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Abstract. Conceptua modeling techniques such as EER, ORM and to some extent the
UML have been developed in the past for building information systems. These techniques
or suitable extensons can often dso be used to design business rules a a conceptud level.
In particular in this paper we adopt the well-known CM technique of ORM, which has a
rich complement of business rule specification, and devedop ORM-ML, an XM L-based
markup language for ORM. Clearly domain modeling of this kind will be closdly reated to
work on so-cdled ontdlogies and we will briefly discuss the ana ogies and differences.

Snce ORM schemas ae typicdly saved as grgphicd files we desgned a textud
representation as a marked-up document in ORM-ML so we can save these ORM schemas
in a more machine exchangesble way over the Internet. Moreover, we can now write style
sheets to convert such schemas into another syntax, eg. pseudo naturd language, first
order logic, agiven rule engine' slanguage, etc.

We give (in gppendix) a complete forma definition ("gramma") of ORM-ML as an XML
Schema, a comprehensve description of al of ORM's business rules in ORM-ML syntax
and present an algorithm to map ORM schemas into ORM-ML. We illustrate the concept
on anumber of examples.

1. Introduction and motivation

In an enterprise, business rules are used to represent certain aspects of a business domain
(static rules) or business policy (dynamic rules). Business rules are defined in [FR95] as
“statements that define or congtrain some business aspects. They are intended to assert
business or to contral or influence its behavior”. Modding such rules is not an easy task since
in generd it is had to arive & the precise understandings and agreements, which they
formulate, and furthermore these rules may change regularly according to changes in these
business aspects. Therefore they should be moddled separately in the logica mode (i.e. not in
the implementation level). They should dso be modded in a declarative manner, in order to
enhance their maintainability and reusability [E97]. Furthermore, as the volume and spread of
networked business enterprises grow, especialy in an open environment as the web, business
rules play an important role, because agents need to exchange data and transactions according
to a shared and agreed set of business rules without misunderstanding. In short, the modeling
of business rules should be done & a conceptud level, and in a language tha is expressive
enough to capture the business complexity [T96], but should be easy and suitable for eg.
business andysts (often non-computer experts) to build and maintain business rules.

Conceptud modeling techniques became especidly well known and successful as the basis
for graphicdl CASE tools for building information systems (1S). Many such conceptud
moddling techniques exigt, for example EER, ORM, the UML, ... by now often described in
classsoom textbooks, eg. [NEO1][BRJO9[HO1][W90]. Conceptua modeling intends to
support the qudity checks needed before building physicad sysems by aming a the
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representation of data e a high leved of abgtraction, and therefore acquire a high degree of,
often implicit, semantics. This implicitness trandated in a requirement for CASE tools ©
interpret  these conceptual  specifications representing complex  sructures and  rules
(congtraints) that must hold on these structures. Also queries and updates may (conceivably)
become expressed at a conceptua level, requiring interaction with conceptua structures
rather than their implementation (such as relationad database). NIAM [WOQ] is based on an
andysis method for natura language, the query and condraint language RIDL [VvB82],
[1SO9007] was developed for this purpose; smilarly for ConQuer [BH9%] for NIAM's
successor methodology ORM [HO1].

For modeling business rules at a conceptua level, we adopt in this pgper ORM (Object Role
Modeling) as proposed by eg. [T96][T97][K99][S] as a powerful and expressive approach.
Indeed, ORM has critical features for this task and it has easy and expressve capabilities in
its grgphica notation and verbdization posshilities, as will be exploited in the system
described in this paper. As the format of the resulting conceptual models in an ORM CASE
tool is usudly proprietary and ad-hoc, therefore unsuitable to be exchanged or shared between
business agents. Often ORM tools (e.g. Microsoft's VisoModeler”) only generate files for
internal use that contain the graphica notation of the conceptud models. Therefore as a
solution we present in this paper an XML-based ORM markup language (ORM-ML, its
complete grammar defined in the XML Schema attached in appendix A). This markup
language enables exchanging ORM modds including ORM-syntax business rules. This can
be useful for example in business activities like exchanging catalogs and purchasing over the
Internet, including business-to-business, P2P web services, as well as for globa integration
drategies on large scale didributed systems.  To facilitete validation for example, or just to
provide forma —and consistent— documentation, we aso developed a verbalization style
sheet for ORM-ML documents that alows presenting the facts and the rules in pseudo natural
language sentences. Related work on Markup languages for Semantic Web rules can be
found in [BTWO1] and [RuleML].

Structure of the paper: In § 2, we discuss modeling patterns and principles of ontologies,
and differences between business rules and ontology rules. 8 3 gives a bird's eye introduction
to ORM, emphasizing digtinguished features of ORM for busness rules modeling. § 4
presents ORM-ML and includes a note about the verbdization of ORM-ML files. An
agorithm to construct an ORM-ML file from an ORM schema ingtance (stored in the ORM
Meta Schema) is presented in § 5. In 8§ 6 we draw some conclusions including a discussion on
some of the perceived advantages of a conceptua schema markup language.

2. Business rules, ontology rules, and the Semantic Web.

The conceptua modding of a business domain knowledge using entities, concepts, objects...
and their associated events and governing rules has typicaly aways been performed
"individuadly" for the purpose of a given business application and needs. Modding doman
knowledge "independently" of its goplication is the subject of the emerging theory and
practice of so-cdled ontologies, but it stands to reason that some of the underlying principles
and techniques must be in common. We therefore briefly clarify some of the digtinctions
between the modeling levels of business rules vs. ontology rules for environments like the
Semantic Web [BL99]. An ontology in its most general definition is a set of (usudly
intensonal) logicd axioms that want to specify or agpproximate a conceptudizetion of a
certain (e.g. busness) domain. Such logica axioms are rules that therefore, typicaly at the
type leve, condrain the intended meaning (interpretation) of certain aspects of redity. By
representing the semantics in a forma way, agents can share and commit to fiem, in order to
interoperate to exchange data and transactions without misunderstanding. Note that ontologies
are somewhat more "subtle" knowledge representations than an information system's data
model, which dways is "purely” at the type level .In particular they should be sharable, viz.



| S-ingtance (gpplication) independent, but may aso refer to relevant "instance concepts' such
as “'Euro’, ‘MagterCard’, ‘Belgium’, etc. Ontologies are more than a mere taxonomy of
concepts, since they may contain richer relaionships such as “partOf’, ’shippedVia,
'OrderedBY’, €etc.”.

As defined in 8§ 1, business rules are intended to congirain or represent a certain aspect of a
business domain or palicy, thus a Smilarity dso appears between ontology rules and business
rules. But notice that business rules will be changed according to the business policy, which
changes regularly, and which mostly belongs to one or a few number of enterprises, while
ontology rules are more generic and thus more stable, and are intended © be shared by a large
number of applications. In short and as a methodologica pattern, ontology rules represent a
higher level of abdtraction than business rules which themsalves are on a higher level than the
logicd and the implementetion leve.

Linking a business rules to ontology-based business rules involves digning (referencing,
linking) the concepts and the relationships involved with concepts and relaionships of an
exiging domain ontology. By doing so, the shared understanding (semantics) of the business
rules will be improved and thus their reusability will be enhanced as required in open
environments such as the (semantic) web.

3. ORM for modeling businessrules

In this section we briefly present the modeing principles and capabilities of ORM in terms of
modeling requirements for business rules.

ORM was origindly intended for modding and querying databases a a conceptud leve
where the data requirements of applications need to be represented in a readily understood
manner, thus enabling non-IT professonds to asss the modding, vaidating, and
maintaining processes. ORM offers a number of posshbilities for managers, andysts, or
domain experts to be involved in the modeiing of entity types, doman congraints and
business rules by wsing their own terminology. It is perhaps worthwhile to note that ORM
derives from NIAM (Naturd Language Information Andysis Method), which was explicitly
designed to be a stepwise methodology arriving at “semantics' of a business application’s data
basad on thiskind of natural language communication.

ORM has an extensve and powerful grgphica notation for representing a domain in a
declarative manner as a network of eementary facts and their condraints. Elementary facts
are represented in terms of object types thet play roles This graphica representation can be
farly easly reverbdized into satements in pseudo natura language in a structured and fixed
syntax. Therefore business rule modelers could represent a business policy either graphicaly
or textudly or both, which will in genera improve, smplify, help to vadidate, and therefore
speed up the modeling process.

Modeling business rules requires an expressve modeling language in order to capture the
business complexity. For this, ORM dlows representing information structures in multiple
ways as unary, binary, as well as nary facts. It has a sophisticated object type system that
diginguishes between representations of lexical and nontlexica objects, and has grict “is &

relaionships with "clean” multiple inheritance as in frame systems ([PK92]). ORM has an a
priori given st of datic and certain dynamic congtraint types and derivation rules that turned

out to be suitable and expressive enough to cover a sgnificant part of the needs emerging
from enterprise modding. Such condraints and rules include classicd ones such as
uniqueness and mandatory roles, as well as less common ones such as subset, equdity, ring,
derivation, and/or stored rules, etc. Rules that do not fit into one of the predetermined rule



categories can be formulated using a suitable genera-purpose congdraint language such as
RIDL ([M81], [VvB82], [ISO9007]).

ORM has well-defined semantics, and the specified facts and condraints can essly be
mapped into eg. first order logic [DM95]. The finiteness and sdection of the sat of
predetermined congraint types permitted the development of formd validation and
consistency analysis tools that check the correctness and the consistency of specified business
rules ((DMV89)).

Other advantages include the automated transformation of an ORM business schema into a
normdized rddiond database schema ([DMV88], [HO1]). This is partialy supported by
modern ORM CASE tools such as Microsoft's Visio2000 Architect, VisoModeer, ad more
fully by the earlier InfoModder tool [AY4].

A small example of an ORM schema diagram:

1

Department
(DepName)

Employee
(EmpNo)

gets,,,*om... |

Oas

has fis of

Personnel cost
reportsto  /supervises head of /headed by (©)]

* Define Department has Personnel cost as
Employee gets Salary from Department and
Personnel cost = Sum(Salary)

Figure 1. Example ORM diagram

On an ORM schema, Object types are shown as named dlipses, with their reference schemes
in parentheses. Logical predicates (fact types) appear as named sequences of roles, where
each role gopears as a box. Roles are connected by line segments to the object types that
"play" them.

In the Fig. 1, the object types are Employee, Department, Director, Sdary and Personnd
Cost. Parsonndl cost and Sdary are referenced by an amount of $, Department by a
department name (DepName), Employee by an employee number (EmpNo). The arrow
connecting the object types Director and Employee denotes an is-a (strict subtype)

relationship from Director to Employee. The predicates and subtype link are verbdized as
follows. Employee reports to Director and Director supervises Employee; Director is a

Employee Employee gets Salary from Department; Director is head of Department and
Department is headed by Director; Department has Personnel cost and Personnel cost is of
Department.



In what follows, we briefly name and explain the congtraints occurring in the diagram, in fact
by giving an (approximate) verbdization for an example occurring in Fig.1. For other types of
ORM congraints, we refer to [VvB82] or [W9Q]; the notation and definitions in this paper

will be taken from [HO1].
Black dots indicate a mandatory role condraint. Verbdization in Fig.l: each Director is

head of at least one Department. The arrow-tipped bars above the roles are uniqueness
congtraints. E.g. each Department is headed by at most one Director. Uniqueness congtraints
can span more than one role, indicating that any combination that ingtantiates these roles
should be unique. E.g. for the predicate Employee gets Salary From Department, there holds
each Employee gets at most one Salary from a [his] Department. An arrow between two
predicates indicates a subset condraint between the roles involved: each Drector [who] is
head of a Department also works for that [her] Department. A circle above a predicate
indicates a ring congtraint In the figure the circle marked with ‘as indicates an asymmetric
ring congraint: if an Employee reports to a Director (who is dso an Employee), then [his]
Director must not report to this Employee

Finaly, an adterisk besde a predicate indicates that we have a derived fact type. The
derivation rule is then included esewhere, linked to the schema In Figl, define
Personnd cost for a Department as_sum of al | Salaries of Employees received_from
that [their] Department. Instances of derived facts may be considered stored (i.e. pre
cdculated at compile time and maintained by updates) or interpreted (i.e. computed on-the-
fly when needed).

4. ORM-Markup Language

The ORM conceptual schema methodology is fairly comprehensive in its treatment of many
"practicd" or "standard" business rules and congtraint types. Its detailed forma description,
(we shdl take ours from [HO1]) makes it an interesting candidate to non-trividly illustrate our
XML based ORM-markup language as an exchange protocol for representing ORM
conceptual modeds. In this section we describe the main dements of the ORM-ML grammar
and demongtrate it using a few sdlected dementary examples. A complete forma definition of
the grammar for this ORM-ML as an XML Schema ingtance is included in Appendix A. It
follows that an ORM Schema when formulated in ORM-ML must be valid according the
defined XML Schema. A more complete example is provided in Appendix C.

ORM-ML dlows the representation of any ORM schema without loss of information or
change in semantics, except for the geometry and topology (graphica layout) of the schema
(e.g. location, shapes of the symbols), which we however easily may provide as a separate
graphical syle sheet to the ORM Schema (not added in this paper).

We represent the ORM document as a one node element called ORM Schema, which consists
itsdf of two nodes: ORMMeta and ORMBody. As a header to an ORM document, and to
illustrate the "ORM Schema Document” (instance) nature of the described schema,
ORMMeta node includes metadata about the ORM document usng the 16 well-known
Dublin Core Meta Tags [RFC2431]; an example of their use appearsin T able 1 below.

...<ORMMeta>
<dcititle>ORM -ML example</dc:title>
<dc:creator>Jan Demey</dc:creator>
<dc:description>A complete example of an ORM -ML file</dc:description>
<dc:contributor>Mustafa Jarrar</dc:contributor>
<dc:contributor>Robert Meersman</dc:contributor>
</ORMMeta>....

Table 1. example of an ORMMeta node in an ORM-ML file



The ORMBody node consists of at most these five different kinds of (metaORM) eements:
Object, Subtype, Predicate, Predicate Object and Constraint.

We adopt in the squd the ORM modeling technique as defined in [HO1] except for some
minor nomenclature and notation differences, argued in more detaill esewhere, which add
some additional abdtraction and precison. Object elements are abdtract XML eements and
are used © represent Object Types. They are identified by an attribute ‘Name' which is the
name of the Object Type in the ORM Schema (see the figure in Example 2). Objects might
have some Vdue or VaueRange elements, which are used for value congtraints on the Object
Type (not present in Fig.2). A VaueRange dement has 2 atributes: begin and end, with
obvious meanings. Objects are implemented by two XML eements. LOT (Lexica Object
Type, cdled Vaue Types in [HO1]) and NOLOT (Non-Lexical Object Type, cdled Entity
Types in [HOL]). LOT dements may have a numeric attribute, which is a booleen and
indicates whether we deal with a numeric Lexical Object Type. NOLOT elements have a
boolean attribute caled independent, which indicates whether the Non Lexica Object Typeis
independent (see [HO1] for definitions). NOLOT elements may aso have a reference eement.
A reference dement would indicate how this NOLOT is identified by LOTs and other
NOLOTs in a given application environment. A reference dement has 2 atributes: ref_name,
the name of the reference and numeric, a boolean to indicate whether it is a numeric
reference.

Example 2.

<Object xsi:type="NOLOT" Name="Professor"/>

Fig. 2 Table 22 ORM-ML representation of Fig.2

Qbtype dements are used to represent subtype reationships between (non-lexicd) object
types. A subset dement is required to have two attributes. parent and child, which are
references to object elements (see Example 3).

Example 3.

<Object xsi:type="NOLOT" Name="Professor'/>

<Object x5:type="NOLOT" Name="Academic_Person"/>
<Subtype Parent="Academic_Person" Child="Professor">

Professor

Fig.3 Table 3: ORM-ML representation of Fig.3

Predicates consst of at least one Object Role element. Such an dement contains areference
to an object and may contain a role. They actudly represent the rectangles in an ORM
schema. Every Object Role dlement needs a generated attribute 'ID" which identifies the
Object_Role. By using this ID attribute, we can refer to a particular Object_Role dement in
the rest of the XML document, which we will need to do when e.g. we define congtraints.
Predicates can have one or more rule dements. These dements can contain extra rules that
are defined for the predicate.
Predicates also tave two boolean attributes that are optiond: ‘Derived’ and ‘Derived_Sored’
which indicate whether a predicate respectively is derived, or derived and stored, or not.



Example 4.

This example shows a smple binary predicate as in fig 4, and how it is represented in ORM-
ML in Table 4.

<Ohject xs:type="NOLOT" Name="Professor'/>
<Object xsi:type="NOLOT" Name="Departmert'/>

<Predicate>
Professor Department <Object Role ID="ID1" Object="Professor"

heads Role="Heads'/>
<Object_ Role |ID="ID2" Object="Department”/>
</Predicate>

Fig.4 Table 4: ORM-ML representation of Fig.4

Predicate Objects are actualy objectified predicates, which are used in nested fact types.
They contain a predicate element and have an atribute called ‘Predicate Name'. So in fact
they are merdly a predicate that has recelved a (new) object type name. In building
Object_Roles, the Predicate Name can be referenced. In this way we build predicates that
contain objectified predicates ingtead of object types. Example 5 illustrates the XML
representation for nested fact types that this requires.

Example 5.

This example shows the representation of a nested fact type asin Fig. 5.

<Object xd:type="NOLOT" Name="Academic_Person"/>
<Object xg:type="LOT" Name="Subject Code'/>

- N <Object xs:type="LOT" Name="Rating_Number"/>
I <Predicate Object Prediicete Name="Teeching’>

Gets - <Predicae>
"Teaching” <Object_Role ID="ID18" Object="Academic_Person’
Role="teaches'/>

it <Object_Role ID="ID19" Object="Subject_Code” />
Sub]ect_Code) </Predicate>
S~ </Prediicate Object>

teaches <Pradicae>

<Object_Role ID="ID18" Object="Teaching’"
Role="Gets'/>

<Object_Role ID="1D19" Object="Rating Number"/>
</Predicate>

Fig.5 Table 5: ORM-ML representation of Fig.5

Congtraint elements represent the ORM congtraints. The Constraint element itsdlf is abstract,
but it is implemented by different types of condraints, viz. mandatory, uniqueness, subset,
equality, excluson, frequency, irreflexive, antisymmetric, asymmetric, Symmetric,
intrangitive, ad acyclic congraints. As mentioned above, we use the ID-s of the Object Role
elements to define congtraints (except for value constraints on an object type, because these
congraints are defined in the corresponding object element).

Uniqueness and mandatory constraint elements possess only Object Role eements (at least
one). These ements are the object roles in the ORM diagram on which the condraint is
placed. In this way, there is no need to make a digtinction between the ORM-ML syntax of
"externd" and “internd” uniqueness congraints (see [HO1]), or between mandatory and
digunctive mandatory congtraints (see Example 5 below).



The representation for subset, equality and exclusion congraints is analogous, so we will only
discuss them in generd terms. Each of these latter congtraints has exactly two elements that
contain references to (combinations of) object role elements. For instance, to represent an
equality congtraint between two predicates, we create a subset element, containing 2 eements
‘Firg’ and *Second'. In the first element we put references to the object_roles from the first
predicate, and in the second we put references to the object_roles from the second predicate
(see Example 6).

Example 6.

This example shows the representation of the constraints from Fig. 6.

<Predicate>

<Object_Role ID="ID8" Object="Academic_Person’
Role="WorksFor"/>

<Object Role ID="ID9" Object="Department"/>
</Predicate>
<Predicate>

<Object_Role ID="ID12" Object="Profesor"
Role="Heads'/>

<Object Role ID="ID13" Object="Department"/>
-—p </Predicae>
| <Congtraint xsi:type="Mandatory">

Academic_Person <Object_Role>ID8</Object Role>

; </Congtraint>
works for <Congtraint xs:type="Uniqueness'>
<Object_Role>ID8</Object Role>

</Constraint>
Departmen) <Condraint xsi:type="Uniqueness'>
<Object_Role>ID12</Object Role>

< D> </Congtraint>
<Condraint xs:type="Uniqueness'>
| <Object_Role>ID13</Object Role>
</Congtraint>
<Condraint xsi:type="Mandatory">
<Object_Role>ID9</Object Role>
</Congraint>
<Congtraint xs:type="Mandatory">
<Object_Role>ID13</Object_Role>
</Congtraint>
<Congraint xs:type="Subset">
<Parent>
<Object_Role>ID8</Object_ Role>
<Object_Role>ID9</Object_Role>
</Parent>
<Child>
<Object_Role>|D12</Object Role>
<Object_Role>|D13</Object_Role>
</Child>
</Congtraint>

heads

Table 6: ORM-ML representation of
Fig.6 Fig.6

Findly, ring congtraint elements smply contain references to the object_roles they are put on,
and frequency constraints have two attributes: a reference to the object_role the congraint is
placed on and an attribute called ‘ Frequency’ which contains the declared frequency number.

A note on verbalization style sheets for business rules. Verbdization of a conceptua
modéd is the process of writing its facts and congraints in pseudo natura language sentences,
which assumedly alows non-experts to (help) check, vaidate, or even build conceptua
schemas. The ORM modeling tool “InfoModeer” supported a built-in feature for automatic
verbalization of ORM Schema or part of i. In ORM-ML, generating such verbalizations from
agreed templates (i.e. "template NL" syntax) parameterized over the ORM schema is done by



building separate XML-based style sheets. Moreover, multilingual style sheets” also become
easer by trandating these template sentences into different languages, its parameter values
(which come from the ORM schema) trandated by a human or machine.

5. Generating an ORM-ML file from an ORM Schema

XML being a computer -friendly language, it is of course not the ultimate purpose to write
ORM-ML files by hand. Although it turns out rdatively easy to do that, the god must be to
implement into existing conceptua modeing tools, idedly, a functiondity like a *Save/lLoad
as ORM-ML" dialog box. . Because in generd the rgpository format in which ORM (or other
modeling method's) schemas are stored is proprietary or even "closed” insde the CASE toadl's
software, we will here just show in abstract terms the agorithm how to make the conversion,
darting from a rather smplified meta schemafor ORM given below (in ORM diagram itsdlf,
of course) in Figure 7. Remember that by the definition of Meta schema, individua ORM
schema instances are considered to be stored "conceptudly” in such a Meta schema in an
obvious manner. After the customary application of a conceptua-to-reaiond transformation
agorithm, its actud content is retrieved from the relational database of which the reationd
database tables were derived from this Meta schema (see [HO1], for theory and examples of
this).

4> > —
. /. A
| | ConstraintType | I—\Ro|e_Labe| )
(code) S
has fid of has /is of

| Position

()

has /is of

N
{UI

-— \Z
| Predicate
(n)

has /is of

{ 'LoT,
‘NOLOT' }

has /is of
>
| OTKind

(name)

ObjectType
(name)

has /is of

Fig.7

Suppose we store ingtances of this Meta schemain ardational database with the tables shown
infigure 7.

% For ORM-M L, e.g. amultilingua verbdization style sheet was constructed in the authors' lab [ORMML],
based on the XML Schemain the gppendix, (but not discussed in this paper).
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Now we easily convert its contents to ORM-ML, for instance as follows (it will be useful to
consult Appendix C for adetaled illugtration of its result):

Sketch of ORM to ORM -ML mapping algorithm

(@ Obtain dl ObjectType dements by a query SELECT * FROM ObjectType. Each
returned row will be 1 ObjectType, with as name attribute ObjectType name and as xsi:type
attribute OTKind.

(b) Get predicates by issuing a quey SELECT Rolenr, Predicate nr,
Object_ Type name, Role Label FROM Role ORDER BY Predicate nr, Position_nr.
Start a new predicate dement, and append an Object Role dement (attributes ID: Role nr,
Object: Object Type name, Role: Role Labed) for each row returned until the Predicate nr
changes. When the Predicate nr changes, close the predicate element and start a new one.
Repeat this until dl returned rows are processed.

(¢) For Condraint €ements issue a quay SELECT C.Constraint nr,
C.CongtraintType _code, CR.Role_nr from Constraint C, Constraint_ Role CR WHERE
C.Congtraint_nr = CR.Constraint_nr. Open a Condrant eement (attribute type
C.CondraintType _code). Append an Object Role eement (content: CR.Role nr) for each
row returned until C.Congraint_nr changes. When C.Condraint_nr changes, close the
Congtraint element and start a new one until al returned rows are processed.

Note. Naturaly one could specify the above dgorithm dso by directly "querying” the ORM
Meta Schema in Fig. 7 itsdlf, usng a suitable ORM-based query language such as RIDL
[M8]] instead of SQL. Although this would lead to a more compact (and "conceptua"”
specification, we lacked the space in this paper to present the (original) RIDL language,
which may be downloaded from http://www.starlab.vub.ac.be/...-> RIDL_User_Guid.zip

6. Conclusion: some other advantages for ORM-ML, and future
resear ch

In this paper we have explained how ORM could be used to design business rules. We have
presented a way to save ORM schemas in an XML-based markup language. The main
advantage of this markup language is that it is easy to exchange information. Like ORM-ML,
any conceptua modding approach could have a markup language, since by standardizing
such a markup language several advantages are worth noting.



?? Helps schema integration and transformation.

In information systems, it is in genera easier to integrate or align the conceptuad models
of the sysems than to materidly integrate the logicd or the physcd internd
representation of the system, as demondrated by the literature on view - and schema
integration (e.g. [SP94]). Therefore, ORM-ML as a standardized syntax for ORM models
may assig interoperation tools to exchange, parse or understand the ORM schemas.

?? Interoperability for exchanging and sharing conceptual models over the Internet.
Fecilities are needed to share and exchange ORM conceptuad models (not only business
rules) in terms of a networked, distributed computingdriven, and collaborative
environment, and to alow users to browse and edit shared domain knowledge over the
Internet, intranets and other channels. A conceptua schema markup language provides a
gandardizable method to achieve interoperability among CASE tools tha use that
conceptua modeling technique.

?? Implementing a conceptual query language over the Web.

In open and digtributed environments, building queries should be possible regardless of
the internd representation of the data. Query languages based on ontologies (seen as
shared conceptud models) help users not only to build queries, but dso make them easier,
more expressve, and more understandable than corresponding queries in a language like
SQL. Exchanging, reusing, or sharing such queries efficiently between agents over the
web is subgtantidly facilitated by a standardized markup language. Consequently, ORM-
based query languages (e.g. RIDL [VvB82], [M81], ConQuer [BH96]) would gain from
ORM-ML by representing queriesin such an exchangesble representation.

?? Building a gandard style sheet to generate its formalizations.

Generdting verbdization style sheets for a given usage or need may require a certain kind
of style sheets eg. for first order rewriting formaisms of ORM-ML documents, or to
transform the XML-based representation into another XML-based representation.
Another important and strategic issue is that one could write a style sheet to generate the
given ORM modd indance into a given rule-engin€'s syntax, which alows rurttime
interpretation by that rule engine, for instance performing instance vaidation, integrity
checks, etc. This dso enhances the use of ORM-ML for representing and modeling
ORM-based business rules at a conceptua level, making agents able to share, reuse, and
exchange these rules.

Finaly, it is clearly aso posshble to transform ORM-ML into another language's syntax. We
illugtrated in passng how ORM-ML may be transformed into/from (structured) pseudo
natura language. Currently we are e.g. implementing and investigating mappings from ORM-
inspired ontologies into languages used by a number of commercid (e.g. Haey's Authorete®
[AUOQ1]) and open-source rule engines.

Acknowledgments. Partia support for the reported work from the EC FPS5Thematic
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Appendix A.

Here we lig the complete XML Schema for ORM Markup Language. It may adso
downloaded from [ORMML].

<?xml version="1.0" encoding="UTF8"?>
<xs:schema xmins:dc="http://purl.org/dc/elements/1.1/" xmIns:xs="http://Mmww.w3.0rg/2001/XMLSchema"
elementFormDefault="qualified" attributeFormDefault="unqualified">
<xs:import namespace="http://purl.org/dc/elements/1.1/"
schemal.ocation="http://www.ukoln.ac.uk/metadata/dcmi/dcxml/xmis/dc.xsd"/>
<xs:element name="ORMSchema">
<xs:annotation>
<xs:documentation>Root</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:complexContent>
<xs:extension base="ORMType">
<xs:sequence>
<xs:element name="ORMMeta" minOccurs="0">
<xs:complexType>
<xs:sequence>
<xs:element ref="dc:title" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:creator" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:subject" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:description" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element ref="dc:publisher" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:contributor" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element ref="dc:date" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:type" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:format" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:identifier" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:source" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:language" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element ref="dc:relation" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="dc:coverage" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element ref="dc:rights" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xselement name="ORMBody">
<xs:complexType>
<xs:sequence>
<xs:element name="0Object" type="Object" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>Object: LOT or NOLOT</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="Subtype" type="Subtype" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element name="Predicate" type="Predicate" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element name="Predicate_Object" type="Predicate_Object"
minOccurs="0" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>Objectified Predicate</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="Constraint" type="Constraint" minOccurs="0"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>



</xs:complexType>
</xs:element>
<xs:complexType name="Object" abstract="true">
<xs:annotation>
<xs:documentation>Object: LOT or NOLOT</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="Value" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="ValueRange" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="begin" use="required"/>
<xs:attribute name="end" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="Name" type="xs:ID" use="required"/>
</xs:complexType>
<xs:.complexType name="LOT">
<xs:annotation>
<xs:documentation>Lexical Object Type</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Object">
<xs:attribute name="numeric' type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="NOLOT">
<xs:annotation>
<xs:documentation>Non Lexical Object Type</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Object">
<xs:sequence>
<xs:element name="Reference" minOccurs="0">
<xs:complexType>
<xs:attribute name="Ref_Name" use="required"/>
<xs:attribute name="numeric" type="xs:boolean" use="optional" default="false"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="Independent" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Object_Role">
<xs:annotation>
<xs:documentation>Object + Role</xs:documentation>
</xs:annotation>
<xs:attribute name="ID" type="xs:ID" use="required"/>
<xs:attribute name="Object" type="xs:IDREF" use="required"/>
<xs:attribute name="Role" type="xs:string" use="optional"/>
</xs:complexType>
<xs:complexType name="ORMType"/>
<xs:complexType name="Predicate">
<xs:sequence>
<xs:element name="0Object_Role" type="Object_Role" maxOccurs="unbounded"/>
<xs:element name="Rule" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="Derived" type="xs:boolean" default="false"/>
<xs:attribute name="Derived_Stored" type="xs:boolean" default="false"/>
</xs:complexType>
<xs:complexType name="Constraint" abstract="true">
<xs:annotation>
<xs:documentation>Abstract element for constraints</xs:documentation>
</xs:annotation>
</xs:complexType>
<xs:complexType name="Predicate_Object">
<xs:annotation>
<xs:documentation>Objectified Predicate</xs:documentation>
</xs:annotation>



<xs:sequence>
<xs:element name="Predicate" type="Predicate"/>
</xs:sequence>
<xs:attribute name="Predicate_Name" type="xs:ID" use="required"/>
</xs:complexType>
<xs:complexType hame="Subtype">
<xs:annotation>
<xs:documentation>SubType</xs:documentation>
</xs:annotation>
<xs:attribute name="Parent" type="xs:IDREF" use="required"/>
<xs:attribute name="Child" type="xs:IDREF" use="required"/>
</xs:complexType>
<xs:complexType name="Mandatory">
<xs:annotation>
<xs:documentation>M andatory Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="0bject_Role" type="xs:IDREF" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Uniqueness">
<xs:annotation>
<xs:documentation>Uniqueness Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:seguence>
<xs:element name="Object_Role" type="xs:IDREF" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Subset">
<xs:annotation>
<xs:documentation>SubSet Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="Parent">
<xs:complexType>
<xs:sequence>
<xs:element name="0Object_Role" type="xs:IDREF"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="Child">
<xs:complexType>
<xs:sequence>
<xs:element name="0Object_Role" type="xs:IDREF"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<Ixs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Equality">
<xs:annotation>
<xs:documentation>Equality Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="First">



<xs:complexType>
<xs:sequence>
<xs:element name="0bject_Role" type="xs:IDREF"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
<Ixs:element>
<xs:element name="Second">
<xs:complexType>
<xs:sequence>
<xs:element name="0Object_Role" type="xs:IDREF"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Exclusion">
<xs:annotation>
<xs:documentation>Exclusion Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="First">
<xs:complexType>
<xs:sequence>
<xs:element name="0Object_Role" type="xs:IDREF"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="Second">
<xs:complexType>
<xs:sequence>
<xs:element name="0Object_Role" type="xs:IDREF"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Frequency">
<xs:annotation>
<xs:documentation>Frequency Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:attribute name="Object_Role" type="xs:IDREF" use="required"/>
<xs:attribute name="Frequency" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:.complexType name="Irreflexive">
<xs:annotation>
<xs:documentation>Irreflexive Ring Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="Object_Role" type="xs:IDREF" maxOccurs="unbounded"/>
<Ixs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Intransitive">
<xs:annotation>



<xs:documentation>Intransitive Ring Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="Object_Role" type="xs:IDREF" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Acyclic">
<xs:annotation>
<xs:documentation>Acyclic Ring Constraint</xs:documentation>
</xs:annotation>
<xscomplexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="Object_Type" type="xs:IDREF" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Asymmeélric">
<xs:annotation>
<xs:documentation>Assymetric Ring Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:seguence>
<xs:element name="Object_Role" type="xs:IDREF" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Antisymmetric">
<xs:annotation>
<xs:documentation>Antisymmetric Ring Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="Object_Role" type="xs:IDREF" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="Symmetric">
<xs:annotation>
<xs:documentation>Symmetric Ring Constraint</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="Constraint">
<xs:sequence>
<xs:element name="0bject_Role" type="xs:IDREF" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
</xs:schema>



Appendix B.

A tree view of the dements in the XML Schema given above in Appendix A. Please note the
atributes of the el ements were omitted here for clarity of presentation
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Appendix C.

A complete example of an ORM Schema with the associsted ORM-ML file generated by the
agorithm defined in Section 4.
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<?xml version="1.0" encoding="UTF8"?>
<ORMSchema xmins:xsi=http://www.w3.0rg/2001/XMLSchemainstance
xsi:noNamespaceSchemalocation=http://starlab.vub.ac.be/ORMML/ormml.xsd
xmins:dc="http://purl.org/dc/elements/1.1/">
<ORMMeta>
<dc:titte>ORM ML exam ple</dc:title>
<dc:creator>Jan Demey</dc:creator>
<dc:description>A complete example of an ORM ML file</dc:description>
<dc:contributor>Mustafa Jarrar</dc:contributor>
<dc:contributor>Robert Meersman</dc:contributor>
</ORMMeta>
<ORMBody>
<Object xsi:type="NOLOT" Name="Academic_Person"/>
<Object xsi:type="LOT" Name="Employee_Number"/>
<Object xsi:type="LOT" Name="Degree_Code"/>
<Object xsi:type="LOT" Name="University_Code"/>
<Object xsi:type="LOT" Name="Employee_Name"/>
<Object xsi:type="NOLOT" Name="Professor"/>
<Object xsi:type="NOLOT" Name="Department"/>
<Object xsi:type="LOT" Name="Department_Name"/>
<Object xsi:type="LOT" Name="Rating_Number">
<ValueRange begin="1" end="7"/>
</Object>
<Object xsi:type="LOT" Name="Subject_Code">
<Value>P</Value>
<Value>SL</Value>
<Value>L</Value>
</Object>
<Object xsi:type="LOT" Name="Rank_Code"/>
<Subtype Parent="Academic_Person" Child="Professor"/>
<Predicate>
<Object_Role ID="ID1" Object="Academic_Person" Role="Has"/>



<Object_Role ID="ID2" Object="Employee_Number"/>
</Predicate>
<Predicate>
<Object_Role ID="ID3" Object="Academic_Person" Role="Obtained"/>
<Object_Role ID="ID4" Object="Degree_Code"/>
<Object_Role ID="ID5" Object="University_Code"/>
</Predicate>
<Predicate>
<Object_Role ID="ID6" Object="Academic_Person" Role="Has"/>
<Object_Role ID="ID7" Object="Employee_Name"/>
</Predicate>
<Predicate>
<Object_Role ID="ID8" Object="Academic_Person" Role="WorksFor"/>
<Object_Role ID="ID9" Object="Department"/>
</Predicate>
<Predicate>
<Object_Role ID="ID10" Object="Department" Role="has"/>
<Object_Role ID="ID11" Object="Department_Name"/>
</Predicate>
<Predicate>
<Object_Role ID="ID12" Object="Professor" Role="Heads"/>
<Object_Role ID="ID13" Object="Department"/>
</Predicate>
<Predicate>
<Object_Role ID="ID14" Object="Academic_Person" Role="Has"/>
<Object_Role ID="ID15" Object="Rank_Code"/>
</Predicate>
<Predicate>
<Object_Role ID="ID18" Object="Teaching" Role="Gets"/>
<Object_Role ID="ID19" Object="Rating_Number"/>
</Predicate>
<Predicate_Object Predicate_Name="Teaching">
<Predicate>
<Object_Role ID="ID16" Object="Academic_Person" Role="Teaches"/>
<Object_Role ID="ID17" Object="Subject _Code"/>
</Predicate>
</Predicate_Object>
<Constraint xsi:type="Uniqueness">
<Object_Role>ID1</Object_Role>
</Constraint>
<Constraint xsi:type="Mandatory">
<Object_Role>ID1</Object_Role>
</Constraint>
<Constraint xsi:type="Uniqueness">
<Object_Role>ID2</Object_Role>
</Constraint>
<Constraint xsi:type="Mandatory">
<Object_Role>ID3</Object_Role>
</Constraint>
<Constraint xsi:type="Uniqueness">
<Object_Role>ID3</Object_Role>
<Object_Role>ID4</Object_Role>
</Constraint>
<Constraint xsi:type="Mandatory">
<Object_Role>ID6</Object_Role>
</Constraint>
<Constraint xsi:type="Uniqueness">
<Object_Role>ID6</Object_Role>
</Constraint>
<Constraint xsi:type="Mandatory">
<Object_Role>ID8</Object_Role>
</Constraint>
<Constraint xsi:type="Uniqueness">
<Object_Role>ID8</Object_Role>
</Constraint>
<Constraint xsi:type="Uniqueness">
<Object_Role>ID12</Object_Role>
</Constraint>
<Constraint xsi:type="Uniqueness">
<Object_Role>ID13</Object_Role>
</Constraint>



<Constraint xsi:type="Uniqueness">
<Object_Role>ID10</Object_Role>

</Constraint>

<Constraint xsi:type="Mandatory">
<Object_Role>ID10</Object_Role>

</Constraint>

<Constraint xsi:type="Mandatory">
<Object_Role>ID9</Object_Role>

</Constraint>

<Constraint xsi:type="Mandatory">
<Object_Role>ID13</Object_Role>

</Constraint>

<Constraint xsi:type="Uniqueness">
<Object_Role>ID11</Object_Role>

</Constraint>

<Constraint xsi:type="Uniqueness">
<Object_Role>ID7</Object_Role>
<Object_Role>ID9</Object_Role>

</Constraint>
<Constraint xsi:type="Subset">
<Parent>
<Object_Role>ID8</Object_Role>
<Object_Role>ID9</Object_Role>
</Parent>
<Child>
<Object_Role>ID12</Object_Role>
<Object_Role>ID13</Object_Role>
</Child>
</Constraint>

<Constraint xsi:type="Mandatory">
<Object_Role>ID14</Object_Role>

</Constraint>

<Constraint xsi:type="Uniqueness">
<Object_Role>ID14</Object_Role>

</Constraint>

<Constraint xsi:type="Uniqueness">
<Object_Role>ID16</Object_Role>
<Object_Role>ID17</Object_Role>

</Constraint>

<Constraint xsi:type="Uniqueness">
<Object_Role>ID18</Object_Role>

</Constraint>

</ORMBody>
</ORMSchema>
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