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Abstract. One way to solve the heterogeneity problem of distributed legacy
databases consists in wrapping them as objects that can be queried for retrieval
and updating. This paper presents the InterDB approach for the generation of
conceptual wrappers for legacy databases. The generated wrapper is a software
layer that offers a conceptual interface based on the conceptual schema of the
wrapped database. The InterDB approach provides a complete methodology for
conceptual schema recovery (through reverse engineering) and mapping
building. The methodology is supported by the DB-MAIN CASE tool that
helps generate the wrapper.

1 Introduction

The most popular way to solve the heterogeneity problem of distributed legacy
databases consists in wrapping them as objects that can be queried for retrieval and
updating (e.g. [11], [2]). In this way, they can be given a standard interface, such as
ODBC, JDBC or CORBA IDL, that allows system builders to federate old databases
with newly developed ones in a uniform way [2]. The problem of developing these
wrappers is manifold.  For instance, one has to solve the following questions: how to
extract the conceptual schema of an existing, and generally undocumented, physical
database, how to map this conceptual schema onto the physical data structures and
how to describe this mapping, how to write the wrapper in a systematic way?

The paper concentrates on building the conceptual/physical mapping of legacy
databases and on deriving wrappers from them. This is being developed as part of the
InterDB project1 [10]. The paper is organized as follows. Section 2 presents the main
aspects of the conceptual wrapper architecture for a legacy database. Section 3
defines the concept of schema transformation. Section 4 proposes a methodology for
wrapper generation. In section 5, we present the role of CASE technology in order to
support this methodology. Section 6 concludes the paper.

                                                          
1 The InterDB project [1995-2000] is supported by the Belgian Région Wallonne.
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2 Architecture

2.1 Hierarchy architecture

To describe legacy databases, we adopt the standard three levels representation of a
database or of a consistent collection of files, materialized into its physical, its logical
and its conceptual schema. The  Physical Schema (PS) describes the physical data
structure of the database as they are implemented by the Data Manager. The Logical
Schema (LS), is the description of the data structures perceived by users and
programmers. For instance, the logical schema of a relational database describes its
tables, columns, primary and foreign keys as well as all the constraints to which the
data are submitted. In this approach, the logical schema also includes implicit
constraints, that is, data properties that have not been explicitly declared, but that are
managed by, say, application programs. Finally, the Conceptual Schema (CS) is the
semantic, technology-independent description of the database.

Due to the multiple levels of abstraction involved in this approach, it has been
found essential to base it on a unique wide spectrum specification model, namely the
generic model. This object-relationship formalism is intended to express physical,
logical and conceptual data structures, as well as mappings between them

2.2 Component architecture

The component architecture comprises two main components, namely the conceptual
wrapper and the conceptual middelware, both dedicated to a database. The conceptual
wrapper offers a unique conceptual interface to the applications whereas the
conceptual middleware provides a transparent distribution across the network.

Conceptual wrapper
Such a wrapper is developed on top of a legacy database to give it a specific interface.
In the InterDB approach, conceptual wrappers offer a conceptual interface based on
the conceptual schema of the wrapped database. The queries are expressed into CQL
(Conceptual Query Language), a variant of the SQL language which uses the
semantics defined in the conceptual schema. That allows writing queries addressing
the data independently of the specific aspects of a family of models as well as of the
technical constructs of the actual database [11].

Functionally, the conceptual wrapper translates the CQL queries expressed on
conceptual schema objects into commands expressed on physical schema constructs.
It also assembles the extracted physical data (records and rows) into objects. For
instance, a conceptual wrapper associated with a set of COBOL files translates the
CQL queries into COBOL program codes and assembles the COBOL records into
objects. The conceptual wrapper is based on the mapping between the physical
schema and the conceptual schema. It is a program component dedicated to a
particular database (i.e. the logical/physical and conceptual/physical mapping rules
are hardcoded in the modules).
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The conceptual wrapper can be complex if the physical/conceptual mapping is
complex, that is, if the physical schema includes many technical and optimization
constructs that obscure the source conceptual data structures. Hence the need for
systematic building rules based on the formal mapping definition (Section 3), a
methodology for its generation (Section 4) and a CASE tool that supports this
methodology (Section 5).

Conceptual Middleware
The conceptual middelware manages the communications between the conceptual
wrapper and client applications. It offers the object distribution across the network.
CORBA [7] and RMI [8] can be used as middleware in our architecture. CORBA and
RMI are two distributed object standards supported by the OMG (Object
Management Group). CORBA is an architecture standard for building heterogeneous
distributed systems. RMI supports distributed objects written entirely and only in the
JAVA programming language. For the future, enabling RMI to use the IIOP protocol
to communicate with CORBA-compliant remote objects is expected.

A JDBC interface implementation
The current implementation of the architecture concentrates on building a conceptual
middleware as a JDBC driver [8] to provide a JDBC-like interface to a JAVA
application (Cf. Fig. 1).
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Fig. 1. CQL/JDBC architecture. The architecture provides a conceptual JDBC-like interface for
a JAVA application.

The conceptual middelware is made up of a conceptual server and a JDBC-like
driver. The conceptual server establishes the TCP/IP connection between the driver
and the conceptual wrapper: it receives the queries sent by the driver and sends the
result objects from the conceptual wrapper. We use the RMI system to manage the
communications between the conceptual server and the driver. The JDBC-like driver
is a JAVA API for executing CQL statements. Connected to the conceptual server, it
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provides JAVA applications with the JDBC-compliant classes and interface. The
driver offers a standard API for heterogeneous databases based on a pure JAVA API
and a common conceptual query language. Such an architecture provides an adequate
way for solving the DMS and platform heterogeneity that appears when one wants to
build a multidatabase or federated system. DMS independence is guaranteed by the
conceptual wrapper. The wrapper provides an equivalent conceptual schema and a
unique query language interface whatever the DMS wrapped. Platform independence
is ensured by both the conceptual wrapper and JAVA.

3 Schema Transformations

The conceptual wrapper is based on the mapping between the Physical Schema (PS)
and the Conceptual Schema (CS). To formally define the physical/conceptual
mapping, we adopt the transformational approach described in [4]. According to this
approach, we hypothesize that producing the CS from the PS can be formalized as a
schema transformation (T)  and that this transformation has an inverse (T’ ) such as:
CS=T(PS) and PS=T’ (CS).

In this way, schema transformations are essential to formally define forward and
backward mappings between the physical schema and the conceptual schema. In
addition, they can be stored in a history log that provides a trace of them. The notion
can be summarized as follows.

3.1 Definition

A schema transformation consists in deriving a target schema S’ from a source S by
replacing construct C (possibly empty) in S with a new construct C' (possibly empty).
A transformation ΤΤ can be completely defined by a  couple of mappings <T,t> where
T is called the structural mapping and t the instance mapping: C' = T(C) and c' = t (c).
T explains how to replace construct C with construct  C’ while t states how to
compute instance c' of C' from instance c of C.

Another equivalent way to describe mapping T consists of a pair of predicates
<P,Q>, where P is the weakest precondition that C must satisfy for T being
applicable, and Q is the strongest postcondition specifying the properties of C’. So we
can write ΤΤ = <P,Q,t>.

3.2 Semantics-preserving transformations

A transformation ΤΤ can be associated with an inverse transformation ΤΤ’ , such that, for
any construct C: P(C) ⇒ C= T’ (T(C)). ΤΤ is declared semantics-preserving if the
following property is preserved for any construct C and any instance c of C: P(C) ⇒
C= T’ (T(C)) ∧ c= t’ (t(c)). Structural mapping T explains how to modify the schema
while instance mapping t states how to compute the instance set of C.
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3.4 Semantics-preserving transformation sequence

A transformation sequence Τ12 = Τ2 oΤ1 is obtained by applying Τ2 on the schema that
results from the application of Τ1.  This concept is analyzed in [4] and [1]. As an
illustration, Fig. 2 shows a sequence of two transformations usually used in database
engineering process. The first one (Τ1) replaces a foreign key with a relationship type
and the second one (Τ2) expresses a multiple attribute as an external entity type.

B
B1
B2
A1
ref: A1

A
A1
A2[0-N]
id: A1

Τ1

⇔
1-10-N R

B
B1
B2

A
A1
A2[0-N]
id: A1

Τ2

⇔
1-1

0-N

R1

1-1

0-N

R

B
B1
B2

A2
A2
id: R1.A

A2

A
A1
id: A1

Fig. 2. Sequence of two common semantics-preserving schema transformations: a foreign key
transformation followed by an attribute transformation into an entity type

4 Methodology

Building the conceptual wrapper for a legacy database is a complex engineering
activity. It requires to recover the physical and conceptual schemas of the legacy
database. It also requires to define the physical/conceptual mapping modeled through
compound semantics-preserving transformations. Recovering the physical and
conceptual schemas of an existing local database is the main goal of the database
reverse engineering process (DBRE). A general DBRE methodology has been
developed in [3].

4.1 Physical schema recovery

The physical extraction process aims at building a physical schema (PS) in which
only the explicit (i.e., declared) constructs and properties are documented. This
process consists in analyzing the data structures declaration statements included in the
schema scripts, in DDL schema declaration, in data dictionaries and in application
programs. It produces the PS that is the physical view of the legacy database. This
process is more complex for file systems, since the only formal descriptions available
are declaration fragments spread in the application programs.
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4.2. Conceptual schema recovery

Conceptual schema recovery aims to build the conceptual schema of an existing
database. It is made up of two processes, namely schema refinement and the Data
Structure (DS) conceptualization (cf. Fig. 3). These processes are carried out by
transforming the physical schema (PS) successively into the logical (LS) and
conceptual schemas (CS). Conceptual schema recovery is performed through
compound semantics-preserving transformations that guarantee that the physical and
conceptual schemas bear the same semantics.

PS ProgramsData

Schema
Ref inement

LS

CS

DS conceptual .

Fig. 3. Conceptual schema recovery. The main processes refine the physical schema (PS) to
produce the logical schema (LS) and interpret the latter as a conceptual schema (CS).

Schema refinement process
Unfortunately, many data structures and constraints have been left undeclared in the
physical schema. The schema refinement process is a complex task through which the
PS is refined mainly through analysis of the data and the application programs, but
also by analyzing other components of the applications (views, subschemas, screen
and report layouts, programs, fragments of documentation, program execution, data,
etc.). Through this process, the initial physical schema is enriched with implicit
constructs elicited through specific analysis techniques [5] that search non declarative
sources of information for evidences of implicit data structures and constraints. This
schema is finally cleaned from its non-logical structures. The names are translated to
make them more meaningful. The end product of this phase is the logical schema
(LS).

Data Structure Conceptualization
The Data Structure Conceptualization Process addresses the semantic interpretation of
the LS. It consists for instance in detecting and transforming, or discarding, non-
conceptual structures. The main objective is to extract all the relevant semantic
concepts underlying the logical schema. Two different problems have to be solved
through specific techniques and reasoning: the identification and the replacement of
DMS constructs with the conceptual constructs they are intended to translate and the
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elimination of optimized structures. The result of this process is the conceptual
schema (CS).  This process has been described in, e.g., [5].

4.3 Building the Mappings

The mappings are modeled through semantics-preserving transformation history [4].
By processing the latter, it is possible to derive functional mappings that explain how
each conceptual construct is expressed into physical constructs.

For instance, the logical/conceptual mapping between logical constructs and
conceptual constructs can be modeled as a compound semantics-preserving
transformation L-to-C  = <L-to-C , l-to-c>: CS = L-to-C (LS). This transformation
admits an inverse: C-to-L  = <C-to-L ,c-to-l> such that: LS = C-to-L (CS).

Finally, the logical/conceptual mappings between the logical data ld and the
conceptual data cd can be formally derived: cd = l-to-c(ld) and ld = c-to-l(cd).

In addition, we consider the logical/physical mappings P-to-L  = <P-to-L,p-to-l>
and its inverse L-to-P  = <L-to-P,l-to-p>. Now, we are able to describe the
physical/conceptual mapping for databases.

4.4 Conceptual wrapper generation

The conceptual wrapper relies on the conceptual schema description and the
compound mapping [C-to-L o L-to-P] to translate queries and depends on the
physical data description and the compound mapping [p-to-l o l-to-c] to form the
result instances (cf. Fig. 4). The mappings are pure transformational functions that
cannot be immediately translated into executable procedures in 3GL. However, it is
fairly easy to produce procedural data conversion programs as shown in [5].

C-to-L o L-to-P p-to-l o l-to-c

C S

PS

Conceptua l  Wrapper

Fig. 4. Conceptual wrapper generation.  It is based on the structural mapping and the
conceptual schema (CS) constructs for the queries translation. It depends also on the data
mapping and the physical schema (PS) data for the results formation.



InterDB - DEXA’99 8

5 Computer-aided design of wrappers

Manually developing wrappers can be considered for small databases only. Indeed,
recovering the physical and conceptual schema, elaborating the functional mapping
and writing the wrapping code are complex and tedious tasks.  On the other hand,
completely automating these processes is unrealistic for real world systems.  Hence
the need for computer-based assistance tools for each of these processes.

5.1 The DB-MAIN Case environment

The DB-MAIN CASE2 environment is a complete set of tools dedicated to database
applications engineering. This graphical, repository-based, software engineering
environment is dedicated to database applications engineering. Besides standard
functions such as specification entry, examination and management, it includes
advanced processors such as transformation toolboxes, reverse engineering
processors and schema analysis tools. In particular, DB-MAIN offers a rich set of
semantics-preserving transformational operators that allow developers to carry out in
a systematic way the physical/conceptual mapping. Another interesting feature of
DB-MAIN is the Meta-CASE layer, which allows method engineers to customize the
tool and to add new concepts, functions, models and even new methods.  In
particular, DB-MAIN offers a complete development language, Voyager 2, through
which new functions and processors can be developed and seamlessly integrated into
the tool.

5.2 Physical extraction support

The physical extraction process is carried out by a series of processors that
automatically extract the data structures declared into a source text.  These processors
identify and parse the declaration part of the source texts, or analyze catalog tables,
and create corresponding abstractions in the repository.  Extractors have been
developed for SQL, COBOL, CODASYL, IMS and RPG data structures.  Additional
extractors can be developed easily thanks to the Voyager 2 environment.

5.3 Conceptual schema recovery

The logical extraction process, through which implicit constructs are elicited, is
supported by a collection of processors that help analyze program code, schemas and
data in order to find evidence of these constructs [6] (e.g. a variable dependency
analyzer that detects and displays the dependencies between the objects (variables,
constants, records) of a program ; a foreign key assistant that help find the possible

                                                          
2 An Education version of the DB-MAIN CASE environment as well as various materials of

the DB-MAIN laboratory, e.g. [6], can be obtained at http://www.info.fundp.ac.be/~dbm
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foreign keys of a schema). The conceptualization process can be performed in a
reliable way thanks to the semantics-preserving transformation toolset.
Transformation scripts that implement specific heuristics can be quickly developed.

5.4 Mapping building

DB-MAIN can automatically generate and maintain a history log (say h) of all the
transformations that are applied when the developer carries out any engineering
process such as database analysis, optimization, implementation or reverse
engineering. This history is completely formalized in such a way that it can be
replayed, analyzed and transformed. For example, any history h can be inverted into
history h' . Histories must be normalized to remove useless sequences and dead-end
exploratory branches.  History h of the reverse engineering process that produces the
conceptual schema of a legacy database from its physical schema PS can be
considered as a structural mapping. In other words, h ≡ [P-to-L o L-to-C ],
according to the notation of the Section 4.3.

5.5 Conceptual Wrapper generation

If h'  ≡ [C-to-L o L-to-P], and if t  is the instance mapping of h, that is, t  ≡ [p-to-
l o l-to-c], then {h' , t } is the functional specification of the conceptual wrapper. h'
explains how to translate queries while t  explains how to form the result instances.
Therefore, history h can be used to generate the wrapper. As suggested in Section 4.4,
the generator needs the description of the physical and conceptual schemas as well as
the history of their derivation. For simplicity, the wrapper generation is performed in
two steps, namely the history analysis and the wrapper encoding. They have been
developed in Voyager 2. A history basically is a procedural description of inter-
schema mapping.  This form does not provide a good support for reasoning and
processing, for which a functional expression is better suited. The history analyzer
analyses h in order to transform it into functional specifications from which the
conceptual schema is enriched with conceptual/physical semantics correspondences.
The end product of this phase is an enriched conceptual schema that includes, for
each construct, the way it has been mapped onto physical constructs. In this way, this
schema holds all the information required for the generator (cf. Section 4.4). From the
enriched CS, the wrapper encoder produces the procedural code of the specific
wrapper and a documentation for the programmers.

6 Conclusions

In this paper, we have described the InterDB approach for wrapper generation of
legacy databases. A wrapper is defined as a software layer that offers a conceptual
interface based on the conceptual schema of the wrapped database. The wrapper plays
an important role in building multidatabases and federated databases. It provides an
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adequate way for solving the data model heterogeneity that appears when one
integrates existing, independently developed, files and databases. This paper reports
on two original aspects of the approach.

First, it proposes a strong formal basis for a generic methodology of wrapper
generation. This methodology is based on a formal transformational approach to
schema engineering. This approach formally defines the mappings between the
physical schema of the legacy data component and its conceptual schema, so that, it is
possible to derive the wrapper from them in a systematic way.

The second original aspect is that the methodology is supported by a CASE tool,
i.e., DB-MAIN, that gives the user an integrated toolset for reverse engineering and
inter-schema mappings definition and processing. Besides standard functions to
represent and manage abstract and concrete specifications, this tool provides a
powerful environment, such as Voyager 2 meta-language, to develop domain-specific
processors.  For instance, mapping analyzers and transformers, schema analyzers and
wrapper generators have been written as seamless add-ons to the standard CASE
engine.
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