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Abstract

UML is currently the most widely used modeling language for the specification of the
conceptual schema (CS) of an information system (IS). However, UML falls short when it
comes to allow business people to defime¢heir own language (e.g. using their own teims
natural languagethe policies and rules by which they run their business. To this purpose, the
Semantics of Business Vocabulary and Business Rules (SB¥®)modelspecification was
proposed. SBVR isanceptualized optimally for business people and it is designed to be used
for business purposes, indepentient information systems designs.

Clearly, SBVR and UML cannot be considered as isolated languages. Many of the business
rules specified by busingspeople must be automatically executed by the underlying
information system, and thus, thewstalsoappear in its UML CS. In this sense, the main goal
of this paper is to bridge the gap between UML and SBVR by providing an automatic
transformation fromUML to SBVR specifications. Thanks to our transformatidesignerswill
be able to interact with the business pedpietheir own languagefo refine and validate the
information modeled in the CS before the generation of the final IS implementation. Our
transformation also takes into account all possible textual OCL (Object Constraint Language)
expressions that complement the UML graphical elements.

Keywords: UML, OCL, SBVR, model transformation

1. Introduction

The specification of an information systg1S) must include a formal representation
of the knowledge of the domain required by the IS to perform itstiurs. In
conceptuamodeling this representation is known as the cqteal schema (CS) dhe
IS. A CS is the primargrtifact of the develpment procesf34] and t must include all
relevant dynamic and static aspects of the domain, imguadl business rulg22].

CSs aredescribed in a particular conceptual modeling language. Nowadays, the
Unified Modeling Language (UML)37] is the most widely used modeling language for
the specification of a CS. UML schemas are complemented with textual expressions to
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define all business rules that cannot be graphically represented. These textual
expressions are usually defd in OCL (Object Constraint Langudg8]).
Before proceeding with the implementation of the IS, designers must establish the
correctness of the Chdy have specified. This implies that the CS should be verified
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literature[2, 3, 5, 9, 48put unfortunately, validation can neither be achieved by purely
automatic methods nor bgesignersthemselves. In fact, validation requires that
designers and stakeholders aleaan agreement on what the system is to perform.
However, since UML and OCL have been desigioeoe usedby designers (or software
engineers in general), having the ultimate goal of specifying software artifacts, it is
unlikely that stakeholders are albtedirectly understand a CS represented in UML.
Recently, the Object Management Gro(fpMG) has published the Semantics of
Business Vocabulary and Business RUBBVR) specification[39] that defines the
metamodel for documenting the semantics of business vocabulary, business facts and
business rules. SBVR is targeted to capture businesgmsnand business rules in a
language close enough to ordinary language (such as Structured English) to permit

business experts to read them, and at the same time formal enough (based in predicate

logic) to be suitable for interchanging among organizationssoftware tools.
Additionally, rules in SBVR may be defined for business purposes independently of
information systems designs, which allbxving business vocabularies and rules in a

unigue document independent from IT desifimus SBVR is specially@ited for acting

as an intermediate representation between the stakeholders and the designers.

In this context the main contribution of this paper is to provide an automatic
translation from UMIOCL-basedCSs to SBVR. Fig. .1 shows our view of the
develgpment process and how our approach fits in it. The process wtaets the
customer describes the systtorbe to the designer whahen models the CS.
Afterwards, this CS is automatically transformed into a set of SBVR Vocabulary and
Rules that can be lidated by the customer (possibly by first expressing them in natural
language). As far as we know, ours is the first proposal to provide such translation. A
preliminary version of the OCL to SBVR translation was first propos¢8]irOnce the

CS has been validated the process continues by generating the implementation of the IS

according to the information in the CS.
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In the context of a ModdDriven Development (MDD)[47] or ModelDriven
Architecture (MDA) [24] approach our translation can be regarded as a reverse
engineering method that goes from a platfenclependentmodel (PIM) to a
computational independent model (CIM) representation of the ISréategnizethat
this is not the typical MDD or MDA scenario where lower levels models are expected to
be (semi)automatically generated from higleael ones. However, wbelieve it is
very difficult, for customersto provide the complete business vocabulary and rules at
the beginning of the process. According to M. H. Lineh 28] "Developing a business
vocabulary from scratch can be ydaborintensive. Many industries, businesses, and
information technologies have a starting point from such vocabularies in existing XML
or XSD documents structures, in UML class diagram, in ergigtionship models, or
in database schemas. Initializi®&BVR-style business vocabularies from such sources
can save significant effort and ensure that the vocabularies are aligned with the external
resourcesao. Therefore, we t h1lis kuch maoset t he
realistic and better represemitsw the 1Sdevelopments currently done: the CS (PIM)
is directly specified by designers from the information provided by the customer
through interviews andthersourcesOnce the CS is done, designers need to go back to
the customer for its validatiotWe propose to perform suclalidation by means of
generating the corresponding SBVR representation (CIM).

We believe our translation provides several benefits. First, as didcabswe,
modelers have the chance of validating and refining the CSs aad;asequenceo
improvethe quality of the final ISMoreover our translation helps companies to write
Software Requirements Specifications (SRS) according the IEEE Recommended
Practices. In[21], IEEE recommends that all specifications include a section with
definitions, acronyms and atsviations of concepts and that all the requirements
defined should agree with highlevel and loweilevel documents. This documentation
cannot be directly included in UML/OCL CSs (that only support the restricted concept
of notes to attach textual infoation to graphical elements)nstead, he SBVR
Vocabulary and rules obtad from the UML/OCL CS can be used for this purpose.
Sinceit is automaticallygeneratedwe guarantee the consistenand traceability)
between this higlevel view and the lowelevel view expressed in the CS.
Additionally, our translation contributes to improve the quality certification of an
organizationwhen usinga maturity model gs theCapability Maturity Model[40]).
Maturity modet were designed to guide organizations in selecting process
improvement strategies by determining current process maturity and identifying the few
most critical issues to software quality and process improvement. All maturity models
agree to consider thenderstanding and awareness of business rules that guide the IS as
a key aspect. Wi t hextoaabr tthrea nrsdlad s ofnr ovie tchaen
specification and pr es e nftiendlyoh ema randethmus,| | st al
helping in this matr.

Our transformation is defined as a motemodel transformation between the
UML/OCL and SBVR metamodels. The transformation is expressed as two patterns
catalogies: from UML to SBVR transformation and rdm OCL to SBVR
transformation, which target thdifferent elements of the UML/OCL model and
generate the corresponding SBVR excerpts. Patterns are first described using the SBVR
concrete syntax and later formalizedthe ATLAS Transformation Language (ATL
[23]). As part of the transformation we proposeveralextensions to the SBVR



metamodel to overcome some of the limitations we have found durirtpsign of the
transformation

The rest of the paper is structured as follows. Basic concepts are introduced in Section
2. Section 3 presents our UML to SBVR translation. Section 4 complements this
translation by providing the OCL to SBVR translation. Theaction 5 describes how
to generate natural language expressions from the obtained SBVR representation. Next,
in Section6, we provide a set of extensions needed to facilitate our transformation.
Section 7 provides some comments on tkeundnessof our method. Sectior8
comments orthe related work, Sectiodpresents our tool support grfthally, Section
10 sets forth the conclusions and further work.

2. Basic concepts

Our method deals with two different business rules representations: the initial
UML/OCL schema and the final SBVRepresentation. The aim of this section is to
introduce the basic concepts of both specifications.

2.1 The UML and the OCL languages

The UML language is formally described by means of the UML metanj8dgthat
represents the abstract syntax of the language. The metamodel defines the possible set
of elements (and their relationships) that nagpear in UML models. As an example,
the metamodel excefpof Fig. 2.1 defines the main UML structural elements: classes,
data types, attributes, associations, generalizations, generalization sets, association
classes, and constraints.

A UML model is consstent with the UML specification (i.e. it is wefibrmed) if it
can be expressed as a valid instance of this UML metan(aad&listance is valid ffit
satisfies all metamodel constraintdsoknown as weliformed rule¥ For instance, an
associatioras relating two classeg;l; andcl, will be expressed as an instance of the
Associationmetaclass related with two instances of Bmeperty metaclass referencing
the classescl; and cl, (defined as instances of metaclaSiasy. Note that the
multiplicity constraint in the memberEndrole forbids the existence of unary
associations in UML models.

Quite obviously, specification of UML models at the abstract syntax level is a tedious
task. Therefore to facilitate the definition of UML models, the standpeification
also provides a (graphical) concrete syntax. Models defined with this concrete notation
can be automatically expressed as metamodel instances.

To illustrate these concepts, we specify a simple schema representing the relationship,
'belongs to', btween the conceptroduct(each product has a Universal Product Code,
UPC, and a price) and th&amily type of the Product (a product belongs to exactly one
family while families may contain any number of products) in UML, both, using the
concrete syntagig. 2.2) and the equivalent abstract syntax (Fig 2.3).

ATo improve the clarity of the metamodel, it has beerh8ligestructured for the purposes of this paper
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Fig. 2.1Extract of the UML metamodel
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&
e 1_belongs to UPC : Integer
code : String price : Integer

Fig. 2.2A simple UML CS

: Property

ProductClass : Class

name ="Froduct”

| lowervalue=0

aggregation = none

uppervalue=*

: Association

: Property

I | name ="belongs to"

| aggregation = none

Fami

lass : Class

lowervalue =1

uppervalue=1

name ="Family"

upcAttribute : Property

priceAttribute ; Property

name ="UJPC"
aggregation = none
lowervalue =1
uppenvalue

name ="price"
aggregation = non
uppervalue=1
lowervalue =1

e

nameAttribute : Property

name ="code"
aggregation = none
lowervalue =1

Integer : Primitive Type
name ="Integer"

uppervalue =1

String : Primitive Type
name ="5tring"

Fig. 2.3Definition of the UML CS of Fig. 2.2 as an instance of the UML metamodel. We need to define:
(i) two instances of the ataclass Class representing, the concepts 'family' and ‘product’; (ii) one instance

of the metaclass Association with two member ends (instances of property) representing taenible
and

"product’

in the

attribute of Family' and the '@C' and 'price’ attributes ofrtitluct'.
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A UML modelis usuallycomplementedavith OCL expressions. The use of a general
purpose (textual) sublanguage like OQ25] is required torepresentall kinds of
constraints that cannot be expressed using only the graphical constructs provided by the
conceptubmodeling languaggl5] UML in our case. OCL can also be used as a query
languagdor defining operations or derivation rules on UML models.

In OCL, invariants (i.e. static constraints, instances ofbestraintmetaclassn Fig.

2.1) are defired in the context of a specific type, called tohatext typef the constraint

(see the association betwedPonstraint and NamalElement The actual OCL
expression stating the constraint condition is calledttyof the constraint. Thbody

of a constint is always &oolean OCL expression (i.e. an instance of the metaclass
OCLExpressiorthat evaluates to a Boolean value) and must be satisfied by all instances
of its context type. This implies that the evaluation of the body expression over every
instance of the context type must return a true value. As for the UML, the possible
structure of OCL expressions is also defined in terms of the OCL metamodel. The full
details of the abstract and concrete syntax of the OCL metamodel can f¢88H Trhe
details needed in this paper are introduced when they arise.

2.2. SBVR Meanings and Semantic Formulations

SBVR[39] is a standard specification proposed by the OMG to develop and structure
the business vocalarly that is supplied by the domain expert (i.e., the customer) to
express a set of business rules.

SBVR can be viewed as having five major aspectsctimemunity(the enterprise for
which business rules are being established), bibdy of shared meaningset of
concepts, facts and rules shared by the communityleimantic formulatiorithe way
in which the semantics of the shared meanings are captdmd)al logic (the
theoretical foundation underpinning the semantic formulation, in shortpfustlogic
with some model logic extensions) and thesiness representatida representation of
the semantic formulation in different vocabularies acceptable to and usable by the
members of the community as, for instance, natural language).

In this paper, w will mainly focus on the meanings and semantic formulation
concepts, which are the ones necessary to perform our UML/OCL to SBVR translation.
Fig. 2.4 shows an extract sbme of thanain elements of the SBViRetamodel

SBVR meanings, the primary elemenin SBVR, are divided in concepts and
propositions. Concepts are classifiers of things (noun concepts) and classifiers of states
and actions (verb concepts or fact types). Additionally, a meaning may have different
types of representation (designation,fimi@on, placeholder, fact type form or
statement) depending on the subtype of meaning instantiated. For example, instances of
ObjectTypaare linked with an instance Bfesignationcontaining a text representing the
name of that particular object typ®lore information on some other subtypes of
concepts and propositions will be described in the next sections and full details of the
SBVR metamodel may be found[i89].
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Fig. 2.4Fragment of the abstract syntax of the SBVR Metamodel.

As an example, Fig. 2.5 illustrates a possible SBVR representation for part of the
previous UML CS (see Fig. 2. as an instance of the SBVR metamodel. The main
elements of the instantiation are: (i) two instancesObfectTyperepresenting the
Family and Product conceptsidentified by the textual designations ‘family’ and
‘product’; (i) one instance @issociatieFactType(i.e. a subtype ofFactTypeused to
express associations, in this caseat®ociation betwedProductandFamily identified
by the designation 'belongs tavith two fact type rolegrepresenting the two ends of
the AssociativeFactType, one ming over the concepfEamily and other over the
conceptProduc); (iii) three instances ofsPropertyOfFactTypg'family has name’,
‘product has UPC' and ‘product has price’) and the corresponding designations to specify
thef act nanyep.es 6

: Text :Text : Text
value ="product’ value ="helongs to" value ="family"
[ : Designation ’ l : Designation l ‘ : Designation W

: ObjectType ’._1‘ : FactTypeRole H : AssociativeFactType H : FactTypeRole +_1 : ObjectType ‘
1 . \

b iText ._l‘ : Designation P_J : FactTypeRole H : IsPropertyOfFactType ',_ : FactTypeRole l
value = "code" ‘ ; )

i[:T_em\

5 = Text
: FactTypeRole | :1sPrope actType | | : FactTypeRole }._J : Designation |
] — 1 \ ] | value ="upc"
|
| : NonNegativelnteger |

T = o :Text

: FactTypeRole | | :IsPropertyOfFactType :FactTypeRole | | : Designation | e
1 —1 I { | value = "price"

Fig. 2.5ConceptsProduct Family and their relationships expressed using our SBVR abstract syntax.

Note that the previous SBVR representation does not include the graphical constraints
of the UML CS (as multiplicity constraints on the attributes or associatibrstiad,



SBVR includes specific constructs, called semantic formulations to strustuestrict
the meaning of rules or the definition of concepts. There are two kinds of semantic
formulations (see Fi@.4): logical formulations and projections.

Logicd formulations are used to structure propositions and are further specialized into
modal formulations, logical operations, quantifications and atomic formulations among
others. In particular, Fi2.6 shows the different kinds of SBVR quantificatiomstcan
be used in the formulationEach quantification introduces a variable. This variable is
used to iterate over the logical formulations within the scope of the quantifier. In its
turn, this variable can be restricted by other formulations.

LogicalFormulation
0..1/scopeFormulation
*
Quantification 0.1 1|variable
introducedVariable L
| ® 1 '
[ 5 A
[Universalouamiﬁcation l lAtMostIlQuantiﬁcation iAtLeastNQuantIﬁcatlon
7 - I .
{ AtMostOneQuantific ation’ ‘E)nstemlalouamlﬁcatmn’
[ExactiyNQuantification ‘
| maximumCardinality | 1 1 | minimumCardinality
* . 1 i
T [NumericRangeQuantiﬁcation % Fonllegatwelnteger l
i{ExacﬂyOneQuantjﬁcation’ ~I minimumCardinality 7 1] cardnaity

maximumCardinality

Fig. 2.6 SBVR Quantifications.

As anexample, the ruleeach product belongs to exactlyfla mi(dxpressed in

concrete syntax) is defined as follows:
(1) The rule is a proposition meant by a necessity formulation.
(2) . .The necessity formulation embeds a universal dficaiton, ul.

(3) ... Thauniversal quantification, ulintroducesa first variable, v1

(4) ....Thevariable vl ranges over the coneéeptr oduct 6.

(5) ... Theuniversal quantification, ul, scopes over an exactly one quantification, el

(6) ....The exactly onguantification, elintroduces a second variable, v2.

7 . . . . . The wvariable, v2, ranges over the concept O
(8) ....The exactly omguantification, elscopes over an atomic formulation, al.

9 ... . . The atomic formulation, al, is based on the fa
a0 ..... The atomic formulation, al, has the first role binding.

(11) . . . . . . The first role binding is of the role o6pr
12 ...... The firstale binding binds to theariable v1.

a3 ..... The atomic formulation has the second role binding.

. . . . . . The second role binding is of the role o6f
5) ...... The second role binding binds to the variable v2

This example useshe SBVR concrete syntax basically consistiofy textually
defining the instantiation of the metamodel as a numbered list of propositions. The
indentation of the propositions shows a hierarchical structure in which a semantic
formulation at one level opates on, pplies a modality to, or quantifies over one or
more semantic formulations at the next lower level. In fact, each line describes one of
the instances of a metaclass in the SBVR metamodel, one of its attribute values or an
existing link between tw instances.In particular, in this example we create two
guantifiers (one universal quantifier scoping o¥¥pduct since each product has to



satisfy the constraint and an exaailye quantifier scoping oveafamily since each

product has to belong to excone family). The second one is restricted to iterate only

over the families of the productirrentlyselected irthe first quantifier (the variables of

the two quantifications are bound based on
f ami | y @dimtlaecongirairit).

SBVR also provides the specificatiofi a second type of semantic formulations: the
projections A projection structures intensions as sets of things that satisfy constraints
(conditions). Projections are used to formulate defingjaggregations and questions.
For example the definition ofhe 'Personabstract class withMale' and 'Female’
subclasses can befohed with a projection. The projection defines tiierson' noun
concept equivalent to the UML abstract cla$ke defintion is structured by the
disjunction (a kind of logical operation) of the instances offleenale’ and 'Male' noun
conceptscreated to represettie subclasse@.e. Person instances are all instances that
either are Male OR FemaleMore details of thedifferent types of meanings and
semantic formulations are introduced on the next sections.

2.2.1 Structured English

As an alternative tdhe previous SBVR concrete syntax, engers and business
stakeholders may prefer to work with more wisEndly notdions as Structured English
or RuleSpeak. These notations express the SBVR miodelatural language by
applying some translation patteroger the SBVR instantiatiothat producea possible
English description of the modé&ome of these mappings are attg provided in the
same SBVR StandardAs an example, the Structured English version of the two
previous instantiations would be as follows:

family

Concept type: object type

product

Concept type: object type

Necessity each price of product_is greater than zero
code

Concept type: role

price

Concept type: role

Definition: integer_that represents the value ofpaoduct
UPC

Concept type: role

Definition: integer_that represents the universal product code
family has code

Concept type is-property -of fact type

Necessity each family has exactly one code

product belongs to family
Concept type: associative fact type

Necessity each product belongs to exactly one family




10

product has UPC

Concept type: is-property -of fact type

Necessity each product has exactly one UPC
product has price

Concept type: is-property -of fact type

Necessity each product has exactly one price

3. From UML to SBVR

This section describes a pattdrased translation of UML schemas to SBVR
vocabularies.

Given a UML conceptual schen@t = <CL, DT, AS, ATT, AC, GEN, GSEWwhere
CL, DT, AS ATT, AC, GEN andGSETrepresent the set of classes (i.e. the set of model
elements instance of the metacldBmsy, data types (instances of tHataType
metaclass), associations (instances of the metagksxciatiol), attributes (instances of
the Property metaclass owned by a cléssassociation classes (instances of the
AssociationClassnetaclass), generalizations (instances ofGemeralizesnetaclask
and generalization sets (instances of @@meralizationSetetaclass), respectively, our
translation proceeds by applying the appropriate translation pattern to each element in
CSs

Translation patterns are described following the concrete syntax\dR $fdroduced
in Section 2. Section 6 provides their formalizatioiATL. Fig. 3.1 shows the relevant
subset of the SBVR metamodel regarding the patterns presented in this section. It
complements the metamodel excerpt presented inZ=gby introducingadditional
subtypesf nounconcepts and fact types.

category | Comcept
ok

i
| |

NounConcept FactType

T T
generalConcept —— [ | | R
1 ObjectType] iDataTypeI IRoIe' Characteristic
L

{ordered) 1.
FactTypeRole ’AssociativeFactType ’

—_

—o* CategorizationScheme I

[CategorizationFactType ’

@l |IsPropertyOfFactType I

Fig. 3.1Extract of the SBVR metamodedinds of houn concepts and fact types.

PartitiveFactType |

Y'In UML 2.0 both attributes and roles (i.e. association gals® known as member ehdserepresented
as instances of thRroperty metaclass. The difference is that a propertgpresenting an attribaitis
owned by a class (i.@.classreturns a noempty value that identifies the class owning the attribute).
Instead, if p represents an association end it is owned by an association (the navigation
p.owningAssociatioreturns that associatian)
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Note that in the definition of the patterns we may theattributes and associations
defined in the UML metamodel taceess relevant information of the model elements
being translated. As an example, to retrieve tbkes (i.e. member end)f an
associatiora we will write the expressioa.memberEndwherethe dot notatiorx.y is
used to express that we want to acchssvilue of the property for the objectx and
memberEnds the navigation that retrieves the member endssbciationnstances as
defined in Fig. 2.1

Patterns in this section do not deal with graphical constraints appearing in the UML
CS, like muliplicity or disjointness constraints. All these constraints can be expressed

as OCL invariant§16] ( e . g . the multiplicity constraini
"bel ongs to' association could besizlpressec
= 10) . Therefore, transl at edimtheméxt seciom,se con

following the same rules for the translation of general OCL constraints.
The defined patterns can be applied in any order that guarantees the consistency of the
resulting SBVR schema. The order is determined by the precedencensdigiiamong
the elements of a schema. This is, very often one can add an element to a schema only
when other elements have been alrepdycessed42]. In the case of UML, the
precedence relationship is the following: class and datas dgeot have predecessors;
the predecessors of an attribute are its owning class and its data type; the predecessors
of an associon or an association class are its member ends; the predecessors of a
generalization are its classifiers; the predecessors of a generalization set are its
generalizations. Following the precedence relationship, an association or an association
class maye translated if the member ends have been translated before; an attribute may
be translated if its owning class and data type have already been translated and so forth.
To illustrate the translation patterns we will use as a running example the UML CS
shovn in Fig 3.2, specifying the products sold by a department and the set of
companies supplying those products to the department. The full translation for this
example can be found in the Appendix.

Family
code : String

1 belongsto * +  is sold by
UPC : Integer

price : Integer

Company | I p Departmentj

name : String & name : String
e |

1] I—
Supply

quantity : Integer
hotal : Integer

Fig. 3.2Running example.
The translation patterns arteetfollowing:

1 For each Class/ CL:

The conceptual schema includes an object type, ob
. 0b has a designation whose signifier is the text c.name (i.e. the name of the class)
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The application of the above pattern to the example of Fig. 3.2 producesbjeat
types whose designations are ‘family’, 'product’, 'department’ and ‘company'. For
example, the application of the pattern to the class named ‘family’ produces the
following SBVR instantiation:

The conceptual schema includes an object type, ob
. ob has a designation whose signifier is the text 'family’

1 For each datatypeé/ DT:

The conceptual schema includes a data type, dt.
. dt has a designation whose signifier is the text d.n (i.e. the name of the dataType)

Note that SBVR does not distinguish beem object types and data types. However,
in order to keep the semantic distinction during the transformation, we have extended
the SBVR metamodel by adding the metaclaBgtaType as a subtype of
NounConceptThe details are explained Section6.

1 Foreach attributes / ATTof Booleantype (i,ea . t ype. namg = 06Bool ean

The conceptual schema includes a characteristic, ch,

. ch has a designation, whose signifier is the text 'being' concatenated with a.name,

. ch has a fact type role, fr,

.. The role fiL has a designation whose signifier is the text a.class.name

.. The role fr ranges over the object type a.class (i.e. the object type created to represent
the class owning the attribute).

The pattern translates each UML Boolean attribute to a SBVR chastcte
Characteristic is a kind of fact type that has exactly one role. A characteristic represents
the fact that an object type (the equivalent to the class that owns the attribute) has
certain property.

| For each attributeg/ ATT of type other thaBoolean

The conceptual schema includes apirigpertyof fact type, i,

. 1 has a designation, whose signifier is the text 'has’,

. i has two fact type roles, frl and fr2,

.. The role frl has a designation whose signifier is the text a.class.name

.. The rok frl ranges over the object a.class (i.e. the object type created to represent the
class owning the attribute),

.. The role fr2 has a designation whose signifier is the text a.name,

.. The role fr2 ranges over a.type.

Each attribute is translated to arpi®pertyof fact type that relates the role of the
object type corresponding to the translation of the class that owns the attribute with the
role of the noun concept representing the tramsiatif the type of the attribute, i.e.
attributes are translateby viewing them as a binary association between the class
owning the attribute and the data type of the attribute.

The application of the above pattern to the example of 3B produces seven-is
propertyof fact types 'family hascode ‘'product has UPC 'product has price’,
‘department has name’, ‘company has name’, 'supply has quantity’ and 'supply has total'.
For example, the application of the pattern to the attribute 'name’ of the class ‘family'
produces the following SBVR instantiation:
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The concptual schema includes anpsopertyof fact type, i
. i has a designation, whose signifier is the text 'has’,
. i has two fact type roles, frl and fr2,
. The role fr1l1 has a designation whose signi
.. The role frl ranges over the objectaypaving family
.. The role fr2 has a designation whose signifier is the ¢ext,
.. The role fr2 ranges over the data type whose signifier is the text 'text'.

1 For each associatioa / ASwith n member endsneé me (retrieved using the
expressiora.menberEng:

The conceptual schema includes an associative fact type, asf,

. asf has a designation whose signifier is the text a.name,

. if the type of aggregation kind of one of the member ends of a is ‘composite’ then asf is
also a patrtitive fact type.

.ad has n facttype roles.& § r

.. Eachrole fri fr,é fhas a designation whose signifier is the textmaene,

.. The role frranges over the object type e, (i.e. the participant class for that
member end)

Each association is translateal an associative fact type (or partitive fact type for
composition®). Note that, names in associations and member ends are optional in UML
but not in SBVR. Therefore, as part of the translation we must provide a default name to
all unnamed associationscamember ends. This default name will be 'has', 'is part of'
or 'is included in' in the cases of plain association, aggregation or composition,
respectively. For member ends, the UML already defines that their name must be the
same name of the participaciass of that endlhe application of the above pattern to
the example of FigB.1 produces three associative fact types: 'product belongs to family'
and 'product is sold by department'.

| For each association class (which is both a class and an ass)cafiocAC with n
member endmeé mg

The conceptual schema includes an associative fact type, asf,
. asf has a designation whose signifier is the text a.name,
. asf has n fact type rolesér f r
.. Eachrole fri fr,é fhas a designation whose sifier is the text mename,
.. The role frranges over the object type e, (i.e. the name of the participant class
for that member end)
The conceptual schema includes also an object type, ob,
. 0b has a designation whose signifier is the textraena
.The concept obj is defined by a closed projection.
..The projection is on a first variable v
€The first variable ranges over the concept
é For felfcd fthe projection has an auxiliary variable, auxv
€. Each aux ialxiy,aanges oveathei canbeptef, fr
. The projection is constrained by an objectification.
.. The objectification binds to the first variable, v.
.. The objectification considers an atomic formulation.
€The atomic formul atiasfn i s based on the fact
é . E a cfhi fréo | fisrbound to the auxiliary variable auxv

8 SBVR only distinguishes betweassociative angartitive fact types This isalso discussed ifect.6.



14

meaning that each association class is translated into SBVbbths an object type
(likewise we do for translating classes) and as an associative fact type (as in the
translationof associations). The object type includes a definition. Definitions of noun
concepts are structured by closed projectidnsthis casethe closed projection is
restricted by an objectification indicating that the object type is the reification of the
asociative fact type.

The application of the above pattern to the example of Fig.produces an object
type named 'supply’ and an associative fact type 'supply' among ‘company', 'department
and 'product’. The object type is defined as the objectifitaifothe associative fact

type.

1 For each generalization,/gGEN:

The conceptual schema includes a categorization fact type, cft,

. cft has a designation whose signifier is the text 'is category of,

. cft has two FactTypeRoles, frl and fr2,

.. The role f1, has a designation whose signifier is the text gen.specific.name,
..The role frl ranges over the object type g.specific,

.. The role fr2, has a designation whose signifier is the text gen.general.name.
.. The role fr2 ranges over the object type gagah

Each generalization is translated to a categorization fact type defining that the object
type, corresponding to the specific class, is a category of the object type that
corresponds to the general class

| For each generalization set, QGSET:

The cmceptual schema includes a categorization scheme, cs,

. €s has a designation whose signifier is the text gs.name,

.. If gs is disjoint and complete then cs is a Segmentation,

.. €S has, as general concept, the object tggeneralization.generatasSetj (i.e. the
common supertype of all generalizations),

.. s has, as categories, a set of object types, obc pthatare in the

gs.generalization.specific

meaning that each generalization set is translated to a categorization scheme or to a
segmentatio if the generalization set is a covering partition.

4. From OCL to SBVR

Once the UML part of the CS has been translated following the patterns presented in
the previous section, we are ready to translate to SBVR thei@i€grity constraints
(i.e. invariats in the OCL terminology), derivatiorules andquery operationg35]
complementing the graphical elements of #8S.OCL can also be used to specify
pre/postcondition contracts but they are not part of our translation since dynamic
aspects are outside of the scope of the SBVR, which proposes to use the new BPDM
(Business Process Definition Metamoff8]) standard to specify them.

Translation of OCL elements will be described in two different steps. First the
skeleton translation for the different types of OCL expressions (invariants, derivation
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rules and queries) will be introducedThen the patterns for translating thedy (i.e.
the actual OCL expression) of the rules will be presented. In general, due to the high
expressiveness of the OCL language this transformation is not deterministic since it
admits different equivalent solutio(®@CL itself permits expressing the same constraint
in a variety of forms[11]). In our translation, we have considered the possible
alternatives and selext the one that we think it produces Hestresults in terms of the
quality and understandability of the final natural language expressions. Best is defined
in terms of theminimal number of SBVR instances that must be created to represent the
rule.

To illustrate this translation we use the example of Fify.showing the following
OCL rules:limitedSuppliegestricts the number of products a company can supply to at
most 100; productldentifier prohibits having two products with the same name;
correctProducts enforces that products are only supplied to a department that sells
them; and the derivebtal attribute is computed by multiplying the price of a product
by its quantity. In all expressionselfrefers to an instance of the context type of the
congdraint (i.e. inlimitedSupplieselfrefers to a company instance).

context Company inv limitedSupplies: self.supply - >size()<= 100
context Product inv productldentifier:

Product.allinstances() - >forAll(p1, p2 | not p1=p2 implies not pl.name=p2.name)
context Supply inv correctProducts:

self.d epartment.product - >exists(v | v =self.product)

context Supply::total: Integer  derive : self.product.price * self.quantity

Fig. 4.1 Examples of OCL constraints

4.1 Translation of Integrity constraints

Integrity constraints are translated to SBVR logical formulations. In partidhlay,
are translatedo necessitieqi.e. rules that should never be violated by the system)
More formally, given a constraint defined over a context typeand with a body
conditionb, the equivalent SBVR rule farwould be:

The rule is a propositiomeant by a necessity formulation.
. The necessity formulation embeds a universal quantification.
.. The universal quantification introduces a variable.
. .. The variable ranges over the concept t.
The universal quantéfication scopes over

Note that the translation introduces a universal quantification proposition to ensure
that all instances of the context type satisfy the condition. This quantification is explicit
in OCL constraints defined by using thkinstance$ “operator and is infjzit in those
constraints defined with theelf variable (where it isimplicitly assumed that the
invariant condition must hold for each possible value ok#ibrariable)

Translation of the constraint body condition will be explained in Section 4.4.

™ In the OCL metamodel, invariants, derivation rules and operations are all expressed as instances of the
metaclassConstraint We can distinguish thepecific type of OCL expression by checking the

~ predefined stereotypes that annotate the constraint instance.

A Allinstances is a predefined OCL operation that returns all instances of the type over which its applied
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4.2 Derivation rules

A derivation rule indicates how to compute the population of a derived attrinute,
association in the CS. The specification of a derived element has the general form:

context  Class::attribute:T derive :an OCL expression

The contextclause declares a derived attribute whose derivation rule is specified by
the expression given in thderive clause. The meaning is that the evaluation of the
expression for an object of that class returnsvéilae of the derived attribute for that
objed. The value must conform to the tygeand multiplicity of the attribute. For
instance, in our running example (Fig. 4tbxal is a derived attribute of typkateger
whose value is computed using the expresself.product.price * self.quantityTo
express derived associations, we write the role name corresponding to the member end
of one participants of the association instead of the name of the attribute.

Translation of derived attributes/associations is similahéotranslation of the base
ones dscribed inSection 3.The difference is that for derived ortbe createdact-type
is defined by a projection. A projection structures intensions as sets of things that satisfy
constraints (conditions). In this case, the projection is constrained by i@allog
formulation representing the calculus of the derivation rule.

The general pattern for translating a derived attribute or associtmintype T
defined over a clagsl following the derivation rul@r is as follows:

The fact typeedbBy@lprojgcios ad i s defin
. The projection is on the first variable v
.. The variable ymaps to the role a.
.. The variable yranges over the concept T.
. The projection is on the second variabje v
.. The variable ¥ymaps to the role CI.
.. The variables, ranges over the concept CI.
The projection is restricted by a étransl a

To facilitate the translation of all kinds of derivation rules, we will translate the
derivation rule by viewing the rule as mtegrityconstraint stating that theale of the
derived element must be equal to the value returned by the derivation ruletdi.e;
self.product.price * self.quantiiy our example).

4.3 Query operations

Query operations are mapped to questions in SBVR. In OCL, queries are usually
defined following the template:

context Class:Q(p 4T 4,..,p ne T )T body: Query-ocl - expression

where the quer{ returns the result of evaluating tiery-ocl-expressiorby using
the arguments passed as parameters in its invocation.

Given such a queryg, its SBVR translation in terms of a question defined by a
projection constrained by the query expression is the following:

The question g is defined by a projection

. q has a designation whose signifier is the text g.name
. The projection is on the §t variable.

. The projection has an auxiliary variable

.. The auxiliary variable ranges over the concept Class



.The projection has a second auxiliary variable
.. The second universal quantification ranges over the congept T

.The prgection has an mry éuxiliary variable
.. The mary universal quantification ranges over the concept T

The

first

variabl e

ranges over

. The projection is restricted by . . . translation of the query ocl expression . . .

4.4 Translaion of OCL expressions
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Given the previousrameworktranslation depending on thepecific type of OCL
expression, next subsections address the generation of the SBVR propositions to
express the meaning of the OCL expression itself. We provide a patteandiate each

construct that may appear in an OCL expression.

The OCL metamodel excerpt &fig. 4.2 summarizeghe main elementsthat may
appear in an OCL Expressidive would like to highlightlie metaclas®CLEXxpression
(abstract superclass of all pidde OCL expressions)ariableExp(a reference to a
variable, as, for example, the variable sélf)eralExp (constant literals like the integer
0 106 ) Callexpl which is a supertype for the metaclasddavigationCallExp

(navigation to access the valoé a property, either an attribute or a member end),
LoopExp (iterator expressions a®rAll, imposing that all elements in the source

collection must satisfy its body condition existsthat requires at least an objeftthe
collectionto satisfy the codition) andOperationCallExp(calls to operations, including
all the predefined operations provided in the OCL Standard Lif8&isuch as the add

operator 0
list of arguments if the referred operation has parameters.

+6 or

conce

t OperativreCall&xgexprepsomnsanbyoncliide a Th e s e

{ordered}
* l,argument
0.1 ./pCLExpression [2ody
S0Urce
0.1
CallEp LiteralExp VariableExp
+ | referredVariable
T
0.1] parertCall |
0.1, referingExp
OperationCallExp Navigation CallEp LoopExp 1 0.1.[Variable
- iterator
« | referringExp R 0.1 -+ 0.1 | resut
loopBodyCwner
0.1 JreferredOperation 0.1 § basebxp
Operation eratorExp terateExp
navigationSource 01
PropertyCallExp | 0.1 .|Property
referringExp

Fig. 4.2Extract of the OCL Metamodel
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When expressing the constraintdyausing theaboveabstract syntax, the body can be
regarded as a kind of binary tree where each node represents an atomic subset of the
OCL expression where the root of the tree is the most external OCL ogsesdi for
some examplesYherefore, e full translation of an expression is doneftjowing a
postorder traversal of the &enode representing the expression as an instance of the
OCL metamodel (i.e. a node is not translated until previous subexpressions referenced
by the node have been already translated) and applying to each node the appropriate
pattern depending on the kiraf operation represented by that node. The postorder
traversalis necessary to be able to reference variables created during the translation of
child nodes as part of the translation of the parent node. All SBVR propositions are
generated with closed wdrkemantics.

As a preliminary step of our OCL translation process, we simplify the initial OCL
expressions using the set of transformation rules providg&&bjrand[11]. These rules
replace some complex operators with more basic ones. Therefore, we reduce the
complexty of the translation process by avoiding the need of addressing the full
expressivity of the OCL. For instance, since tineludesAll operator is always
expressed in terms of the more basicludesoperationwe do not need to provide a
pattern to transkteincludesAllexpressions (in its turmcludescan be expressed using
the existsiterator). Similarly, we reexpress th@otEmptyoperator as a combination of
the selectand size operators, theexcludesis transformed into @ot includesand so
forth.

In what follows we present the patterns for translating the possible OCL constructs.
Section 4.4.1 addresses the translation of basic OCL operations in the OCL expression
(represented as instances of @perationCallExpmetaclass). Section 4.4.2 tackles
navigation expressions (instances of fmpertyCallExp metaclass) while Section
4.4.3 mainly deals with iterator expressions (instances dfgreorExpmetaclass) and
some operations usually used in conjunction with these iterators. A completatioansl
for the constraints of our running example is provided in the Appendix.

4.4.1 Translation of Basic OCL operators

This section introduces a set of patterns for translating basic OCL operators. In the
patterns X, Y andZ represent variables or congtditerals of the appropriate type. The
sent @revoes trdnslaton ref ers to the result of tran:
OCL expression (e.g. the universal quantification for #edf variable when the
operation appears as the root node foe th ¢ o n s ttranalationtof X fa n d
fitranslatonofY r ef er to the result of transl ating
theX andY variables.

OCL Boolean operatorsniplies and, or, xor, not) have a direct counterpart in SBVR
(see Fig4.3), am thus, their translation can be quite straightforward.

They are translated to the following SBVR logical formulations:

1 XJimplies | and | or | xor] Y
The previous translation introduces a logical operation [implication | conjunction |
disjunction | excluse disjunction].
.The logical operation has anoperatdhat i s aé. transl ation of X
.The logical operation has anoperanidhat i s a ... transl ation of
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Fig. 4.3 Extract of the SBVR metaschemas: kinds of logical operations.

OCL negation operat is translateds aSBVR logical negation formulation:
1T notX

The previous translation introduces a logical negation.

The | ogical negation has a negand that

OCL comparison operators for numbers (<, >, =) are translated to dtymiglations

based on comparison fact types of quantities (is less than, is greater than, is equal to):

T XI[<I>IFTY

The previous translation introduces an atomic formulation

. The atomic formulation is based on the fact typantity [is less than is greater than|
is equal to]quantitys

. The atomic formulation has the first role binding.

.. The first role binding is of the roteiantity;

: The first role binding binds to t

. The atomic formulation has the second rolallrig.

.. The second role binding is of the raleantity

The second role binding binds to theé

OCL oclisTypeOfoperator has the equivalent meaning, in SBVR, tinatantiation
formulation. An instantiation formulation is a logicd&rmulation to formulate that a
thing to which a bindable target refers (&X@is an instance of a concept (€ly.

1 X.ocllsTypeOf (T): retuns true if X is instance of T

The previous instantiation introduces an instantiation formulation.

. Theinstantation formulatonc onsi ders t he concept O6T6.

The i nstantiation formulation binds
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