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Abstract

Object-oriented technology has become mature enough to
satisfy many new requirements coming from areas like com-
puter-aided design (CAD), computer-integrated manufac-
turing (CIM), or software engineering (SE). However, a
competetive information management infrastructure often
demands to merge data from CAD-, CIM-, or SE-systems
with business data stored in a relational system. In addition,
complex dependencies between those data stored in the dif-
ferent systems might exist and should be maintained. One
approach for seamless integration of object-oriented and
relational systems is to migrate the data (and the corre-
sponding schema) from a relational to an object-oriented
system. In this paper we describe an integrated design envi-
ronment that supports the migration process and overcomes
major drawbacks of comparable approaches.

1 Motivation

Object-oriented technology has become mature enough
to satisfy many new requirements coming from areas like
computer-aided design (CAD), computer-integrated manu-
facturing (CIM), or software engineering (SE). Those new
requirements are not fulfilled by relational technology
[LS88, Mai89]. However, a competetive information man-
agement infrastructure often demands to merge data from
CAD-, CIM-, or SE-systems with business data stored in a
relational system. In addition, complex dependencies
between those data stored in the different systems might
exist and should be maintained. One approach for seamless
integration of object-oriented and relational systems is to
migrate the data (and the corresponding schema) from a
relational to an object-oriented system. The main advantage
of this approach is that it is always feasible because the

object-oriented data model is a superset of the relational
model.

In more detail, such a migration process consists of three
steps which are (1) theschema migration process which
maps a relational schema to an equivalent1 object oriented
schema, (2) thedata migration process which converts
extensions of the relational schema to equivalent2 exten-
sions of the object oriented schema and (3) the application
migration process which creates a new application program
using the object oriented database for every application pro-
gram that uses the legacy database such that the input/out-
put behaviours of the corresponding application programs
are identical for equivalent database extensions.

Existing approaches supporting schema migration basi-
cally argue for a waterfall-like transformation process, in
many cases even without any user interaction [NA87,
DA87, SK90, JK90, MM90, And94, FV95]. These
approaches suffer from one of the following two draw-
backs. Either the structure of the resulting object oriented
schema still looks rather "relational" or non-realistic
assumptions about the existing relational schema were
made. Examples for such non-realistic assumptions are that
the relational schema has been developed rigorously using
a certain database design method or the relational schema
includes no optimization structures. Other examples for
non-realistic assumptions can be found in [HEH+93]. In any
case, the result of such an antisemantic transformation is a
bad object-oriented database schema.

Other approaches like [PB94] overcome these shortcom-
ings by proposing a more robust interactive reengineering

1. In this paper a relational database schema and an object oriented data-
base schema are considered to be equivalent iff they represent exactly
the same universe of facts. A formal description of this notion of schema
equivalence is beyond the scope of this paper.

2. Two database extensions are considered to be equivalent iff they repre-
sent exactly the same facts.
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process using a set of loosly coupled tools like AWK
scripts, simple programs and editor macros.

However, loosely coupled tools do not offer enough sup-
port for data migration after the schema transformation has
been finished. We argue that the usually complex and thus
error prone task of data migration should be carried out
automatically. Indeed, our approach in contrast to loosely
coupled tools makes this feasible by establishing and main-
taining the necessary dependencies between a relational and
an object-oriented schema.

The next section will sketch a simple user scenario with
our migration environment to illustrate the reasons for and
benefits of an interactive schema transformation process.
Section 3 explains how the dependencies between the rela-
tional and object-oriented schema respectively which
define corresponding syntactical constructs in the two
schemes are formally specified, established and maintained
during editing of an object-oriented schema. Our approach
even supports to edit an object-oriented schema in such a
way that established dependencies get lost (for a while) and
are re-established later on again (semi-)automatically. Sec-
tion 4 gives an overview about the current status of the
migration environment and sketches some further plans for
its utilization.

2 The Migration Environment: An
Example Scenario

Figure 1 shows an example screen dump of the migration
environment. The left window shows an editor for the rela-
tional schema supporting SQL (with additonal semantic
annotations) while the right window shows an editor for the
object-oriented schema according to the ODMG-93 stan-
dard3 [Cat93].

In migrating a database system the first step is to analyse
the legacy relational system. For this purpose, theschema
extraction and analysis tool offers commands within the
"Extract" submenu of the SQL-schema window that inspect
existing relational database systems and extract as much
schema information as possible in order to build up an (ini-
tial) SQL-schema.

The schema extraction tool first will query the relational
database system for its schema. This will reveal at least the
existing tables together with their attributes. In more sophis-
ticated database management systems we may gain infor-
mation on primary keys, foreign keys, referential integrity
constraints, and additional dependencies. By inspecting the
code of database system applications, stored procedures,
and event handling procedures and by inspecting the data

3. Due to layout reasons we use a simplified syntax for the definition of the
object-oriented database schema.

itself we may get even more information about e.g. the car-
dinality of relationships and higher level abstraction mech-
anisms like aggregation and inheritance structures.

A detailed discription on how these informations can be
exstracted is beyond the scope of this paper and can be
found in other contributions [And94, FV95, PB94,
PKBT94, SLGC94]. As stated in the introduction, a fully
automatic schema extraction normally will fail to detact all
relevant information and to recover the higher level design
concepts of a schema. Thus, the user, e.g. a database system
administrator or an application programmer, may add his
specific design and application knowledge to the relational
schema initially constructed by the schema extraction tool.

Let us assume that in Figure 1 the automatic schema
extraction tool was not able to identify thepc_chair attribute
of tableConf_Info_Addr as foreign-key attribute referencing
thename attribute of tablePerson and/or the uniqueness of
this attribute. The user could easily add this information
within the SQL-schema window. Another example is the
"HINT:" comment that tableConf_Info_-Addr is a kind of
subrelation of tableConference which suggests an aggrega-
tion relationship between these two tables.

Since the user is allowed to annotate the SQL schema
manually, he/she may erroneously introduce inconsisten-
cies with the given schema of the described relational data-
base system. In order to gain maximal consistency, the
schema extraction tool offers additional commands that are
used to compare the edited schema with the schema of the
legacy system (cf. command "Compare with database" in
the popup menu in Figure 1) and e.g. to validate the correct-
ness of cardinality constraints by inspecting the actual data
of the legacy system (cf. command "Validate Constraints").

Such schema enhancements should be performed by a
database system administrator or application programmer
who is familar with the legacy relational system in order to
exploit their application knowledge within this step. In
order to facilitate this task for these peoples it is important
that they can do this work within the SQL notation they use
in their every day work. So these people not necessarilary
have to become experts in the ODMG data definition lan-
guage and object oriented design concepts first.

A further step in schema migration is the transformation
of the SQL schema reached so far into an equivalent ODMG
schema. This transformation must exploit all semantic
information contained in the annotated SQL schema and has
to employ the additional expressive power of the object ori-
ented data model as far as possible. Due to the semantic gap
between the two data models this schema transformation
can not be done fully-automatically but again user interac-
tion is necessary in order to yield a high quality resulting
ODMG schema.

The schema transformation or mapping tool of the pro-
posed migration environment is based on an adaptable set of



schema mapping rules. Each mapping rule defines how a
specific construct or situation in a SQL schema is mapped
to an equivalent construct or situation within the ODMG
schema. However, in general there are several alternatives
to define the schema mapping. For example, within
Figure 1 the currently selected tableConf_Info_Addr has
been mapped to a group of attributes of classConference
using the mapping rule "Merge into class of father relation".
This was possible since the additional schema information
indicates that for everyConference tuple/object there exists
exactly oneConf_Info_Addr tuple. Thus, the attributes of
Conf_Info_Addr can be incorporated into class Conference
without loosing any information. Alternatively, the table
Conf_Info_Addr could have been mapped to a complex
(aggregation/tuple) attribute of classConference using the
mapping rule "Aggregation in class of father relation".
Third, the tableConf_Info_Addr could have been mapped to
its own classConf_Info_Addr in combination with a refer-

ence Attribute within classConference using the rule "Map
Table to Own Class".

Within our migration environment first an initial map-
ping from the SQL schema to the ODMG schema is com-
puted based on (user defined) priorities for alternative
mapping rules. Since these general priorities will not fit for
all actual situations, the user may inspect the resulting map-
pings and interactively select more appropriate mapping
alternatives, cf. Figure 1. To provide maximum flexibility
the rule set of our migration environment is designed to be
easily extended, enhanced or exchanged. This allows to
improve the mapping tool later on and to deal with SQL
schemata belonging to different "design styles/schools".

The mapping process described so far is based on the
information contained in the SQL schema definition. But,
due to the simplicity of the relational data model it contains
no or only little information about the higher level design
concepts like aggregation and inheritance structures. Thus

Figure 1: User Interface of the SQL/ODMG Editor/Mapper

SQL - Editor

File Edit Extract Mapping Options

create scheme ConferenceOrganisation;

create table Conference (
conf_id int not null,
title varchar(15) not null,
start date,
end date,
primary key ( conf_id ))

create table Conf_Info_Addr (
conf_id int not null,
pc_chair varchar(15),
mail_addr varchar(30),
primary key (conf_id),
foreign key (conf_id)
references Conference(conf_id)

on delete cascade,
unique foreign key (pc_chair)
references Person(name)

on delete set null)
(* HINT: subrel of Conference *)

create table Person (
name varchar(15) not null,
address varchar (50),
title varchar (15),

primary key (name)

X ODMG - Editor

File Edit Mapping Redesign Options

scheme ConferenceOrganisation (

class Conference
title : string;
start : Date;
end : Date;
pc_chair : Ref <Person>;
mail_addr : string;

end;

class Person
name : string;
address : Ref <Address>;

end;

class Address
street : string;
city : string;

end;

X

Commands

Delete Current
Insert New Class
Append New Class

Map Table to Own Class
Merge Into Conference
Aggregation in Conference

Compare with database
Validate Constraints



the ODMG schema derived so far can still be enhanced by
employing these higher level concepts. Therefore, the
migration environment offers a set of equivalence preserv-
ing design transformations within its "Redesign" menu.
Examples for such redesign operations are

• renaming of any element of the ODMG schema, or

• the combination of a group of attributes of a class to a
new complex aggregation attribute, or

• the replacement of a group of attributes by a reference to
a newly introduced class containing these attributes, or

• the extraction of a group of common attributes from sev-
eral classes and their reorganisation as a new common
super class.

All these design transformations will not violate the
dependency between the SQL schema and the ODMG
schema, respectively.

In addition the database designer has the possibility to
edit (any parts of) the ODMG schema freely. He may add
new attributes and/or classes and drop existing schema
parts. Thereby, the designer is allowed to define parts of (or
even the whole) ODMG schema anew according to differ-
ent design rationals or to new system requirements. Clearly,
during free editing dependencies with the SQL schema is
lost. Within the migration environment such unmapped
schema elements will be marked using a special colour in
both windows, the SQL schema window and the ODMG
schema window. Using the mapping rules dependecies are
reestablished automatically or semi-automatically, i.e. in
many cases no user interaction is necessary to reestablish
the correspondence between the two schemas, in some
cases the environment may need advice to identify corre-
sponding syntactical constructs, and in some cases the user
may have to confirm explicitly the insertion or deletion of
syntactical constructs in the ODMG-schema.

During the enhancement of the ODMG schema we occa-
sionally will face the situation that the mapping engineer or
the ODMG schema designer will find parts of the schema
where some semantic information is missing in the SQL
schema. At this point further investigation within the rela-
tional database system may reveal additional informations
that now can be added to the SQL schema description. This
additional schema information may enable new mapping
alternatives (perhaps of higher priority) for this schema
parts or may even falsificate old mappings. In this situation
again the dependencies of the two schemata are reestab-
lished semi-automatically using the mapping tool. It is even
possible to start with a part of the schema of the legacy rela-
tional system and to map this part first and to extend this
partial schema migration by the remaining parts later on.

3 Implementation Concepts

Within our migration environment we employ structure
oriented editors for the representation and manipulation of
the SQL and the ODMG schema. These structure oriented
editors internally store an abstract syntax tree representation
of the edited schemas.

Figure 2 shows a simplified cutout of the internal data
structures of our migration environment for the example
szenario shown in Figure 1. The left side of Figure 2 shows
the representation of the SQL schema and the right side
shows the representation of the ODMG schema. The root of
the SQL schema is represented by a node/an object of type
SQLSchema carrying the name"Conf.Org."4 of the example
schema as (one of its) attribute(s). The SQL schema node
has three outgoing edges/references of typec leading to the
contained table definitions. A table definition is represented
by a node of typetable with outgoingc edges leading to the
contained attribute definitions.

The editors offer structure oriented editing commands
that directly manipulate the underlying abstract syntax
tree.5 Additional semantic information like identifier bind-
ings, type information and results of the schema extraction
tool is represented by additional attributes and edges. For
example, the edge labeledforeign_key leading fromattr
node"conf_id" of table "C.Inf.Adr"6 to the correspondingattr
node oftable "Confer." represents a foreign key condition.
Note also thesubrel edge relatingtable "Confer." andtable
"C.Inf.Adr", cf. hint in Figure 1. The structure oriented edi-
tors of our migration environments are easily generated
from a specification of the syntactic structure of the corre-
sponding schema language (cf. [Emm95]).

Besides supporting structure-oriented editing this graph-
based approach has an additional advantage in the context
of database reengineering. The graph-structure is extended
by additional nodes and edges which establish the depen-
dencies between the relational and the object oriented
schema respectively. The formal definition of these depen-
dencies as well as the preservation of these dependencies
during editing the ODMG or the SQL definition is given by
a triple graph grammar [Lef94, Lef95, Sch94] which we
explain now.

The top of Figure 3 shows as an example the tripple
graph grammar ruleMapTableToClass. Basically, a tripple
graph grammar rule, in the following called a mapping rule,

4. Abbreviated due to layout reasons. Stands for "ConferenceOrganisa-
tion".

5. The editors are hybrid structure oriented/textual editors. The user may
edit any syntactic part of the schema in normal text oriented mode. Then
a multiple entry parser analysis the edited text and (re)builds the corre-
sponding abstract syntax subtree.

6. Abbreviation for"Conf_Info_Addr".
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is a specially notated graph rewriting rule (see [HE95] for
an overview on graph grammars). Within a mapping rule
the solid parts (like the nodes11, 21, and31 and the con-
nectingmap edges) describe the so calledleft hand side.
The dashed parts (like node10, 20, and30 and the attached
map edges) describe the so calledaddition part. A mapping
rule is executed by searching for an isomorphic image of its
left hand side and extending the found image by an isomor-
phic image of its addition part.

The example mapping ruleMapTableToClass searches
for a node11 of type SQLSchema (the root of the SQL
schema) and a node31 of typeODMG Schema (the root of

the ODMG schema) that are connected to a node21 of type
Mapping (the indicator of a correspondency between the
two schemata) by twomap edges. The rule adds a newtable
10 to the SQL schema and simultaneously a newclass 30 to
the ODMG schema and a mapping indicator20 of type
MapToOwn to the current data structure.

Figure 3 shows two additional rules for SQL tables. Rule
MapMergeToFatherRel describes that atable 10 that is
known to be asubrel of anothertable 11 that already has
been mapped7 to class 31 can be mapped to the sameclass
31 as its father relation. RuleMapAggregateInOther
describes that in the same situationtable 10 also can be

Figure 3: Trippel Graph Grammar Rules for tables

mapping MapTableToClass =

condition 10.Ident = 20.SQLIdent; 20.ODMGIdent = 30.Ident;
end;

mapping MapMergeToFatherRel =

end;

mapping MapAggregateInOther =

end;
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mapped to a complex attribute (of record or tuple type) of
theclass 31 that corresponds to its father relation/table 11.
Additional mapping rules are used to define the mapping of
attributes and attribute types.

Formally, a set of such mapping rules (together with an
appropriate start graph) builds a (tripple graph) grammar
with the set of all pairs of SQL and ODMG schemata as its
language that we consider to be equivalent or to depend on
each other.8

7. The mapping indicator21 of super classMAP can be matched to map-
ping indicators of any of its subclasses, likeMapTableToClass, MapMer-
geToFatherRel, or MapAggregateInOther in our example.

8. The prove that exactly the set of all equivalent schema pairs is defined
by a set of mapping rules is still a topic of current research.

From the mapping engineers point of view, each map-
ping rule defines for a given element/substructure of a SQL
schema one possible translation into an element/a substruc-
ture of an ODMG schema that he/she considers to be equiv-
alent.

The mapping tool utilizes this equivalence definition by
deriving three different operations/graph rewriting rules
from every mapping rule, a forward transformation rule, a
relating rule and a backward transformation rule.

Figure 4 shows the forward transformation, relating, and
backward transformation rules derived from the mapping
rule MapTableToClass shown in Figure 3.

A forward transformation rule is derived from the corre-
sponding mapping rule by changing the dashed SQL parts

Figure 4: Graph Grammar Rules derived from MapTableToClass

forward rule MapTableToClass =

transfer 20.SQLIdent := 10.Ident; 20.ODMGIdent := 10.Ident; 30.Ident := 10.Ident;
end;

relating rule MapTableToClass =

transfer 20.SQLIdent := 10.Ident; 20.ODMGIdent := 30.Ident;
end;

backward rule MapTableToClass =

transfer 20.SQLIdent := 30.Ident; 20.ODMGIdent := 30.Ident; 10.Ident := 30.Ident;
end;

c

map

map

20 : MapToOwn

11 : SQLSchema

30 : class10 : table
map

c

31 : ODMGSchema

c

map
21 : Mapping

c

map
20 : MapToOwn

11 : SQLSchema

30 : class10 : table
map

c

31 : ODMGSchema

c

mapmap
21 : Mapping

c

map
20 : MapToOwn

11 : SQLSchema

30 : class10 : table
map

c

31 : ODMGSchema

c

mapmap
21 : Mapping



of the mapping rule to become solid parts. For ruleMapTa-
bleToClass these parts are node10 and the attachedc edge
comming from node11. The resulting forward transforma-
tion rule searches for atable9 in theSQLSchema and creates
an appropriateclass within the correspondingODMG-
Schema (and a mapping indicatorMapToOwn describing
the correspondency of the translated elements). The relating
rule is derived from the mapping rule by changing the
dashed SQL and the dashed ODMG parts to become solid.
The resulting rule is used to reestablish correspondency
information that was lost due to editing of the ODMG
schema or that had become invalid due to new schema
information added to the SQL schema, e.g. by the schema
extraction tool. The backward transformation rule is derived
by making the ODMG parts solid. Such rules can be used to
translate an object oriented conceptual database schema
into a logical SQL database schema.

4 Current and Future Work

A prototype of the migration environment is available
and demonstrates the feasibility of the approach. This pro-
totype is now developed further by a one-year project-
including 15 graduate students and a number of MSc-the-
sises.

In cooperation with local industry and the Paderborn C-
lab (former CADLAB) the resulting environment shall
become part of a design environment for federated data base
systems. Through its OpenDM-system (Open Data Base
Middleware) C-lab provides the possibility to execute que-
ries to a federated system whose schema is defined as an
ODMG schema, in such a way that the appropriate local
data base(s) of the federation are queried. The necessary
information to translate the result of such a query back into
the ODMG-model, if the local system is a relational one, is
provided by the migration environment as sketched in this
paper.

Based on our approach to schema migration our current
research focuses on the remaining two migration phases:
data migration and application migration.
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