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Abstract a transformation as accepting a source object model pattern
and yielding a target object model patternp@iternis an
excerpt of an object model with one or more parameters as

software indirectly through the abstraction of models. placeholders for classes and associations.) You apply a

Models allow a developer to focus on the essential aspectstransform_anon to an object model by_allgnlng the source
of an application and defer details. Transformations extend pattern with the model and then substituting the instantiat-
the power of models, as the developer can substitute reﬁne—ed t?:r_get paltterhn. ¢ ; i d thei

ment and optimization of models for tedious manipulation Igure .. Shows some fransformations an €ir use.
of code. This paper catalogs object modeling transforma- The top portion specifies two transformations—depending

tions that we have encountered in our application work. on the direction in Wh'Ch ygu read the diagram. )
» Read from left to right, Figure 1 shows a transformation

for partitioning a class. A designer may choose to split a
class K) into two smaller classeX{, X2) by apportion-
1. Introduction ing and replicating information.
» Read from right to left, Figure 1 shows a merge transfor-
mation. Under some circumstancé$ and X2 can be

The process of software development is gradually
achieving more rigor. Proficient developers now construct

Transformations have been a prominent theme in the
literature [1] [2] [3] [4] [5]. At the first two working con-

ferences on reverse engineering there was also much men- combined to forrr)(l. .
tion and interest in transformations. In principle, there are The bottom portion of Figure 1 shows an example for
two kinds of transformations—on function and on data. the transformations. A database may store both personal

This paper concerns transformations on data. and business information for a person; we can represent the
The literature explains some of the theory of transfor- information with a single class or split the information into
mations on data and motivates their use, but surprisingly two classes. Both models are correct; the choice between
only lists a small number of specific transformations. This Models would depend on the purpose and scope of an ap-
paper presents our list of primitive transformations for ob- Plication. If we have much personal and business informa-

ject models. We do not claim our list is complete, but it is tion, it would be a good idea to separate them. If we have a
the most comprehensive list that we have found. modest amount of personal and business information, it

This paper uses the OMT notation [6] for modeling M&Y be easier just to combine them.
data structure. The OMT object model is essentially an ex- ~ 1he angle brackets denote a placeholder for a class that
tended Entity-Relationship model. The object model char- must be instantiated when the transformation is used. Thus

acterizes the static structure of things (objects). It looks at W€ Substitutéersonfor X in our Figure 1 example.
structure in terms of groups of analogous objects (classes), e use an arrow notation to indicate whether a trans-
their similarities and differences (generalization), and their formation gains or loses information. A transformation in
important relationships with one another (associations). the direction of an arrow yields a model with equal or less

The appendix summarizes the OMT notation that we use in semantic content. A designer need not add information to
this paper. allow a transformation to proceed in the direction of an ar-

_ row. Conversely, transformation in a direction without an
2. Transformation Concepts arrow yields a model with increased semantic content. The

. . . designer must assert some additional information to allow
A transformationis a mapping from the domain of ob-

ject models to the range of object models. You can think of
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Transformations: correspondence betwed andX2 for the merge trans-
formation to occur.
<X> <X1> | | <X2> All transformations have kacal effecton a model. A
a > a b transformation only affects the constructs that align with
2 ¢ ¢ the source pattern and the associations and generalizations
that connect to these classes.
{Note: Each attribute and association for X is replicated or 3. Transformations and Software Engineering
apportioned. If X'is a subclass in a generalization, then both
X6 2 Supbraiass then e subclasees muliply Iheri from Transformations have several purposes for software
X1and X2} engineering.
T EEE = « Forward engineering. By applying a series of transfor-
Example: mations, a designer can simplify and optimize a model.
Transformations allow you to consider implementation
Person PersonHomelnfo needs in a language and database independent manner.
ﬁersoglalgme > ﬁersoglt\jlgme » Reverse engineeringThe reverse engineer takes imple-
o ePhons ol mentation artifacts and deduces the underlying logical
officeAddress intent. Transformations allow you to explicitly note as-
officePhone PersonOfficelnfo sumptions while processing implementation artifacts.
personName . Schema integration .Transformatlons are yseful for
officeAddress mapping an enterprise model to application models.
officePhone Such mappings are a prerequisite for allowing common
_ _ data to flow between applications.
Figure 1 Sample transformations and example + Schema evolution Transformations also facilitate data

_ o conversion. Each transformation can be associated with
such a transformation to proceed. A bidirectional arrow de- commands that migrate data from the source to the tar-
notes an equivalence transformation. get.

We classify transformations into several categories de- Most software development tools currently provide lit-

pendir?g on whether they g'ain or lose information. tle support for transformations. (Reference [4] describes an
* Equivalence transformation The source and target ob-  exception.) Nevertheless, it is still useful to think in terms

ject models describe sets of instances where each sourcgsf transformations. Eventually the tools will become more
instance corresponds to exactly one target instance. Sim-capable.

ilarly, each target instance corresponds to exactly one o .
source instance. An equivalence transformation may lose 4. Catalog of Primitive Transformations
or gain some incidental information from the object

model, such as association names or role names. . . .
; ion-losi ; . h del cannot be decomposed into lesser transformations. This
* Information-losing transformation . The source model  gaction presents the following primitive transformations.

is more constrained than the target model. All instances \ye do not claim our list is complete and our presentation is
of the source model can be described by the target model;;¢ormal.

some instances of the target model ganr!ot l:_)e described, Transformations on a single construct type.
by the source model. The transformation in Figure 1 los- TLR dd fruct
es information when applied from left to right (partition - T2. Aemotve or at atc_ons ;udc " d or derived
transformation). Th& class has an implicit relationship - T3. Dsserda cons r?? tls ml)t' l_er_ltve or derived.
between the attributes that may not be enforced with the ~~ - P€drade or restrict muttiplicity.

-- T4. Transform a multi-valued attribute.

separate classes. :
* Information-gaining transformation . The source mod- - T5. Reorder attributes,
‘on-gaining on - ! -- T6. Transform an enumeration attribute.

el is less constrained than the target model. All instances T7. Partition a construct or merge constructs.
of the target model can be described by the source model; -

. . -- T8. Compose associations.
some instances of the source model cannot be described T ¢ i itiol truct t
by the target model. The transformation in Figure 1 gains ranstorma '|ons on m_u Ipie construc yp§§.
information when applied from right to left (merge trans- = 19: Combine associated classes or partition class.

formation). The software developer must assert some - 110. Move an attribute across an association.
-- T11. Move an attribute across generalization.

A primitive transformationis a transformation that

Page 2 Michael R. Blaha and William J Premerlani
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-- T12. Move an association across generalization.

Modifying inheritance.

-- T13. Remove or add a subclass.

-- T14. Push subclass information up or specialize.

-- T15. Fragment multiple inheritance.

-- T16. Factor multiple inheritance.

Conversions.

--T17. Convert generalization to/from exclusive-or as-
sociations.

-- T18. Convert qualifier to/from link attribute.

-- T19. Convert link attribute to/from object attribute.

-- T20. Convert association to/from class.

4.1 Remove or add a construct

The transformations in T1 modify a model by remov-
ing or adding a construct. You may remove or add a class,
association, object attribute, or link attribute. These trans-
formations are especially helpful during reverse engineer-
ing, because you should rigorously track such decisions.

(@) Class:
—>

{Note: X has no attributes, associations, superclasses,
or subclasses.}

<X>

(b) Association:

<X> <Y> <X> <Y>

—

{Note: The association can be n-ary or an aggregation.
The association cannot have any qualifiers or link attributes
Any multiplicity is possible.}

(c) Attribute:

<X>

<X>

—

a

{Note: T1c applies for both object attributes and link attributes.}

T1 Remove or add a construct

4.2 Assert a construct is derived or not derived

The transformations in T2 allow you to mark a con-

(a) Class:
<> —> [ <X>
(b) Association:
/A A
<X> <Y>| —> <X>|o—c|<Y>

{Note: The association can be n-ary or an aggregation.

(c) Attribute:

<X>

<X>

—>

/a

{Note: T2c applies for both object attributes and link attributes.}

T2 Assert a construct is not derived or derived

(a) Association multiplicity:

{m1..n1}
<X> {m2..n2} <v>
{m3..n3}

{Note: m1>=m3, n1<=n3, m2>=m4, n2<=n4. The associations can
be n-ary or an aggregation and have qualifiers and link attributes.}

(b) Attribute multiplicity:
<X>
a[ml..n1]

<X>
a[m2..n2]

—>

{Note: m1>=m2, n1<=n2. T3b applies for both object attributes
and link attributes.}

T3 Degrade or restrict multiplicity
some prior understanding of an application and be able to
reduce the multiplicity of an association from many-to-

many to one-to-many. The notatiorl..nldenotes a mul-
tiplicity range. (See Appendix.)

4.4 Transform a multi-valued attribute

T4 shows transformations for a multi-valued attribute.

struct as not derived or derived. These transformations are YOU may concatenate a multi-valued attribute into a single

helpful for fine adjustments to a model.
4.3 Degrade or restrict multiplicity

As T3 shows, you may degrade or restrict the multi-
plicity of an association, object attribute, or link attribute.
For example, during reverse engineering we may have

Page 3

attribute with a longer length or you may replace a multi-
valued attribute with several parallel attributes. The trans-
formations are equivalence transformations.

As an example of transformation T4, considstraet-
Numberattribute of clas&\ddresghat stores street location
for a person or company. You could represtraetNum-

Michael R. Blaha and William J Premerlani
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(a) Concatenation:

<X>
ajml..n1]

<>
b[m1..1]

<>

{Note: m1 =0 or 1. (length of b) = n1 * (length of a). T4a applies
for both object attributes and link attributes.}

(b) Parallel attributes:

<X> <X>
ami.nl] | €—> | al[mi.]]
anl[m1..1]

{Note: m1 =0 or 1. T4b applies for both object attributes and
link attributes.}

T4 Transform a multi-valued attribute

ber as an array of 3 lines of 80 characters each; a single

string of 240 characters; or 3 parallel attributes,
streetNumberlstreetNumber2and streetNumber3each
of which are 80 characters long.

4.5 Reorder attributes

T5 interchanges two attributes. You may change the
order of object attributes and link attributes. The transfor-
mation is an equivalence transformation and can be usefu
for making a model more understandable.

<X> <X>
a <> |¢
c a

{Note: T5 applies for both object attributes and link attributes.}

T5 Reorder attributes

4.6 Transform an enumeration attribute

T6 shows transformations for enumeration attributes.
T6a substitutes multiple boolean attributes for an object at-
tribute or link attribute that is an enumeration. For exam-
ple, you could replace the enumeration attritmaier with
valuesred, green andblue with the attributessRed is-
Green andisBlue The transformation from left to right

(a) Enumeration attribute

<X>
<XX> - 1
Is_e
e || :
is_en

{Note: e is an enumeration with values el..en. T6a applies for
both object attributes and link attributes.}

(b) Enumeration qualifier

<X> <X>
e
—>
el en
<Y> <Y>

{Note: e is an enumeration with values el..en. If all associations
have the same multiplicity then the transformation is an
equivalence transformation. The associations may be
aggregations, but X must be the assembly or component

for all the aggregations.}

T6 Transform an enumeration attribute

4.7 Partition a construct or merge constructs

You may also use transformations to partition a con-
|struct or merge constructs as T7 shows. In general a merge
gains information; the designer must assert that the merge
is logically meaningful before it can be allowed to occur.
We presented T7a and an example earlier as Figure 1. Fig-
ure 2 and Figure 3 illustrate T7b and T7c respectively.

4.8 Compose associations

You can form a new association by composing other
associations. You can then add the composed association
as a derived association to an object model. Or you may re-
move a constituent association as we do for T8 so the com-
posed association is no longer derived. T8 is similar to the
partition/merge transformations in T7b. The difference is
that the forward transformation in T7b partitions the set of
links; every link on the left side is described by one of the
associations on the right. In contrast T8 combines two or
more links to form a new link.

Figure 4 shows an example of T8. A company has
many divisions, each of which employs many persons. You
could instead represent the persons as directly working for
the company.

loses information, because the boolean attributes are not

constrained to be mutually exclusive. T6b transforms an
association with an enumerated qualifier to/from multiple
associations.

Page 4

4.9 Combine associated classes or partition class

As T9a shows, you can sometimes combine two class-
es and an intervening association. T9b is an equivalence

Michael R. Blaha and William J Premerlani
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a) Class: m1..nl jm3..n3
( ) <X>|ql H{ ! g2 | <Y>| g3 } g4 | <Z>
<X> <X1> <X2> {m2..n2} {m4..n4}
a a b \l/
b > c c
¢ ml..n1}
<X>|ql g2 | <Y> <Z>
{m2..n2}
{Note: Each attribute and association for X is replicated or gl q4
apportioned. If Xis a subclass in a generalization, then both 3 2
X1 and X2 become subclasses in the generalization. a q
If X is a superclass then the subclasses multiply inherit from * * XZ * *
X1 and X2} {m1*m3..n1*n3} {m2*m4..n2*n4}
- e e e e e - {Note: An association may be formed from an arbitrary number
o of associations. The associations can be n-ary, may have link
(b) Association: attributes, and can be aggregations.

{m3..n3} {m2..n2}

—_— | <X <Y>

M T8 Compose associations
{m2..n2}

{m4..n4} {m2..n2}

Company —C| Division
{Note: m1>=m3+m4, n1l<=n3+n4. The associations can be

—4 Person

n-ary or aggregations and have qualifiers and link attributes.}

V

<X> <X> |

(c) Attribute: Company M Person

ajmi.nl] | —> | al[m2..n2]

{Note: m1>=m2, m1>=m3, n1<=n2, n1<=n3. T7c applies for
both object attributes and link attributes.}

(a) Basic transformation

a2[m3..n3] Figure 4 Example of T8

T7 Partition a construct or merge constructs Ve (m2..1} > <Y>
a[ml..n1] {1.} —_— aim1*m2..n1]
mother| |child child ' father {Note: The transformation to the right adds all attributes,
associations, and generalizations of X to Y. The association

cannot have any qualifiers or link attributes.}
(b) Special case: X has one attribute, one
association, and no generalizations.

Figure 3 Example of T7c

transformation for the special case wh&rkas one attri-

bute, one association, and no generalizations. You can move an attribute from one class to another as
Figure 5 illustrates T9a. An address is located within a T10 shows. Alternatively, you can just add the migrated at-

city and a state. We could choose to simplify the model and tribute and mark it as derived. The transformation is an

equivalence transformationnilandn2 equal one and the

combinecityNamewith addressNumber

Person Person <X> | {m2..n2} <Y>
personName > personName a[ml..n1] {1.}
homePhone countryCode

areaCode
localPhoneNumber

association is not qualified.

<>

<Y>

a[m1*m2..n1*n2]

T9 Combine associated classes or partition class

4.10 Moving an attribute across an association

Page 5 Michael R. Blaha and William J Premerlani
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Address o city o State (a) Basic transformation
streetNumber cityName stateAbbreviation <Y> <Y>
stateName
\l/ a[ml..n1]
% ,_A_‘
Address Io— State ’—A—‘
— <X1> <X2>
streetNumber stateAbbreviation <X1> | | <X2>
cityName stateName a[m2..n2]| | a[m3..n3]
Figure 5 Example of T9 {Note: The generalization must be exhaustive. There may be an

arbitrary number of subclasses.
m1>=m2, m1>=m3, n1<=n2, n1<=n3}

<X> ml..1 <Y> . .
y ) (b) Special case: Move an attribute for one subc
a[m3..n3] {1.n2} | .
<Y> <Y>
<X> | {m1..1} <Y> af0..n1]
—> | .. {1.n2} | a[m1*m3..n3] A
I I [\
- ) <X1> <X2>
{Note: m1 =0 or 1.The association may be an aggregation or <X1> | | <x2>
have qualifiers and link attributes. The transformation is an a[mi..n1]
equivalence transformation if m1 and n2 equal 1.}
T10 Move an attribute across an association {Note: There may be an arbitrary number of subclasses.}

T11 Move an attribute across generalization
4.11 Moving attributes across generalization levels

Transformations T11a move an attribute down or up a

generalization level. T11b is a special case where only one | Financiallnstrument Financiallnstrument
attribute is promoted to the superclass. Figure 6 illustrates | name description

T11a. AFinanciallnstrumentan be amssetor aPortfo- description A

lio. We can shift attributes across generalization levels dur- I |

ing reverse engineering or as part of optimizing a model. ,—A—‘

9 9 9 P P 9 - Asset Portfolio
4.12 Moving associations across generalization | ASSet Portfolio name | | name
levels portfolioType portfolioType

Transformations T12a move an association down or Figure 6 Example of T11a

up a generalization level. T12b is a special case where only
one association is promoted to the superclass. Figure 7 il-
lustrates T12a. A distribution list for electronic mail may 4.14 Push subclass information up or specialize
contain many addresses; each address in turn may be the
electronic mail address of a person or another distribution
list.

T14 can eliminate a generalization level by pushing
the attributes, associations, and generalizations of subclass-
es up to the superclass. Sometimes it is helpful to eliminate

4.13 Remove or add a subclass generalization by manipulating the object model (as op-

posed to eliminating generalization during implementa-

T13 removes or adds a subclass. By successively ap-tion). The transformation in T14 is an equivalence transfor-

plying the left-to-right transformation, you can push all the - mation for the special case where the subclasses have no at-
information of a superclass down to its subclasses. Thus if yiputes or associations.

A is the superclass &f andC is the superclass @f andE,
two successive applications of T13 can collapse the inher-
itance hierarchy and malkea direct superclass BfandE.

Page 6 Michael R. Blaha and William J Premerlani
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(a) Basic transformation

<7>

<X1> | | <X2> | | <X3>

<Y>
—>
<X1>| | <X2>
{p4..r4} {p3..r3} {m3..n3}T 1{m4..n4}

{Note: The generalization must be exhaustive. There may be an
arbitrary number of subclasses. Class Z may be one of the
subclasses. p1>=p2+p3+p4. ql<=q2+q3+g4.

m1>=m2, m1>=m3, m1>=m4. n1<=n2, n1<=n3, n1<=n4.

All associations can be n-ary or aggregations and may have
qualifiers and link attributes. All associations must have the
same qualifiers and link attributes for a transformation to the left.}

(b) Special case:
Move an association for one subclass

<Y> <y> {pl..r1} 7>

<X1> | [ <X2>| | <X3>

{m1..n1}

{Note: There may be an arbitrary number of subclasses.
Class Zmay be one of the subclasses. The association can
be n-ary or an aggregation and may have qualifiers and
link attributes.}

T12 Move an association across generalization

Address Address

—> hAﬁ
Personal | |Distribution
Address List

Figure 7 Example of T12a

Personal | [Distribution
Address List

Page 7

<Y> <Y>
,_A_\ —>
<X1>| | <X2> <XI>| [<X2>| |, .

{Note: The source generalization may or may not be exhaustive.
There may be an arbitrary number of subclasses. For a
transformation to the right, all the attributes, associations, and
superclasses of Y must be added to X1. For a transformation

to the left, X1 must have attributes, associations, and
superclasses that match those of Y.}

T13 Remove or add a subclass

(a) Basic transformation

<Y>

a <Y> <X1>

<X2>

IS
!

{Note: The source generalization may or may not be exhaustive.
There may be an arbitrary number of subclasses.}

(b) Special case: All subclasses have no
attributes and no associations

<Y>

o

<E1>| , . . |<En>

<Y>

eenum

{Note: e is an enumeration domain with values E1..En.
The subclasses may not have any attributes, associations, or
other generalizations.

T14 Push subclass information up or specialize

4.15 Multiple inheritance work-arounds

Similarly, we normally prefer to address work-arounds
for multiple inheritance during implementation of the ob-
ject model. But sometimes it is helpful to eliminate multi-
ple inheritance by transforming an object model. T15 and
T16 show two transformations: fragmenting and factoring
of a subclass. You can also deal with multiple inheritance
by converting one of the generalizations to exclusive-or as-
sociations using the transformation in T17.

Michael R. Blaha and William J Premerlani
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<X>

<Z> <X> <Z> <Y> <Y>

d

L b — p b
<W> <W1>L—<W2> d or

{Note: The generalizations may or may not be exhaustive. <X1> | | <x2> <X1> | | <x2>
The generalizations may have an arbitrary number of
subclasses. Attributes, associations, and other generalizations o .
should be apportioned between W1 and W2.} {Note: The generalization must be exhaustive. There may be
an arbitrary number of subclasses. The exclusive-or
. . . associations may not have any qualifiers or link attributes. T17
T15 Fragment multiple inheritance A o

is an equivalence transformation if there is a single subclass.}

T17 Convert generalization to/from
<> exclusive-or associations

{m2..n2}
<x1> | [<x2>| [<z2> || <z1> <x>[qle (mL.n1} "<Y>

<W> <X> {m1..n1} {m2..n3} <v>

<Y>

q

ﬁ <X1> <X2> {Note: n2<n3. n2 is often 1.
The association may be an aggregation.}

,—A—‘ ,—A—‘ T18 Convert qualifier to/from link attribute

<X1Z1>| [<X1Z2>| |<X2Z1>||<X2Z2>

4& <> {ml..l}\j{mZ..nZ}E

<W>
a
{Note: The generalizations may or may not be exhaustive. The
generalizations may have an arbitrary number of subclasses. {m1..1} {m2..n2} <Y>
Classes X171 and X271 have the same attributes, associations <X>
as class Z1. Classes X1Z2 and X2Z2 have the same attributes a
and associations as class Z22.}

T16 Factor multiple inheritance {The association may be an aggregation.}

. T19 Convert link attribute to/from object attribute
4.16 Conversions

Our last category of transformations deals with con-
versions from one kind of object modeling construct to an- <> :|ql {ml..n1} {m2..n2} I:qz <7>
other. T17 converts a generalization to/from exclusive-or
associations. T18 converts a qualifier to/from a link attri- <Y>
bute. T19 converts a link attribute to/from an object attri- {mL.n1}
bute. Consequently the composition of transformations in ——> | <X> <Z>
T18 and T19 can convert a qualifier to an object attribute. o
T20 converts an association to/from a class. In T20 the {Note: The association can be n-ary.}

transformation from left to right loses the derivation of
identity for the association class.

T20 Convert association to/from class

Page 8 Michael R. Blaha and William J Premerlani
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Figure 8 illustrates successive application of transfor-
mations T19 and T18 during reverse engineering. We used

implementation), reverse engineering, and evolution of
populated databases. DB-MAIN incorporates many trans-

these transformations when reverse engineering the dataformations and can replay transformations against a model;

dictionary of a relational database. First we apply T19 to
converttable#from an object attribute to a link attribute.
Then we apply T18 to convegble#to a qualifier.

Cluster b—e Table
table#
Cluster D—U—@
—
table#
—> | Cluster |table# Table

Figure 8 Example of T19 and T18

5. Conclusions

Transformations are a key concept for improving the
rigor of software engineering. Transformations allow the
developer to perform design while remaining within the
realm of models. This paper has listed the transformations
on data that we have discovered during our industrial work.
Our list is more extensive than any we have seen in the lit-
erature. Our presentation has been informal, but neverthe-
less we believe this paper to be an important contribution
to the literature.

One of the most promising areas for further work is to
deepen the theoretical base—develop a more formal treat-
ment of transformations and better document the catalog of
transformations. We have encountered two difficulties
with such a formalism. First of all, the topic of transforma-
tions is “heavy” reading; a formal mathematical treatment
will be even more difficult to read. Secondly, a full theory
of transformations is intrinsically complex. We find it dif-
ficult to fully specify the preconditions, postconditions,
and invariants for transformations; it is easy to overlook
details. Also we are not sure how to define completeness
and prove that a set of transformations is complete.

Related Work

Hainaut has written several excellent papers about
transformations. Reference [3] describes the TRAMIS da-
tabase software development tool. TRAMIS is notable for
its semantic support for simple transformations. Reference
[4] discusses the philosophy for the DB-MAIN tool that is
the successor to TRAMIS. DB-MAIN supports forward en-

replay of transformations is helpful when a model changes
or the developer wishes to reconsider the evolution of a
model.

The papers [3] and [2] describe equivalence transfor-
mations, transformations with no loss or gain of informa-
tion. Hainaut and Rosenthal only use equivalence transfor-
mations, so the designer cannot lose information from anal-
ysis. In contrast [1] and this paper adopt a more permissive
viewpoint; designers may use transformations that add or
lose information, but should be aware of the consequences.
Transformations that add information are especially need-
ed during reverse engineering to compensate for optimiza-
tions, imperfect decisions, and missing information.

[1] presents the most comprehensive list of transfor-
mations that we have seen in the literature. This paper pre-
sents additional transformations. Figure 9 cross references
the transformations of [1] against those in this paper. [1]
presents several transformations for mapping between sim-
ple attributes and compound attributes that we regard as too
minor to list.

Transform Transform
Description number number
[Batini-92] (this paper)
Remove/add class B1 Tla
Remove/add association B2 T1b
Remove/add attribute B4, B5,T6, T7 Tlc
Partition/merge class T3 T7a
Partltlon_/rn_erge T4 T7b
association
Partition/merge attribute T8 T7c
Compose/decompose
association IE 8
Combine/partition T1 T9
classes & association
Remove/add subclass B3 T13
Push subclass up / .
specialize Figure 6.9 Tl4a
Convert enum a_ttrlb_ute T2 T14b
to/from generalization

Figure 9 Cross reference of transformations in
this paper with [Batini-92]

Chapter 9 of [5] discusses schema transformations for

the ORM approach to modeling. ORM is an extension of

gineering (the progression through analysis, design, andthe NIAM approach to modeling [8].

Page 9
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Reference [7] has further explanation of the benefit of

transformations for dealing with database applications. Class: Generalization:
References Class Superclass
[1] Carlo Batini, Stefano Ceri, and Shamkant B. Navaftan- Class / \ d
ceptual Database Design: An Entity-Relationship Approach X
Redwood City, California: Benjamin/Cummings, 1992. attribute Subclass Subclass
[2] Arnon Rosenthal and David Reiner. Theoretically Sound [ "~ """
Transformations for Practical Database DedRgnceedings
of the Entity-Relationship Conferend®87. Association with link attribute:
[3] JL Hainaut, M Cadelli, B Decuyper, and O Marchand. TRA- Association
MIS: a transformation-base database CASE t®amiceed- Class1 U Class2
ings 5th International Conference on Software Engineering
and ApplicationsToulouse, 7-11 December 1992, EC2 Pub- linkAttribute
lish., 1992.
[4] JL Hainaut, V Englebert, J Henrard, JM Hick, and D Roland.
Database evolution: the DB-MAIN approadbroceedings Qualified Association: A o
ity- i i ssociation
ggthe Entity-Relationship ConferencManchester, UK, Class1 W‘ — N Class?
[5] Terry Halpin.Conceptual Schema and Relational Database
Design Second edition. Sydney, New South Wales: Prentice  Multiplicity of Associations:
Hall Australia, 1995.
[6] J Rumbaugh, M Blaha, W Premerlani, F Eddy, and W Lo- | Class O— Zeroorone | Class —— Exactly one
rensen. Object-Oriented Modeling and DesigtPrentice
Hall, Englewood Cliffs, New Jersey, 1991. M Many (zero or more)
[71 Michael Blaha and William PremerlanDbject-Oriented {mi.ni}
Modeling and Design for Database Applicatiogentice M Multiplicity range

Hall, Englewood Cliffs, New Jersey, to be published in early
1997.

[8] G Verheijen and J Van Bekkum. NIAM: An information
analysis method. Unpublished paper. Information Systems
Department, Control Data Corporation, The Netherlands, An association relates instances of two or more classes
1982. and is indicated by a line. Multiplicity specifies how many

Appendix. Summary of OMT Notation iqstances of one class may re!at_e _to an inst_ancg of an asso-

ciated class. We use the multiplicity range in this paper to
Figure 10 summarizes OMT [6] constructs that are in- describe the multiplicity; the lower multiplicitym(l) is
cluded in this paper. usually zero or one and the upper multiplicity)(is usu-
A class describes objects with common attributes, be- ally one or infinite (many).

havior, and semantic intent. A class is denoted by a rectan- ~ An association may be qualified in which case the

gle. Attributes may be suppressed or displayed in the sec-qualifier attribute further refines the multiplicity. For ex-

ond portion of the class box. We may specify attribute mul- ample a directory has many files but the combination of di-

tiplicity in brackets after the attribute name. The lower rectory and file name corresponds to one file. A role is one

value for attribute multiplicity is usually 0 (nulls allowed) end of an association and may be assigned an explicit name
or 1 (nulls not allowed). The upper value for attribute mul- as we have shown for class2 of the qualified association.
tiplicity is usually 1 (single valued) or infinite (many, The instances of an association may be described with at-
multi-valued). tributes that we call link attributes. A box attached to the
Generalization organizes classes by their similarities association by a loop denotes a link attribute.

and differences and is denoted by a triangle. Simple gener-

alization apportions superclass instances among the sub-

classes. You may optionally list a discriminator attribute

next to the generalization triangle; the discriminator indi-

cates the subclass instance that applies for each superclass

instance. OMT also supports several forms of multiple in-

heritance.

Figure 10 OMT syntax used in this paper
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