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Abstract: In information systems modeling, the business domain beirdy mo
eled often exhibits subtyping aspects that can prove challenging to implement
in eitherrelational databases or objawiented code. In practice, some of these
aspectsare often handled incorrectlfhis ppperexamina a number okubtyp-

ing issues that require special attentjery.derivation optionssubtyperigidity,
subtypemigratior), anddiscussse how to model them conceptualBecause of

its richer semanticghe main graphic not@an used is that dDbjectRole Mad-

eling (ORM). However, the main ideaould be adapted fddML and ER so

these are also included in the discussi@rbasic implementation of thero-
posedapproacthas been prototyped im @penrsourceORM tool.

1 Introduction

An information system in the wider sense corresponds to a business domain or u
iverse of discourse rather than an automated sysisnthe name suggts, theun-
iverse of discourse is the worldr context of interesgbout which we wish to di
course or talkMost business domains involve sosbtyping where all hstances of
one type (e.g. Manager) are also instances of a more encompassing tyn(e.g.
ployee). In this example, Manager is said to be a subtypenpfdyee (a supertype).
Various information modeling approaches exist for modeling business domains at a
high level, for exampl&ntity-Relationship ModelingER) [1], the Unified Maleling
Language UML) [16, 17, 20], andObjectRole Modeling ORM) [13]. Thesemodéd-
ing approacheprovide at least basgubtypingsupport. In industrial practice howe
er, certainaspects of subtyping aodten modeled or implementédcorrectly This is
sometimes due to a lack of appropriatedelingconstructye.g.derivations to/from
subtypes, subtype rigidity declarations) to a lack of an obvious way to implemeant
subtyping patterife.g. historical subtype migratiarijhis papermproposes solutions to
some ofthese issueBecause of its richer semantitise main graphic notation used
is that of ORM2 (secondgenerationORM), as implemented in NORMA, an open
source ORM 2 tooHowever, the main ideas could be adapted for UML and ER.
Section 2 overviewbasic subtyping and its graphical depiction in ORM, UML,
ard ER, and identifies the condition under which formal derivation rajesequired
Section 3propcses three varieties of subtyping (asserted, derived, anddsgived).
Section 4 distinguishes rigid and role subtypes, relates them to changeabilityssetti
on fact type roles, andiscusses related subtyping patter@sction5 notes impé-
mentation issuessummarizes the main resulés)dsuggestsuture researctopics.



2 Basic Subtypingand the Need for Derivation Rules

Fig. 1(a) shows a simple case of subtypingQRM 2 notation.Patients are ideified

by their patient numbers and have their gender recorded. Patient is specialized into
MalePatient and FemalePatient. Pregnancy counts are recorded for, and omy for, f
male patients. Prostate status is recorded only for male patier®RM 2, object

types (e.g. Patient) are depicted as named, soft rectangles. A logical predieate is d
picted as a named sequence of role boxes, each connected by a linebjedhtyme

whose instances may play that role. The combination of a predicate and its object
types is a fact tygk the only data structure in QWR(relationships are used instead of
attributes) If an object type is identified by a simple fact type (e.g. Gender has Ge
derCode) this may be abbreviated by placing the reference mode fthpaes.

A bar spanning one or more roldspics auniqueness constraiower those roles
(e.g.EachPatienhasat most oné&sender A large dot depicts a mandatory constraint (e.g.
Each Patienthassonme Gendér: The circled dot with a cross through it depicts an @xcl
sive-or constraint EachPatienis aMalePatiewr is a FemalePatiebtit not both. Overviews
of ORM may be found in13, 12], adetailed treatment irf], and a metamodel oo
parison between ORM, ER, and UML ih(]. Various dialects of ORMXist, for ex-
ample NIAM [23] and PSM 14].

Fig. 1(b) shows the same subtyping arrangement in UML. In UML, the terms

ficlassd and Asubcl assod are used instead of

a nonstandard addition to UML to indicate that attribute is (at least part of) the

preferred identifier for instances of the class. ORM and UML show subtypes outside

their supet y pe ( s) , analo dre@li @tti drhehifip sfrom subtype

arrow. The Barker ER notatiord][ arguably the best industrial ER notation, uses an
Euler diagram, placing the subtype shapes within the supertype shape, asirshown
Fig. 1(c). In spite of its intuitive appeal, the Barker ER subtyping nmtais less x-
pressive than that of ORM or UML (e.g. it cannot depict multiple itduece).
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Fig. 1. Partitioning Patient into subtypes in (a) ORM, (b) UML, and (c) Barker ER
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The patient example illustrates theglarmain purposes of subtyping: (1) toiind
cate that some properties are specific to a given subtype (e.g. prostate statud-is recor
ed only for male patients); (2) to permit reuse of supertype properties (e.g. gender is
specified once only (on Patient) bstinherited by each of its subtypes); (3) to display
taxonomy (e.g. patients are classified into male and female patients).

In this examplethe taxonomy is captured in two ways: (1) the subtypigpthe
gender fact type or attribuféhis may be needeahyway to record the gender of male
patients with no prostate datdoth ORM and UML allow the possible values for
gender (via gender code) to be declardtof the diagrams irrig. 1 are conceptually
incomplete, sice they provide no formal connection between the two wayssef di
playing the classification scheme for patient. For example, there is nothing to stop us

fromassigh ng t he

cause there is still no formal connection between gender codeékeanbtypes.

gender

c 0 d e assiging the prospae &8ti e n't
t us 0 OK patiehtoBvenrclhdngi gender 6 as a di pimgri mi nator
as allowed in UML(seeFig. 1(b)) and some other versions of BRIl not suffice ke-

ORM traditionally solved this problem knequiing every subtypeo be defined
formally in terms of role paths connected to its supertypé&(w).example, the ORM
schema inFig. 2(a) adds the subtypeefinitions: EachMaléatientis a Patientvho has
G e n d eFachReMalBatients aPatientvhohasG e n d elm ORM; an asterisk indates
n this
the subtypes. In previous nggons of ORM, all subtypes had to be derived. ORM 2
removes this restriction, so an asterisk is addéddioate the subtype is derived

The subtypes and fact types in ORM scheniidn2(a) are populated with sgple
data. The population of the subtypes is derivable from the subtype definifioas
exclusiveor constraint is also derivab{as indicated by the asteriskpm these def
nitions given the mandatory and uniqueness constraints on the gender fact type.

fideri vedo.

Patient

(.nr)

exampl e, t he

Gender

ProstateStatus Male Female - PregnancyCount
(.description) <has Patient* Patient* has (.nr)
102
*Each MalePatientis a Patentwho has Gender 6 Mo6.
*Each FemalePatientis a Patientwho has Gender O6FO.
(b) Patient «enumeration»
GenderCode
nr: Integer {P}
gender: GenderCode ;“

{self.gender = m} k """

{disjoint, complete}T

gender

MalePatient

FemalePatient

prostateStatus [0..1]

pregnancyCount [1] {self.gender = f}

Fig. 2. Adding definitions for derived subtypes in (a) ORM and (b) UML
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While UML does not require subtype definitions, one could add them asinates
language like the Object Constraint Language (OQ@I1),[as shown inFig. 2(b).
Adding the constraints shown effectively redefines gender for the spedifitasaes.
A similar refinement technique is used in the MADS (Modeling of Agtibey Data
with Spatio-temporal features) approact8| p. 47]. Industrial versions of ER typlea
ly have no facility for defining subtypes, but could be extended to support this.

As discussed in the next section, subtype definitions/restrictiensarthe only
way toalign multiple ways ofdepicing classification schemes. The main point at this
stage is thaif a taxonomy is specified in two way&a( both subtypes and fact
types/attributes) then derivation rules constraintsmust be providedot formally
align these two meamnisms

3 Asserted Derived, and Semiderived Subtypes

In previous versions of ORM, all subtypes had to be derived. We recently relaxed this
restriction to permit three kinds of subtype: asserted, derived, anedseingd. A
assertedsubtype(or declared subtype) is simply declared without a definithos:
serted subtypes have always beemmiged in UML and ER.

For example, if a gender fact type or attributexsluded, therihe patiensubtypes
may be simply asserted sisown inFig. 3. In this case, the exclushgg constraintm-
dicating that Patient is partitioned into these two subtypes must be explicitly declared
since it is not derivable. In ORM 2, this is shown by the lack aisterisk beside the
exclusiveor constraint. In this case, the classification scheme is depicted in only one
way (via subtyping), so there is no neegbtovide any derivation rules.

Suppose however, that we still wish to query the system to determigertter of
patients. In this case, we may derive the gender from subtype membershig. In
4(a) the ORM fact typ@atient is of Gendederived (as noted by the asterisk) by means
of the derivation rule shown. IRig. 4(b) the UML gender attribute is derived (a&s i
dicated by the slash) by means of the derivation rule shown (here usinge#).
UML derivation rule shows just one way to derive gender (e.g. we could instead pr
vide overriding gender fuctions on the subclasses).

(@) Patient
0.}
ProstateStatus — Male Female - PregnancyCount
(.description) <has Patient Patient has (.nr)
) Patient © PATIENT
# * patient nr
nr: Integer {P}
{disjoint, complete} ? MALE PATIENT
—— ] ° prostate status

MalePatient FemalePatient

FEMALE PATIENT
prostateStatus [0..1] pregnancyCount [1] * pregnancy count

Fig. 3. The subtypes are simply asserted rather than being derived
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ProstateStatus — — PregnancyCount

* Patient has Genderiff
Patient is some MalePatientand Gender = ¢
or Patientis some FemalePatientand Gender

(b) Patient
nr: Integer {P}
/gender {if (this is Mal¢gPatien
el se return AFO0; }
{disjoint, complete} T
MalePatient FemalePatient
prostateStatus [0..1] pregnancyCount [1]

Fig. 4. The subtypes are asserted, and gender is derived

A derived subtypés fully determined by the derivation rule that defines it. Bor e
ample, the subtypes Fig. 2 are derived (from gender), not assertddtice thatFig.

4 is thereverse of the situation iRig. 2. Conceptually, a constraint applies between
gender and the subtypes, and different modeling choices are available to satisfy this
constraint (e.g. derive the subtypes from gendergedwe gender from the btypes).
Industrial ER typically does not support derivation rules in eithectitire

Recently we introducedemiderived subtypeto ORM 2 to cater forare cases
such as that shown Fig. 5(a). Here we have incomplete knowledge of pdnend. If
we know that persoA is a parent of persoB who is a parent of persdp, then we
may derive thaA is a grandparentf we know that someone is a grandparenhouit
knowing the children or granddtiren, we can simply assert that he/she is a g@andp
rent. The population of the subtype may now be partly derived and pssisted. In
ORM 2, thesemidier i ved nat ur €0 i(si rdtewiitcitweeal yb,y haalif an as
half-derived).We use the samaotation for fact types, which may also be classified
as asserted, derived, or seteirived.A semiderived status is much more common
for fact types than for subtypédle note in passing that the parenthood fact type has a
spanning uniqueness constraihelice is many:many), an alethic acyclic constraint,
and a deontic intraitsve constraint.

Currently UML has no notation for serdéerived (e.g. seBig. 5(b)). The sitwation
could be handled in UML by introducing ansasiation or attributdor assertd
grandparentogdadding a partial derivation rule for derived grandparenthood, and
adding a full derivation rule to union the twof. useof extensional and intensional
predicates in PrologYhis ishowwe formerly hantéd such cases in ORM][



(@) is a parent of (b) parent

0.2
Person X
Person child
(SSN) ssn{P}
' N
A\

*Each derived Grandparentis a Person
d who is a parent of some Person d
Grandparent' who is a parent of some Person. Grandparent

Fig. 5. In the ORM schema (a) the subtyBeandparent is serderived

4  Rigid Subtypes and Role Subtypes

Recentproposals from the ontology engineering communityel@nployed type -
taproperties to ensure that subtyping schemes are well formed from an ontological
perspective. Guarino and Welt§][argue that every property in an ontology should
be labeled as rigid, nemgid, or antirigid. Rigid properties (e.g. being a persongne
essarily apply to all their instances for their entire existeNoexrigid properties (e.g.
being hard) necessarily apply to some but not all their instaAoéisrigid properties
(e.g. being gatient) applycontingently to all their instances. One may then apply a
metaconstraint (e.g. antigid properties cannot subsume rigid properties) to impose
restrictions on subtyping (e.Batient cannot be a supertype of Person).
Later Guizzardi, Wagner, Guarino,caman Sindereng] proposed a UML profile
that stereotyped classes into kinds, subkinds, phases, roles, categories, roleMixins and
mixins, together with a set of metanstraints, to help ensure that UML classdels
are ontologically welformed. This modeling profiles used by Guizzardi in his do
toral thesis 7] onontological foundations fazonceptual information models.
While we believe that thaboveresearch providevaluablecontributions to onte
ogy engineeringwe havesomereservations about its use in industrial information
systems modelingOur experience witlindustrial data modelersuggestghat the 7
stereotype scheme would seem overly burdensome to the majotignof To be fair,
webve also had pushback on the expressive det ai
iWel |, the world you a&adogoumandte bet inrgght ors t hat compl
not 20 Perhaps the same respatareogpes.oul d be made i |
At any rate, a simpler alternative that we are currently considering for ORM 2
classifies each subtype as either a rigid subtype or role subtypge is rigidif and
only if each instance of that type must belong to that type for its whole lifetintegin
business domain being modeled). Examples include Person, Cat, Animal, IBook.
contrastary object that mayt one timebe an instance afrole typemight not be an
instance of that type at another time during its lifetime (in the busiroessid). Here
we use Aroled l|iberally to include,a role playe
Patiend assuming these are changeable in the business dossaivell as a phase or
state of the object (e.g. Child, Adult, FaultyProdueissuming changedliy).
Though thisrigid/role classification scheme applies to any type, ty@cally re-
quire ths distinction to be made only for subtypes (our main purpose is to control
slbtype migration, as discussed shortly; also we wish to reduce the classification bu



den fa modelers)As a simple examplésig. 6 shows how Dog and Cat might be-d

picted as rigid subtypes in ORM and UML. The rigidity notation tentatively being

considered for ORM is square bracketing of the subtype naroket(¥or alethic as

her e; bfud owi tdreoft i c, e. g. changing from male t
but forbidden). For UML we have chosen a rigid stereotgne.next example ideit

fiesa case where the rigidity afroot type (herénimal) should ao be dclared.

i
Animal
A

{disjoint}

@ (b)

«rigid» «rigid»
Dog Cat

Fig. 6. Rigid subtypes depicted in (a) ORM and (b) UML

Notice that rigidity is adynamic constraintather than a static constraint since it
restricts state changes (e.g. no dog may change into a ca@n@ByrORM is being
extended to cater for a variety of dynamic constraints using a formal textual language
to supplement the ORM graphical languagk &nd it is possible that rigidity might
end up being captured textually in OR&ther than graphically as shown here.

In the aboveexample, the subtypes are asserted. If instead they are derivest, the r
levant fact type/attribute used in their definitimay be constrained by an appropriate
changeability settingvith impact onsubtyperigidity. In Fig. 7(a) the fact typérimal is
of AnimalKing madeu nc hangeabl e (an ani mal canod6t change it
the squarebrackets (this notation is tentative). fig. 7(b) the defining animal kind
attribute is constinedtoberead nl 'y (pri or to UMrerR¢9) t his was cal

In either case, the unchangeability of animal kind combined with the rigidity of
Animal implies that the subtypes are rigid. 1& were instead to assert the subtypes
and derive animal kind from subtype membership, the changeability/rigidity settings
would still need to be kept in sync. Notice that even if we declare gender to- be u
changeable ifrig. 4, MalePatient and FemalePatient are not rigid unless Patignt is r
gid (and that depends on the business domain).

UML 2 [16, 17] recognizes four changeability settings: unrestricted, readOnly,
addOnly,and removeOnly. ORM 2 is currently being extended to enable declaration
of fact type changeability (updateability and deleteability). Barker ER uses a diamond
to indicate nortransferable relationships, but this may not be used for attributes.

(b) «rigid»
Animal

kind {readOnly}

{disjoint}

g @‘(B%Ig» «ré:galf» (self.Ki h

*Each Dogisan Animalthat i s of Ani mg
*Each Catisan Animalthat i s of Ani ma

SYTaTY

Fig. 7. Rigidity of subtypeds now derivedgiven that Animal is rigid)



1 {disjoint}
Teenager |Child | Teenager |Adu|t |

Fig. 8. Migration between role subtypes is allowed

To avoid explicitly declaring role subtypes as such, we propose that subtgyes
be assumed to be role subtypes by default. This is similar to the default assumption in
MADS that isa clusters are dynamid§, p. 44], but it is unclear whether MADS
provides any graphical way to override the default. Unfigéd subtypesmigration
between role subtypesaftenpermitted As a simple example, a person may play the
role of child, teenager, and adult at different times in his/her lifetimeHige8).

Anextensionto R t o di st i nguisstypedhied ywreaemi efiss@ wak ti ycp
and Arol esodo has be@hppmP6éW®pbutthés groposal isiee r i nga |
lematic as it conflatesoles with role occurrences, and reified roles (e.g. enggpy
with staes of affairs (e.g. employment)

Some decades agwe met our first application where we hadrébain history of
objects as thepassed through various roles (e.g. applicant, employeeepadbyee
etc.). Although such cases often arisenidustry, we are unaware of their discussion
in published papers on conceptual modeling. We have space here to discuss just one
of the patterns we developed for dealing veitithhistorical subtype migratian

The simplest pattern deals with linear statnsitions For example in Fig. 9(a)
each role has specific details, and wishwo maintain these details of a person (e.g.
favorite toy, favorite pop groyas he/she passes from one role tolsrot

An appropriate gttern for this case is to start with a supertype that disjoins all the
roles, then successively subtype to smaller disjunctions, as shduiga9(c). We call
this thedecreasing disjunctions patterDepending on the business doma simple
name may be avalble for the top supertype (e.g. Person).

As a related issue, consider the well known Party pattern shotrig.id0. Onb-
logically, Person and Organization are substance sortals (thetleair own natural,
intrinsic principle of identity). | f APartyo
disjunction of sortalsthen Party is a mixin type and there is no problem.

@ Person ®) Child Teenager Adult

time

© [Child or Teenager or Adult - Toy
as a child had favorite-

|has |has |has

I favorite- I favorite- I favorite-

has favorite-

Fig. 9. Retaining history ofubtype specific details as a person changes roles



(b) (©) PARTY

& {complete,
disjoint} PERSON

Organization ORGANIZATION

Person

Organization |

Fig. 10. The Party pattern

ButwhatifiPart yo has the sense?ldWereplace ol e
APartyo by HgClO shendGoezardi], p. 281] claims the schema is not
well-formed because a rigid universal (e.g. Person) cannot be a subtype of-an anti
rigid one (e.g. Customerror information modeling purposes however, if each person
ororgam zati on in the business d @acoepiable tonu st
specialize Customer into Person and Organization, even though ontologically this is
incorrect (in thereal world of which the business domain is just a part, not all persons
are cusomers).Our definition of rigid typeis relative to the business domain. In the
case just described, Customer is a rigid type in this sense, even though itg&dnat r
the ontological sensénformation models of business domains can be well formed
even though they are not propentologies

If however our business domain includes (now or possibly later) some people or
organizations that are not customers, then we do need to remodel, since Customer is
no longer rigid even in our sense. One of many ipessolutions using Party as a
mixin type is shown irFig. 11. This solution differs from that of Guizzardt,[p.

282], where Person and Customer have no common supertype. Our originai-formal
zation of ORM, which made top level entity types mutually exclusive by default, r
quires the introduction of a supgoe such as Party. This can be pragmatically useful
(e.g. by allowing a simple global identification scheme for all parties).

Fig. 11. Remodelings needed when Customer is a role type

However to avoidunnatural introduction ofupertyps, we and a colleague long
ago allowed the mutual exclusion assumption to be overridden by explicithridg
an ovelap possillity (depicted byo v e r | a(popsi)n gb efit webtyesBltThg | e
same symbol is how used for this purpose in the MADS apprdacheducenota-
tional clutter, and a a relaxation for ORM 2, we now allowwerlap possbility be-
tween top level types to be impliciteduced from th@resence of a commasub-
type With this understanding, the Party supertype could be removedHigprhl.
Such a relaxation however should be used watie &or examplea UML class ¢
agram produced by a UML expert depicted the classes Cashier and Customer. When
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