.  In contrast to traditional techniques,
they took into account the semantics expressed
by functional dependencies. They proposed an
algorithm for mapping a DTD to a relational schema
that preserves not only the content and structure, but
also the semantics of the original XML documents.
To solve the problem of expressing constraints, they
introduced a way to define functional dependencies
and normalize DTDs. The authors in [21]], described
a technique for mapping a given XML DTD to
a relational schema. This technique consisted of
converting the DTD to an Xschema, simplifying
the Xschema constraints, inlining elements and
attributes, handling key constraints, mapping
collection types, mapping IDREF and IDREFS
attributes, handling the union type and capturing the
order specified in the XML model.

The authors in [22]], hold a seminar to discuss how
XML data can be represented in the relational model.
The authors in [23]], start with the introduction
of XML query processing and then describe how
RDBMS can be used to store and query XML data.
Similarly, the authors in [24], focus on adaptive
or flexible mapping methods to improve XML
processing based on RDBMSs. In the study, [25],
the authors present the advantages of hybrid storage
combining structure mapping and XML data type.
n [26]], the study demonstrates only two mapping
strategies: schema aware and schema less. In a
recent review by [27], the study revisits the common
methods for managing XML data through relational
schemas using RDBMSs, but this review lacks
a detailed discussion of these methods and open
problems.  The study, [28[], provides a simple
comparison between the Argo/3 approach, [29], and
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Single Table Data Mapping (STDM), [30]. The
authors in [31f], list several relevant works on RDF
data storage and query processing. Previous studies
have only focused on XML to relational or RDF to
relational mappings.

Other approaches are model based. In these
approaches, the mapping relies on path expressions
within the XML tree without an associated schema
type. In this method, the tree is systematically
traversed and the path of each node visited
is recorded in a relational table. Although the
underlying concept remains unchanged, a number of
strategies have been proposed to improve on previous
implementations [32], [33]], [34]. As these methods
do not use schema types, relational tables are used
to record the path information. This information is
derived exclusively from the structural properties of
the XML tree, without taking the semantic content
into account. A major limitation of relational
schemas created using these methods is that the
data is split into numerous small components, which
can lead to increased memory requirements in the
database.

Unfortunately, all studies focus on conversion
algorithms and overlook how the DTD source can
be read and decomposed into smaller units for the
conversion process. We believe that our approach
is the first to focus on applying the syntactic and
semantic analysis of the compilation process to
transform the DTD source into an equivalent source
in terms of XML syntax. Our goal was to implement
each DTD conversion algorithm through an XSLT
stylesheet.

3 Materials and Methods

In this study, we propose a new approach based on
an attributed grammar and an XML environment to
create platforms for conversion methods for textual
models. In our view, textual models are strings,
and a set of textual models is considered a context
free language in the theory of formal languages. In
the following, by “model conversion” we mean the
conversion of the textual model. Therefore, it is clear
that all compilation techniques can be applied to a
set of models. Finally, we assume that each model
conversion method consists of two phases: phase 1,
the structuring phase, and phase 2, the conversion
phase, as follows (Fig.

Intermediate XML
based model

structuring
phase

—Conversis o rceted model
phase

Model source

Figure 1: Conversion from source model to target
model. Source: created by the authors.
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We apply these concepts to the conversion methods of
DTD to database and we have the following(Fig. 2)):

structuring
phase

Conversion
phase

DTD sonrce > Database model

4 DTD 1ml

Figure 2: Conversion from DTD source model to
database model. Source: created by the authors.

The structuring phase includes the specification of
a context free grammar, called G , for the set
of DTDs and the definition of an attributed system
G 44 to transform each DTD into an equivalent XML
based one, called DT'D,,,,;. This phase provides a
formal description of the set of DTDs based on formal
language theory. Thus, all compilation techniques
that apply to context free grammars in formal theory
can be imported into G,,. In particular, the
use of attributes on the context free grammar for
transformation requests. As an intermediate model,
DTD,,, is XML based. The algorithm of each
DTD transformation method can be expressed in the
transformation phase by an XSLT stylesheet applied
to the DT'D,,..;. In the following, we focus on the
definition of the context free grammar G ;,; and the
associated system used to transform each DTD source
into a corresponding DT'D,,,..;.

3.1 Phase 1: Conversion of DTDs to
DTD

3.1.1 Algebraic grammar for DTDs

We start the first phase by creating an algebraic
grammar Gppp for the set of all possible
DTD,, [35]. After eliminating ambiguity, left
recursion and non left factorization, we obtain the
grammar G, =< X, N, S, P >, which is defined
as follows:

xml

* E {<7>’(7)7|7*7?7+)"7!7[7]7’)#3
identifier, DOCTYPE, ELEMENT, ATTLIST,
EMPTY, ANY, PCDATA, id, CDATA, ID,
IDREF, FIXED, REQUIRED, IMPLIED, string
} : denotes the alphabet.

* N = {Start, DTD, LineType, Attlist, AttSuite,
ElementType, List, Occurs, AttType,
Enumerate, EnumerateSuite, AttOption,
InitialVal}: is the set of non terminals,

* S is the axiom.
* P is the following set of productions:

FPy: Start — DTD
P,: DTD — <!DOCTYPE identifie [LineType]
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: LineType — <!ELEMENT identifier
ElementType> AttList LineType

: LineType — €

: AttList  —  <!ATTLIST identifierl
identifier2 AttType AttOption AttSuite>
AttList

. AttList — €

: AttSuite— identifier AttType AttOption
AttSuite

: AttSuite — €

: ElementType — EMPTY

: ElementType — ANY

: ElementType— (#PCDATA)

: ElementType— (List) Occurs

: List — id Occurs , List

: List — id Occurs | List

: List — (List) Occurs, List

. List — (List) Occurs | List

: List — (List) Occurs

: List — id Occurs

: Occurs — *

: Occurs — ?

: Occurs — €

: Occurs — +

: AttType — CDATA

: AttType — ID

: AttType — IDREF

: AttType —(Enumerate)

: Enumerate — string EnumerateSuite

: EnumerateSuite — Enumerate

: EnumerateSuite — €

: AttOption — #FIXED InitialVal

: AttOption — #REQUIRED

: AttOption — #IMPLIED

: AttOption — InitialVal

. InitialVal — “Val”

: Val — string

: Val — ¢

We define the productions P, and P;, which specify
the syntax of a DT'D. We associate a non terminal
to create an element and another non terminal to
define the type of an element. These non terminals
are LineType and ElementType respectively. We

add the Attlist non terminal because the element
can have attributes and the LineType can create
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multiple elements (P, and P;). The Attlist can
create attribute declarations, the nonterminal AttType
stands for the type of an attribute and the nonterminal
AttOption creates the options for an attribute. We
write the productions P, -P,. The element type
can be (#PCDATA), ANY, EMPTY and can have a
list of subelements (a composed element) (Pg -P;;).
The structure of a composed element is therefore
a compound expression with operators (+, *, ...)
and separators (, and |). We recommend using the
productions P,, -P,, for List. The productions P,
-P,, generate terminal operators such as *, ?, +, and
€. The productions P,, -P,; generate the attribute
type, which can be CDATA, ID, IDREF or enumerate
with the initial value. The productions Py -Pyg are
used to generate the character string enumerate in
XML. The productions Py - Py are used to generate
attribute options with an initial value. The attribute
options can be #FIXED, #REQUIRED, #IMPLIED.
The initial value is generated in the productions Py,
and Pj;. This value can be empty or defined as a
character string. Using the algebraic grammar G, 4,
we run the syntactic analyzer, which takes a DTD as
input and checks whether the DTD is syntactically
correct or not. To build the derivation tree, a
node should contain a “label” field to store the non
terminal character on the left side of the production,
a ’production” field to store the production identifier,
and several pointers corresponding to the number of
symbols on the right side of the production. The goal
is to help the source model understand an intermediate
model that contains the information from the source
model and encapsulates it in XML format. This
correspondence preserves all the information of the
element declaration. For this reason, it is necessary to
create a new intermediate model with the designation
DTD,,.,.

3.2 Attributed grammars for DTDs

Next, we enriched the algebraic grammar with
attribute equations associated with the productions
of the G,, grammar to transform a DTD into
an intermediate DTD in XML called DTD,_,,,.
Attribute grammars are a formalism used to describe
the semantic analysis of programming languages.
The core idea is to assign attributes to each non
terminal in a grammar and to define a system of
equations for each production rule. These attributes
are analyzed along the derivation tree to determine the
semantics of the input. In the context of programming
languages, each language has its own algebraic
grammar. Attributes can be used to systematically
compute the semantics of all statements in a program,
which is considered as the input string of the
grammar. An attribute grammar (AG) is defined as:

« G=<X,N,S, P > where:
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Figure 3:
Source: [35].

Definition of synthesized attributes.

h X
Do - %o
- . \\ .
' ."/ i r_'__;_\_:-i%:__}*\ B
« e
X4 S, X e 5 - h; ... X% Xn
Figure 4:  Definition of inherited attributes.

Source: [35].

* 3 is the set of terminal symbols.

* N is a set of non terminal symbols.

* S is the start symbol (axiom) and X € N.
* P is the set of production rules.

* A is a set of attributes divided into two subsets
A, and A4;,. A (X) is the set of synthesized
attributes and A, (X) is the set of inherited
attributes, [35] (Fig.[3).

* F is the set of equations in which for each
synthesized attribute, [35] (Fig. f).

In this study, AG are used to transform a DTD source
into an intermediate DTD with respect to the XML
language, denoted as DT'D,,.,. (DTD,,, is an
XML document and preserves all the information of
the DTD source). To summarize, we search for an
AG with the name AG,, as follows (Fig. [3)):

AG DTD

DTD source DTDxmi.

Figure 5: conversion from DTD source to DT'D
Source: created by the authors.

zml*

Since a DT'D,,,,; is an XML document, the AG ;,,
should contain an attribute named « that is associated
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with the most important non terminals. The attribute
x of the root of a derivation tree associated with
a particular DTD source has a terminal value
corresponding to the document DT'D,,,,,; of that DTD
source. For example, if we take the following DTD
source as input:
<!DOCTYPE Test [

<!ELEMENT A (B,C, (D|E),F)>

<!ELEMENT B (#PCDATA)>

<!ELEMENT C (#PCDATA)>

<!ELEMENT D (#PCDATA)>

<!ELEMENT E (#PCDATA)>

<!ELEMENT F (#PCDATA)>
1>
The corresponding DTD Format XML is:

<doctype name = "Test”>
<element name = ”A” type ="Composed”>
<seq>
<element name= "B”/>
<element name="C"/>
<alt>
<element name= "D"/>
<element name= "E”/>
</alt>
<element name="F"/>
</seq>
</element>
<element name="B” type ="PCDATA”>
</element>
<element name="C" type ="PCDATA”>
</element>
<element name="D" type ="PCDATA”>
</element>
<element name="E” type ="PCDATA”>
</element>
<element name="F" type ="PCDATA”>
</element>
</doctype>
Another key challenge in this AG transformation is
the transformation of the list B, C, (D|E),F, which
represents the structure of element A, into an XML
sequence in the attribute equations. We apply the
following strategy:

* The first operator in the list (the comma between
elements B and C in the example above)
determines the type of the list as a sequence
(<seq> </seq>) or as an alternate (<alt>
</alt>). For the example above, the list becomes
a sequence <seq>.......... </seq>. The value of
the operator is transferred by the s attribute. The
meaning of s(list) is the first operator generated
by the list.

» The first operator of a list is transferred to all
elements of this list by an inherited attribute s1.
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* Aninherited attribute s2 is connected to the list of
non terminals to carry the operator that precedes
this non terminal in the derivation tree (to the left
of it). If the list of non terminals generates an
identifier (or an element), s2 (list) is the operator
that precedes this identifier.

The sl and s2 attributes tell us how to add the
identifiers generated by the non terminal list to the
XML sequence corresponding to a list of subelements
(a subelement is an identifier). The productions P1 —
P33 define the attributes for non terminals (Table
Table 2| Table 3] Table[d] Table[5] Table[6] Table
Table 8] Table[9in Appendix).

3.3 Phase2: DT'D_,,, conversion to

Relational Database
Since the intermediate model DT'D,,,,; is an XML
document, it is obvious to use the XSLT language
to perform all transformations on DT D,_, ., in the
conversion phase (Fig. [6)):

Intermediate Conversion phase

model DTD,

Targeted model

Figure 6: conversion from DT'D,_, ., source model to
target model. Source: created by the authors.

On the other hand, the DT'D,,,; has received all
declarations of the elements and attributes from the
DTD source. For example, the subelements of an
element are retained in the source DTD and organized
as a subtree in DT'D,,,..;. The characteristics of the
attribute are also retained and organized as nodes in
the DT'D,,,., tree. Therefore, a conversion algorithm
to convert a DTD into a database schema can be
effectively implemented using an XSLT stylesheet
applied to the DT'D,,..;.

This XSLT template defines the conversion behavior
for <doctype> elements. In particular, it generates
a SQL CREATE DATABASE statement using the
value of the name attribute, inserts two line breaks
for better readability and then applies templates to
all subordinate element nodes whose type attribute is
Composed.

<xsl:template match="doctype">
CREATE DATABASE <xsl:value-of
select="@name"/>;
<xsl:text>&#xA;&#xA;</xsl:text>
<xsl:apply-templates select=
"element [@type='Composed']"/>
</xsl:template>

Once the elements and attributes are identified, our
dynamic XSLT takes over the contextual generation
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of scripts to create relational tables. FEach script
is created to accurately reflect the hierarchies and
relationships defined in the XML source document.
The following XSLT template corresponds to all
element nodes with the Composed attribute type. It
declares a tableName variable to store the value of the
name attribute and then issues a CREATE TABLE
SQL statement using that name. The template
also inserts an opening parenthesis and a line break
to prepare the definition of the table columns or
constraints in subsequent transformations.

<xsl:template match="

element [@type="'Composed'] ">
<xsl:variable name="tableName"

select="@name" />
<xsl:text>CREATE TABLE

</xsl:text>
<xsl:value-of select="$tableName"/>
<xsl:text> (&#xA;</xsl:text>

This part of the template defines a variable columns
that summarizes all attributes and all child element
nodes that are not of type Composed and thus
identifies the fields that are to be mapped as table
columns. A loop iterates through these fields to
generate corresponding SQL column definitions.

<xsl:for-each select="$columns">
<xsl:text> </xsl:text>
<xsl:choose>
<!-- Attributes -->
<xsl:when test="self::attribute">
<xsl:value-of select="@name"/>
<xsl:text> </xsl:text>
<xsl:choose>
<xsl:when test="Qtype='ID'">
INT PRIMARY KEY
</xsl:when>
<xsl:when test="@type='IDREF'">
<xsl:variable name="refTable">
<xsl:value-of select="
key('elementByName', @name)/@name"/>
</xsl:variable>
<xsl:choose>
<xsl:when test="$refTable != ''">
INT REFERENCES
<xsl:value-of select="$refTable"/>(id)
</xsl:when>
<xsl:otherwise>INT</xsl:otherwise>
</xsl:choose>
</xsl:when>
<xsl:otherwise>VARCHAR(255)
</xsl:otherwise>
</xsl:choose>
</xsl:when>
<!-- Child elements -->
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<xsl:when test="self::element">
<xsl:value-of select="@name"/>
<xsl:text> VARCHAR(255)
</xsl:text>
</xsl:when>
</xsl:choose>
</xsl:for-each>

The following section deals with child element nodes
that are not composed by mapping each to an SQL
column with the same name and the default type
VARCHAR(255).

<xsl:when test="self::element">
<xsl:value-of select="@name"/>
<xsl:text> VARCHAR(255)</xsl:text>
</xsl:when>

</xsl:choose>

The next fragment formats the SQL output by
inserting a comma after every column definition
except the last one. It inserts a line break after each
column and concludes the table definition, followed
by two line breaks for better readability.

<xsl:if test="position() != last()">
<xsl:text>,</xsl:text>
</xsl:if>

<xsl:text>&#xA;</xsl:text>
</xsl:for-each>
<xsl:text>) ; &#xA;&#xA;
</xsl:text>

The following line applies the same transformation
recursively to all nested element nodes of type
Composed, so that XSLT can generate additional
CREATE TABLE statements for hierarchical
structures.

<xsl:apply-templates
select="element [@type="'Composed']"/>
</xsl:template>

The last line defines an XSLT key that indexes all
element nodes with the type Composed based on
their name attribute. It enables an efficient search
for composed elements based on their name, which
is used, for example, for the dynamic resolution of
foreign key references.

<xsl:key name="elementByName"
match="element [@type="'Composed']"
use="@name"/>

</xsl:stylesheet>

This completes the process of creating relational
table scripts based on the XML structure provided.
The generated XSLT is able to process different
configurations of elements and attributes so that it
can generate database scripts tailored to the structure
specified in the XML source document.
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4 Experimental results

At the implementation level, the syntactic analyzer
consists of functions corresponding to all G,
productions, while the semantic analyzer consists
of a single function for evaluating attributes in a
derivation tree. This evaluation function is a switch
statement where there is one case for each G,
production. We have implemented the G';,; compiler
in C++. The resulting model takes a DTD as input
and returns the corresponding DI1'D,,,; as output.
Let’s take the DT D as an example:

<!DOCTYPE Election |

<!ELEMENT Election (ListeElectorales,

Candidates, CandidatesList, Regions,

AssociatedWiths, Cities, CitiesList,

Votes)>

<!ELEMENT ListeElectorales

(ListeElectorale*)>

<!ELEMENT ListeElectorale (nom)>

<IATTLIST ListeElectorale ListCode ID
#REQUIRED >

<!ELEMENT nom (#PCDATA)>

<!ELEMENT Candidates (candidate®)>

<!ELEMENT Candidate (nom )>

<!ATTLIST Candidate numld ID
#REQUIRED>

<!ELEMENT CandidateList(CandidateList*)>

<!ELEMENT CandidateList EMPTY >

<!ATTLIST Candidatelist ListCode IDREF
#REQUIRED numld IDREF #REQUIRED >

<!ELEMENT Regions (Region*)>

<!ELEMENT Region (nom)>

<!ATTLIST Region RegionCode ID
#REQUIRED >

<!ELEMENT AssociatedWiths(AssociatedWith*)>

<!ELEMENT AssociatedWith EMPTY >
<IATTLIST AssociatedWith ListCode ID
#REQUIRED RegionCode ID
#REQUIRED>
<!ELEMENT Cities (City*)>
<!ELEMENT City (nom)>
<IATTLIST City CityCode ID #REQUIRED>
<!ELEMENT Citieslist (CityList*)>
<!ELEMENT CityList EMPTY>
<!ATTLIST CityList RegionCode ID
#REQUIRED CityCode ID #REQUIRED >
<!ELEMENT Votes (Vote*)>
<!ELEMENT Vote EMPTY >
<IATTLIST Vote ListCode ID #REQUIRED
CityCode ID #REQUIRED >
1>
After applying our conversion model, we obtain the
following DT'D,,,,; file:
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<doctype name = "Election">
<element name = "Election"
type ="Composed">

<seq>
<element name= "ListeElectorales"/>
<element name= "Candidates"/>
<element name= "CandidatesList"/>
<element name= "Regions"/>
<element name= "AssociatedWiths"/>
<element name= "Cities"/>
<element name= "CitiesList"/>
<element name= "Votes"/>

</seq>

</element>

<element name = "ListeElectorales"

type ="Composed">
<alt>
<element name= "ListeElectorale"
occurs= "x"/>

</alt>
</element>
<element name = "ListeElectorale"
type ="Composed">
<alt>
<element name= "nom"/>
</alt>
<attributes name= "ListeElectorale'">
<attribute name= "ListCode"
type =N IDH
option = "REQUIRED"/>
</attributes>

</element>
<element name = "nom"

type ="PCDATA">

</element>
<element name = "Candidates"
type ="Composed">
<alt>

<element name= "candidate"
occurs= "*"/>
</alt>
</element>
<element name = "Candidate"
type ="Composed">
<alt>
<element name= "nom"/>
</alt>
<attributes name= "Candidate">
<attribute name= "numId"

type ="ID"

option = "REQUIRED"/>
</attributes>
</element>
<element name = "CandidateList"

type ="Composed">
<alt>
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<element name= "CandidateList"
occurs= "*"/>
</alt>
</element>
<element name = "CandidateList"
type ="EMPTY">
<attributes name= "Candidatelist'">
<attribute name= "ListCode"
type ="IDREF"
option = "REQUIRED"/>
<attribute name= "numId"
type ="IDREF"
option = "REQUIRED"/>

</attributes>
</element>
<element name = "Regions"
type ="Composed">
<alt>

<element name= "Region"
occurs= "x"/>

</alt>
</element>
<element name = "Region"
type ="Composed">
<alt>
<element name= "nom"/>
</alt>

<attributes name= "Region">
<attribute name= "RegionCode"

type ="ID"
option = "REQUIRED"/>
</attributes>
</element>
<element name = "AssociatedWiths"
type ="Composed">
<alt>

<element name= "AssociatedWith"
occurs= "*"/>
</alt>
</element>
<element name = "AssociatedWith"
type ="EMPTY">
<attributes name= "AssociatedWith">
<attribute name= "ListCode"
type =n IDII
option = "REQUIRED"/>
<attribute name= "RegionCode"
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</alt>
</element>
<element name = "City"
type ="Composed">

<alt>

<element name= '"nom"/>
</alt>
<attributes name= "City">
<attribute name= "CityCode"

type =n IDII
option = "REQUIRED"/>
</attributes>
</element>
<element name = "Citieslist"
type ="Composed">
<alt>

<element name= "CityList"
occurs= "x"/>
</alt>
</element>
<element name = "CityList"
type ="EMPTY">
<attributes name= "CityList">
<attribute name= "RegionCode"
type =I|IDII
option = "REQUIRED"/>
<attribute name= "CityCode"
type =IIIDII
option = "REQUIRED"/>
</attributes>
</element>
<element name = "Votes"
type ="Composed">
<alt>
<element name= "Vote"
occurs= "*"/>
</alt>
</element>
<element name = "Vote"
type ="EMPTY">
<attributes name= "Vote">
<attribute name= "ListCode"
type =IIIDII
option = "REQUIRED"/>
<attribute name= "CityCode"
type =IIIDII
option = "REQUIRED"/>

type ="ID" </attributes>
option = "REQUIRED"/> </element>
</attributes> </doctype>
</element>
<element name = "Cities" The XSLT created is able to process different
. type ="Composed"> configurations of elements and attributes and thus
<alt>

generate database scripts tailored to the structure

<element name= "City" specified in the XML source document.

occurs= "x"/>
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SQL code:
CREATE DATABASE Election;

CREATE TABLE

)

CREATE TABLE

)

CREATE TABLE

)

CREATE TABLE

)

CREATE TABLE

)

Election (
ListeElectorales (

ListeElectorale (
ListCode INT PRIMARY KEY
Candidates (

Candidate (
numId INT PRIMARY KEY

CREATE TABLE CandidateList (

)

CREATE TABLE Regions (

)

CREATE TABLE Region (

)

RegionCode INT PRIMARY KEY

CREATE TABLE AssociatedWiths (

)
)

)

CREATE TABLE Cities (

CREATE TABLE City (

CityCode INT PRIMARY KEY

CREATE TABLE Citieslist (

) .
)

CREATE TABLE Votes (

Let us take another example of a DTD:

<IDOCTYPE company [

<!ELEMENT company

(employee+, department*®)>
<!ELEMENT employee (name, title, email?)>
<!ATTLIST employee

id ID #REQUIRED

dept IDREF #IMPLIED

status (active | inactive) “active”>
<!ELEMENT name (#PCDATA)>
<!ELEMENT title (#PCDATA)>
<!ELEMENT email (#PCDATA)>
<!ELEMENT department (dname, location)>
<!ATTLIST department
id ID #REQUIRED >
<!ELEMENT dname (#PCDATA)>
<!ELEMENT location (#PCDATA)> |>

We obtain the following DT'D,,..; file after applying
our model conversion:
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<doctype name="company">
<element name="company"
type="Composed">
<element name="employee"
occurs="+"/>
</element>
<element name="employee"
type="Composed">
<element name="name"/>
<element name="title"/>
<element name="email"/>
<attributes name="employee">
<attribute name="id" type="ID"
option="REQUIRED"/>
<attribute name="dept" type="IDREF"
option="IMPLIED"/>
<attribute name="status"
type="Enumerate"
valuesList="(active|inactive)"
initial="active"/>
</attributes>
</element>
<element name='"name" type="PCDATA"/>
<element name="title" type="PCDATA"/>
<element name="email" type="PCDATA"/>
<element name="department"
type="Composed">
<element name="dname"/>
<element name="location"/>
<attributes name="department'">
<attribute name="id" type="ID"
option="REQUIRED"/>
</attributes>
</element>
<element name="dname"
type="PCDATA" />
<element name="location"
type="PCDATA" />
</doctype>

After applying XSLT, we obtained the following

SQL code:

CREATE DATABASE company;

CREATE TABLE company (
employee VARCHAR(255)

)

CREATE TABLE employee (
name VARCHAR(255),
title VARCHAR(255),
id INT PRIMARY KEY,
dept INT,
status VARCHAR(255)

);

CREATE TABLE department (
dname VARCHAR(255),
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id INT PRIMARY KEY
)

Table in Appendix contains a comparative
analysis of existing mapping approaches.  The
methods belonging to the semantic paradigm utilize
the semantic constraints inherent in XML documents.
While this paradigm can generate relational schemas
with less redundancy, it ignores the broader concept
of functional dependencies. Furthermore, none of
the approaches examined provides a generalizable
platform for transforming DTDs into alternative
models by defining a simple XSLT transformation.

5 Discussion and Conclusion

In this paper we formalize the structuring phase
in the conversion of Document Type Definitions
(DTDs) into relational database schemas. Based
on principles from compiler theory, we introduce
an attribute grammar that is able to characterize
the entire class of DTDs within the framework of
an algebraic language. This formalism enables a
systematic translation of a DTD into an intermediate
XML based representation. The intermediate
model faithfully preserves the semantic content
of the original DTD, including the element and
attribute declarations. The transformation algorithm
specified for the original DTDs can be applied
directly and without modification to this intermediate
representation. Due to the XML centric nature of the
model, the transformation process can be expressed
declaratively using XSLT stylesheets. We analyzed
the conversion time of several DTDs of varying sizes
and complexity containing element and attribute
definitions.  Table in Appendix presents the
execution times required for the conversion. It is
clear that our algorithm, implemented in C++ and
XSLT, achieves a reduced execution time, sufficient
to enable real time conversion.

As example let us consider the following DTD which
contains all types of options:

<IDOCTYPE digitalLibrary [
<!ELEMENT digitalLibrary (section+)>
<!ELEMENT section (title, (book | magazine)+,
notes?)>
<!ATTLIST section
id ID #REQUIRED
type(fiction|nonfiction|reference)
”fiction”>
<!ELEMENT book (title, author+, publisher?,
year, genre*, description?)>
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<IATTLIST book

isbn CDATA #REQUIRED

available (yes|no) ”yes”

language CDATA #IMPLIED>
<!ELEMENT author (#PCDATA)>
<!ATTLIST author

id ID #IMPLIED

nationality CDATA #IMPLIED>
<!ELEMENT publisher (#PCDATA)>
<!ELEMENT year (#PCDATA)>
<!ELEMENT genre (#PCDATA)>
<!ELEMENT description

(good | highlight | note)*>
<!ELEMENT highlight (#PCDATA)>
<!ATTLIST highlight color CDATA

”yellow”>
<!ELEMENT note (#PCDATA)>
<IATTLIST note type
(editorial|author|reader) “editorial”>
<!ELEMENT magazine
(title, editor+, type, issue?, description?)>
<!ATTLIST magazine

issn CDATA #REQUIRED

subscription (free|paid) “’paid”

language CDATA #IMPLIED
>
<!ELEMENT editor (#PCDATA)>
<!ATTLIST editor role CDATA “’chief”>

<!ELEMENT title (#PCDATA)>
<!ELEMENT issue (#PCDATA)>
<!ATTLIST issue month CDATA #IMPLIED
year CDATA #REQUIRED>
<IELEMENT notes (note*)>
1>
The time needed to convert this DTD to the following
SQL code is equal to 10ms:

CREATE DATABASE digitalLibrary;
CREATE TABLE digitalLibrary (

);

CREATE TABLE section (
id INT PRIMARY KEY,
type VARCHAR(255)

);

CREATE TABLE book (
isbn VARCHAR(255),
available VARCHAR(255),
language VARCHAR(255)

);

REATE TABLE description (

);

CREATE TABLE magazine (
issn VARCHAR(255),
subscription VARCHAR(255),
language VARCHAR(255)
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);

CREATE TABLE notes (

);

For more complex DTDs that require substantial
memory to represent the tree structure, each relevant
component of the DTD can be converted separately.
Our methodology shows that the use of attribute
grammars to model the structural transformation
of DTDs into relational schemas provides a
generalizable framework that is applicable to other
model to model transformations, especially when the
original model is text based and subject to formal
syntactic rules. To operationalize our approach, we
have developed a dynamic XSLT stylesheet that
transforms DTDs into a structured XML format
suitable for creating relational schema scripts. The
XSLT transformation contains built in validation
mechanisms that enforce syntactic and semantic
conformance of the generated output. The structural
integrity of the resulting relational schema is verified
by consistency checks performed throughout the
transformation pipeline. In addition, a number
of optimization strategies have been integrated
to improve the performance characteristics of the
generated SQL scripts and ensure their efficiency
when used in a database execution environment.

Access conditions

We have developed a prototype based on a client
server architecture to validate our proposed approach.
The server exposes a web API that accepts a
DTD file from the client application via an HTTP
POST request. Upon receiving the request, the
server initiates inter process communication to invoke
a custom C++ compiler module responsible for
processing the DTD. The compiler generates the
corresponding XML output, which is then returned to
the client as part of the HTTP response.

The client application comprises two main views.
The first view provides a graphical interface for
uploading and converting a DTD to XML. The
second view enables the application of an XSLT
transformation to the XML output produced in the
first step. The compiled executable program used in

this implementation is available at [36].
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APPENDIX

Table 1: Semantic rules with graphic representation for the productions F,-P; of the grammar G ;, ;. Source:
created by the authors.
PO: Start — DTD

x(Start) = x(DTD)
P1: DTD — <!DOCTYPE identifier [ LineType |>

x

%\
< ! Doctype identifier [ LineType e 1 >

x(DTD) =< Doctype name = & identifier & ” > ” & x(LineType) & ”</Doctype>"

P2: LineType — <!ELEMENT identifier ElemnetType > AttList LineType

R x
gt Lo \
< | ELEMENT identifier ElementType > AttlList LineType—e
x

x t x

x(LineType,) = "<element name = ” & identifier & ” type = > & t(ElementType) &
7’>”

if ((t(ElementType) == "EMPTY” || t(ElementType) == "ANY” | t(ElementType) ==
"PCDATA”) & ( x(AttList) != ")) then

x(LineTypey) = x(LineTypey) & x(AttList) & ” </element>" & x(Linelypeg)
endif

if ((t(ElementType) == "EMPTY” || t(ElementType) == "ANY” | t(ElementType) ==
"PCDATA”) & ( x(AttList) ==""")) then

x(LineT'ypey) = x(LineTypey) & ”</element>" & x(LineTypeg)

endif

if ((t(ElementType) == "Composed”) & ( x(AttList) !=""")) then

x(LineTypey) = x(LineT'ype,) & x(ElementType) & x(AttList) & ” </element>" +
x(LineTypeg)

endif

if ((t(ElementType) == "Composed”) & (x(AttList) == ")) then

x(LineTypey) = x(LineT'ype,) & x(ElementType) & ” </element>" + x(LineT ypeg)
endif

P3: LineType — ¢

LineType X

X(LineType)=""
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Table 2: Semantic rules with graphic representation for the productions P,-P, of the grammar G 1 .Source:
created by the authors.

P4: AttList — <!ATTLIST identifier identifier AttType AttOption AttSuite> AttList

>0 x AttList

x(AttList) = ”<attributes name= "’ & identifier & 7>

x(AttList) = x(AttList) & ”<attribute name= " & identifier + ” type =" & t(AttType)
if (t(AttType) == "Enumerate”) then

x(AttList) = x(AttList) & ” valuesList=" & e(AttType) & “initial="[] & o(AttOption)
endif

if (o(AttOption !=""" and t(AttType) != "Enumerate”) then

x(AttList) = x(AttList) & ” option = & o(AttOption)

endif

if (o(AttOption == "FIXED”) then

x(AttList) = x(AttList) & ” initial=" & o(AttOption)

endif

x(AttList) = x(AttList) & ”/>" & x(AttSuite)
x(AttList) = x(AttList) & ”</attributes>"
P5: AttList — €

AttList

i

x(AttList)=""
P6: AttSuite — identifier AttType AttOption AttSulte
AttSmte‘ i

== 4 AR ~.
e / \ \ e
identifier AttType o’ AttOption ¢ ® AttSuite #
t ev ov X

x(AttSuite,) = "<attribute name= " & identifier & ” type =[] & t(AttType)

if (t(Atttype) == "Enumerate”) then

x(AttSuitey) = x(AttSuitey) & 7 valuesList= " & e(AttType) & “initial= 7 &
o(AttOption)

endif

if (o(AttOption) !=""" and t(Atttype) != "Enumerate”) then
x(AttSuitey) = x(AttSuite,) & ” option = & o( AttOption)
endif

if (o(AttOption) == "FIXED”) then

x(AttSuitey) = x(AttSuite,) & ” initial= " & o(AttOption)
endif

x(AttSuitey) = x(AttSuitey) & ”/>" & x(AttSuite4)
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Table 3: Semantic rules with graphic representation for the productions FPs-P;; of the grammar G ;,,. Source:
created by the authors.

P7: AttSuite — €
AttSuite x

l

4

x(AttSuite) ="
P8: ElementType — EMPTY

ElementType ¥

t
[ ]
l l
EMPTY
t(ElementType) = Empty ”

x(ElementType) =
P9:ElementType — ANY

ElementType X
ANY
t(ElementType) = "ANY”

x(ElementType) ="
P10: ElementType — (PCDATA)

ElementType X I

Ll

(PCDATA)

t(ElementType) = "#PCDATA”
x(ElementType) ="
P11: ElementType — (List)Occurs

ElementType ’,‘ 19

N F 4

TN |

el ] N/ =
| = = I~ T

7] / A

— | ‘l ) ”‘ N N
(& T i List U ® ) Occurs L
Xy S2 S1 s X r

s2(list) =" 7;

t(ElementType) = “composed”

s1(List2) = s(List2)

if(r(Occurs) ="’ ) then occ ="

else occ =" occurs =" & r(Occurs) & 7

endif

If s(List) = ,” then x1 (List) = "<seq>" & occ & ’</seq>"
else x1(List) =" <alt>" & occ & 7 </alt> "

endif

x(ElementType) = x(List)
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Table 4: Semantic rules with graphic representation for the productions P,,-P, 5 of the grammar G ;,;.Source:
created by the authors.

P12: List — id Occurs , List

DA

i(L Occurs l\\N/\. ‘» LlStg ‘-

S2 5,

s1(List4)=s1(List0); s2(list4) =",’; s(List0) =",

if(r(Occurs) =’ * ) then occ ="

else occ = Occurs = & r(Occurs) & 7 ”

endif

CurrentElement = ”<element name =" & id & ” ” & occ & 7 />
if(s2(List0)=" ") then

x1(List4)= InsertBeforeTheLastTag (CurrentElement , x1(List0))

else if (s2(List0)=",” and s1(List0)=",") then

x1(List4)= InsertBeforeTheLastTag (CurrentElement , x1(List0))

else if (s2(List0)=",” and s1(List0) !=",") then

x1(List4)= InsertBeforeTheLastTwoTags (CurrentElement , x1(List0))
else if (s2(List0) !=",” and s1(List0)=",’) then

x1(List4)= InsertBeforeTheLastTwoTags (CurrentElement , x1(List0))
else

x1(List4)= InsertBeforeTheLastTag ("<seq>" & CurrentElement & “</seq>" ,
x1(List0))

endif

x(List0) = x(List4)

P13 : List — (List) Occurs , List

X S; S

o éListsi
L
i(‘:i 8] \:; ;'\ o Listg

s1(List4) = s1(List0); s2(List4) = |’; s(List0) = |’

if r(Occurs = * ) then occ ="

else occ =” Occurs =" & r(Occurs) & 7 ”

endif

CurrentElement = ”<element name =" " & id & 7 ” & occ & 7 />”
if(s2(List0)="") then

x1(List4)= InsertBeforeTheLastTag (CurrentElement , x1(List0))

else if (s2(List0)="|" and s1(List0)="|’) then

x1(List4)= InsertBeforeTheLastTag (CurrentElement , x1(List0))

else if (s2(List0)="|” and s1(List0) !="|") then

x1(List4)= InsertBeforeTheLastTwoTags (CurrentElement , x1(List0))
else if (s2(List0) !="|” and s1(List0)="|") then

x1(List4)= InsertBeforeTheLastTwoTags (CurrentElement , x1(List0))
else

x1(List4)= InsertBeforeTheLastTag ("<alt>" & CurrentElement & 7</alt>" |,
x1(List0))

endif

x(List0) = x(List4)

X@
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Table 5: Semantic rules with graphic representation for the productions P, ,-P, 5 of the grammar G ;,;.Source:
created by the authors.

P14: List — (List) Occurs , List

X1 S S S X
. o\ o E.lst i .\
N
_ \ \
Xl T I \\“ l \;l \
(o e List \. e ) Occurs e e |ist o\o
X1 S 5 s X r X15251 s X

s2(List2) =" ; s(List0) =",
s1(List2) = s(List2)

if r(Occurs =’ * ) then occ =
else occ = Occurs =" & r(Occurs) & 7 ”

endif

if(s2(List0) =) then

x1(List6) = InsertBeforeTheLastTag (x1(List2) , x1(List0) )

else if (s2(List0)=",” and s1(List0) =",”) then

x1(List6)= InsertBeforeTheLastTag (x(List2) , x1(List0))

else if (s2(List0) =’,” and s1(List0) !=",") then

x1(List6)= InsertBeforeTheLastTwoTags (x(List2), x1(List0))

else if (s2(List0) ! =’,” and s1(List0) = ",”) then

x1(List6)= InsertBeforeTheLastTwoTags (x(List2), x1(List0))

else x1(List6)= InsertBeforeTheLastTag (" <seq>" & x(List2) & ”</seq>", x1(List0))
endif

x(List0) = x(List6)

P15 : List — (List) Occurs | List

9999

X S, S S
- .2 o L;st l \
{.l: T.Llst | .) Occurso OOOLnst..
X1 S; 51 X1 52 54

sl(List4) = Sl(LlStO) s2(List4) =|’; s(List0) ="|" ;

if r(Occurs ="’ ) then occ =" "
else occ =” Occurs = & r(Occurs) & 7 ”
endif

if(s(Listl) =",” ) then x1(List]l) = "<seq>" & occ & ”</seq>"

else x1(Listl) = "<alt>” & occ & ” </alt>”

endif

if(s2(List0)=" ") then

x1(List4)= InsertBeforeTheLastTag (CurrentElement,x1(List0))

else if (s2(List0)=’|” and s1(List0)="|") then

x1(List4)= InsertBeforeTheLastTag (CurrentElement,x1(List0))

else if (s2(List0)=’|” and s1(List0) !="|") then

x1(List4)= InsertBeforeTheLastTwoTags (CurrentElement,x1(List0))
else if (s2(List0) !="|" and s1(List0)="|”) then

x1(List4)= InsertBeforeTheLastTwoTags (CurrentElement,x1(List0))
else

x1(List4)=InsertBeforeTheLastTag (”<alt>" & CurrentElement & ”</alt>",x 1(List0))
endif

x(List0) = x(List4)
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Table 6: Semantic rules with graphic representation for the productions P, 4-P, 3 of the grammar G ;,;.Source:
created by the authors.

P16: List — (List) Occurs

s2(List2) =""; s(List0) =" " ;
s2(List2) = s(List2) ;

if r(Occurs =’ ” ) then occ =
else

occ =" Occurs =" & r(Occurs) & 7 ”

endif

if(s(List2) =’,” ) then

x1(List2) = "<seq>" & occ & "</seq>"

else

x1(List2) ="<alt>" & occ & " </alt>"

endif

if(s2(List0) = s1(List0)) then

x(List0) = InsertBeforeTheLastLastTag (x(List2) , x1(List0) )

9999

else
x(List0) = InsertBeforeTheLastTwoLastTags (x(List2) , x1(List0) )
endif
P17 : List — id Occurs
¢ e w ix
( l: ?oList .l o) Occurs @ | o ® o [jst o o
X1 S; 51 S X r X; Sy S1 s X

s(List0)="";

if r(Occurs =’ * ) then occ ="

else occ =’Occurs =" & r(Occurs) & 7 ”

endif

CurrentElement = ”<element name =" " & id & ” ” & occ & 7 />”
if(s2(List0) = s1(List0)) then

x(List0) = InsertBeforeTheLastLastTag (CurrentElement , x1(List0) )

else
x(List0) = InsertBeforeTheLastTwoLastTags (CurrentElement , x1(List0) )
endif
P18: Occurs — *
Occurs |

99399

r(Occurs) =
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Table 7: Semantic rules with graphic representation for the productions P,4-F;, of the grammar G ;,;.Source:
created by the authors.

P19 : Occurs — ?

Occurs i
?
r(Occurs) =77
P20 : Occurs — €
Occurs i
€
r(Occurs) ="
P21 : Occurs — +
Occurs i
¥
r(Occurs) = "+”
P22 : AttType — CDATA
AttType

e~
B—eo
B——ec<

CDATA

t(AttType) = "CDATA”
e(AttType) ="
v(AttType) ="

P23 : AttType — ID

AttType L € !
ID l
t(AttType) = ”’ID”
e(AttType) ="
v(AttType) ="
P24 : AttType — IDREF
AttType i el i
IDREF

t(AttType) = "IDREF”
e(AttType) ="
v(AttType) ="
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Table 8: Semantic rules with graphic representation for the productions P,5- P, of the grammar G ;. Source:
created by the authors.

P25 : AttType — (Enumerate)

Enumerate

t(AttType) = "Enumerate”
e(AttType) =" (” + e(Enumerate2) + )
P26 : Enumerate — String EnumerateSuite

e
Enumerate 4

N\
AR

String EnumerateSuite »
e

e(Enumerate) = ”string” & ”|” & e(EnumerateSuite)
P27 : Enumerate — | EnumerateSuite

e
EnumerateSuite
Pa

AN s \
£ N \

r/‘ d / \
/'/ \\ l\\
/ N\ \
& ; \.
| Enumerate e

e(EnumerateSuite) =’|” & e(Enumerate)
P28 : EnumerateSuite — epsilon

EnumerateSuite g

|

9999

e(EnumerateSuite) =
P29 : AttOption — #FIXED InitialVal

AttOption ©

#FIXED Initialval

o(AttOption) = FIXED” & o(Initial Val)
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Table 9: Semantic rules with graphic representation for the productions P;,- P55 of the grammar G ;,;. Source:
created by the authors.

P30 : AttOption — #REQUIRED
AttOptionE \:

7

#REQUIRED

—

o(AttOption) = "REQUIRED", v(AttOption) =™
P31 : AttOption — #IMPLIED

.0
AttOption ¢

/1

#IMPLIED
o(AttOption) = "IMPLIED”, v(AttOption) ="

o<

P32 : AttOption — InitialVal

AttOption o

Initialval o

o(AttOption) = o(Initialval), v(AttOption) =

P33 : InitialVal — ”Val”

Initialval 9 Vv
B
AN
_,l‘; \\
f’ \\\
i Val n o

o(InitialVal) = o(Val), v(InitialVal) ="

P34 : Val — string

val ¢ %
string
o(Val) = string, v(Val) ="
P35: Val — ¢
val v

.—»- =]

v(Val)="",0(Val)=""
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Table 10: Comparison of the existing mapping approaches. Sourche: created by the authors.

Approach schema Model Based Structural Based Semantic Based DTD To Alternative models
[132]] No Yes No No No
[133]] No Yes No No No
[134]] No Yes No No No
[117] Yes No Yes No No

1151 Yes No Yes No No
[l Yes No Yes No No
[113]] No No No Yes No
[14] Yes No No Yes No
(11 Yes No Yes Yes No
Our Methodology Yes Yes Yes Yes Yes

Table 11: Conversion time of several DTDs to SQL of varying sizes and complexity. Source: created by the
authors.

Data Type Definition (DTD) Size in number of lines Conversion time en milliseconds (ms)

Example 1 of a DTD 30 lines 10ms
Example 2 of a DTD 50 lines 20ms
Example 3 of a DTD 50 lines 26ms
Example 4 of a DTD 100 lines 34ms
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