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Abstract

A  methodology of reengineering existing
extended Entity-Relationship(EER) model to
Object ‘Modeling Technique(OMT) model is
described. A set of translation rules from EER
model to a generic Object-Oriented(OO) model
of OMT methodology 1is devised. Such
reengineering practices not only can provide us
with significant insight to the "interoperability"
between the OO and the traditional semantic
modelling techniques, but also can lead us to the
development of a practical design methodology
for object-oriented databases(OODB).
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1 Introduction

In the current software area, there is a paradigm
shift to Object orientation. OO modelling is a
new way of representing static and dynamic data
semantics in the form of objects,
links/associations, and methods[1]. Traditional
record-based relational databases built by using
top-down modelling techniques such as the EER
model have been generally used over the past
two decades[2]. Applications with such record-
based databases could seek reengineering their
databases into OO ones in order to capture more
semantics of the application domain. The OMT
model{3] can be regarded as an extension of the
ER model with complete OO features, a
comprehensive OODB model enhanced with
advanced semantic features. The EER model can
be mapped to an OMT model as a representative
OODB model in forward engineering. OMT
model improves EER model in the areas of
expressiveness and readability. However, from
the user point of view, EER model is much

easier to use than OMT model because of its
simplicity. It seems reasonable to follow the
traditional method to design a database starting
with EER model for its richness in static
semantic data modelling technique, and then map
it to an OMT model as part of OODB design.

2 Mapping from EER model to OMT model

The process of mapping from EER model to
OMT model can lead us into transformation from
traditional semantic models into OO model, and
can be described in the following steps:

Step 1 Entity — class[4]

An EER Model works with entity types and their
corresponding  attributes.  Attributes of a
particular entity may be considered as instance
variable of the class instance. For example, an
entity type Book can be mapped into a class
Book of OMT model as shown in Figure 1.

EER model Mapped OMT model
BOOK  |Class name
BOOK __====> |Tille: string Midte rane
DOP: date
Author: string
Operation: create| Method

Figure 1 Map an entity to a class

Step 2 Relationship — Association{5]

In EER Model, relationships are represented as
named associations among entities. In OO
schema, they are links and associations between
superclass(es) and subclass(es). Link is a
physical conceptual connection between object
instances. Association describes a group of link
with common structure and semantics and
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pointer as an attribute in an object that combines
an explicit reference fto another object. The
relationship in the EER model can be mapped
into an association in OO schema on a 1:1 basis
with its corresponding multiplicity of links and
pointers. When constrained by cardinality,
relationship need to be mapped according to the
constraint. For example, the 1:n relationship in
Figure 7 can be mapped into the OMT model
where "cour-prer” is an association attribute of
class Course associating with a set of another
object instance of Prerequisite to comply with
the 1:n relationship between entity Course and
entity Prerequisite in the EER model, and its
"prerequisite-of" is an inverse association class in
Prerequisite. ~ Another example of mmn
relationship mapped to a link attribute can be
shown in Figure 9 where "grade” is a link
attribute in association Enrol. In general, a n-ary
relationship in EER model can be mapped to a
n-ary association in OMT model. Also the
minimum and maximum ocCcurrence in EER
model can be mapped to the multiplicity of
association in OMT model. Similarly, an optional
relationship can be mapped to an optional
association in OMT model.

Step 3 Generalisation — Method[6]

For generalization, the variances among entities
are suppressed and their commonalities are
identified by generalizing them into one single
class. The original entities with each of its
unique differences are special subclass(es). The
mutually exclusive subclass(es) are called
disjoint generalisation. The mutually inclusive
subclasses are catled overlap generalisation. For
example, disjoint generalization in Figure 2 can
be mapped into the OMT model where
subclass(es) Contract-Staff and Permanent-Staff
inherit the properties and operations of superclass
Staff. The mapping of overlap generalization into
the OO schema is similar to the mapping of
disjoint generalization into the OO schema
except that check statement is omitted and a
solid triangle is used to indicate overlapped
subclass(es).

EFER model mapped OMT model

STAFF

name: string
address: infeger

L3

create staff

\ staff?type

ontract{ ~ [Permanent-
Staff Staff

Contract-Stafl Pemanent-sta

it st
oy e | Sy e

wedeomtac S| e e
check not-existence! icheck not-existence
Pormanent-stafl | | contract-stafd

name name [
oul-pay sy i s‘taH

Figure 2 Map generalization to OMT

Step 4 Categorisation — "Multiple"
inheritance[3][7]

A categorisation is derived by mapping isa
relationships and  their record types to,
superclass/subclass such that a set of
superclass(es) can be united together to form a
superclass to a subclass. All these superclass(es)
may have different key attribute as they are
originally independent classes. For example, the
categorization in Figure 3 can be mapped into
the following OMT model where subclass Car-
owner inherits by associating with only one of
the three superclass(es): Bank, Person or
Company.

SIGMOD Record, Vol. 24, No. 3, September 1995 19

I NN |




G661 12qUIR3dag ‘¢ "ON ‘pg ‘Jop ‘pr029y AOWDIS

JUIUI[OJUD J0J [OpoWI JYHH UV S 2anSij

aj-aysinbaseid

JLSINOAHIHd _—
#aysinbalaid

u

SS3IppE-10}oNIISUI
2410 aWeu-Jo}ans)sul
#lauedsp

I FIIRES

3SHN03 HOLONULSNI

u

39

#uawyledap| |

c
<Q>
[ =
F (&)
wi
2}
E

UO}BI0}-35IN03
#95IN00

apeld

~®

Sley-~Juapnis

#luapns IN3FANLS ANINLdvd3d

‘[epow
LINO 01 peddewr 2q [[Im yoIym ‘Juswijoiug
uoneorjdde ue 10] [opowr Y ue st ¢ amig

[Ppowr LINO
ue 03 pPpouw YHH ue 3uiddew Jo Apnjs ase)) ¢

"98INOY) SSB[O PUR JOIONIISUJ SSBID :SISSB[D
wsuodwiod om) yim uonedorSSe ue sI UONDRS
SSB[O 2oy ewayos OO 2y) our paddewr oq ued
6 231 ur uone3aidse oy ‘ojdurexs 10 "ssed
aysoduwiod e Jo [aA9] IoySiy ® ojul pajejal oIk jey)
(so)sseo Jo uoneuiquod ay; syuued )1 ‘Jopowr
00 Ul "Amus ue uuoj o1 pojederSSe oq ued
[opowt YHH Ul drysuoneal J19y) pue Sonnud oy,

[g8]10a(go ansodwo)) « uonegaiddy ; dois

, "Pa191op OS[e aIe SaduE)ISul
lojonnsuy  ssepd  juouodwoo  Surpuodsorod
S ‘pao[ap st juoungeds sse|o jo aouejsul
ue Ji JeYl yons iojonnsuj sse[d juouodwioo
Jo oouspuadop oouoisixe ue sordun juswsiels
_umo 9yJ, -lojonnsuj ssep jusuodwod B SuUMo
yorym sse[d 3109fqo ansodwods e s1 jusunredo(g
SSe[0 oIoym [opow [INO Suimofoy ayy ojur
paddew oq ueo g 21081 ur J03onnsu] AIRuUs yeom
oy ‘sidurexs Jog Anue Isumo si uo spusdop
[opow YHH W AMus Yeam JO Q0USIXS Y],

[z]séep usuodwo) « Amuo yeop 9 daig

0¢

4aOO0 01 diysuonepax est dejyl p a3

e aleal)
b gL
19)01y3A JIBYU

ien

N/ sa1bap-uoinjod
<=== #aed

RITETNELETY

1aB3jur puonensiba;
Buiiys :gare|d

EEIEN

[5POW | NO paddepy

[opow 444

Iy A sseporadns sy Jo soruadod oy syuoyur
Ie) sSSe[oqns aIym jepowr JNO Suimoj[o}
a3 ojur paddewr oq ueo § am3yy wr diysuoneal
st o) ‘opdwrexe 104 sse[oqns poziferoads
Suiauop opym  sontedoid uowrmod  soLred
sse[) ‘sse[d pozieroua§ orow jo suonerado
pue sorpedoid oy Jeyur ($9)ssed poziperoads
yomym w paziuedio o9 O} sassepd  sywred
eWoYos OO ur diysuopeyar (est) uonezijerousd
ynm  pajercosse aouejueyul jJo ideouod oyj,

[Z}eouetioyuy « eS| ¢ dais

Ppow LJAQO 03 uoneziio3aed dejy ¢ aan3ig

Iaumo-Jed-Auedwod Jo
JOumo-Je3-u0ssad Jo
13UMO-JBI-YURG 3]B3Id
JOURO-12) 8]2310 UM
Bulns :asusj|
finys J'GUMO-JBMUBdUJOI) 85080 JaUK) 1)
Buis - ouno-1e-u0si3y -

Bt Joumo-1e-yoeg Ch{)
J3UMO 1e) y

cam==
| | t | | ! 0

T v T

At a0 oo i eg aean fueduony|uosiag)| Hueg

Pus -ssaipa s :Ssaippg PUuls :sSopp

B -auey |{Bus 2uey | By auey SS%JUF}EE Ssg£g§ SS:JJpép[\T

opow Y14

Auedwo) |l uosiad || dueg
jopow [NQ paddep




Step 1 Entity — class

Each entity in the EER model will be mapped to
a class in the OMT model as shown in Figure 6.

FER model ~ Mapped OMT mode

Department
Departmenlf===>] ¢

— GeparIngnté: nteger
= Create department EER model Mapped O el
: Course
FER model  Mappet ONT model | Couse ===> 0 o integen
Instructor | _Couset course-name: sl
strucler i===>1 istclork:plegey | corse-name Create course

instructor# pslclo-tane;sting

instructor-name | Creale inslructor FER model Mapped OMT model

FER model  MapedOMTmoel [ ] | Prerequisite
v PS> it
Student prGQUSIGE. niege
Stk ===l e P R, requse-fane i
student# studenl-nahp: sling prerequisite-name | Create depariment

student-name | (reate student

Figure 6 Map each entity to a class in OMT

Step 2 Relationship — Association

Map each cardinality to an association in OMT,
with the exception of a weak entity (which will
be mapped in step 6) as shown in Figure 7.

EER model ‘Mapped OMT model

Course
Course Course#: interger
Course-location: string
! cour-prer: selprerequisite
_____ Create Course
Courﬁ ““““ >
n l

Prereguisite

Prerequisite

Prerequisite#: integer
hrerequisite-title: string
prerequisite-of: course
Create prerequisiie

Figure 7 Map an relationship to an association
in OMT model

Step 3, 4 and 5 are not applied.

Step 6 Weak entity — Component class

Map each weak entity to a component class such
that there are existence dependency between two
classes as shown in Figure 8.

EER model Mapped OMT model
Department
Department own instructor
department#: integer

Create Department]

when delete department
@ ———=—=—> (delete instructor

In O+
Instructor
Instructor instructor#: integer
nstructor-name: string

When create instructor
check exstenceldepariment

Figure 8 Map an weak entity to a dependent
class in OMT model

Step 7 Aggregation — Composite object

Each aggregation in the EER model can be
mapped to an aggregation (or composite object)
in the OMT model as shown in Figure 9.

Mapped OMT mod
EER model ped T moce
Section
student# StUdem Stugem teach: course
student-name Iy iﬁ?tﬁﬁg. -y nstucto

@ ot elon e ][ e
qade F————I|", ., || grade: integer
Creae sudeni | o _
create section

" QO

— In 0 o> | . i
sty @ {ourse Course | [instructor
ntogo S-S

e ot (oused: nfege

— course-tane: skl Isncke-a sl
nstruclor-add Course-name

create course] |creale nstructo

Figure 9 Map aggregation from EER to OMT
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Step 8 Draw OMT model

Draw a mapped OMT in Figure 10 as 2 result of
the previous steps.

Mapped OMT model

Sliden ection
‘ teach: course
Sl e p— taught-y:sincto
Sttt g Fyyol | pectont:nleer
o sl i grade: integer
(e st s create section

Doequstd | Course | nstructor|— Pepartment

own mstuclor

BRI g gy P
L e T

ieale pevequste

| create cose | feate nshucto

Figure 10 A mapped OMT model for the
enrolment

4 Conclusion

This paper proposes a methodology to transform
an EER model to an OMT model for the purpose
of OODB design and also for reengineering
traditional non-OODB into OODB. A schema
translation procedure with steps and mapping
rules that consider the vital features of the EER
models and the fundamental data abstraction
concepts of OO data models are proposed. The
steps and its corresponding mapping rules have
been illustrated with simple examples and a case
study. The next logical enhancement of this
research is to capture the dynamic behavior of
the OODB as an enhancement of this
methodology.
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