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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 define in their own language (e.g. using their own terms in 

natural language) the policies and rules by which they run their business. To this purpose, the 

Semantics of Business Vocabulary and Business Rules (SBVR) metamodel specification was 

proposed. SBVR is conceptualized optimally for business people and it is designed to be used 

for business purposes, independently of information systems designs. 

Clearly, SBVR and UML cannot be considered as isolated languages. Many of the business 

rules specified by business people must be automatically executed by the underlying 

information system, and thus, they must also appear 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 from UML to SBVR specifications. Thanks to our transformation, designers will 

be able to interact with the business people (in their own language) to 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 system (IS) must include a formal representation 

of the knowledge of the domain required by the IS to perform its functions. In 

conceptual modeling, this representation is known as the conceptual schema (CS) of the 

IS. A CS is the primary artifact of the development process [34] and it must include all 

relevant dynamic and static aspects of the domain, including all business rules [22].  

CSs are described 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 defined in OCL (Object Constraint Language [35]). 

Before proceeding with the implementation of the IS, designers must establish the 

correctness of the CS they have specified. This implies that the CS should be verified 

(to be sure designers ñdefined the CS rightò) and validated (to be sure designers 

ñdefined the right CSò). Verification of UML schemas has been largely addressed in the 

literature [2, 3, 5, 9, 48] but unfortunately, validation can neither be achieved by purely 

automatic methods nor by designers themselves. In fact, validation requires that 

designers and stakeholders reach an agreement on what the system is to perform. 

However, since UML and OCL have been designed to be used by designers (or software 

engineers in general), having the ultimate goal of specifying software artifacts, it is 

unlikely that stakeholders are able to directly understand a CS represented in UML.  

Recently, the Object Management Group (OMG) has published the Semantics of 

Business Vocabulary and Business Rules (SBVR) specification [39] that defines the 

metamodel for documenting the semantics of business vocabulary, business facts and 

business rules. SBVR is targeted to capture business concepts and 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 organizations or software tools. 

Additionally, rules in SBVR may be defined for business purposes independently of 

information systems designs, which allow having business vocabularies and rules in a 

unique document independent from IT design. Thus, SBVR is specially suited 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 UML/OCL-based CSs to SBVR. Fig. 1.1 shows our view of the 

development process and how our approach fits in it. The process starts when the 

customer describes the system-to-be to the designer who, then, models the CS. 

Afterwards, this CS is automatically transformed into a set of SBVR Vocabulary and 

Rules that can be validated 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 proposed in [8]. Once the 

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

according to the information in the CS. 

UML

CASE 
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  3. . . . 

Validates

Fig. 1.1 Application scenario of UML/OCL to SBVR transformation 
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In the context of a Model-Driven Development (MDD) [47] or Model-Driven 

Architecture (MDA) [24] approach, our translation can be regarded as a reverse 

engineering method that goes from a platform-independent model (PIM) to a  

computational independent model (CIM) representation of the IS. We recognize that 

this is not the typical MDD or MDA scenario where lower levels models are expected to 

be (semi)automatically generated from higher-level ones.  However, we believe it is 

very difficult, for customers, to provide the complete business vocabulary and rules at 

the beginning of the process. According to M. H. Linehan  [28] "Developing a business 

vocabulary from scratch can be very labor-intensive. 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 entity-relationship models, or 

in database schemas. Initializing SBVR-style business vocabularies from such sources 

can save significant effort and ensure that the vocabularies are aligned with the external 

resourcesò. Therefore, we think that the scenario shown in Fig. 1.1 is much more 

realistic and better represents how the IS development is currently done: the CS (PIM) 

is directly specified by designers from the information provided by the customer 

through interviews and other sources. Once the CS is done, designers need to go back to 

the customer for its validation. We propose to perform such validation by means of 

generating the corresponding SBVR representation (CIM). 

We believe our translation provides several benefits. First, as discussed above, 

modelers have the chance of validating and refining the CSs and, as a consequence, to 

improve the quality of the final IS. Moreover, 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 abbreviations of concepts and that all the requirements 

defined should agree with higher-level and lower-level documents. This documentation 

cannot be directly included in UML/OCL CSs (that only support the restricted concept 

of notes to attach textual information to graphical elements). Instead, the SBVR 

Vocabulary and rules obtained from the UML/OCL CS can be used for this purpose. 

Since it is automatically generated, we guarantee the consistency (and traceability) 

between this high-level view and the lower-level view expressed in the CS. 

Additionally, our translation contributes to improve the quality certification of an 

organization when using a maturity model (as the Capability Maturity Model [40]). 

Maturity models 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 the understanding and awareness of business rules that guide the IS as 

a key aspect. With our translation we can ñextractò the rules from the actual system 

specification and present them to all stakeholders in a ñfriendlyò manner, and thus, 

helping in this matter. 

Our transformation is defined as a model-to-model transformation between the 

UML/OCL and SBVR metamodels. The transformation is expressed as two patterns 

catalogues: from UML to SBVR transformation and from OCL to SBVR 

transformation, which target the different elements of the UML/OCL model and 

generate the corresponding SBVR excerpts. Patterns are first described using the SBVR 

concrete syntax and later formalized in the ATLAS Transformation Language (ATL 

[23]).  As part of the transformation we propose several extensions to the SBVR 
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metamodel to overcome some of the limitations we have found during the design 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. Then, Section 5 describes how 

to generate natural language expressions from the obtained SBVR representation. Next, 

in Section 6, we provide a set of extensions needed to facilitate our transformation. 

Section 7 provides some comments on the soundness of our method. Section 8 

comments on the related work, Section 9 presents our tool support and, finally, 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 SBVR representation. 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 metamodel [37] that 

represents the abstract syntax of the language. The metamodel defines the possible set 

of elements (and their relationships) that may appear in UML models. As an example, 

the metamodel excerpt
À
 of 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 consistent with the UML specification (i.e. it is well-formed) if it 

can be expressed as a valid instance of this UML metamodel (an instance is valid iff it 

satisfies all metamodel constraints, also known as well-formed rules). For instance, an 

association as relating two classes, cl1 and cl2 will be expressed as an instance of the 

Association metaclass related with two instances of the Property metaclass referencing 

the classes cl1 and cl2 (defined as instances of metaclass Class). Note that the 

multiplicity constraint in the memberEnd role 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 standard specification 

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', between the concept Product (each product has a Universal Product Code, 

UPC, and a price) and the Family 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 syntax (Fig. 2.2) and the equivalent abstract syntax (Fig 2.3).  
 

                                                           
À
 To improve the clarity of the metamodel, it has been slightly restructured for the purposes of this paper. 
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Fig. 2.1 Extract of the UML metamodel 

 

Fig. 2.2 A simple UML CS  

 

Fig. 2.3 Definition of the UML CS of Fig. 2.2 as an instance of the UML metamodel. We need to define: 

(i) two instances of the metaclass Class representing, the concepts 'family' and 'product'; (ii) one instance 

of the metaclass Association with two member ends (instances of property) representing the roles 'family' 

and 'product' in the association óbelongsToô and (iii) three instances of property, representing the 'code' 

attribute of 'Family' and the 'UPC' and 'price' attributes of 'Product'.  



6 

 

A UML model is usually complemented with OCL expressions. The use of a general-

purpose (textual) sublanguage like OCL [35] is required to represent all kinds of 

constraints that cannot be expressed using only the graphical constructs provided by the 

conceptual modeling language [15] UML in our case. OCL can also be used as a query 

language for defining operations or derivation rules on UML models. 

In OCL, invariants (i.e. static constraints, instances of the Constraint metaclass in Fig. 

2.1) are defined in the context of a specific type, called the context type of the constraint 

(see the association between Constraint and NamedElement). The actual OCL 

expression stating the constraint condition is called the body of the constraint. The body 

of a constraint is always a boolean OCL expression (i.e. an instance of the metaclass 

OCLExpression that 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 found in [35]. The 

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 vocabulary 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 aspects: the community (the enterprise for 

which business rules are being established), the body of shared meanings (set of 

concepts, facts and rules shared by the community), the semantic formulation (the way 

in which the semantics of the shared meanings are captured), formal logic (the 

theoretical foundation underpinning the semantic formulation, in short, first-order logic 

with some model logic extensions) and the business representation (a 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, we 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 of some of the main elements of the SBVR metamodel. 

SBVR meanings, the primary elements in 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, definition, placeholder, fact type form or 

statement) depending on the subtype of meaning instantiated. For example, instances of 

ObjectType are linked with an instance of Designation containing a text representing the 

name of that particular object type. More 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 in [39]. 
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Fig. 2.4 Fragment 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. 2.2) as an instance of the SBVR metamodel. The main 

elements of the instantiation are: (i) two instances of ObjectType representing the 

Family and Product concepts identified by the textual designations 'family' and 

'product'; (ii) one instance of AssociativeFactType (i.e. a subtype of FactType used to 

express associations, in this case the association between Product and Family  identified 

by the designation 'belongs to') with two fact type roles (representing the two ends of 

the AssociativeFactType, one ranging over the concept Family and other over the 

concept Product); (iii) three instances of IsPropertyOfFactType ('family has name', 

'product has UPC' and 'product has price') and the corresponding designations to specify 

the fact typesô names. 

 

Fig. 2.5 Concepts Product, 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 associations). Instead, 
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SBVR includes specific constructs, called semantic formulations to structure or restrict 

the meaning of rules or the definition of concepts. There are two kinds of semantic 

formulations (see Fig. 2.4): logical formulations and projections. 

Logical formulations are used to structure propositions and are further specialized into 

modal formulations, logical operations, quantifications and atomic formulations among 

others. In particular, Fig. 2.6 shows the different kinds of SBVR quantifications that can 

be used in the formulations. Each 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. 

 
Fig. 2.6 SBVR Quantifications. 

 

As an example, the rule 'each product belongs to exactly 1 familyô (expressed 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 quantification, u1.  

(3)    . . . The universal quantification, u1, introduces a first variable, v1.  
(4)   . . . . The variable v1 ranges over the concept óproductô.   

(5)   . . . The  universal quantification, u1, scopes over an exactly one quantification, e1.  

(6)   . . . . The exactly one quantification, e1, introduces a second variable, v2.  

(7)   . . . . . The variable, v2, ranges over the concept ófamilyô. 

(8)   . . . . The exactly one quantification, e1, scopes over an atomic formulation, a1.  

(9)   . . . . . The atomic formulation, a1, is based on the fact type óproduct belongs to family'. 

(10)   . . . . . The atomic formulation, a1, has the first role binding. 

(11) . . . . . . The first role binding is of the role óproductô. 

(12) . . . . . . The first role binding binds to the variable v1.  
(13) . . . . . The atomic formulation has the second role binding. 

(14) . . . . . . The second role binding is of the role ófamily. 

(15) . . . . . . The second role binding binds to the variable v2. 

 
This example uses the SBVR concrete syntax basically consisting of 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 operates on, applies 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 two instances. In particular, in this example we create two 

quantifiers (one universal quantifier scoping over Product since each product has to 
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satisfy the constraint and an exactly-one quantifier scoping over Family since each 

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

over the families of the product currently selected in the first quantifier (the variables of 

the two quantifications are bound based on the links of the association óproduct has 

familyô navigated in the constraint). 

SBVR also provides the specification of 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 definitions, aggregations and questions. 

For example the definition of the 'Person' abstract class with 'Male' and 'Female' 

subclasses can be defined with a projection. The projection defines the 'Person' noun 

concept equivalent to the UML abstract class. The definition is structured by the 

disjunction (a kind of logical operation) of the instances of the 'Female' and 'Male' noun 

concepts created to represent the subclasses (i.e. Person instances are all instances that 

either are Male OR Female). More details of the different types of meanings and 

semantic formulations are introduced on the next sections.  

2.2.1 Structured English 

As an alternative to the previous SBVR concrete syntax, end-users and business 

stakeholders may prefer to work with more user-friendly notations as Structured English 

or RuleSpeak. These notations express the SBVR model in natural language by 

applying some translation patterns over the SBVR instantiation that produce a possible 

English description of the model (some of these mappings are already provided in the 

same SBVR Standard). As 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 of a product  
 

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  
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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 pattern-based translation of UML schemas to SBVR 

vocabularies.  

Given a UML conceptual schema CS = <CL, DT, AS, ATT, AC, GEN, GSET>, where 

CL, DT, AS, ATT, AC, GEN, and GSET represent the set of classes (i.e. the set of model 

elements instance of the metaclass Class), data types (instances of the DataType 

metaclass), associations (instances of the metaclass Association), attributes (instances of 

the Property metaclass owned by a class
ÿ
), association classes (instances of the 

AssociationClass metaclass), generalizations (instances of the Generalizes metaclass), 

and generalization sets (instances of the GeneralizationSet metaclass), respectively, our 

translation proceeds by applying the appropriate translation pattern to each element in 

CS.  

Translation patterns are described following the concrete syntax of SBVR introduced 

in Section 2. Section 6 provides their formalization in ATL. Fig. 3.1 shows the relevant 

subset of the SBVR metamodel regarding the patterns presented in this section. It 

complements the metamodel excerpt presented in Fig. 2.4 by introducing additional 

subtypes of noun concepts and fact types.  

 
Fig. 3.1 Extract of the SBVR metamodel: kinds of noun concepts and fact types. 

 

                                                           
ÿ
 In UML 2.0 both attributes and roles (i.e. association ends, also known as member ends) are represented 

as instances of the Property metaclass. The difference is that a property p representing an attribute is 

owned by a class (i.e. p.class returns a non-empty value that identifies the class owning the attribute). 

Instead, if p represents an association end it is owned by an association (the navigation 

p.owningAssociation returns that association). 
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Note that in the definition of the patterns we may use the attributes and associations 

defined in the UML metamodel to access relevant information of the model elements 

being translated. As an example, to retrieve the roles (i.e. member ends) of an 

association a we will write the expression a.memberEnd (where the dot notation x.y  is 

used to express that we want to access the value of the property y for the object x and 

memberEnd is the navigation that retrieves the member ends of association instances as 

defined in Fig. 2.1).  

Patterns in this section do not deal with graphical constraints appearing in the UML 

CS, like multiplicity or disjointness constraints. All these constraints can be expressed 

as OCL invariants [16] (e.g. the multiplicity constraint ó1ô on the 'familyô role in the 

'belongs to' association could be expressed as ñcontext Product inv: self.family-> size() 

= 1ò). Therefore, translation of these constraints will be addressed in the next section, 

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 precedence relationship among 

the elements of a schema. This is, very often one can add an element to a schema only 

when other elements have been already processed [42]. In the case of UML, the 

precedence relationship is the following: class and data types do not have predecessors; 

the predecessors of an attribute are its owning class and its data type; the predecessors 

of an association 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 may be 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 

shown 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. 

 

Fig. 3.2 Running example. 

The translation patterns are the following: 
 

¶ For each Class c Í CL:   

The conceptual schema includes an object type, ob 

. ob 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 produces four object 

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'  

¶ For each datatype d Í 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 between 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 metaclass, DataType, as a subtype of 

NounConcept. The details are explained in Section 6. 
 

¶ For each attribute a Í ATT of Boolean type (i.e. a.type.name = ôBooleanô):  

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 fr1 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 characteristic. 

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 attribute, aÍ ATT  of type other than Boolean:  

The conceptual schema includes an is-property-of fact type, i, 

. i has a designation, whose signifier is the text 'has', 

. i has two fact type roles, fr1 and fr2, 

.. The role fr1 has a designation whose signifier is the text a.class.name 

.. The role fr1 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 an is-property-of 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 translation of the type of the attribute, i.e. 

attributes are translated by 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 Fig. 3.2 produces seven is-

property-of fact types 'family has code, '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:  



13 

 

The conceptual schema includes an is-property-of fact type, i 
. i has a designation, whose signifier is the text 'has', 

. i has two fact type roles, fr1 and fr2, 

..The role fr1 has a designation whose signifier is ófamilyô 

.. The role fr1 ranges over the object type having family 

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

.. The role fr2 ranges over the data type whose signifier is the text 'text'. 

¶ For each association a Í AS with n member ends me1émen (retrieved using the 

expression a.memberEnd): 

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 partitive fact type.  

. asf has n fact type roles, fr1é frn, 

.. Each role fri Í fr1é frn has a designation whose signifier is the text mei.name,   

.. The role fri ranges over the object type mei.type, (i.e. the participant class for that 

member end) 

Each association is translated to an associative fact type (or partitive fact type for 

compositions
§
). 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 associations and member 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 participant class of that end. The application of the above pattern to 

the example of Fig. 3.1 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 association), a Í AC with n 

member ends me1émen: 

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 roles, fr1é frn, 

.. Each role fri Í fr1é frn has a designation whose signifier is the text mei.name,   

.. The role fri ranges over the object type mei.type, (i.e. the name of the participant class 

for that member end) 

The conceptual schema includes also an object type, ob, 

. ob has a designation whose signifier is the text a.name 

.The concept obj is defined by a closed projection. 

..The projection is on a first variable v 

éThe first variable ranges over the concept 'actuality'. 

éFor each fr i Í fr1é frn, the projection has an auxiliary variable, auxvi 

é. Each auxiliary variable, auxvi,, ranges over the concept of  fri 

. The projection is constrained by an objectification. 

 .. The objectification binds to the first variable, v. 

.. The objectification considers an atomic formulation. 

éThe atomic formulation is based on the fact type asf. 

é. Each role fr i Í fr1é frn is bound to the auxiliary variable auxvi 

                                                           
§
 SBVR only distinguishes between associative and partitive fact types. This is also discussed in Sect. 6. 
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meaning that each association class is translated into SBVR as, both, an object type 

(likewise we do for translating classes) and as an associative fact type (as in the 

translation of associations). The object type includes a definition. Definitions of noun 

concepts are structured by closed projections. In this case, the closed projection is 

restricted by an objectification indicating that the object type is the reification of the 

associative fact type.  

The application of the above pattern to the example of Fig. 3.1 produces an object 

type named 'supply' and an associative fact type 'supply' among 'company', 'department' 

and 'product'. The object type is defined as the objectification of the associative fact 

type. 
 

¶ For each generalization, g Í GEN: 

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, fr1 and fr2, 

.. The role fr1, has a designation whose signifier is the text gen.specific.name,   

..The role fr1 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 g.general 

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, gs Í GSET: 

The conceptual schema includes a categorization scheme, cs, 

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

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

.. cs has, as general concept, the  object type gs.generalization.general->asSet() (i.e. the 

common supertype of all generalizations), 

.. cs has, as categories, a set of object types, obc1,é,obcn, that are in the 

gs.generalization.specific 

meaning that each generalization set is translated to a categorization scheme or to a 

segmentation 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 the OCL integrity constraints 

(i.e. invariants in the OCL terminology), derivation rules and query operations [35] 

complementing the graphical elements of the CS. OCL can also be used to specify 

pre/post-condition 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 Metamodel [38]) 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 introduced
**

. Then, the patterns for translating the body (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 solutions (OCL itself permits expressing the same constraint 

in a variety of forms [11]). In our translation, we have considered the possible 

alternatives and selected the one that we think it produces the best results in terms of the 

quality and understandability of the final natural language expressions. Best is defined 

in terms of the minimal number of SBVR instances that must be created to represent the 

rule. 

To illustrate this translation we use the example of Fig. 4.1 showing the following 

OCL rules: limitedSupplies restricts the number of products a company can supply to at 

most 100; productIdentifier prohibits having two products with the same name; 

correctProducts enforces that products are only supplied to a department that sells 

them; and the derived total attribute is computed by multiplying the price of a product 

by its quantity. In all expressions, self refers to an instance of the context type of the 

constraint (i.e. in limitedSupplies self refers to a company instance).  
 

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

context  Product inv  productIdentifier:  

Product.allInstances() - >forAll(p1, p2 | not p1=p2 implies not p1.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 particular, they 

are translated to necessities (i.e. rules that should never be violated by the system). 

More formally, given a constraint c defined over a context type t and with a body 

condition b, the equivalent SBVR rule for c would be: 

The rule is a proposition meant 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 quantification scopes over éb conditioné. 

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 the allInstances
ÀÀ

 operator and is implicit in those 

constraints defined with the self variable (where it is implicitly assumed that the 

invariant condition must hold for each possible value of the self variable). 

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 

metaclass Constraint. We can distinguish the specific type of OCL expression by checking the 

predefined stereotypes that annotate the constraint instance. 
ÀÀ

 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 attribute, or 

association in the CS. The specification of a derived element has the general form: 

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

The context clause declares a derived attribute whose derivation rule is specified by 

the expression given in the derive clause. The meaning is that the evaluation of the 

expression for an object of that class returns the value of the derived attribute for that 

object. The value must conform to the type T and multiplicity of the attribute. For 

instance, in our running example (Fig. 4.1), total is a derived attribute of type Integer 

whose value is computed using the expression self.product.price * self.quantity. To 

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 similar to the translation of the base 

ones described in Section 3. The difference is that for derived ones the created fact-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 a logical 

formulation representing the calculus of the derivation rule. 

The general pattern for translating a derived attribute or association a of type T 

defined over a class Cl following the derivation rule dr  is as follows: 

The fact type óCl has aô is defined by a projection  

. The projection is on the first variable v1  

. . The variable v1 maps to the role a. 

. . The variable v1 ranges over the concept T. 

. The projection is on the second variable v2 

. . The variable v2 maps to the role Cl. 

. . The variable v2 ranges over the concept Cl. 

. The projection is restricted by a étranslation of dr é 

To facilitate the translation of all kinds of derivation rules, we will translate the 

derivation rule by viewing the rule as an integrity constraint stating that the value of the 

derived element must be equal to the value returned by the derivation rule (i.e, total = 

self.product.price * self.quantity in 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 1: T 1, .. ,  p n: T n):T body:  Query - ocl - expression  

where the query Q returns the result of evaluating the Query-ocl-expression by using 

the arguments passed as parameters in its invocation. 

Given such a query q, its SBVR translation in terms of a question defined by a 

projection constrained by the query expression is the following:  

The question q is defined by a projection  

. q has a designation whose signifier is the text q.name 

. The projection is on the first variable. 

. The projection  has an auxiliary variable 

. . The auxiliary variable ranges over the concept Class 
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.The projection has a second auxiliary variable 

. . The second universal quantification ranges over the concept T1 

      .   .   .    

.The projection has an n-ary auxiliary variable 

. . The n-ary universal quantification ranges over the concept Tn 

. . The first variable ranges over the concept óTô. 

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

4.4 Translation of OCL expressions 

Given the previous framework translation depending on the specific 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 pattern to translate each 

construct that may appear in an OCL expression.  

The OCL metamodel excerpt of Fig. 4.2 summarizes the main elements that may 

appear in an OCL Expression. We would like to highlight the metaclass OCLExpression 

(abstract superclass of all possible OCL expressions), VariableExp (a reference to a 

variable, as, for example, the variable self), LiteralExp (constant literals like the integer 

ó1ô) and CallExp which is a supertype for the metaclasses NavigationCallExp 

(navigation to access the value of a property, either an attribute or a member end), 

LoopExp (iterator expressions as forAll, imposing that all elements in the source 

collection must satisfy its body condition or exists that requires at least an object of the 

collection to satisfy the condition) and OperationCallExp (calls to operations, including 

all the predefined operations provided in the OCL Standard Library [35] such as the add 

operator ó+ô or the óandô operator). These OperationCallExp expressions may include a 

list of arguments if the referred operation has parameters. 

 

Fig. 4.2 Extract of the OCL Metamodel 
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When expressing the constraint body using the above abstract 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 operator (see [7] for 

some examples). Therefore, the full translation of an expression is done by following a 

postorder traversal of the tree node 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 kind of operation represented by that node. The postorder 

traversal is 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 world semantics. 

As a preliminary step of our OCL translation process, we simplify the initial OCL 

expressions using the set of transformation rules provided in [35] and [11]. These rules 

replace some complex operators with more basic ones. Therefore, we reduce the 

complexity of the translation process by avoiding the need of addressing the full 

expressivity of the OCL. For instance, since the includesAll operator is always 

expressed in terms of the more basic includes operation we do not need to provide a 

pattern to translate includesAll expressions (in its turn, includes can be expressed using 

the exists iterator). Similarly, we re-express the notEmpty operator as a combination of 

the select and size operators, the excludes is transformed into a not includes and 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 the OperationCallExp metaclass). Section 4.4.2 tackles 

navigation expressions (instances of the PropertyCallExp metaclass) while Section 

4.4.3 mainly deals with iterator expressions (instances of the IteratorExp metaclass) and 

some operations usually used in conjunction with these iterators. A complete translation 

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 and Z represent variables or constant literals of the appropriate type. The 

sentence ñprevious translationò refers to the result of translating the previous part of the 

OCL expression (e.g. the universal quantification for the self variable when the 

operation appears as the root node for the constraint). ñtranslation of Xò and 

ñtranslation of Yò refer to the result of translating the OCL expressions corresponding to 

the X and Y variables.  

OCL Boolean operators (implies, and, or, xor, not) have a direct counterpart in SBVR 

(see Fig. 4.3), and thus, their translation can be quite straightforward. 

They are translated to the following SBVR logical formulations: 

¶ X [implies | and | or | xor] Y 

The previous translation introduces a logical operation [implication | conjunction | 

disjunction | exclusive disjunction].   

.The logical operation has an operand1 that is aé. translation of X é 

.The logical operation has an operand2 that is a ... translation of Y é 
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Fig. 4.3 Extract of the SBVR metaschemas: kinds of logical operations. 

 
OCL negation operator is translated as a SBVR logical negation formulation: 

¶ not X 

The previous translation introduces a logical negation. 

. The logical negation has a negand that is aé translation of X é 

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

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

¶ X  [< | > |= ]  Y  

The previous translation introduces an atomic formulation 

. The atomic formulation is based on the fact type quantity1 [is less than | is greater than| 

is equal to] quantity2 

. The atomic formulation has the first role binding. 

. . The first role binding is of the role quantity1 

. . The first role binding binds to the é translation of X é 

. The atomic formulation has the second role binding. 

. . The second role binding is of the role quantity2 

. . The second role binding binds to theé translation of Y é 

OCL oclIsTypeOf operator has the equivalent meaning, in SBVR, to an instantiation 

formulation. An instantiation formulation is a logical formulation to formulate that a 

thing to which a bindable target refers (e.g. X) is an instance of a concept (e.g. T): 

¶ X.oclIsTypeOf (T):  retuns true if X is instance of  T 

The previous instantiation introduces an instantiation formulation. 

. The instantiation formulation considers the concept óTô. 

. The instantiation formulation binds to theé translation of X é 


