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Object-Relational Database is an emerging breed of database that combines the state-of-the-
art Relational Database with object-oriented capabilities. The transformation of Relational
Database to Object-Relational Database is a preferable option. The correctness and complete-
ness should be guaranteed during the transformation. Since the ambiguity of conventional
representations of database model, e.g. UML diagrams and the diversities of SQLs, utiliza-
tion of formal methods can be beneficial. Furthermore, formal specification makes further
reasoning and proof of considered cases able to be established. We proposed the transforma-
tion model and the database process new sequence. The formal specification is given in Z

notation.

1. Introduction

The motivation of this paper is to antic-
ipate the “great wave’ of Object-Relational
Databases (ORDB)®). The condition is given
by a long standing Relational Database (RDB)
that faces a problem of supporting object-
oriented applications, e.g. aircraft manufac-
ture company database for demanding support
of object-oriented software applications. Trans-
formation to object-relational type is a prefer-
able choice than migration to object-oriented
database, because the hard core of the legacy
of RDB in industry can be preserved, while a
complete re-development of operated softwares
are required for radical migration to an object-
oriented onel),

In general, the current state-of-the-art RDB
could not satisfy the emerging force from
users of information technology to support the
object-oriented programming language. The re-
quirement to support multimedia data types
and the fast growing internet are the techno-
logical driver for object-relational database.

We expect that by giving a precise transfor-
mation of RDB to ORDB, we will help the
object-oriented software developers to have a
better understanding of the current running re-
lational database model in an object-oriented

view.

The conventional logical design of database
is represented in diagrammatic model then it
is created by structured query language (SQL)
statements. The correlation of diagrams and
the SQL statements cannot be guaranteed. We
proposed that the formal methods approach be
used to guarantee that correct transformations.
We considered that the RDB model is origi-
nated from IDEF1X while the ORDB model is
proposed to be represented in an Unified Mod-
eling Language (UML) class Diagram.

We believe that Formal Methods is an ap-
proach that can rigorously describe the infor-
mal representation of relational and object-
relational model, IDEF1X and UML; further-
more we can make a further reasoning for those
models. We apply Z notation for those formal
specifications. Since we also captured the SQL
statements in the same level of formality then
the logical refinement of those sets of formal
specifications can be proceeded with.

The structure of this paper is the object-
relational database in the next section, followed
by the approach model. The formal specifica-
tion model is presented after that. Then, a dis-
cussion about further reasoning. We concluded
our paper with the conclusion and future works,
after discussing the sequence data base design.



2. Object-Relational Database

Many vendors and researchers are still argu-
ing about the true object-relational database.
In our opinion the main feature of the object-
relational data model is a relational data model
with extension features. This opinion is sup-
ported by our selected strategy of the incremen-
tal evolution of relational database to obtain
an object-relational database. The main addi-
tional features that accepted by almost all re-
searchers are base type extension, complez type,
inheritance and rules. The ultimate goal of an
evolution of object-relational database is to be a
fully object-oriented database? while preserv-
ing its legacy of relational database.

First Order
Clausal

/ =

/

. Object-Relational Objsct-Oriented
» é‘
< - I <
Relational Object-Refational Object-Oriented
Database Database Database

Fig. 1 Space Theories of Databases

We considered a mapping from FOCT to
ORDM, in which it will include represen-
tation assumptions, object-relational assump-
tions and object-relational dynamic assump-
tions. We considered object-relational data
model as a sink of relational data model and
object-oriented data model. Figure 1 depicts
a space theory for Relational, Object-Oriented
and Object-relational databases as modified
space theories of Fernandez®).

3. The Approach Model

The utilization of formal methods is depicted
in Fig. 2. The problem of transformation re-
lational database to object-relational database
is initiated by extracting the current relational
database to its logical design representation in
the IDEF1X diagram. An intermediate in-
formal solution can be provided by mapping
IDEF1X to a class diagram of UML. Formal
specifications based on those diagrams by con-
sidering the domain problem can be given. The
rigorous solution is provided by proving a corre-
lation between RDB and ORDB specifications.
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Fig. 2 The Approach Model

The mapping of IDEF1X to a UML class di-
agram can be trivially given because IDEF1X
and UML class diagrams have the same to-
pography®). A set of formal specification of
IDEF1X has been presented”) by adapting from
Kouno’s works®) with modifications.

4. Formal Specification Model

The model of transforming a relational
database to an object-relational database is de-
picted in Fig. 3. The complete transforma-
tion can be achieved in two stages; first a bare
transformation from an relational database to
an object-relational database without additions
and then adding the additions to the object-
relational database. The additions, e.g. em-
bedded methods, have no counterparts in the
relational database model and it must there-
fore be done by the users. So we concentrated
on the first step.
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Fig. 3 Transformation Object-Relational Database
Model

We make the assumption that there is a
relation between SQL commands on an rela-
tional database and the corresponding SQL
commands on object-relational database. An
ORDB may have a richer SQL language, but
for correctness we are only concerned to present
that we can do in an ORDB as whatever we
can do in an RDB. It is possible that a primi-
tive RDB command may be modeled by a more
complex ORDB command, but in practice we
do not expect this as SQL-92 is essentially a
subset of SQL-3.



We assume that we can divide the SQL com-
mands on a database into three groups: cre-
ation commands that create database values,
mantpulation commands that manipulate the
RDB values but do not generate output, and
selection commands that generate output but
do not change database values. This assump-
tion is just to simplify the analysis. The equal-
ity result(s) of selection commands between
RDB and ORDB should be held by establishing
equivalent function f between both results.

The correlation between both SQL com-
mands can be regarded as more abstract op-
eration to a more concrete operation as refine-
ment correlation is held. If the relation R rep-
resents the correlation between RDB specifica-
tions, Sp, to ORDB specifications Sp,, Op, is
the concerned operation in RDB and Op, is the
corresponding concerned operation in ORDB.
Then we can apply the logical refinement con-
ditions: [Initialization, Applicability (Safety),
Correctness (Liveness) defined as below respec-
tively.

V Sp), ® InitSp, = (¥ Sp, ® InitSp. A R')

V Spr; Sp, ® pre Op, A R = pre Op,

V Spr; Spo; Sp, ® pre Opr A Opo A R
= (35p, @ Op. A R')

4.1 Specifications in Glance

A table of relational database consists of enti-
ties Entity that constructed by records Record
that primary keys PKeyAtt and other keys,
OKeyAit as the smallest construct. Those
data-type of keys are pre-defined data-types.
— Record[PKeyAtt, OKeyAtt]

p : PKeyAtt

o : OKeyAtt

Entity[PKeyAtt, OKeyAtt]
B entity : P Record[PKeyAtt, OKeyAtt]
eType : Entity Type

Vrl,r2:entityerl.p=r2.p=>rl =12

Supposing a database consists of a vendor en-
tity that has primary key, vendorNo and an
other key vendorName. Then the specification
for vendor entity VendorEnt is given as:

[Char]
VendorPK = [vendorNo : seq Char]
VendorAtt = [vendorName : seq Char]

VendorRec = Record[VendorPK , VendorAtt]

VendorEnt = Entity| VendorPK, VendorAtt)
[vendorRecs [ entity]
An object-relational database is free con-

structed by the user-defined objects. For the
same example above, vendor class UVendorExt
is constructed by object UVendor with a user-
defined type VndNo and VndName and the
VndID as the default object-id then specifica-
tions will be:

[VndID]

VndNo == seq Char

VndName == seq Char

— UVendor
vendorld : VndID
vendorNo : VndNo
vendorName : VndName

_ UVendorExt
wvendors : F UVendor

Vuvl, uv2 : uvendors e uvl = uw2 &
uvl.vendorld = wv2.vendorld
A uvl.vendorNo = uwv2.vendorNo

We introduce a function f that takes the re-
sult of the selection command of ORDB un-
structured. The result is such that the value
of ORDB result can be shown as the value of
RDB result.

f : UVendor - VendorRec

dom f = UVendor

Y v : VendorRec; uv : UVendor | f(uv) = v
e v.p.vendorNo = uv.vendorNo

A v.0.vendorName = uv.vendorName

A correlation between the entity-class can be
given as:

MappingVendorEntityClass
r VendorEnt; VendorExt

Y vs : vendorRecs; uvs : uwvendors
o f(uvs) = vs

The refinement conditions can be applied on
this correlation of VendorEnt C UVendorEzt.
The proof can be provided in the Z/Eves tool.

5. Further Reasoning

The mapping result of UML class diagram
can be refined as a kind of schema evolution of
databases. These pictorial refinements can be
reasoned in formal specification that is given by
the ORDB specification. Since it is given in a
precise description, the proof of this refinement
can be supported.

A refinement process can be constructed by



more basic refinement processes; those are aug-
mentation,reduction and preservation. The ba-
sic refinement processes can be applied to any
components of the UML class diagrams, e.g. at-
tributes, operations, classes, and relationships.
A detail information of this extension is pre-
sented in 9)

6. Sequence of Database Design

In conjunction to the formal method exis-
tence in database design, we proposed the se-
quence of transformation RDB to ORDB as
shown in Fig. 4. Currently, the established au-
tomatic processes are the generation of Z spec-
ification from UML class diagram, the genera-
tion of SQL syntax of persistence classes. Those
are available inside the Rational Tool by adding
some scripts. The reasoning, analysis and prov-
ing of the specifications can be provided by the
Z/Eves tool, as its input is the output of the
Rational Rose tool.
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Fig. 4 Sequence of Databases Design Process

7. Conclusion and Future Works

A significant part of the transformation of
RDB to ORDB has been shown as a logical re-
finement correlation. Its correctness and com-
pleteness can be observed in formal methods
such that its clear understanding can be ex-
pected. We considered that this is a significant
result to be applied to the rest of the complete
components.

Formal methods have been presented as a
tool for reasoning and producing a better un-
derstanding of a problem. Since it uses the
precise description in mathematical notations,
then the proof can be shown. Its effectiveness
depends on the tools’ availability.

The tools’ integration between Rational Rose
and Z/Eves can be investigated and provided
for practical purposes. Further work on com-
plete translation of UML to Z specification can

be expected to review the other domain prob-
lemns, e.g, software engineering domain.
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