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INTRODUCTION

The Unified Modeling Language (UML) was adopted by
the Object Management Group (OMG) in 1997 asalan-
guagefor object-oriented (OO) analysisand design. After
several minor revisions, amajor overhaul resultedin UML
version 2.0 (OMG, 2003), and the languageis still being
refined. Although suitable for object-oriented code de-
sign, UML islesssuitablefor informationanalysis, since
it provides only weak support for the kinds of business
rules found in data-intensive applications. Moreover,
UML’sgraphical language does not lend itself readily to
verbalization and multiple instantiation for validating
datamodelswith domain experts.

These problems can be remedied by using a fact-
oriented approach for information analysis, where com-
munication takes place in simple sentences, each sen-
tence type can easily be populated with multiple in-
stances, and attributes are avoided in the base model. At
design time, afact-oriented model can be used to derive
aUML class model or alogical database model. Object
Role Modeling (ORM), the main exemplar of the fact-
oriented approach, originatedin Europeinthemid-1970s
(Falkenberg, 1976), and hasbeen extensively revised and
extended since, along with commercial tool support (e.g.,
Halpin, Evans, Hallock & MacL ean, 2003).

Thisarticleprovidesaconcise comparison of the data
modeling featureswithin UML and ORM. Thenext section
provides background on both approaches. Thefollowing
section summarizes the main structural differences be-
tween the two approaches, and outlines some benefits of
ORM'’s fact-oriented approach. The following section
usesasimple exampleto highlight the need to supplement
UML’s class modeling notation with additional con-
straints, especially those underpinning natural identifica-
tion schemes. Futuretrendsarethen briefly outlined, and
the conclusion motivates the use of both approaches in
concertto providearicher datamodeling experience, and
provides references for further reading.

BACKGROUND

Detailed treatments of UML are provided in Booch,
Rumbaugh, and Jacobson (1999); Jacobson, Booch, and
Rumbaugh (1999); and Rumbaugh, Jacobson, and Booch

(1999). TheUML notationincludeshundredsof symbols,
fromwhichvariousdiagramsmay be constructed to model
different perspectives of an application (e.g., use case
diagrams, class diagrams, object diagrams, statecharts,
activity diagrams, sequence diagrams, collaborationdia-
grams, component diagrams, and deployment diagrams).
This article focuses on data modeling, considering only
the static structure (class and object) diagrams. UML dia-
gramsmay besupplemented by textual constraintsexpressed
in the Object Constraint Language (OCL). For a detailed
coverageof OCL 2.0, see Warmer and Kleppe (2003).
ORM pictures the world simply in terms of objects
(entitiesor values) that play roles(partsin relationships).
For example, you arenow playing theroleof reading, and
thisarticleisplayingtheroleof being read. Overviews of
ORM may befoundinHalpin (1998a, 1998b) and adetailed
treatment in Halpin (2001a). For advanced treatment of
specific ORM topics, see Bloesch and Halpin (1997), De
Troyer and Meersman (1995), Hal pin (2000, 2001b, 20023,
2002b, 2004), Halpinand Bloesch (1999), Hal pinand Proper
(1995), andter Hof stede, Proper, and vander Weide (1993).

DATA STRUCTURES

Table 1 summarizes the main correspondences between
high-level data constructs in ORM and UML. An
uncommented “—" indicates no predefined support for
the corresponding concept, and “ t” indicatesincompl ete
support. This comparison indicates that ORM' s built-in
symbols provide greater expressive power for capturing
conceptual constraints in graphical data models.

A classin UML correspondsto an object typein ORM.
ORM classifies objects into entities (UML objects) and
values (UML data values—constants such as character
strings or numbers). A fact type (relationship type) in
ORM is called an association in UML (e.g., Employee
worksfor Company). The main structural difference be-
tween ORM and UML isthat ORM avoidsattributesinits
base models. Implicitly, attributesmay be associated with
rolesinarelationship. For example, Employee.birthdateis
modeled in ORM as the second role of the fact type:
Employee was born on Date.

Themain advantages of attribute-free modelsarethat
all facts and rules can be naturally verbalized as sen-
tences, all data structures can be easily populated with
multiple instances, models and queries are more stable
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Table 1. Comparison of the main data constructsin ORM and UML

ORM

UML

Data structures:
object type: entity type;
value type
— { usefact type}
unary fact type
2*-ary fact type
objectified association (nesting)
co-reference

Predefined Constraints:
internal unigqueness
external unigueness
simple mandatory role
disiunctive mandatory role
frequency: internal; externa
vaue
subset and equality
exclusion
subtypelink and definition
ring constraints
join constraints
object cardinality
— { useuniquenessand ring } t

User -defined textual constraints

Data structures:
object class
datatype
atribute
— { use Boolean attribute }
2*-ary association
association class
qualified association T

Predefined Constraints:
multiplicity of ..1 1
— { usequalified association}
multiplicity of 1*..

multiplicity t; —
enumeration, and textual
subset t

xor t

subclass, discriminator etc. T

class multiplicity
aggregation/composition
initia value, changeability

User -defined textual constraints

T = incomplete coverage of corresponding concept

since they areimmune to changes that reshape attributes
asassociations(e.g., if welater wishtorecordthehistori-
cal origin of afamily name, afamily nameattribute needs
to be remodeled using a relationship), null values are
avoided, connectedness via semantic domains is clari-
fied, andthemetamodel issimplified. Thepricepaidisthat
attribute-freediagramsusually consumemorespace. This
disadvantage can be offset by deriving an attribute-based
view (e.g.,aUML classor relation scheme) when desired
(tools can automate this).

ORM allows relationships of any arity (number of
roles). A relationship may have many readingsstarting at
any roleto naturally verbalize constraintsand navigation
paths in any direction. Fact type readings use mixfix
notation to allow object terms at any position in the
sentence, allowing natural verbalizationinany language.
Role names are also allowed. ORM includes procedures
for creating and transforming models(e.g., verbalization
of relevant information examples—these* data use cases’
areinthe spirit of UML use cases, except thefocusison
the underlying data).

Inan ORM diagram, rolesappear asboxes, connected
by aline to their object type. A predicate appears as a
named, ordered set of roleboxes. Sincetheseboxesare set
out in aline, fact types may be conveniently populated
with tablesholding multiplefact instances, onecolumnfor
each role. Thisallows all fact types and constraints to be
validated by verbalization aswell as sample populations.

While supporting binary and longer associations,
UML uses Boolean attributes instead of unary relation-
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ships. For example, thefact instance expressedin ORM as
“Person ‘Sam Spade’ smokes” would typically be ren-
deredawkwardly inUML as* SamSpade: Person.isSmoker
= true.” To be business friendly, UML should support
unary fact types directly (e.g., Room has a window,
Person smokes, etc.).

Each UML association hasat most onename. Verbal -
ization into sentencesis practical only for infix binaries.
Sincerolesfor ternariesand higher arity associationsare
not onthesameline, directional verbalizationand multiple
instantiation for population checks are ruled out. UML
does provide object diagrams for instantiation, but these
are convenient only for populating with one or two in-
stances.

Both UML and ORM allow associations to be objec-
tified asfirst classobject types, called association classes
inUML and objectified (or nested) associationsin ORM.
UML requires the same name to be used for the associa-
tionandtheassociation class, impeding natural verbaliza-
tion, in contrast to ORM nesting based on linguistic
nominalization (a verb phrase is objectified by a noun
phrase).

CONSTRAINTS AND
IDENTIFICATION SCHEMES

Business people communicate about things using value-
based identification schemes, not memory addresses or
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