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Semantic Validation of Physical Models using Role Models

Roland Samlaus1 · Peter Fritzson1

Abstract The complexity of models for the simulation

of physical systems is steadily increasing. This makes

the e�ective validation of models for di�erent design

aspects crucial. One of the many important aspects is

the structural correctness and the behavior due to de-

sign parameters which are of particular concern for the

modeling of wind turbines.

This article presents a design and implementation

of a role-based validation framework. The framework

allows for the creation of validation rules for di�erent

design aspects. This is done by role models that are

used to de�ne restrictions for an aspect by roles and

rules. Multiple role models can be combined to cover

all design features during model development. Restric-

tions on how models can interact with each other can

be de�ned, which broadens language speci�c restriction

capabilities. The resulting rules can then be tested on

arbitrary models based on the Eclipse Modeling Frame-

work, for which mapping between elements of the role

model and elements of the validated modeling language

must be provided.

In the domain of wind turbines, this approach is

evaluated by application to two kinds of modeling lan-

guages (Modelica and UML2). Role models and rules

have shown to be easily described with the framework's

role model language and role model de�nitions are suc-

cessfully re-used by the de�nition of mappings for both

kinds of modeling languages.

Keywords: Modelica, OneModelica, role models, valida-

tion, semantic constraints

Fraunhofer Institute for Wind Energy and Energy System
Technology1 E-mail: roland.samlaus@iwes.fraunhofer.de · De-
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1 Introduction

The development of models for simulation and assess-

ment has become an important task in the design of

new physical systems. Simulations need to be performed

in order to assess the suitability of a given design in

regards to desired performance and durability. Simu-

lation results are used to demonstrate compliance to

industry standards and for the certi�cation of system

components. Recurring design cycles demand an opti-

mal structure for various aspects like cost reduction,

optimal performance, or safety. In this article, the dif-

ferent kinds of design aspects to be taken into account

are expressed by role models. Reenskaug [1] states that

role models provide a way to describe the collabora-

tion between objects. While objects in object-oriented

languages have a certain state and behavior that is

analyzed during development, the collaboration of ob-

jects is usually not considered. Objects can perform

several roles, for example the generator of a wind tur-

bine converts torsion from the drive train into electri-

cal power but it also in�uences the vibration frequency

of attached components like the nacelle and its mass.

The collaboration of objects for these di�erent aspects

can be modeled with role models. Recent modeling lan-

guages that are used for the development of physical

models, like Modelica [2,3], assist engineers e�ciently

in creating component-based models through a domain

speci�c syntax. By separating models into components

they can easily be distributed and ultimately reused by

other engineers. Free libraries (e.g., the Modelica stan-

dard library1) are available for commonly used compo-

nents while commercial libraries providing highly de-

tailed models can be purchased for special purposes

(e.g., the power train library [4] from DLR).

1 https://www.modelica.org/libraries/Modelica



2 Samlaus et al.

Fig. 1 Semantic errors marked in the Modelica editor.

Aside from textual representation, physical models

can also be created graphically by using a Modelica

connection editor or specialized graphical modeling lan-

guages like ModelicaML.

ModelicaML [5] is a UML-Modelica pro�le for the

UML2 standard and thus builds on an industry stan-

dard that is enriched by stereotypes for a domain spe-

ci�c behavior. ModelicaML also allows generation of

simulatable Modelica code from annotated UML mod-

els. This article uses ModelicaML as a second language

since it de�nes physical models in a di�erent format

(UML instead of Modelica) but yet represents the mod-

els in a similar way by using component-based struc-

tures (and ultimately generates identical simulation code).

However, the herein presented validation framework can

potentially be used with any model that is based on the

Eclipse Modeling Framework (EMF).

Models of both kinds, Modelica and ModelicaML,

are connected in a similar way due to their component-

based structure. Components are coupled by linking

two connectors to each other. Only two connectors of

the same type are permitted to be linked. Frame con-

nectors from the Modelica standard library are used for

the mechanical systems shown in the examples. While

this is the only restriction for the application, incorrect

speci�cations may result when connecting two compo-

nents that do not �t together semantically. At best, the

user will get an error message about the faulty model

from the simulation software. For large models it can

be time consuming to detect and �x such connection er-

rors since Modelica models must �rst be translated into

a computable form (usually C code) and the modeling

error may occur in an advanced stage of the simulation.

The presented framework allows the user to check for

such errors during the development of physical mod-

els. Fig. 1 displays error markers and error descriptions

for incorrectly connected components in the Modelica

editor.

Rotor

Rotor blade

Tower

Nacelle

Hub

Ground

Fig. 2 Typical wind turbine design.

Outside of the structural requirements on the cor-

rectness of physical models, additional design aspects

need to be considered during validation. Wind turbine

models for example are de�ned by connecting di�er-

ent kinds of sub-components to each other. The typi-

cal wind turbine (see Fig. 2) consists of a tower that

is connected to a nacelle. The nacelle contains a drive

train that is connected to the generator which gener-

ates electrical power from the torque produced by the

rotor. The drive train is connected to a rotor mounting

one or more rotor blades (the typical design has three

rotor blades).

While the experienced modeler knows the structure

of wind turbines and hence may immediately recognize

incorrectly connected components when they are visu-

alized in a connection editor, the same user may have

problems seeing the errors in a textual editor or when

creating highly detailed components. Furthermore, when

using model components from libraries, the library de-

signers may want to restrict the way in which the model

components are used in order to prevent the creation

of models that would be inconstructible in real life.

An example in the area of wind turbine modeling is

the existence of components of the same kind but pa-

rameterized in a way that makes them incompatible to

components with di�ering parameter sets (this is also

called a multi-point constraint in [6]). The rated power

of a turbine requires that components like generators

and hubs are designed for this speci�c power rating,

e.g., 5 MW or 10 MW. Physical models of generators

thus may be structurally identical but di�erent param-

eters make them speci�c for a certain rated power class.

In Modelica this may be expressed by naming conven-

tions for the models (e.g., Generator5MW and Gen-

erator10MW) indicating special parameter sets to the
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user. This convention becomes problematic when fur-

ther aspects of a model design must be expressed and

automatic validation is desired.

A real world example, where the validation of dif-

ferent parameter sets for structurally equal models is

important, are load calculations for the certi�cation

of wind turbines based on di�erent simulation set-ups.

From the experience of our engineers this can be an

error-prone job when simulating more than a thousand

load cases for a single wind turbine design. A load case

de�nes which environmental parameters such as wind

speed and maximum wave height, are used for a sim-

ulation and how the structure should respond to the

resulting loads. It can happen quite easily that com-

ponents are not suitable for a certain load case which

will result in redundant simulations that slow down the

certi�cation process signi�cantly.

The proposed role model2 based validation system

developed at the Fraunhofer Institute for Wind Energy

and Energy System Technology (Fraunhofer IWES) al-

lows these aspects to be expressed explicitly and mod-

els to be validated automatically. Hence, adding more

semantic information to models can point modelers to

incorrect design decisions, the development process can

be accelerated, and the resulting designs are more likely

to meet the design criteria.

The concept of role models tackles a problem with

instances of language elements: they do not provide in-

formation for certain design aspects concerning their

collaboration within a program. Role models de�ne de-

sign aspects explicitly and language elements can be

annotated with the roles that they perform within an

aspect. Therefore, the use of language elements can be

further restricted for design aspects that apply to the

current program code.

In this paper we will demonstrate how role mod-

els combined with rules can help de�ne constraints for

physical models in a wide array of design aspects. The

overall concept of the framework's role model constraint

language (RMCL) and role model mapping language

(RMML) and how they are used to de�ne roles and

constraints for physical models is described in Sect. 2.

Sect. 3 explains the syntax of the RMCL. Sect. 4 shows

how elements of the RMML need to be mapped to ele-

ments of the target languages (i.e., the metamodels of

physical models). An evaluation of the role model val-

idation framework follows in Sect. 6 using both model

types mentioned above. For the evaluation of Modelica

models, components from our wind turbine library are

used [7] which comprise a full-scale wind turbine model

for aero-serve-hydro-dynamic simulation. Sect. 7 em-

2 (or role-constraint model, since the purpose in the framework
is to de�ne constraints on the collaboration of objects)

phasizes related work that had an impact on the imple-

mentation of the validation framework. Finally, Sect. 8

gives a conclusion and outlook for future work.

2 Concept of the Role Validation Framework

This section addresses the structure of the role-based

validation framework. The technologies currently in use

are listed and languages that have been implemented to

allow the de�nition of role models, constraints (RMCL)

and mappings (RMML) are explained. Finally, the val-

idation mechanism is described.

2.1 Supporting Various Modeling Languages

Eclipse is used as the base technology for its ability

to add custom functionality through a plug-in mecha-

nism (see Fig. 3). The EMF provides an environment

for the de�nition of Domain-Speci�c Language (DSL)s

and a validation framework that is designed for use

with models created with the DSLs. Language de�ni-

tions (i.e., metamodels) de�ne an abstract syntax that

is detached from a concrete syntax. Hence, models cre-

ated with EMF can be displayed generically with the

provided tree or diagram editors. Furthermore one or

more concrete syntaxes can be de�ned for an abstract

syntax by de�ning custom icons for diagram editors or

providing a textual representation that allows parsers

to create an Abstract Syntax Tree (AST) from a textual

document.

Our wind turbine models are developed with the

DSL Modelica. A Modelica IDE [8] has been imple-

mented with Xtext [9] to provide parsers which create

EMF based syntax trees from Modelica code. Hence,

Modelica models can be used with the role model vali-

dation framework presented herein. The second use case

is UML2 models which are annotated with domain spe-

ci�c information provided by ModelicaML. The UML2

Eclipse 

Eclipse Modeling Framework  
(EMF) 

Xtext 

Models with Abstract 
Syntax 

Models with Concrete 
Syntax 

Role Model Mapping Language (RMML) 

Role Model Constraint Language (RMCL) 

Fig. 3 Technologies hierarchy of the role validation framework.
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language3 is also de�ned with EMF, which means that

UML2 models created with this language can also be

used within our framework.

2.2 The Validation Framework's Languages

Two languages have been developed for restricting mod-

els with constraining roles:

1. The role model constraint language RMCL (Sect. 3)

allows to de�ne role models and roles for arbitrary

context objects. Context objects trigger validations

and need to be mapped to entities of models that are

being analyzed. As a starting point context objects

have ports that link to roles which are queried from

the context object . Additionally, restrictions (rules)

are de�ned with logical expressions to specify how

the roles can be used in context with each other.

In the examples shown, the connection of compo-

nent based physical models are restricted so that

the connections made are the context objects and

the connected components are queried for the roles

that they perform. The RMCL creates an abstract

restriction model which is independent of a target

model.

2. The role model mapping language RMML (Sect. 4)

de�nes which instances of language elements (e.g., a

Modelica ConnectClause or UML2 Connector in-

side a class diagram) can be associated with context

objects de�ned through the RMCL. Queries for each

port of the context object need to be de�ned for

the modeled language to obtain the roles from the

validated objects. The roles need to be de�ned as

strings so that they can be associated with the previ-

ously de�ned roles by the validation algorithm. This

is done through annotations in Modelica models or

through comments in UML2 models (see Sect. 6 for

example implementations).

By applying these languages it is possible to de-

�ne roles and constraints for arbitrary EMF-based data

structures. For each metamodel (each language being

used for the development of physical systems, e.g., Mod-

elica, UML2 or Petri nets) the mapping has to be de-

�ned once and can be re-used by other developers. As

a last step, models need to be annotated with the roles

that they perform.

2.3 Performing the Validation

Now that the validation framework has been set up,

models can be de�ned and connected to each other.

3 www.eclipse.org/uml2/

The framework registers an EMF validator that val-

idates all documents of mapped languages present in

the workspace, i.e., languages for which mapping to a

role model is available. The validation of edited mod-

els is automatically triggered when a model is saved or

when the workspace is being built. Alternatively a vali-

dation can be triggered manually. Roles that are de�ned

in the model elements are obtained and the constraints

checked based on the role data. Error markers indicate

violations of rules in creating valid models to guide de-

velopers.

2.4 Granularity of Rule De�nitions

For the validation of component based models with con-

nectors and connections, two di�erent kinds of role def-

initions can be distinguished. They di�er in the granu-

larity of the de�ned roles that components can perform.

� The general role describes which two components

can be used with each other. As an example, the

role Tower for a tower component and the role Ro-

tor for a rotor component cannot interact with each

other when targeting structural validity. A nacelle

component is missing which is the linking object be-

tween the structures.

� In addition to the component-wide roles, �ne grained

roles for single ports of a validated object are needed.

This enables the de�nition of rules that would allow

only the top frame of a Tower to be connected to a

Nacelle whereas the bottom frame requires connec-

tion to a Substructure or Ground.

Where only general restrictions are possible, the dis-

tinction between top and bottom connections could not

be expressed. In that case, given rules would allow the

connection of the Tower to Nacelle, Substructure, and

Ground. In this case, a connection between the bottom

frame of a Tower and the frame of a Nacelle would be

valid but unrealistic.

Since the user can de�ne which objects in his or

her models should be annotated with roles and how the

roles can be queried, he or she can de�ne di�erent types

of granularity as needed. Also the use of the validation

framework is not restricted to component-based models

and thus provides a �exible way for the de�nition of

restrictions for arbitrary model types.

3 De�ning Role Models and Constraints

This section explains how the RMCL can be used to de-

�ne validation context objects, role models, roles and

constraints. The language has been created with Xtext
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(Fig. 4 displays the metamodel) which automatically

generates a text editor with syntax highlighting, syntax

checks, and name based reference resolving. This sup-

ports the editing process by guiding the user through

de�ning correct role model de�nitions.

3.1 Context Objects, Role Models, and Roles

Role models describe the collaboration of objects of

a program for a certain design aspect like the struc-

tural validity of physical models or the suitability for

speci�c environmental conditions. Role models de�ne a

name and contain roles that can be performed by com-

ponents. Since each role has a name, quali�ed names

(e.g., rolemodelname.rolename) can be used to anno-

tate models with the role that they are performing.

Rules can be de�ned for the roles inside a role model

to restrict the collaboration between objects. In order

to create role models, the �rst task for the role de-

signer is to de�ne a context object which triggers val-

idations and which will be marked with error markers

in case of rule violations. Context objects can have ar-

bitrary ports which will be used for querying roles. For

component-based models the context object could be a

binary connection4 with a left and a right port, point-

ing to the connected components. Listing 1 displays an

example from a RMCL document de�ning a context

object with two ports.

context ContextObject {
port portA
port portB

}

Listing 1 De�ning a context object and ports.

Now that a context object is de�ned and available, the

second step is to de�ne role models, roles, and rules.

Role models contain a collection of roles that represent

a certain aspect of validation. The examples in Sect. 6

showcase structural and power design aspects. The re-

striction through roles is necessary since the languages

used do not limit the connection of components su�-

ciently. For example, It is possible to connect any Mod-

elica components to each other as long as the connec-

tors are of the same type. This can lead to the creation

of incorrect models. Listing 2 displays an example of a

role model with two roles and one rule, targeting the

previously de�ned context object.

In the �rst line a role model with the name Role-

ModelName is de�ned and is used as a quali�er for the

roles that are contained within the role model. The next

4 in the case of Modelica, the connection is modeled as a
ConnectClause and the validated connection object is created
by a parser

Fig. 4 RMCL metamodel.

section, starting with the keyword roles, contains all

roles that are known to the role model. This results in

quali�ed role de�nitions (in this example RoleModel-

Name:RoleA and RoleModelName:RoleB). Roles are de-

�ned by the keyword role followed by a characteristic

name and an optional comment describing the intent of

the role to the user.

rolemodel RoleModelName {
roles

role RoleA "Comment for RoleA"
role RoleB "Comment for RoleB"

rules for ContextObject {
(portA=RoleA implies portB=RoleB) and
(portA=RoleB implies portB=RoleA)

ERROR "RoleA can only connect to RoleB"
}
}

Listing 2 De�ning role models, roles and rules.

3.2 Rules

The third step is to de�ne rules for context objects

which restrict how the roles can collaborate. Roles can

be retrieved from the context object's port. In List-

ing 2 the rule says that objects performing RoleA can

only interact with objects performing RoleB. This is

done by a logical statement saying that if a query on

the context object for portA retrieves the role RoleA,
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then a query for the port portB must retrieve the role

RoleB. For bijectivity the statement is de�ned in a sec-

ond statement and combined with a logical and. In this

example no other role will be allowed to interact with

RoleA and RoleB. The following logical statements are

currently supported for rule de�nitions by the language

(corresponding to propositional logic):

� and

Returns TRUE if the left-hand side and the right-

hand side evaluate to TRUE. Otherwise it returns

FALSE.

� or

Returns TRUE if the left-hand side or the right-

hand side or both sides evaluate to TRUE. Other-

wise it returns FALSE.

� implies

Returns TRUE if the left-hand side of the expres-

sion evaluates to FALSE or the left-hand side and

the right-hand side evaluate to TRUE. Otherwise it

returns FALSE.

� not

Negates the subsequent expression.

The statements and and implies were used in the

example of Listing 2. For the support of cardinalities

in rules further language elements are available. Rules

can start with for all(roleA=RoleA or roleA=RoleB) to select

a subset of context objects that are de�ned inside the

same parent object and that are associated with the

stated roles. For example in Modelica, all connections

that link to a component with a certain role can be

selected from a model.

The relational operators (<, <=, >, >=, ==,<>) are used

to compare two cardinalities with each other. Cardinal-

ities can either be Integers or ranges (e.g., 1. . . 3). The

function card(rolename - portA,portB) is used to select roles

from multiple ports of a context object. The �rst argu-

ment of the function de�nes the role name that is se-

lected. The list of arguments following the dash de�nes

which ports of the context object are considered in the

selection as described above. The number of selected

roles can then be compared using relational operators

to check if the cardinality is permitted.

Examples of the use of cardinalities in rules can be

found in Sect. 6. Every rule must de�ne a severity that

corresponds to Eclipse's resource error scheme (error,

warning, or info). Additionally, an error message pro-

viding a description of the problem for the user must

be de�ned. Erroneous objects are marked with the pro-

vided information to inform the user directly within

editors. Additionally, Eclipse provides a separate view

for displaying all errors that have occurred.

Context Object 

RoleA RoleB RoleC 

Rule 

Validates  
Context Object 

Ports 

Model Instance (Modelica, 
UML2,…) 

Role Models and Rules 

Context Mapping 

Role Query A 
Role Query C 

Fig. 5 Relation of Role Models and Models.

4 Mapping the Role Models to Target

Languages

The previous section showed how role models, roles and

rules can be de�ned with the RMCL. Since the RMCL-

language elements are not bound to speci�c models and

can be reused, mappings to target languages must be

provided.

4.1 Relation of Role Models and Modeling Languages

Role models refer to context objects which are the start-

ing points for validation. Context objects need to be

mapped to elements of the modeling language. This is

a one to one relation. The context objects de�ne ports

which are used for the de�nition of rules. The ports

point to roles which have to be queried from instances of

the modeling language. Hence, starting with the context

object, the user needs to de�ne a query that collects all

role de�nitions from model instances. Queries are de-

�ned within role mapping documents and are used to

collect role de�nitions from model instances (see Sec-

tion 4.3).

When a context object is validated, the role de�ni-

tions are collected and grouped so that all roles belong-

ing to a role model can be accessed during validation.

The role models that refer to the context object are

then selected and the rules that are de�ned for a role

model are validated with the role de�nitions that have

been found. Fig. 5 displays the mapping from context

objects and roles to language instances.

4.2 The Role Model Mapping Language

For each target language, a mapping must be provided.

The metamodel of RMML shown in Fig. 6. Listing 3

displays basic statements of an RMML document.
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target "http :// www.example.com/lang/ExampleLanguage"
maps "platform :/ resource/Example/src/Example.role"

Listing 3 De�ning the target model and the mapped role model.

In the �rst line the target language is referenced by its

name space URI. The second statement indicates which

role model is being mapped. The statements are used

to resolve references to elements of the target language

and the RMCL to immediately provide the user with in-

formation whether referenced objects exist and queries

can be evaluated. Additionally, proposals for structural

features of the context objects that are being mapped

can be calculated by introspection, assisting the user

during the mapping de�nition.

In Listing 4 the context object ContextObject from

the role model example in Sect. 3 is mapped to a class

de�nition with the name ExampleClass from the refer-

enced language.

contextmapping ContextObject = ExampleClass {
left = LeftQuery ,
right = RightQuery

}

Listing 4 Mapping connections and ports to the target lan-
guage.

Instances implementing the class ExampleClass will

trigger validation as described earlier. The query de�ni-

tions of each port from the mapping document are used

to receive the role de�nitions from the context object. In

the example, the LeftQuery and RightQuery are used

to receive the role de�nitions for the left and right

ports from the ExampleClass instance. The queries ul-

timately need to retrieve an object of type String that

contain one or more role declarations.

4.3 Querying Roles from Context Objects

A custom language has been created for the de�nition

of queries. There are several existing languages that

could be used for this purpose since they allow querying

of EMF-based models [10,11,12], but they have some

drawbacks in handling large models 5. The present lan-

guage therefore tries to simplify the querying of large

models. The user de�nes how the roles can be received

from model instances. This is based on the model's

structure as de�ned by it's metamodel. Thereby, the

models are analysed regarding their static semantics as

de�ned by the roles. If an error occurs while querying

a model, an empty set of roles is returned. Possible er-

rors include a query receiving an object that is not of

type String, or a referenced object that does not exist

5 The implementation of validation rules for Modelica models
as described in [8,13] showed that queries need a lot of overhead
for type checking and null pointer checks.

Fig. 6 RMML metamodel.

and thus would lead to a potential Null pointer access.

Another simpli�cation is to not di�erentiate between

single objects and collections of objects. Queries can be

de�ned in the same way and there is no need for special

set operations. However, selections are still possible like

those for objects of a certain type.

4.4 Query Language Concepts

Listing 5 shows the RMML concepts that are currently

available to the user. Line 1 displays a simple query. A

structural feature is selected from an object, for exam-

ple from the context object at the beginning of a query.

A structural feature in EMF is an attribute, a reference,

or an operation of a modeled class.

object.structuralFeature
object.as(Type)
object.functionCall ()
object.case(TypeA : QUERY_A

TypeB : QUERY_B|
"value" : QUERY_C)

objects.all(Type)
objects[index]

Listing 5 Query concepts of the mapping language (RMML).
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The type of the object may not be statically known

if the object has been retrieved from a reference with

an abstract type de�nition. In Modelica, for example,

equations in an equation section can be of type Connect-

Clause or EquationExpression (see Fig. 8). Hence,

the structural features cannot be statically derived. To

avoid this, the user can de�ne a cast to a speci�c type

as demonstrated in line 2 if he knows that only one type

will appear.

In line 3 a function is called that needs a return

value. Two types of functions exist in the RMML. One

type is modeled using EMF and is generated or hand-

written in the generator's target language, e.g., Java.

The other type of functions is de�ned directly with the

RMML language and is used to gather recurring op-

erations, like common queries. The currently queried

object will then be provided as an input parameter for

the functions.

In lines 4-6 a case distinction is used to select the

correct query for the current object by type-checking

the object. This is also used when a list of objects

of di�erent kind is being processed. In the example

QUERY_A is selected if the investigated object is of

type TypeA. The third entry states that QUERY_C

is selected if the current object converted to a String

equals the given value.

The last two lines handle lists of objects. While in

line 7 all elements of a type are selected, in line 8 a

single object at a speci�c index in the list is selected.

5 The Validation Algorithm

It is important to understand in regards to the vali-

dation algorithm that the role model validation frame-

work keeps track of all RMCL and RMML documents

inside the workspace. As soon as a document is added,

changed, or removed, the information concerning the

a�ected resource is updated in the registry. As a re-

sult, up-to-date information about all mappings, roles,

and context object de�nitions are available during the

validation of model instances.

Fig. 7 shows the objects that are involved in the

validation process. All documents for mapping and role

de�nition which are present in the workspace are taken

into account during validation. Since rules are inter-

preted new documents can be added dynamically. If

standard rules and mappings are expected to be pro-

vided in the future, they can be added via an exten-

sion point. However, this feature is currently not im-

plemented. Two separate tasks occur during validation:

The role model validator uses a query engine to receive

role de�nitions (de�ned as text) from model instances.

The logical validator uses the provided roles to check

if the model element under investigation violates rules.

The validation result is then passed back to the role

model validator which will mark model elements with

an error marker if a violation has been detected. The

validation algorithm is described in detail below:

1. The EMF validation framework triggers the role

model validation framework's validator (role model

validator in Fig. 7) upon model change, workspace

build or manual activation. The validation starts

with the root element of a document and contin-

ues with all sub-elements until all model elements

inside the document have been validated.

2. Initially all previously added error markers of the

current element are removed.

3. The validator checks if a mapping from the model

element's class to a context object exists in the reg-

istry. If not, no validation will be performed for the

object at hand and the algorithm continues with

step 1.

4. The role model validator now associates the model

element with the context object de�nition.. For each

port de�nition of the context object, the queries

that are de�ned inside the role model mapping doc-

uments are performed by the query engine on the

current model element. If role de�nitions can be

found by the query engine, they are kept in a list

that is associated with the port and passed over to

the logical validator.

5. The role model constraint documents contained in

the registry provide the rule de�nitions for the con-

text object of the current model element. For each

rule, the roles of the current model element are �l-

tered in order to select only valid role names. For ex-

ample, in Listing 2 the roles with the quali�ed names

RoleModelName.RoleA and RoleModelName.RoleB

are selected.

6. Valid roles as well as rules from the role model con-

straint documents are passed on to the logical val-

idator. The roles are veri�ed by the logical validator

according to the logical statements described in Sec-

tion 3.2. The example shows that Listing 2 checks if

the role RoleA is de�ned for portA. In this case, the

RoleB must be de�ned for portB and vice versa.

7. The validation results are handed over to the role

model validator. If the validation of a rule returns a

negative result, the current model element is marked

with an error marker that is provided by the Eclipse

framework. The error message from the rule de�ni-

tion is used to describe the type of error.
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Fig. 7 Relation of the role validation components.

6 Evaluation

Within the domain of wind turbines many design as-

pects need to be considered when highly detailed mod-

els are created (e.g., the need for sealed components for

o�shore wind turbines). As the ability of collaboration

between components grows, it becomes more important

to check the compatibility of these systems in order to

assist the user in tracking all design aspects.

This section de�nes role models and constraints for

two kinds of modeling languages: Modelica and UML2.

The focus lies on two di�erent design aspects. One that

targets the overall validity of the model structure and

one validating that composite wind turbine models are

designed for the same power rating.

6.1 Role Models for Structural Validity and Rated

Power Design Aspects

As a �rst step, role models, roles, and rules need to

be de�ned for the design aspects in question. Listing 6

displays three constraints enforcing correct connection

of tower, nacelle, rotor blade, and hub connectors as

well as one constraint that de�nes the need for a wind

turbine to have a connection between a nacelle and

a tower. Roles are de�ned for the top connector of a

tower, the connector of a nacelle linking to a tower, a

rotor blade connector, a connector of a hub linking to

a rotor blade, and a wind turbine. The �rst two con-

straints de�ne the following: only models with the role

Nacelle_To_Tower can be connected to models per-

forming the role Tower_Top; there must be exactly one

connection between these roles. The third constraint

de�nes that only 1 to 3 rotor blades can be connected

to a hub.

rolemodel WindTurbineStructure{

roles

role Tower_Top "Tower top connector"
role Nacelle_To_Tower "Nacelle to tower connector"
role Rotorblade "Rotor blade root connector"
role Hub_to_Blade "Hub to rotor blade frames"
role WindTurbine "Wind turbine"

rules for BinaryConnection{

(left=Tower_Top or right=Tower_Top) implies
(left=Nacelle_To_Tower or right=Nacelle_To_Tower)
ERROR "The tower top frame can only be connected

to appropriate nacelle frames"

for all (left=Tower_Top or right=Tower_Top ):
card (Nacelle_To_Tower - left , right) == 1
ERROR "The tower can be connected to exactly one

nacelle"

for all (left=Hub_to_Blade or right=Hub_to_Blade ):
card (Rotorblade - left , right) == 1 ... 3
ERROR "The hub connects exactly 1-3 rotor blades"

}

rules for MandatoryConnection{
mandatory=WindTurbine implies
(left=Nacelle_To_Tower and right=Tower_Top) or
(left=Tower_Top or right=Nacelle_To_Tower)
ERROR "A wind turbine must have a connection

between a tower and a nacelle"
}
}

Listing 6 Roles for structural validity.

These restrictions represent typical instances in wind

turbine design. It is generally understood, that a con-

nection between a tower and a rotor is unrealistic. How-

ever, in large textual Modelica �les with many connect

equations, this kind of error might be hard to identify.

In real life application the use of one, two, or three ro-

tor blades is common for fast rotating wind turbines.

Mounting additional rotor blades could lead to struc-

turally unstable behavior.

Model components must ful�ll requirements regard-

ing reliability in order to get certi�ed. Guidelines [14,15]

de�ne load scenarios that need to be simulated and the

speci�ed parameters vary with the power rating of the

wind turbine design. During the creation of simulation

models it is easily possible to use incorrect components

which would result in time consuming, erroneous, and

unnecessary simulations being performed repeatedly to

produce valid results. Listing 7 contains two simple con-

straints that target the rated power levels of 5 and 10

mega watt wind turbines. For di�erent power levels the

models usually only di�er in magnitude of parameters.

The drive train of a 10 mega watt turbine must bear

more torque than the drive train of a 5 mega watt tur-

bine which results in larger dimensions and a higher

mass. When components are connected that are anno-

tated with constraints, the power rating of each com-

ponent can automatically be veri�ed for compatibility.
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This will prevent a modeled drive train with a rated

power of 5 MW to be used in 10 MW wind turbines.

rolemodel RatedPower{

roles

role RP_10MW "10 MW components"
role RP_5MW "5 MW components"

rules for BinaryConnection{

(left=RP_5MW implies right=RP_5MW) and
(right=RP_5MW implies left=RP_5MW)
ERROR "Only 5 MW rated power components

can be connected to each other."

(left=RP_10MW implies right=RP_10MW) and
(right=RP_10MW implies left=RP_10MW)
ERROR "Only 10 MW rated power components

can be connected to each other."
}

}

Listing 7 Roles for rated power design.

In such a scenario the torque generated by the rotor

would exceed the maximum capacity of the drive train

in strong wind conditions. In real world applications the

components could not be connected because the �ange

of a 10 MW rotor would be too large to be mounted

to a 5 MW drive train. In modelling, however, the dif-

ference in the components is most likely modeled by

di�erent parameter sets. Hence, the models of 5MW

and 10MW drive trains are equal except for the param-

eters, which makes it di�cult for non-experts to choose

suitable components when creating new wind turbine

models.

The combination of role constraints can be useful

since structural rules and rated power related rules can

be used side by side. This is even more useful when

another modeling task is taken into account which con-

cerns the location of the designed wind turbine. If wind

turbines are located o�shore special components, such

as sealed nacelles, have to be used that can withstand

the rough environmental conditions at sea. Components

can be annotated with roles for o�shore or onshore use

which would allow the user to check whether a wind tur-

bine model contains only components that are designed

for 10 mega watt rated wind power and is suitable for

o�shore weather conditions. Hence, further rules can

assist the user in creating correct models for numerous

kinds of design aspects.

6.2 Mapping the Role Models to Modelica

Now that the roles and constraints are de�ned using the

RMCL, mapping between the elements of the RMCL

and the Modelica language needs to be de�ned with the

RMML in order to validate the Modelica wind turbine

models. We will show mappings to BinaryConnection

Fig. 8 Simpli�ed Modelica metamodel.

roles for Modelica and mappings to MandatoryConnection

roles for UML2. The Modelica language is complex and

therefore we will discuss a simpli�ed language (see Fig. 8)

at this point. The complete language de�nition and

all mapping de�nitions can be downloaded from our

website6. ModelicaSourceFile represents the root of a

Modelica document and is the entry point for the parser

creating the parse tree. A Modelica document can con-

tain several classes. Each class can have elements such

as import statements, subclasses, and many more, but

only EquationSections containing ConnectClauses are

of interest in our example and therefore the other types

of elements are omitted at this point. A ConnectClause

has two references (left and right) to Components that

are de�ned inside classes and which are of type Con-

nector. ConnectClauses are de�ned as context objects

in the RMML document and will trigger validation. The

roles are retrieved by following the references left and

right to the connected components that are of type

Connector. Now the annotations of the components are

analyzed for Strings that de�ne roles. Annotations can

be quite complex as well, so be aware that the reference

text is a shortened expression which actually retrieves

the role de�nitions as a String from the Annotation.

6 http://www.onewind.de/RMVF.html
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Listing 8 displays the Mapping for the simpli�ed Mod-

elica language.

target "http :// www.onewind.de/language/Modelica"
maps "platform :/ resource/Roles/src/Contexts.role"

contextmapping BinaryConnection = ConnectClause {
left = ConnectClauseLeftQuery ,
right = ConnectClauseRightQuery

}
RoleQuery ConnectClauseLeftQuery {

case ConnectClause :
left.selectAnnotations (). text

}
RoleQuery ConnectClauseRightQuery {

case ConnectClause :
right.selectAnnotations (). text

}
function Annotation selectAnnotations(Component ){

return type.elements.all(Annotation)
}

Listing 8 Mapping for Modelica.

The RMML document starts with the declaration of the

target language via its URI (Uniform Resource Identi-

�er). In the second line the document containing the

roles is referenced. Then a contextmapping is de�ned

stating that a BinaryConnection in the RMCL docu-

ment corresponds to objects of type ConnectClause.

For the ports left and right queries are provided

which retrieve role de�nitions from the context objects.

The role queries start with a case statement check-

ing whether the object provided for query is of type

ConnectClause. If this is true the left and likewise the

right references to a component are queried and the

function selectAnnotations is called which obtains

the retrieved Component as an input. In this function

the elements of the component's type are taken, the

Annotations are selected and then returned. Then the

text reference of each Annotation - which is a String -

is returned.

Fig. 1 from the introduction displays a screenshot of

the Modelica editor showing parts of the speci�cation

for a wind turbine model.

The last connect equation attaching frame number 4

of the hub to the frame of blade number 4 in line 18

is marked with an error since it exceeds the limit of

a maximum of 3 connections. The subsequent connect

equation violates the constraint which says that only

one connection between a tower and a nacelle can exist.

Finally the last connect statement violates the restric-

tion that the tower top frame can only be connected to

the appropriate nacelle frame.

6.3 Mapping the Role Models to UML2

The same rules used above for the Modelica models

shall now be re-used with wind turbine models cre-

ated with ModelicaML. Fig. 9 displays an extract of

the UML2 language de�nition. Listing 9 starts with a

Fig. 9 Parts of the UML2 metamodel.

reference to the UML2 language de�nition and the role

de�nition �le that contains the objects to be mapped.

target "http :// www.eclipse.org/uml2 /4.0.0/ UML"
maps "platform :/ resource/Roles/src/Contexts.role"

contextmapping MandatoryConnection = Class {
mandatory = ClassRoleQuery ,
left = ClassLeftPortQuery ,
right = ClassRightPortQuery

}
RoleQuery ClassRoleQuery {

case Class : ownedComment.body
}
RoleQuery ClassLeftPortQuery {

case Class : ownedConnector.end [0]
.role.ownedComment.body

}
RoleQuery ClassRightPortQuery {

case Class : ownedConnector.end [1]
.role.ownedComment.body

}

Listing 9 Mapping for UML2.

The MandatoryConnection context object from the role

de�nition is mapped to UML2 Class instances. For

the de�nition of roles inside UML2 models comments

are used that can be attached to UML2 models. The

ClassRoleQuery is de�ned for the mandatory role which

generates the body of the ownedComment from the Class.

The left and right queries generate the UML2 con-

nectors, which represent ports of classes that can be

connected to other ports from the investigated objects.

They take the left and the right end of the connection

respectively (which corresponds to the �rst and second

entry in the list of connectorEnds). The roles are se-
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Fig. 10 An erroneous ModelicaML wind turbine model with er-
ror markers.

lected from the connectorEnds and again the bodies of

the comments are queried.

Now that the mapping is de�ned, UML2 models

can be annotated and checked against the rules pre-

viously de�ned. Fig. 10 displays a wind turbine model

in the ModelicaML diagram editor. The faulty connec-

tions are marked with an error icon. Additionally, the

Eclipse problems view indicates which errors have oc-

curred. Compared to tree and text based editors, the

diagram editor has the advantage that faulty connec-

tions can easily be recognized visually without the need

for additional validation.

However, this is not the case for errors regarding the

permitted amount of connections since the user could

possibly create arbitrary connections between the hub

and rotor blades. The same holds true for power rat-

ing constraints where the types of components which

are being connected to each other are of importance.

Any errors in these instances cannot be recognized im-

mediately by using diagram editors and demands for

automatic validation.

In addition, rules were de�ned for the de�nition of

operating conditions with low wind speeds, which are

common for in-land turbines, and for operating con-

ditions with high wind speeds, which are common for

o�shore turbines. Fig. 11 displays a simple wind turbine

model with annotated components in the Modelica ed-

itor.

The two components gearbox and rotor in the wind

turbine model HSWindTurbine can be connected to each

other since the connection does not con�ict with any

Fig. 11 Example of a wind turbine model with rated power and
wind speed constrained components.

constraints. The second connect statement however, is

not allowed since the slowgearbox component is de-

signed for in-country use with slow average wind speeds

while the rotor is designed for high wind speed environ-

ments. The third connect statement violates the role

constraints from Listing 7.

6.4 Results

Once a mapping has been de�ned roles can be reused

with models of the mapped languages. The complexity

of the language will determine the e�ort necessary for

mapping. We were able to show that the framework can

be used with di�erent kinds of EMF-based models and

error markers are created to display the inadequate use

of components. The rules de�ned for structural valid-

ity assist our students in learning how to create wind

turbine models with Modelica. Further rules need to be

de�ned in order to restrict all important scenarios that

exist in wind turbine modelling.

Other kinds of role constraints help to assist the user

in selecting the correct components for a certain design

scenario. The combination of di�erent role models helps

to build a strong validation framework that checks the

model against various aspects. Hence, the selection of

components from large libraries as well as the devel-
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opment of new models can be assisted especially when

many variations of the same component already exist.

7 Related Work

The idea of role models that express the collaboration

between objects was initially described by Trygve Reen-

skaug et al. [1]. In the proposed Object Oriented Role

Analysis and Modeling method, roles are used to de-

scribe the collaboration for certain design aspects and

views are provided for presenting the objects collabo-

rating for an aspect. Objects can play multiple roles

where each role is quali�ed by aspects.

Dirk Riehle and Thomas Gross demonstrated [16]

that role models can be used for the design of software

frameworks. They added semantics to the framework

classes on how they can be used in collaboration by

de�ning rules for the roles the classes play. As an ex-

ample, they showed how the hierarchy for �gures in

a visualization framework can be de�ned by applying

roles for parent-child relations to framework classes.

Role models were successfully used for generic refac-

torings [17]. The framework allows to de�ne refactorings

in a generic way e.g., to rename objects or to move ex-

tract objects into a new container object. Similar to

this work, roles and rules for the refactoring are de-

�ned with custom language. The de�nitions need to be

mapped to the metamodel of each target language that

can be used with the refactorings. The applicability has

been demonstrated with several DSLs.

[13] presents a �rst approach for semantic valida-

tion of Modelica models with OCL. OCL as a common

language for static semantic validation of EMF models

allows the de�nition of constraints that can be auto-

matically validated by the EMF validation framework.

Constraints are also de�ned for context objects and the

validation is triggered in the same way as validation

with the proposed role model validation framework.

One drawback is that constraints require re-de�nition

for each target language with OCL. When one rule

needs to be changed, every OCL-constraint requires

modi�cation accordingly. Also meta model changes should

be re�ected in each constraint for the modi�ed lan-

guage since the constraints are de�ned directly based

on the meta model. These problems have been avoided

by the role model validation framework through sepa-

ration of constraint de�nition and language mapping.

Finally, it was mentioned that the performance of in-

terpreting OCL constraints on large data sets has a

negative performance compared to Java code.

When modeling physical systems, certain issues arise

for component-based software systems and frameworks [18,

19]. Components provide ports that can be connected

to each other in order to interact. From the syntactic

point of view, components can be connected in any way

as long as the ports match each other (in [20] arbitrary

class members can be de�ned as ports for composition).

[6] more generally describes how framework instantia-

tion languages should be de�ned to prevent users from

missuse.

The use of model driven technologies and applica-

tions in simulation modelling are addressed in [21] and

[22]. Di�erent techniques like Model-based Engineering

(MBE), Model Driven Software Development (MDSD)

and model transformation languages are explained and

it is demonstrated how these technologies can be used

to create models with DEVS formalism.

Since Eclipse is used as the framework for the prod-

ucts created at Fraunhofer IWES, the Meta Object Fa-

cility (MOF) implementation Eclipse Modeling Frame-

work (EMF) is used for the de�nition of modeling lan-

guages. For the de�nition of wind turbine metamodels

and models we use editors available with EMF and tex-

tual editors that are provided by and generated with the

metamodeling tool Xtext7. This includes the de�nition

of a grammar for the textual language Modelica [8].

8 Conclusion and Future Work

The presented validation framework makes it possible

to create roles for physical components with the dedi-

cated textual language RMCL. Constraints can be de-

�ned for restriction of how the components are con-

nected with each other. By using the framework's map-

ping language RMML, arbitrary domain speci�c lan-

guages can be used for the validation of these restric-

tions. The validation framework was evaluated with

two types of modeling languages used at Fraunhofer

IWES. One language is UML2 re�ned with Modeli-

caML stereotypes. The other one is Modelica, a gen-

eral purpose language in the �eld of physical modeling.

Models de�ned with the two languages were successfully

restricted for two design aspects: Some rules for struc-

tural validity and suitability for di�erent rated power

designs were applied.

Although this paper concentrates on the validation

of component-oriented models by checking the connec-

tions between components, the framework could be used

in other contexts. Instead of connections, references from

one model element to another could be validated. The

use of components can be restricted for object-oriented

models, which corresponds to the approach presented

in [16].

7 http://www.eclipse.org/Xtext/
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In the future, the RMCL may be extended to sup-

port extension of roles by other roles. Thus, general

restrictions could a�ect roles dedicated for special pur-

poses (e.g., a role o�shore tower could extend the regu-

lar tower role). This would reduce the e�ort of de�ning

restrictions and the number of roles that need to be de-

�ned inside the models. Although the available restric-

tion types are su�cient for the investigated component-

oriented models, more expressions may be needed for a

generalization.

A future topic of investigation is the change of roles

depending on the state of the context object. When

designing o�shore wind turbines, the water depth plays

a crucial role in the selection of the substructure [23].

For shallow water (up to about 30 meters depth) regular

monopile structures can be used whereas in deep-water

environments (60 meter depth and more) only �oating

structures are applicable.

For now only a small number of role models and

constraints have been implemented which can help be-

ginners to create correct wind turbine models. In the

future, it would be bene�cial to implement more rules

for structural validity and to �nd other collaboration

aspects where the framework can also aid experienced

developers. It would be helpful for users to generate

rules for the Modelica Standard Library (MSL). This

would enable constraints to support a large number of

users since the library is widely used. For large mod-

els with many constraints the performance of the role

model validation framework needs to be investigated.
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