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Preface

OMG

Founded in 1989, the Object Management Group,(DRIG) is an open membership, not-for-profit compuneustry
standards consortium that produces and maintaimpgter industry specifications for interoperableitpble, and re-
usable enterprise applications in distributed, fogteneous environments. Membership includes Infiomdechnology
vendors, end users, government agencies, and amadem

OMG member companies write, adopt, and maintaispecifications following a mature, open proceddG3> spe-
cifications implement the Model Driven Architect@€MDA®), maximizing ROI through a full-lifecyclemproach to
enterprise integration that covers multiple opeggystems, programming languages, middleware atvaonking infra-
structures, and software development environm@&G's specifications include: UML® (Unified ModelinLan-
guage™); CORBA® (Common Object Request Broker Aegdture); CWM™ (Common Warehouse Metamodel); and
industry-specific standards for dozens of vertinatkets.

More information on the OMG is available at httwww.omg.org/.

OMG Specifications

As noted, OMG specifications address middlewaraleting and vertical domain frameworks. A Specificas Catalog
is available from the OMG website at:

http://www.omg.org/technology/documents/spec_cgthtm

Specifications within the Catalog are organizedhsyfollowing categories:

OMG Modeling Specifications

« UML
« MOF
« XMl

« CWM

« Profile specifications
OMG Middleware Specifications

« CORBA/IIOP

e IDL/Language Mappings

e Specialized CORBA specifications
e CORBA Component Model (CCM)

Platform Specific Model and Interface Specification s

« CORBAservices

* CORBAfacilities

« OMG Domain specifications

« OMG Embedded Intelligence specifications
e OMG Security specifications

All of OMG's formal specifications may be downloab@ithout charge from our website. (Products immating OMG
specifications are available from individual suppdi) Copies of specifications, available in Pospgsand PDF format,
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may be obtained from the Specifications Cataloggdcétbove or by contacting the Object Managementigrimc. at:

OMG Headquarters
140 Kendrick Street
Building A, Suite 300
Needham, MA 02494
USA

Tel: +1-781-444-0404
Fax: +1-781-444-0320

Email: pubs@omg.org

Certain OMG specifications are also available & $&ndards. Please condutp://www.iso.org

Typographical Conventions

The type styles shown below are used in this dootuteedistinguish programming statements from adirEnglish.
However, these conventions are not used in talvlesaion headings where no distinction is necgssar

Times/Times New Roman - 10 pt.: Standard body text
Helvetica/Arial - 10 pt. Bold: OMG Interface Definition Language (OMG IDL) andn$gx elements.
Courier - 10 pt. Bold: Programming language elements.

Helvetica/Arial - 10 pt: Exceptions

NOTE: Terms that appear in italics are definethanglossary. Italic text also represents the nafi@edocument, spe-

cification, or other publication.

Vi SysML-Modelica Transformation Specification, v1.0



Part I - Introduction

1 Abstract

OMG SysML™ is a standardized general purpose graphical muglElnguage for capturing complex system descrip-
tions in terms of their structure, behavior, praiest and requirements. Modelica is a standardiggeral purpose sys-
tems modeling language for analyzing the continlemgsdiscrete time dynamics of complex systemsdeasesolving
differential algebraic equations. Integrating tesatiptive power of SysML models with the analgied computational
power of Modelica models provides a capability ilsaignificantly greater than SysML or Modelicaividually. The
objectives of this document are to enable and §padtandardized bi-directional transformatiorv@dn the two mod-
eling languages that will support implementatianefficiently and automatically transfer the modglinformation
transfer between SysML and Modelica models witfauabiguity.

The transformation approach is to specify firseatension to SysML called the SysML4Modelica pefib represent
the Modelica constructs and then to specify theMByModelica Transformation between the profile swacts and the
Modelica language. Introducing the profile into thensformation approach is intended to simplify ttansformation to
Modelica and facilitate model reuse by more diseldVeraging existing model libraries within Moibal. In this way,
the user first creates the system model in a Sysiddeling tool as he would normally do. The usentbelects the part
of the model to be analyzed by Modelica (e.g., iqdar subsystem) and applies the SysML4Modgpic#ile to cre-
ates an analytic representation of that part ohtbdel. The SysML modeling tool is expected toude this profile. The
analytic representation expressed in the SysML4Ncalerofile is then transformed to a Modelica miogbere it can
be executed by a Modelica modeling tool.

The SysML-Modelica transformation leverages thedamental concepts of the Model-Driven Architect{M®A). Dif-
ferent transformation implementations can be apgghemplement this specification such as the QW athers. The
transformation can leverage an XMI formatted sthligctransfer or other mechanisms such as APEs stupport a dy-
namic interchange capability.

This specification is organized as follows:

Part | — Introduction
Part Il — SysML4Modelica profile
Part Ill — Modelica meta-model

Part IV — SysML-Modelica mapping, a bidirectionahpping between the SysML4Modelica profile and thed®lica
meta-model

Part V — Annexes (Examples, Justification, and Qk&nhsformation)

2 Scope

OMG SysMI™ is a general-purpose systems modeling languagedhebe used to create and manage models of sys-
tems using well-defined constructs with underlysggnantics and a graphical notation. SysML reusesaet of UML 2
constructs and extends them by adding new modelaments and two new diagram types. These Syskijrains are
shown in Figure 1. The set of behavioral and stmattdiagrams combined with the requirements diagaad paramet-
ric diagram provide an integrated view of a systBuot. SysML represents much more than just a sdiagframs. Under-
lying the diagrams, there is an abstract syntaxehm@pository that formally represents all the miomdeconstructs. The
graphical model provides a mechanism to organiziereretrieve, and view the system-descriptiva daintained in the
model repository. The diagrams provide multiplews of the same system model; these multiple viamsbe main-
tained consistently due to the semantic underp@aoirthe modeling language. In the context of Syshiiie structure
view primarily refers to the hierarchy and internentions among the parts of the system, and teecmnections
between the system and its external systems. Theevkoe view describes how the state of the systeamges (or must
change) over the time according to its own dynaraie¥or to external events. The requirements diagraptures text
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requirements in the model, and enables them tinked to other parts of the model, to provide ungumbus traceability
between the requirements and system design. Paiesngrovide a means to specify that interdepeoigsrbetween
values of some system properties and can provid@lge between the system descriptive model itMByasnd other
simulation and engineering analysis models. Whilgcture and behavior are heavily based on UMLhetjuirements
and parametrics are unique to SysML. Through teesensions, SysML is capable of representing tleeifipation, ana-
lysis, design, verification and validation of syate

SysML
Diagram

ir\,

Behavior R?quﬁmﬁts Structure
Diagram Diagram Diagram

A

[ . I ) ] | . 1
Activity State Machine Sequence Use Case Block Definition || Internal Block Package
Diagram Diagram Diagram Diagram Diagram Diagram Diagram
—— S
Same as Modified from Mew Diagram Parametric
UML 2 UML 2 Type Diagram

Figure 1: An overview of the SysML diagrams and the relation to UML diagrams.

As indicated above, the system behavior in SysMiagtured through a combination of activity grapate machine,
and/or interactions specifications using diagranttaeir associated semantics. The Semantic$-ofiadational Sub-
set for Executable UML Models (http://www.omg.omgs/FUML) provides more formal semantics to en&ysML
activity models to be executed in better complianith the standard. In addition, SysML includesgmaetric constructs
to capture models of constraint-based behavioh asaontinuous-time dynamics in terms of eneroy.fl The syntax
and semantics of such behavioral descriptions liarpatrics have been left open to integrate witkelogimulation and
analysis modeling capabilities to support the ekeowf these models. Additional information ons$iL can be found
at http://'www.omgsysml.org.

Modelica is an object-oriented language for deugildifferential algebraic equation (DAE) systenesnbined with dis-
crete events. Such models are ideally suited fmesenting the flow of energy, materials, signatsyther continuous in-
teractions between system components. It is sinmlatructure to SysML in the sense that Modelicaets consist of
compositions of sub-models connected by portsrépesent energy flow (undirected) or signal flalivécted). The
models are acausal, equation-based, and declaratieeModelica Language is defined and maintainethe Modelica
Association (www.modelica.org), which publisheoarial specification [Modelica Association, 2008} lalso provides
an extensive Modelica Standard Library, which idelsia broad foundation of essential models covelamgains ran-
ging from (analog and digital) electrical systemgchanical motion and thermal systems, to blocirdims for control.
Finally, it is worth noting that there are seveztibrts within the Modelica community to developeopsource solvers,
such as in the OpenModelica project (www.openmoededrg).

In conclusion, SysML and Modelica are two completagnlanguages supported by two active communiBgsnteg-
rating SysML and Modelica, we combine the very eggive, formal language for differential algebegaations and
discrete events of Modelica with the very expresSysML constructs for requirements, structurabdggosition, lo-
gical behavior and corresponding cross-cutting tants. In addition, the two communities are expddo benefit from
the exchange of multi-domain model libraries arelgbtential for improved and expanded commercidl@yen-source
tool support.

The objective of this document is to provide a bectional mapping between SysML and Modelica tetage the be-
nefits from both languages. By integrating SysMd &fodelica, SysML's strength in descriptive modglaan be com-
bined with Modelica's DAE solving capability topgort analyses and trade studies. The scope déplisification sup-
ports the objectives of the bi-directional mappiand includes the SysML4Modelica profile, and tlysN8L-Modelica
Transformation. Not all Modelica constructs widl kepresented in this profile. The focus is toudel the Modelica lan-
guage features that are most common and togetkrer ttee majority of the Modelica models in the sl@ml library.
When certain Modelica constructs are omitted, théawill be pointed out explicitly in this documenChanges to
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SysML and Modelica may be recommended as a reftlitoeffort to enable the transformation, butstaehanges are
subject to the adoption process for the respestpeeifications. Future changes could also inclbédritroduction of ad-
ditional SysML constructs into the Modelica Langeay additional Modelica constructs in the SysMhdaage; how-
ever, this is outside the scope of the currentreffo

3 Conformance

This specification has a narrow scope, focusindusieely on the transformation between SysML4Mockeknd Model-
ica. Partial support of this specification is #fere of limited use. Still, it is useful to disgjuish between the following
two compliance levels:

* Level 0: Compliance with SysML4Modelica profile
e Level 1: Compliance with the SysML-Modelica mappin

Compliance to Level 0 entails full realization diftae modeling concepts included in the SysML4Maxeprofile as
defined in Part Il of this specification. Since ecmncrete syntax has been specified, only absiyaxtiix compliance is
required.

Compliance to Level 1 entails full realization bétbi-directional transformation between SysML4Maemodels and
corresponding Modelica models.

4 References

4.1 Normative References

The following normative documents contain provisiavhich, through reference in this text, constifutavisions of this
specification. For dated references, subsequent@ments to, or revisions of, any of these publicatido not apply.
* Systems Modeling Language: Specification, vhi®p(//www.omg.org/spec/SysML/1).2
* Modelica Specification, v.3.Iftp://www.modelica.org/documents/ModelicaSpec3f).pd
QVT, v1.0 fttp://www.omgq.org/spec/QVT/1.D/
OCL, v2.2 fttp://www.omg.org/spec/OCL/2 P/

4.2 Non-normative References

The following document contains provisions whidirpugh reference in this text, constitute provisiofithis specifica-
tion. For dated references, subsequent amendneersrevisions of, any of these publications dbapply.
e ormsc/09-02-01: MDA Foundation Model - Santa ClaBainitial comments draft
(http://www.omg.org/members/cgi-bin/doc?ormsc/09602pd}

5 Terms and Definitions

There are no formal definitions in this specifioatthat are taken from other documents. For arveexs of Modelica-
related terms and definitions, refer to AppendiafAhe Modelica Specification.

Analytical model: a model that is used with the intent of producingaaalytical result through simulation

Descriptive model:a model that is used to capture descriptionssyfséems or concepts generally in terms of their fea
tures and relationships

Experiment model: model of the system and the test environment ingtrumentation/test harness/probes and input
values
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Simulation: execution of Experiment Model with resulting outfrace. Experiment results include simulation otgp
plus post processing of the input/output valuemfroultiple simulation executions

System model:model of the system that includes the Differemiglebraic Equations (DAES).

6 Symbols

Acronym Meaning
MDA Model Driven Architecture
MOF Meta Object Facilities
OoMG Object Management Group
SysML System Modeling Language
UML Unified Modeling Language
XMI XML Metadata Interchange
XML eXtensible Markup Language
7 Additional Information

7.1 Changes to Adopted OMG Specifications
Following is an issue for the SysML Specificatidesignated as required or desired in order to stipipie specification:
Reference to nested properties (SysML issue #14059)esired

SysML provides a mechanism to create unambiguonsestiions between parts whatever are their regukletvel of
nesting. This is done thanks to the NestedConnentbextension and its propertyPath property. Unfately this facil-
ity is not provided for other kinds of referencéefefore, relationships such as allocation camfiigiguous when they
are used across several levels of nesting, agunefil9. A more generic mechanism is required liwesthis problem for
all kinds of references. The issue #14055 has tesad on SysML.

No change is proposed to the Modelica Specification
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To develop a transformation between the SysML aodélica languages, a formal, systematic approaakdd. As is il-
lustrated in Figure 2. The transformation appraadb specify first an extension to SysML called BysML4Modelica
profile which represents the most common Modelicalage constructs. This allows the Modelica cotscepbe ex-
pressed in an extension of SysML that supportsddtip transformations between SysML and Modelitdae profile ex-
tends the UML4SysML subset of UML and the SysMLeestions to provide the concept required to capgheeelevant
Modelica concepts and enable the mapping betweetwitn languages.

Transformation Approach

pkg Syshil-Modelica Transformation Approach [ Dependencies ]J pkg SyshML-Modelica Transformation Approach [ Application U
" zprofiles «Metamode:

smetamodels A sreferences zprofiles R N

UML4SysML € — — — — - SysML Profile SysML4Modelica Modelica
O ] T 0
JP -

|ereferences --"f l l o stranstarmation: = | |

| TerBIEEneEy | SysML4Modelica |
| - «aplply» o stal?ce Ot «con}ormsTo»

sprafiles ametamodels  a | | |

SysML4Modelica Modelica | | |
= = amodel: A | amodels A

N / SysML4Modelica Modelica

N s Analytical Model ' Simulation Model
\ 4 T | 7
’ | L |
- amodels
stransformations | & |
: = SysML-Modelica
SysML4Modelica Transformation Record - -

Figure 2: The SysML-Modelica Transformation inrela  tion to SysML and Modelica

To develop the SysML4Modelica profile in a systeim&shion, we start from the Modelica Languagec8pmation and
identify for each Modelica language construct amiegjent construct in SysML from a semantic poifwiew. Where
equivalent constructs do not exist, stereotypesm@ated to extend the SysML language. The follgwiaming conven-
tion is used to define a Modelica construct in8SysML4Modelica profile: «modeli€onstrucy whereConstructis the
name of the Modelica language construct as defiméite Modelica abstract syntax definition (seetHar Modelica
Abstract Syntax).
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Even when an equivalent SysML construct existis, sSometimes necessary to introduce a stereotypelar to distin-
guish the Modelica construct from the ordinary Sysddnstruct when supporting round-trip transformatiln addition,
the textual syntax of Modelica often provides alggive ways to express the exact same semantisschcases, the in-
tent is to avoid propagating this redundancy taMlydModelica without loss of expressivity. For mapg@ipurposes, one
of the redundant textual notations is identifiedrasprimary (most explicit) one, and SysML4Modealtonstructs are
preferably shown in this primary notation when gsiodelica textual syntax. It should also be nothedt Modelica in-
cludes a graphical syntax using iconic represamatof block diagrams that maps to its textual@yrin example of

the Modelica graphical syntax is shown in Figuffer3a set of components connected together via Mmdeonnectors
and connections.

Step1 » controller gearbox
positione... rmtor load
_L—_L
i- tlo TD
- — J= OS*m*r
startTime=0 T=Ti

peojiyd

Figure 3: A Modelica model of a motor controller co nsisting of component models and the connections be tween
them. The connections include both causal signal ¢ onnections (e.g., in and out of the controller) and acausal en-
ergy connections (e.g., the rotational mechanical e = nergy connections of the gearbox).

Initially, the SysML-Modelica Transformation Specétion provides a textual description of the magphetween Mod-
elica and SysML4Modelica (see Part IV - Transfoio@gt In Appendix C (Chapter 22), this mapping lsoapartially)
described using QVT. Such a formal definition af thapping has the advantage that meta-CASE toolbeased to
generate executable transformations between SysidIMidelica modeling tools (assuming they suppontes stand-

ardized interface such as JMI or the ). An addélomplementation of the mapping is being develogegart of the
OpenModelica project.
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Part II - SysML4Modelica Profile

This part of the SysML-Modelica Transformation Sfieation describes the stereotypes that repretheniodelica
modeling constructs in SysML. As illustrated in tiig 4, the stereotypes, together with the librdrgredefined types,
are organized in sub-packages and profiles inite&SysML4Modelica profile.  In Chapter 9, all gtereotypes related
to the Modelica restricted classes are introdudadChapter 10, the predefined Modelica types &edenumerations
used in the SysML4Modelica profile are defined.Clmapter 11, the Modelica equivalent of propertiesdefined —
called Component Declarations in Modelica. FinaltyChapter 12, the Equation and Algorithm sectiohModelica
models are covered.

pkg [Profile] SyshL4Modelica SysML4Modelica Overview ]J

[ ] [ 1 [ 1 [ 1 [

Classes Types a Components Equations and Algorithms Other

| I j
Chapia% Chapta% Chapter 7 Chapter 8 Chapter 9

Figure 4: Package diagram with an overview of the ML4Modelica profile.

9 Class Definition

9.1 Overview

The class concept is the basic structural unit @d#lica. Classes provide the structure for objentscontain equations
and algorithms, which ultimately are the basistf@r executable simulation code. The most geneaakds “model”.
Specialized classes such as “record”, “type”, “Blotpackage”, “function” and “connector” have mastthe properties
of a “model” but with restrictions, which need te preserved in SysML to support round-trip mapping.

The following production rules define the differesptecialized classes. The reference in parentleste right indic-
ates the section of this document in which theigaer language element is discussed in detail:

stored_definition:

[ within [ name ] ";" ] (9.2)

{[ final ] class_definition ";" } (9.2)
class_definition :

[ encapsulated ] (9.2)

[ partial ] (9.2)

( class (9.2)

| model (9.3)

| record (9.4)

| block (9.5)

| [ expandable ] connector (9.6)

| type 9.7)

| package (9.8)

| function ) (9.9)

class_specifier

class_specifier :
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IDENT string_comment composition (11)

| IDENT "=" base_prefix name [ array_subscripts ] (9.7)
[ class_maodification ] comment (11)
| IDENT "=" enumeration "(" ( [enum_list] | ":") ")" comment (9.7)
| IDENT "="der "(" name "," IDENT {"," IDENT } ")" comment (9.9
| extends IDENT [ class_modification ] string_com ment composition (9.10)
end IDENT

The following table lists the SysML stereotypesrigpresenting the specialized Modelica classesidbiis approach
the modeler only needs to apply the respectivestgpe to indicate all the semantics and restnstiof the associated
Modelica class. This information is representeapbically in Figure 5. In the following subsectpthe details of each
stereotype are described.

Table 1: Mapping for the Modelica specialized clags.

; SysML4Modelica
Modelica Construct SysML Base Class
New Stereotype Comments
abstract generalization for o : —
gen UML4SysML.::Classifier «modelicaClassDefinitionp SeecBon 9.2
all Modelica classes
Class and Model SysML::Blocks::Block «modelicaModel» See Section 9.3
Record SysML.::Blocks::Block «modelicaRecord» See %ech.4
Block SysML::Blocks::Block «modelicaBlock» See Seaoti@.5
Connector SysML::Blocks::Block «modelicaConnector» Seetion 9.6
SysML::Blocks::Block
Type SysML::Blocks::ValueType «modelicaType» See Sections 9.7
UML4SysML::Enumeration
Package SysML::Blocks::Block «modelicaPackage» Setd®e9.8
Function UML4SysML::FunctionBehavior «modelicaFuoactb See Section 9.9
pkg [Package] Clazses [ Modelica Class Stereotypes ]J
smetaclasss smetaclasss
Classifier FunctionBehavior
- izPartial iz derived from is.ﬁ.bstrala T i
- isFinal iz derived from isLeaf
gsterectypes
NbdelicaClassDefinition
+/isFinal : Boolean [1] = falze
+isPartial | Boolean [1] = false
+izModelicaEncapsulated : Boolean [1] = false
+izReplaceable ; Eoolean [1] = falze
+framLibrary : String [0.1]
T | |
gaterectypes gaterectypes gatereotypes gatereotypes atereotypes
MaodelicaModel ModelicaRecord ModelicaConnector ModelicaType MaodelicaFunction
+izExpandable : Boolean [1] = false +zcope  ModelicaScopekind [1] = none
+externallibrary @ Steing [0. 2]
+externalinclude : String [0..1]
aterentypes gatereotypes waterentypes gatereotypes
ModelicaClass ModelicaBlock Modelicadperator ModelicaPackage
| |
1
sterentypes ametaclasss smetaclassy waterentypes
Block Enumeration — DataType ValueType

Figure 5: Package diagram with an overview of the s  tereotypes for Modelica Classes
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9.2 «modelicaClassDefinition»

Stereotypes
e Classifier (from UML4SysML)

Abstract Syntax
e See Figure 5.

Description

A Modelicacl ass is the basic structural unit in Modelica. Howevmcause it lacks precise semanticscthass
construct should never be used in Modelica. Witlpwacise semantics, a Modelica tool cannot easigck whether any
restrictions are violated. Therefore, the consgrtitat are specialized from Modelichass should be used instead.

In the context of the SysML4Modelica profile, theofliklicacl ass construct is mapped to the stereotype «modelic-
aClassDefinition» which is abstract and thus catweadnstantiated directly. This choice has beenentstause it is de-
sirable to have the additional semantics spechiethe specialized classes. In addition, as glesimbwn in Figure 5,
the stereotypes associated with the specializesetaderive from different SysML constructs and ttannot be
mapped to a single common construct for a Modalicass. The abstract stereotype «modelicaClassDefiniterrves
the purpose of grouping the attributes that applglitthe Modelica specialized classes. It stemeed UML::Classifier,
which is a common generalization for the sterecdygfeall the specialized classes.

Just like UML Classifiers, a «modelicaClassDefmitb can contain nested class definitions. Suctedetefinitions can
be of any restricted class type derived from «micd€llassDefinition». For instance, a «modelicaGator» can con-
tain a «modelicaPackage».

Modelica classes are often defined using a shassdefinition syntax. For example, the t{foe ce could be defined
as:

type Force = Real[3](unit={"N.m","N.m","N.m"});

Rather than supporting such short class definitexicitly, the SysML4Modelica profile supportslgithe longer
(butequivalent) form (Note: in the Modelica abstrsyntax the two forms are often represented idelty):

type Force
extends Real[3](unit={"N.m","N.m","N.m"});
end Force;

In the remainder of this section, all the commadritaites and associations for all the construcexispized from Model-
icacl ass are described. In subsequent sections for theithéhl specialized constructs, only the constmaon these
attributes and associations will be described iaitle

Attributes
« [isFinal : Boolean [1]

In Modelica, the definition of a class can be diedito bef i nal (Modelica Specification 7.2.6). This means
that the declared class cannot be further modtfiesugh (local) type modifications. Note that tlesdentical
to the UML attribute isLeaf for redefinable eleme(t/ML Specification 7.3.46) which, if true, indtea that no
further redefinitions are possible.
The isFinal attribute is true when thenal prefix is present in Modelica; false otherwisés default value is
false This is derived fronsLeaf

e [isPartial : Boolean [1]
The Modelicgpar ti al construct has the same semantics as the isAbattebute in SysML. The isPartial
attribute is true when thear t i al prefix is present in Modelica; false otherwisés default value ifalse
This is derived from isAbstract.

« isModelicaEncapsulated : Boolean [1]
As explained in Modelica Specification 5.3.2, thedélicaencapsul at ed construct limits the scope of
name lookup. Arncapsul at ed package can be moved within the package hieraxitimput affecting the
local name resolutions. These semantics are diftdrom the isEncapsulated attribute of BlockSysML
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(SysML Specification 8.3.2.2). An encapsulatectkls treated as a black box; no connections candxe to
its internal parts directly. A second differennesemantics is that in Modelica teacapsul at ed prefix can
be applied tall classes, although it is most commonly appliedatckpges. It is therefore necessary to intro-
duce isModelicaEncapsulated as a new attributbatattbecomes available also for specialized dtes®o-
types that do not derive from a SysML Block.

* The isModelicaEncapsulated attribute is true wierencapsul at ed prefix is present in Modelica; false
otherwise. Its default value figlse

« isReplaceable : Boolean [1]
As explained in Modelica Specification 7.3, the Mbich prefixr epl aceabl e is most commonly applied to
components (see Section 11) , but can also beeabiglia Modelica&| ass to indicate that a local model defin-
ition can be redeclared when the containing maslabed. The isReplaceable attribute is true whené-
pl aceabl e prefix is present in Modelica; false otherwisés default value ifalse

e fromLibrary : String [0..1]
A model in SysML4Modelica often corresponds to aleidhat has already been defined in a Modeliaatib
Rather than duplicating the entire definition ofls model, the attribute fromLibrary is used tecfy the
fully qualified path to the model in the Modeligharary. When converting such a SysML4Modelica niade
Modelica, the definition of the models is omittettidanstead the fully qualified library path is usegitype. In
addition, for such models, only the ports are dafim SysML4Modelica so that they can still be carted to
other models. All other details (value propert@sl parts) are omitted because they are alreaéyedeih the
corresponding Modelica library. The fromLibraryréitute should only be defined when a correspondiiogl-
elica model exists.

Associations

No additional associations.

Constraints
[1] isFinal has the same value as isLeaf
[2] isPartial has the same value as isAbstract
[3] Any generalization relationship to/from «model@assDefinition» must be stereotyped by a «moaEhktends»
relationship.
[4] A «modelicaClassDefinition» can only contain teekClassifiers stereotyped by a restricted typeciafizing
«modelicaClassDefinition».

Additional Notes

The Modelicawi t hi n clause is explained in Modelica Spec. 3.1, Sea®f.2.3. It defines where in the package hier-
archy the subsequent class definitions are locatis is important in Modelica to allow large page structures to be
divided over multiple model files. As long as futjualified type identifiers are used, thiet hi n clause is not relevant

in SysML4Modelica and is therefore not supportethin SysML4Modelica profile.

9.3 «modelicaClass» and «modelicaModel»

Generalizations
« «modelicaClassDefinition» (from SysML4Modelica:aSes)
*  «block» (from SysML)

Abstract Syntax
e See Figure 5.

Description

The Modelica specialized classdel is the most general specialized class; it is ejaiw to the general Modelica
cl ass construct. All the Modelica class elements alewad in models: variables, connectors, sub-moaejsations
and algorithm sections. A model can also includé&esvariables. Modelica does not differentiateveen anodel and
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acl ass. Although redundant, we therefore include botheabsivalent stereotypes «modelicaClass» and «model-
icaModel».

Attributes

No additional attributes.

Associations

No additional associations.

Constraints
(All constraints apply to both «modelicaClass» antbdelicaModel»)
[1] A «modelicaModel» must have a Name.
[2] A «modelicaModel» can only have Properties e stereotyped by «modelicaPart», «modelicaPortemod-
elicaValueProperty».
[3] A «modelicaModel» can only contain Behaviorstthae stereotyped by «modelicaFunction», or «modélr
gorithms.
[4] A «modelicaModel» can only be contained in a @elicaClassDefinition».
[5] A «modelicaModel» can only specialize other slfiers derived from «modelicaBlock», or «modeliegBrd».
The stereotype «modelicaExtends» must be applidtetgeneralization relationship.
[6] All other attributes or associations inherited frablock» or Classifier are not relevant and shdaddset to their
default values. This includes the attributes: ibAg isSEncapsulated.

9.4 «modelicaRecord»

Generalizations
* «modelicaClassDefinition» (from SysML4Modelica:aGes)
*  «block» (from SysML)

Abstract Syntax
e See Figure 5.

Description

The Modelica specialized clasgcor d is restricted to contain only public declarati@fi€omponents that in turn also
contain only public declarations. A complete dggin of r ecor d is available in Modelica Specification, Sectiof:4.

Only public sections are allowed in the definition or in any of its com
ponents (i.e., equation, algorithm initial equation, initial algorithm
and protected sections are not allowed). May not be used in connections.
The el enments of a record may not have prefixes input, output, inner
outer, or flow. Enhanced with inplicitly available record constructor
function. Additionally, record conponents can be used as conponent refer-
ences in expressions and in the left hand side of assignments, subject to
normal type conpatibility rules.

Attributes

No additional attributes.

Associations

No additional associations.

Constraints
[1] A «modelicaRecord» must have a Name.
[2] A «modelicaRecord» can only have Properties dnatstereotyped by «modelicaValueProperty».
[3] Any «modelicaValueProperty» owned by an instanfexmodelicaRecord» must hawésibility=public, flow-
Flag=nonflow,causality=null scope=null
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[4] A «modelicaRecord» can only be contained in agelicaClassDefinition».

[5] A «modelicaRecord» can only specialize othessiffers derived from «modelicaRecord». The stgymo«mod-
elicaExtends» must be applied to the generalizagtationship.

[6] All other attributes or associations inheritedrii «block» or Classifier may not be used. Thddudes the attrib-
utes: isActive, isEncapsulated; and the ownedEtsn@&ehavior, Constraint.

9.5 «modelicaBlock»

Generalizations
« «modelicaClassDefinition» (from SysML4Modelica:aStes)
*  «block» (from SysML)

Abstract Syntax
e See Figure 5.

Description

The Modelica specialized clabs ock is very similar to arodel except that all its connectors must be eithenpnti
or output making it similar to a Simulink block. chmplete description dfl ock is available in Section 4.6 of the Mod-
elica Specification:

Sane as nodel with the restriction that each connector conponent of a Mod-
elica block nust have prefixes input and/or output for all connector vari-
abl es.

Attributes

No additional attributes.

Associations

No additional associations.

Constraints

[1] A «modelicaBlock» must have a Name.

[2] A «modelicaBlock» can only have Properties g stereotyped by «modelicaPart», «modelicaPortsmodel-
icaValueProperty».

[3] Any «modelicaValueProperty» owned by an instaotemodelicaBlock» must hawausality=inputor output

[4] A «modelicaBlock» can only contain Behaviors tttee stereotyped by «modelicaFunction», «modelicaA
gorithm», or «modelicalnitial Algorithms.

[5] A «modelicaBlock» can only contain Constrairisittare stereotyped by «modelicaEquation» or «nezalal-
tialEquation».

[6] A «modelicaBlock» can only be contained in a e®licaClassDefinition».

[71 A «modelicaBlock» can only specialize other eifisrs derived from «modelicaBlock» or «modelicaBwel».
The stereotype «modelicaExtends» must be applidtetgeneralization relationship.

[8] All other attributes or associations inheritedrii «block» or Classifier may not be used. Thdudes the attrib-
utes: isActive, isEncapsulated.

9.6 «modelicaConnector»

Generalizations
« «modelicaClassDefinition» (from SysML4Modelica:aSes)
e «block» (from SysML)

Abstract Syntax
e See Figure 5.

Description
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The Modelica specialized classnnect or is anpdel that cannot contain equations or algorithms in @friys com-
ponents. A complete descriptionadnnect or is available in Section 4.6 and Chapter 9 of thmiMica Specification:

No equations or algorithms are allowed in the definition or in any of its
conponents. Enhanced to all ow connect(..) to conmponents of connector
cl asses.

Attributes
« isExpandable : Boolean [1]
As explained in Modelica Specification 9.1.3, thedélicaexpandabl e prefix can be applied toeon-
nect or. The primary purpose of expandable connectais adlow for the convenient modeling of bus inter-
faces. The isExpandable attribute is true whereipandabl e prefix is present in Modelica; false other-
wise. The default value is false.

Associations

No additional associations.

Constraints

[1] A «modelicaConnector» must have a Name.

[2] A «modelicaConnector» can only have Properttest are stereotyped by «modelicaPart», «modeli¢aPor
«modelicaValueProperty».

[3] None of the Properties owned by a «modelicaCotute can be typed to «modelicaClassDefinitionxd tontain
Behaviors or Constraints (at any level of containthe

[4] A «modelicaConnector» can only be contained imedelicaClassDefinition».

[5] A «modelicaConnector» can only specialize othelassifiers derived from «modelicaConnector,
«modelicaType», or «modelicaRecord». The stereo@ypodelicaExtends» must be applied to the gemataln
relationship.

[6] All other attributes or associations inheritedrfi «block» or Classifier may not be used. Thddudes the attrib-
utes: isActive, isEncapsulated; and the ownedEl¢sn&ehavior, Constraint.

9.7 «modelicaType»

Generalizations
* «modelicaClassDefinition» (from SysML4Modelica:aGes)
e «valueType» (from SysML)

Abstract Syntax
e See Figure 5.

Description

The Modelica specialized clasype is restricted to predefined types, enumeratiomaya of type or classes extending
from type. Itis enhanced to allow extension afdafined types. In the SysML4Modelica profile, éxtension from
predefined types is handled by making the preddftgpes instances of «modelicaType» (See Chapjer 10

Unlike the other Modelica restricted classes, «niod&ype» does not generalize «block». This ingpthet it is not
possible for a «<modelicaType» to contain definisiaf other modeling elements (e.g., a containedge). Although
such containment would strictly speaking be allobgdhe Modelica language, it is rarely, if evesed. To avoid unne-
cessary complications in extending SysML «valuePgp¢he SysML4Modelica profile does not support
«modelicaType»s that contain definitions of othedeling constructs.

Attributes

No additional attributes.

Associations

No additional associations.
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Constraints
[1] A «modelicaType» must have a Name.
[2] A «modelicaType» can only be contained in a «glimdClassDefinition».
[3] A «modelicaType» can only specialize other dféms derived from «modelicaType». The stereotymeodel-
icaExtends» must be applied to the generalizattationship.

9.8 «modelicaPackage»

Generalizations
« «modelicaClassDefinition» (from SysML4Modelica:aGes)
*  «block» (from SysML)

Abstract Syntax
e See Figure 5.

Description

A Modelicapackage has broader semantics than just a container far ahodel elements as in SysML. Although it
may only contain declarations of classes and caotsstthese declarations can be replaceable anblecarmerited from
parent packages, so that the package itself sto@utbdought of as a model. The corresponding SysWtdklica con-
struct, «<modelicaPackage», therefore generalizieskds rather than Package. In the Modelica languagviodelica
package is enhanced, as compared to Modetitass, to allow for the import of elements of packag&ee also
Modelica Spec. 3.1, Chapter 13.)

Attributes
No additional attributes.
Associations

No additional associations.

Constraints

[1] A «modelicaPackage» must have a Name.

[2] A «modelicaPackage» can only have Propertiesatestereotyped by «modelicaValueProperty».

[3] Any «modelicaValueProperty» owned by an instaotemodelicaPackage» must haxggiability=constant (ref.
Modelica Specification 4.6, package)

[4] A «modelicaPackage» can be contained in a «nizalglassDefinition» or in a UML4SysML::Package.

[5] A «modelicaPackage» can only specialize othessifiers derived from «modelicaPackage». The ctgpe
«modelicaExtends» must be applied to the genetmlizeelationship.

[6] All other attributes or associations inheritedrii «block» or Classifier may not be used. Thddudes the attrib-
utes: isActive, isEncapsulated; and the ownedEl¢sn®&ehavior, Constraint.

9.9 «modelicaFunction»

Extensions
e FunctionBehavior (from UML4SysML)

Generalizations
« «modelicaClassDefinition» (from SysML4Modelica:aSes)

Abstract Syntax
e See Figure 5.

Description

The Modelica specialized claksinct i on represents a callable section of procedural dlyoit code without side ef-
fects. Itis similar to a SysML FunctionBehavi@@ompared to a general Modelichass, quite a few restrictions and
enhancements apply; refer to the Modelica Spe¢.S2édtion 12.2 for details.
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As described in the Modelica Spec. 3.1, Sectiof,12Modelicd unct i on may refer to an external function specifier
(e.g., an external C or Fortran function):

function IDENT string_comment

{ component_clause ";" }

[ protected { component_clause ";" } ]

external [ language_specification ] [ external_func tion_call ]

[annotation ] ";
[ annotation ;" ]
end IDENT;

Whether a particular function is external or nadésermined by theanguage attribute of the «modelicaFunction»
(inherited from OpaqueBehavior). For Modelica wafiunctions, the language should be specifiedvasdelica”. For
external functions, theanguage attribute is set to another language. Modelicasruty only allows the languages
“C", “FORTRAN?", or “builtin”. For such external factions, thebody attribute contains the

external function_call from Modelica. The annotation that is part of ¢he er nal statement in Modelica
can contain two types of information: Libraries dndlude directives. In SysML4Modelica, this infioation is captured
in the two additional attributesxternalLibraryandexternallnclude

Several additional attributes are included in «nticd®unction» to capture such semantics.

At this point, SysML4Modelica only allows for furich definitions; functions cannot be “called” exgitly — they can
only be referred to in opaque Modelica syntax podiof the model.

Attributes
e externalLibrary: String [0..*]
A list of external libraries that need to be linkado resolve the references to the external fandisee Model-
ica Spec. 3.1, Section 12.9 for details). It sHaly be defined whelanguage= “C” or“FORTRAN".

e externalinclude: String [0..1]
An optional string containing include directivestt® considered when compiling and linking the endéfunc-
tion. It should only be defined whédsnguage= “C” or“FORTRAN".

Associations

No additional associations.

Constraints

[1] A «modelicaFunction» must have a Name.

[2] A «modelicaFunction» can only have Parametesis dine stereotyped by «modelicaFunctionParameters.

[3] Any «modelicaFunctionParameter» (owned by ateimse of «modelicaPackage») for whadusality=inputmay
not be assigned values in the body of the fundiien it is read-only).

[4] A «modelicaFunction» can only have zero or bodyattribute.

[5] A «modelicaFunction» must halenguage“Modelica”,”builtin”,”C” , or“FORTRAN".

[6] If language="Modelica”, then thébodyof the function must be represented in the Modetigntax and must con-
stitute a valid Modelica algorithm section.

[7]1 If language="C” or “FORTRAN?", then theébodyof the function must be represented a valid fumzti call in the
respective language (as specified in the ModelmecS3.1, Sections 12.9.4).

[8] The optional attributesgxternalLibrary and externalinclude can only be used whdanguage="C” or “FOR-
TRAN".

[9] A «modelicaFunction» definition can only be cainied in a «modelicaClassDefinition».

[10] A «modelicaFunction» can only specialize otletassifiers derived from «modelicaFunction». Therebtype
«modelicaExtends» must be applied to the genetalizeelationship.

[11] All other attributes or associations inherifesin FunctionBehavior or Classifier may not be used
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9.10 «modelicaExtends»

Extensions
e Generalization (from UML4SysML)

Abstract Syntax

pkg [Package] Claszes [ Modelica Relstions Sterectypes ]J

smetaciasss smetaclasss
Generalization Dependency

~ 3
ssterectypes zsterectypes ssterectypes
ModelicaExtends ModelicaConstrainedBy ModelicaDer

+modification : String [0..%] +modification : String [0..%] +variable ; String [1..4]

+yizihility ; Wisibilitykind [1] = public
+array=ize ;. String [0, *){ordered}

Figure 6: Modelica Relations stereotype definitions

Description

Theext ends clause of Modelica is equivalent to a SysML Gelieaiion. The only difference is that in Modelidzet
type being extended can be locally modified (Maziebpec. 3.1, Section 7.1):

extends_clause :
extends name [ class_maodification ] [annotation]

constraining_clause :
extends name [ class_modification ]

Similar local type modifications can be used whefirdng usages (i.e., Modelica components — seg@tehdl). In both
cases the SysML4Modelica mapping currently capttiredocal modifications only as a text string iodélica syntax.
A separate modification can be defined for evempgonent of a «modelicaClassDefinition»; in Modelitase modific-
ations are grouped, separated by commas, and sdediby parentheses. Each such modification igsepted in
SysML4Modelica as a separate string. It correspdhds to an argument as defined in the followixtgaet of the Mod-
elica EBNF (Modelica Spec. 3.1, section 7.2):

class_madification :
"(" [ argument_list]")"

argument_list :
argument { "," argument }
argument :
element_modification_or_replaceable
| element_redeclaration

element_modification_or_replaceable:
[ each ][ final ] ( element_modification | ele ment_replaceable)

element_maodification :
component_reference [ modification ] string_com ment

element_redeclaration :
redeclare [ each ] [ final ]
( ( class_definition | component_clausel) | elem ent_replaceable )

element_replaceable:
replaceable ( class_definition | component_clau sel)
[constraining_clause]
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component_clausel :
type_prefix type_specifier component_declaratio nl

component_declarationl :
declaration comment

Multiple inheritance is supported in Modelica. Téfere, more than one «modelicaExtends» relatignishallowed for
a single «modelicaClassDefinition». Téet ends clause can be applied to any of the restricteskela (including
packages).

If the extends clause appears in a protected secfithe Modelica model, then all the elementshefthase class become
protected elements of the specialized class. titaeefore important to specify whether the «madéixtends» relation is
public or protected

Not every restricted class can inherit from eveheorestricted class. Refer to Modelica Spec. Settion 7.1.3 for an
overview table.

Attributes
» visibility: VisibilityKind [1]
When an extends statement appears in a proteatgdrsef a «<modelicaClassDefinition», then all campnts
of the parent class are protected. Default vaypeiblic.

« modification: String [0..*]
An inherited Modelica class can be locally modifi#tle modifications are defined by this attributéModelica
syntax. Each modification (as specified in the Elazh concrete syntax as a comma-separated expngssi
specified as a separate instance of this attribute.

e arraySize: String [0..*] {ordered}
One can specify an array size for an inherited Modelass. This attribute is an ordered listtahgs, each of
which must be a Modelica expressions that evaluatas integer. Thi' element in the ordered list corres-
ponds to size of the the multidimensional arraghii” dimension.

Associations

No additional associations.

Constraints
[1] Both the sourceandtarget of a «modelicaExtends» relation must be typedniiainces of a specialization of
«modelicaClassDefinition».
[2] Thevisibility attribute of «modelicaExtends» can only take dnesofpublic or protected

9.11 «modelicaDer»

Extensions
« Dependency (from UML4SysML)

Abstract Syntax
e See Figure 6.

Description

Theder clause in Modelica identifies a function as aiphderivative of another function (Modelica Sp8cl, Section
12.7.2). It establishes a relationship betweenftwations and is therefore modeled as an extersfi@ependency in
SysML4Modelica. It requires as attributes a listariables with respect to which the partial dative is taken.

Attributes
e variable: String [1..*]
A list of variables with respect to which the palktierivative is taken. At least one variable nhesspecified.
No default value is specified.
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Associations

No additional associations.

Constraints
[1] Both thesourceandtargetof a «<modelicaDer» relation must be typed to imsts of «modelicaFunction».

9.12 «modelicaConstrainedBy»

Extensions
e Dependency (from UML4SysML)

Abstract Syntax
e See Figure 6.

Description

In a replaceable declaration in Modelica, one qatidy aconst r ai nedBy clause. The semantics of this construct
are explained in more detail in the Modelica Sg3et, Section 7.3.2.

Attributes
« modification: String [0..*]
A Modelica class that constrains a replaceableadatibn can be locally modified. The modificatiare
defined by this attribute in Modelica syntax. Eaeddification (as specified in the Modelica conersyntax as
a comma-separated expression) is specified asaaatepnstance of this attribute. Default valueus.

Associations

No additional associations.

Constraints
[1] Both thesourceandtarget of a «<modelicaConstrainedBy» relation must be dyjeinstances of a specialization
of «modelicaClassDefinition».

9.13 Short Class Definitions

Modelica provides a short-hand notation for defimitof classes. It is equivalent to an inheritaogestruct, and is there-
fore redundant and not supported separately isyisd1L4Modelica profile.

10 Predefined Types

10.1 Overview

The following predefined types are available in khedelica language (Modelica Spec. 3.1, Sectio &Kk8al Type, In-
teger Type, Boolean Type, String Type, Enumeraiigmes, StateSelect, ExternalObject, and Graphinalbfation Type
(See Chapter 13). These primitive types are defasepredefined types in SysML4Modelica:: Types::Mmdére-
definedTypes. Although these types have direchtmparts in SysML, they are redefined to accoantte additional
attributes associated with them in Modelica. Nb# in Modelica, the properties such as “stanyantity”, etc., are not
really equivalent to user-defined complex data-¢ypEor instance, if one definédleal x;” then one cannot refer to
“x.min” in an equation. The only way one can speaivalue for these special properties is as @aattype definition or
local modification: e.g., “Real x(start=1, unit="p"
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pkg [Model] Tyvpes [ Modelica Predefined Types ]J

smodelicaTypes: wWalueTypes
ModelicaReal Real.+Inf : Real
«ValueTypes dizplaylnit : String = String Empty
Real —min : Real = Real -Int L avalueTynes
max . Real = Real +Inf [Modelica 3.1, sec. 4.5.1] Real.-Inf : Real
fixed ; Boolean
nominal : Real P
start : Real = Real Zero avalelynes
stateSelect : ModelicaStateSelect = defaut Real.Zero : Real
smodelicaTypes whalueTypes

avaluETypREs Modelicalnteger Integer.Zero : Integer

Integer min : Integer = Integer -Inf - - — :
'_max - Integer = Integer +Inf [Modelica 3.1, sec. 4.8.2] avalueTypes

fixed : Boolean Inteqer.+Inf : Integer
start ; Integer = Integer Zera

whalueTypes
Integer.-Inf : Integer

smodelicaTypes

sWalueTypes ModelicaBoolean
Boolean Mg 0T B oean SR T 7 |Modelica 3.1, sec. 4.8.3]

start | Boolean = false

«modelicaTypes

wValueTypes ) _ W alueTypes
String — ModelicaString | — — — — — [Moddelica 3.1, sac. 4.8% String.Empty : String
start ; String = String Empty

smodelicaTypes
ModelicaStateSelect
detaut
Ay ~ "|adelica 3.1, sec. 4.8.7.1]
never
prefer
avaid

amodelicaTypes | |
NbdelficaboternaiObjoact [Modelica 3.1, sec. 4.8.7.2]

J

Figure 7: Package diagram with an overview of the P redefined Modelica Types

10.2 ModelicaReal

Instantiation
e SysML4Modelica::Classes::ModelicaType

Generalizations
e SysML::Blocks::Real

Abstract Syntax
e See Figure 7.

Description

The predefined typReal in Modelica includes a variety of attributes besidts actual value (Modelica 3.1, section
4.8.1). In SysML4Modelica, these attributes arfindel in ModelicaReal, a specialization of the ptive type
SysML::Blocks::Real. As a result of this speciatizn, ModelicaReal, inherits the attributes: qusind and unit,
which correspond to the Modelica attributggant i t y anduni t , respectively. Additional attributes are listezldw.

Attributes
e displayUnit: String [0..1]
In addition to the actual units, a ModelicaReal bawe a units used for display in a tool's graghisar inter-
face or in plots. These units are defined in #tigbute as a string.

¢ min: Real [1]
The minimum value the ModelicaReal variable camtak. Default value idnf.
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« max: Real [1]
The maximum value the ModelicaReal variable cae @k Default value isInf.

e start: Real [1]
The value of the ModelicaReal variable at the beigig of a simulation. The meaning of this variatigends
on the value of the attribufa xed. If fi xed=f al se, then it is to be interpreted as an initial guess
which may be deviated in order to satisfy all thgebhraic constraints. ffi xed=t r ue, then the variable is re-
quired to equal its start value. Default valu®.is

« fixed: Boolean [1]
This attribute qualifies the meaning of the atttést art . If fi xed=f al se, thenst art is to be interpreted
as an initial guess from which may be deviatedrdento satisfy all the algebraic constraintd.ilfkked=t r ue,
then the variable is required to equalsitsar t value. Default value isue for parameters and constants, and
falsefor all other variables.

e nominal: Real [0..1]
The value of this attribute may be used by theesdier scaling purposes.

» stateSelect: StateSelect [1]
The value of this attribute determines how a Madetiolver should select state variables for theegy®f Dif-
ferential Algebraic Equations (Modelica Spec. &éction 4.8.7.1). Default valueSsateSelect.default

Associations

No additional associations.

Constraints

No additional associations.

10.3 Modelicalnteger

Instantiation
e SysML4Modelica::Classes::ModelicaType

Generalizations
e SysML::Blocks::Integer

Abstract Syntax
e See Figure 7.

Description

The predefined typent eger in Modelica includes a variety of attributes besidts actual value (Modelica Spec. 3.1,
Section 4.8.2). In SysML4Modelica, these attrilsudee defined in Modelicalnteger, a specializatibthe primitive

type SysML::Blocks::Integer. As a result of thigesialization, Modelicalnteger, inherits the atiitdr quantityKind,
which correspond to the Modelica attribgpeant i t y. Additional attributes are listed below.

Attributes
e min: Integer [1]
The minimum value the Modelicalnteger variable tak® on. Default value is -Inf.

* max: Integer [1]
The maximum value the Modelicalnteger variable tzdee on. Default value is +Inf.

e start: Integer [1]
The value of the Modelicalnteger variable at thgitbeing of a simulation. The meaning of this vhheade-
pends on the value of the attribitexed. If fi xed=f al se, thenitis to be interpreted as an initial guess
from which may be deviated in order to satisfytld algebraic constraints. flf xed=t r ue, then the variable
is required to equal its start value. Default eak0.
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« fixed: Boolean [1]
This attribute qualifies the meaning of the atttést art . If fi xed=f al se, thenst art is to be interpreted
as an initial guess from which may be deviatedrdeoto satisfy all the algebraic constraints. If
fi xed=t r ue, then the variable is required to equakitart value. Default value isue for parameters and
constants, anthlsefor all other variables.

Associations

No additional associations.

Constraints

No additional associations.

10.4 ModelicaBoolean

Instantiation
« SysML4Modelica::Classes::ModelicaType

Generalizations
e SysML::Blocks::Boolean

Abstract Syntax
e See Figure 7.

Description

The predefined typBool ean in Modelica includes a variety of attributes besidts actual value (Modelica 3.1, section
4.8.3). In SysML4Modelica, these attributes arénéel in ModelicaBoolean, a specialization of thiaritive type
SysML::Blocks::Boolean. As a result of this spéizetion, ModelicaBoolean, inherits the attribug@antityKind, which
correspond to the Modelica attribigaant i t y. Additional attributes are listed below.

Attributes
e start: Boolean [1]
The value of the ModelicaBoolean variable at thgifi@ing of a simulation. The meaning of this vhtade-
pends on the value of the attribéitexed. If fi xed=f al se, then it is to be interpreted as an initial guess
from which may be deviated in order to satisfytladl algebraic constraints. flf xed=t r ue, then the variable
is required to equal its start value. Default eakfalse

« fixed: Boolean [1]
This attribute qualifies the meaning of the atttéost art . If fi xed=f al se, thenst art is to be interpreted
as an initial guess from which may be deviatedrdeoto satisfy all the algebraic constraints. If
fi xed=t r ue, then the variable is required to equakitart value. Default value isue for parameters and
constants, anthlsefor all other variables.

Associations

No additional associations.

Constraints

No additional associations.

10.5 ModelicaString

Instantiation
e SysML4Modelica::Classes::ModelicaType

Generalizations
e SysML::Blocks::String
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Abstract Syntax
e See Figure 7.

Description

The predefined typ&t r i ng in Modelica includes a variety of attributes besidts actual value (Modelica 3.1, section
4.8.4). In SysML4Modelica, these attributes arfingel in ModelicaString, a specialization of théngtive type
SysML::Blocks::String. As a result of this speation, ModelicaString inherits the attribute, gtigyKind, which cor-
respond to the Modelica attributgeant i t y. In addition, a start value can be specified.

Attributes
e start: String [1]
The value of the ModelicaReal variable at the beigig of a simulation. The meaning of this variatigpends
on the value of the attribufe xed. Iffi xed=f al se, then itis to be interpreted as an initial guesm
which may be deviated in order to satisfy all tlgebhraic constraints. ffi xed=t r ue, then the variable is re-
quired to equal its start value. Default valu®.is

Associations
No additional associations.

Constraints

No additional associations.

10.6 ModelicaStateSelect

Instantiation
e SysML4Modelica::Classes::ModelicaType

Generalizations

No generalizations.

Abstract Syntax
e See Figure 7.

Description

The predefined typbbdel i caSt at eSel ect is the type of the attribute stateSelect of Matdieal. It is an enumer-
ation used to provide guidance to the Modelicaesolgol for selecting appropriate state variabf&se(Modelica Spec.
3.1, section 4.8.7.1).

Associations

No additional associations.

Constraints

No additional associations.

10.7 ModelicaExternalObject

Instantiation
* SysML4Modelica::Classes::ModelicaType

Generalizations
No generalizations.

Abstract Syntax
e See Figure 7.
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Description

The predefined typ®bdel i caExt er nal Obj ect is an abstract type used to indicate that a Mod@&l{ipe that spe-
cializes it refers to an object defined in an exéétanguage such as C or FORTRAN (See Modelica.Shé, section
12.9.7 for detalils).

Associations

No additional associations.

Constraints
[1] Thevalue of the attributessAbstract(and hencésPartial) must bdrue.

11 Component Declarations

11.1 Overview

In the Modelica language, instances (or usagea)atdss are referred to as “Components”. In Sysiiiése can be
mapped to Block Properties, such as Value PropRatt, Property, or Pott.Modelica does not distinguish explicitly
between Value Properties, Parts, or Ports. Instghaéther a component is interpreted as a Valupd®tyg Part or Port
depends on the restricted type to which the usagében typed. If the usage is of restricted tfpess, nodel , or

bl ock then it is mapped to a «<modelicaPart»; if it isastricted typeonnect or then it is mapped to a «modeli-
caPort»; and if it is of restricted typecor d ort ype then it is mapped to «<modelicaValueProperty»addition, the
stereotype «modelicaFunctionParameter» is intradit@eepresent components of restricted typeor d ort ype that
are used in &unct i on (this is necessary because a Modelica functioraigpad to a SysML FunctionBehavior which
has parameters rather than properties). Thectstriypepackage andf unct i on are not considered here because
they cannot be instantiated.

Depending on the type of restricted type, a Modeilomponent declaration allows for a variety ofam (modifica-
tions or additional specifications). These adddilcoptions are captured as attributes of the spmading SysML4Mod-
elica stereotypes, as show in Figure 8. To ddfieepossible values these options can assume aéevermerations are
defined, as shown in Figure 9. The following praiitun rules define Modelica Components declarations

component_clause:

type_prefix type_specifier [ array_subscripts ] component_list
type_prefix :

[ flow ]

[ discrete | parameter | constant ] [ input | ou tput |

type_specifier :
name

component_list :
component_declaration { "," component_declaratio n}

component_declaration :
declaration [ conditional_attribute ] comment

conditional_attribute:
if expression

declaration :
IDENT [ array_subscripts ] [ modification ]

! Note that Modelica does not have the equivalert refference property — properties are never shared
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pkg [Package] Components [ Modelica Component Sterectypes ]J
smetaclazss ) smetaclasss
I
izFinal iz derived from isLe% Property Purtl
i)
\
saterectypes sstereatypes satereatypes
ModelicaValueProperty ModelicaPart ModelicaPort
+causality ; ModelicaCausalityKind [1] = none +zcope ; ModelicaScopekind [1] = none +cauzality ;. ModelicaCauszalitykind [1] = none
+vatiabilty . Modelica® atiabilitykind [1] = cortinuous +condtionalExpression © String [0.1] +oondtionalExpression : String [0..1]
+flowwFlag : ModelicaFlowFlagkind [1] = none +modification ; String [0..*] +modification ; String [0..*]
+zcope ;- ModelicaEcopekind [1] = none +iizFinal : Boolean [1] = falze +izFinal : Boolean [1] = false
+isFinal : Boolean [1] = falze +izReplaceable : Boolean [1] = falze +izReplaceakle : Boolean [1] = falze
+condtionaslExpression : String [0.1] +arraySize  String [0, {ordered +array=ize  String [0 *Hordered}
+modification : String [0..#]
+izReplaceabls : Boolean [1] = false
+declarationEqguation : String [0..1]
+array=ize | String [0 *){ordered

Figure 8: Package diagram with an overview of the s  tereotypes for Modelica Components

pkg [Model] Types[ Enumerations ]J
senumerstions enumerstion: zenumerations senumerstions
ModelicaFlowFlagKind | |ModelicaScopeKind | |ModelicaCausalityKind | |ModelicaWariabilityKind
floy inner infput constant
stream outer output parameter
naone innEr-outer nane dizcrete
T none T continuaLs
| | | |
[Modelica Spec 3.1, [Modelica Spec 3.1, [Modelica Spec 3.1, [Modelica Spec 3.1,
Chapter 15] zection 5.4] zection 4.4.2.2] section 4.4.4]

Figure 9: Package diagram with enumerations used in Modelica Component definitions

Table 2:The applicable attributes for Modelica Commnents.

Attribute Name «modelicaValueProperty» «modelicaPart» «modelicaPort»
visibility . .
causality . .
variability .
flowFlag .
scope . .
conditionalExpression . . .
isFinal . . .
modification . . .
isReplaceable . . .
declarationEquation .
arraySize . . .
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11.2 «modelicaValueProperty»

Extensions
e Property (from UML4SysML)

Abstract Syntax
e See Figure 8.

Description

If a Modelica Component is of restricted typecor d ort ype then it is mapped to a «modelicaValuePropertysiclvh
is the equivalent of a Value Property in SysML.

Attributes
« visibility: VisibilityKind [1]
This attribute is inherited from the meta-classperty. In the context of the SysML4Modelica prefiit is lim-
ited to the valuepublic or protected A protected «modelicaValueProperty» cannot bdifrea or replaced in
specializations or modifications. The members pfaected «modelicaValueProperty» cannot be aedass
ing the dot-notation. Default valuepsiblic.

e causality: ModelicaCausalityKind [1]
A «modelicaValueProperty» can be defined as bemigut or output (Modelica Spec. 3.1, Section22).
Default value isrxone which means that the property is neither an imgpututput.

« variability: ModelicaVariabilityKind [1]
A «modelicaValueProperty» can be defined as beimgtant, parameter, discrete or continuous (Modéigec.
3.1, section 4.4.3 and 4.4.4). Default valueastinuous

« flowFlag: ModelicaFlowFlagKind [1]
This attribute can only be applied to variableg tra a subtype of ModelicaReal. It can only bedusside
«modelicaConnector» or to define a Type. Theaitdcausalitymust benull whenflowFlag=flow or stream
Default value isrxone

e scope: ModelicaScopeKind [1]
A Modelica element declared with the prefixt er references an element instance with the same natne b
using the prefix nner , which is nearest in the enclosing instance hatraof the outer element declaration
(Modelica Spec. 3.1, Section 5.4). Default vakiedne.

e conditionalExpression: String [0..1]
When defined, this attribute contains an expressidviodelica syntax that must evaluateriee or false Only
if the expression evaluates to true is the theesponding «modelicaValueProperty» instantiated (@lod
Spec. 3.1, Section 4.4.5).

« modification: String [0..*]
A «modelicaValueProperty» may have a type thatdally modified. Rather than capturing the dethde-
mantics of such modifications in the SysML4Modelirafile, currently, the modifications are only taed as
a set of strings in the Modelica syntax; each gtdorresponds to a single modification of a compoeclara-
tion of the modified class (Modelica Spec. 3.1,tlec7.2). Default value isull.

« isReplaceable: Boolean [1]
A «modelicaValueProperty» may be defined apl aceabl e. One can thenedecl ar e such a «modelica-
ValueProperty» in extended classes or in modificetiModelica Spec. 3.1, Section 7.3). Defaulteatfalse

e declarationEquation: String [0..1]
When defined, this attribute contains an expressidviodelica syntax that must evaluate to the stype as
the «modelicaValueProperty» itself. A declaratiouation refers to the shorthand notation in Maadein
which an equation corresponding to a componengfimed in the equation section. The value of thebaite is
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the right-hand-expression of the equations. Thesigh is omitted, i.e., it is implicit.

« [isFinal: Boolean [1]
A Modelica element declared with the prefixknal cannot be modified in redeclarations or modificas
(Modelica Spec. 3.1, Section 7.2.6). Default vasfalse.This is derived fronisLeaf.

e arraySize: String [0..*] {ordered}
This attribute is an ordered list of strings, eatlvhich must be a Modelica expressions that evatut an in-
teger. Tha" element in the ordered list corresponds to sizé@the multi-dimensional array in tHedimen-
sion.

Associations

No additional associations.

Constraints
[1] isFinal has the same value as isLeaf

11.3 «modelicaPart»

Extensions
e Property (from UML4SysML)

Abstract Syntax
e See Figure 8.

Description

If a Modelica Component is of restricted typleass, nodel , orbl ock, it is mapped to a «<modelicaPart», which is the
equivalent of a Part Property in SysML.

Attributes
« visibility: VisibilityKind [1]
This attribute is inherited from the meta-classperty. In the context of the SysML4Modelica prefiit is lim-
ited to the valuepublic or protected A protected «modelicaPart» cannot be modifieteptaced in specializa-
tions or modifications. The members of a protecteddelicaPart» cannot be accessed using the datioro
Default value igublic.

e scope: ModelicaScopeKind [1]
A Modelica element declared with the prefint er references an element instance with the same natne b
using the prefix nner , which is nearest in the enclosing instance haéraof the outer element declaration
(Modelica Spec. 3.1, Section 5.4). Default vakmone

« conditionalExpression: String [0..1]
When defined, this attribute contains an expressidviodelica syntax that must evaluatdriee or false Only
if the expression evaluates to true is the theesponding «modelicaPart» instantiated (ModelicacSp4,,
Section 4.4.5). Default valuensill.

« modification: String [0..*]
A «modelicaPart» may have a type that is locallgified. Rather than capturing the detailed sensardf such
modifications in the SysML4Modelica profile, curtBnthe modifications are only captured as a $astrings
in the Modelica syntax; each string corresponds $ingle modification of a component declaratiothef mod-
ified class (Modelica Spec. 3.1, Section 7.2). dbéfvalue isull.

« isReplaceable: Boolean [1]

A «modelicaPart» may be definedraspl aceabl e. One can thenedecl ar e such a «modelicaPart» in ex-
tended classes or in modifications (Modelica SBek. Section 7.3). Default valuefase
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« [isFinal: Boolean [1]
A Modelica element declared with the prefixknal cannot be modified in redeclarations or modificas
(Modelica Spec. 3.1, Section 7.2.6). Default vasfalse This is derived fronisLeaf.

e arraySize: String [0..*] {ordered}
This attribute is an ordered list of strings, eatlvhich must be a Modelica expressions that evatut an in-
teger. Tha" element in the ordered list corresponds to sizé@the multi-dimensional array in tHedimen-
sion. The default value rwull.

Associations

No additional associations.

Constraints
[1] isFinal has the same value as isLeaf

11.4 «modelicaPort»

Extensions
e Port (from UML4SysML)

Abstract Syntax
e See Figure 8.

Description

If a Modelica Component is of restricted typennect or , it is mapped to a «modelicaPort», which is theiwaent of
a Port Property in SysML.

Attributes
e causality: ModelicaCausalityKind [1]
A «modelicaPort» can be defined as being an inpoutput (Modelica Spec. 3.1, Section 4.4.2.2) faDk
value isnull, which means that the property is neither an igpwutput. Default value isone.

e scope: ModelicaScopeKind [1]
A Modelica element declared with the prefixt er references an element instance with the same natne b
using the prefix nner , which is nearest in the enclosing instance haéraof the outer element declaration
(Modelica Spec. 3.1, Section 5.4). Default vakmeone

e conditionalExpression: String [0..1]
When defined, this attribute contains an expressidviodelica syntax that must evaluateriee or false Only
if the expression evaluates to true is the theesponding «modelicaPort» instantiated (ModelicacSBe.,
Section 4.4.5).

» [isFinal: Boolean [1]
A Modelica element declared with the prefixknal cannot be modified in redeclarations or modificas
(Modelica Spec. 3.1, Section 7.2.6). Default vasfalse This is derived fronisLeaf.

« modification: String [0..*]
A «modelicaPort» may have a type that is locallydified. Rather than capturing the detailed sencaruf
such modifications in the SysML4Modelica profileyently, the modifications are only captured aggof
strings in the Modelica syntax; each string coroesfs to a single modification of a component detian of
the modified class (Modelica Spec. 3.1, Section.7.2

« isReplaceable: Boolean [1]

A «modelicaPort» may be definedraspl aceabl e. One can thenedecl ar e such a «modelicaPort» in
extended classes or in modifications (Modelica SBelg Section 7.3). Default valuefédse
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arraySize: String [0..*] {ordered}

This attribute is an ordered list of strings, eatlvhich must be a Modelica expressions that evatut an in-
teger. Tha" element in the ordered list corresponds to sizé@the multi-dimensional array in tHedimen-
sion.

Associations

No additional associations.

Constraints

(1]

11.5

isFinal has the same value as isLeaf

«modelicaFunctionParameter»

Extensions

Parameter (from UML4SysML)

Abstract Syntax

pkg [Package] Components [ Modelica Function Parameter ]J

i=Final iz derived smetaclasss
from isLeaf Parameter
\ 1

satereotypes
ModelicaFunctionParameter

+causalty | ModelicaCausalitykind [1] = input
+vatiability : Modelica®ariahilitylind [1] = continuous
+maditication : String [0..%]

+izReplaceable : Boolean [1] = false
+declarastionEguation : String [0..1]

+iizFinal : Boolean [1] = false

+arraySize | String [0..*){ordered}

Figure 10: Definition of the «modelicaFunctionParam  eter» stereotype

Description

A Modelica restricted class function, can also aontan contain Modelica component declarationses€ delcarations
must be of either restricted type «modelicaTypesmodelicaRecord». Because «modelicaFunction» wloiederive
from «block» (as all the other restricted class®s tthe stereotype «modelicaValueProperty» caneatdplied here. In-
stead, an equivalent (but more restricted) stepeotyr functions is created: «modelicaFunctionPatans.

Attributes

28

causality: ModelicaCausalityKind [1]
A «modelicaFunctionParameter» can be defined agylai input or output (Modelica Spec. 3.1, Section
4.4.2.2). Default value isiput

fisFinal: Boolean [1]
A Modelica element declared with the prefiknal cannot be modified in redeclarations or modificas
(Modelica Spec. 3.1, Section 7.2.6). Default vatfifalse This is derived fronisLeaf.

modification: String [0..*]

A «modelicaFunctionParameter» may have a typeigHatally modified. Rather than capturing theailed
semantics of such modifications in the SysML4AMoackelprofile, currently, the modifications are ongptured
as a set of strings in the Modelica syntax; eaghgstorresponds to a single modification of a comgnt de-
claration of the modified class (Modelica Spec, $éction 7.2).

isReplaceable: Boolean [1]
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A «modelicaFunctionParameter» may be definedegd aceabl e. One can thenedecl ar e such a «mod-
elicaPort» in extended classes or in modificatigviedelica Spec. 3.1, Section 7.3). Default vaklse

e declarationEquation: String [0..1]
When defined, this attribute contains an expressidviodelica syntax that must evaluate to the stype as
the «modelicaFunctionParameter» itself. A declana¢quation refers to the shorthand notation ird&ica in
which an equation corresponding to a componergfimed in the equation section. The value of thebaite is
the right-hand-expression of the equations. ThéSign is omitted, i.e., it is implicit.

e arraySize: String [0..*] {ordered}
This attribute is an ordered list of strings, eatwhich must be a Modelica expressions that evatut an in-
teger. Tha" element in the ordered list corresponds to sizé@the multi-dimensional array in tHedimen-
sion.

Associations

No additional associations.

Constraints
[1] isFinal has the same value as isLeaf

12 Equation and Algorithm Sections

12.1 Overview

Equations and Algorithms are the main Modelica tmiess for defining behavior of Modelica classééodelica distin-
guishes between declarative equations, which g@nared irequat i on sections (Modelica Spec. 3.1, Chapter 8), and
imperative algorithms, which are organizedlrgor i t hmsections (Modelica Spec. 3.1, Chapter 11). Theldoa re-
stricted classes| ass, nodel , andbl ock, can each have zero or more equation and algosg#utions. Modelica
functi ons can only have one single algorithm sections (amdquations).

The equations and expressions in equation andiddgosections are enforced by the solver in evieng tstep --- they
must hold at every moment in time. In additione @an specify equations or expressions that ordg e hold at the
start of the simulation; they are organizedmti al equati on andi nitial al gorithmsections.

pkg [Package] Equations and Algorithms [ Equations Sterectypes ]J
prew wsterectypes
smetaclasss : :
Constraint | ModelicaEquation [ " |Modelca Spec 3.1, Chap. &
+ignitial : Boolean [1] = false

wsterectypes

smetaclass: ModelicaAlgorithm | —
Behkavior

“IModelca Spec 3.1, Chap. 1%
+ignitial ; Boolzan [1] = falze

smetaclasss saterectypes |
Connector ModelicaConnection Modelcs Spec 3.1, Chap. 8

Figure 11: Package diagram with Equation and Algori ~ thm definitions

12.2 «modelicaEquation»

Extensions
e Constraint (from UML4SysML)
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Abstract Syntax
e See Figure 11.

Description

Modelicaequat i on sections contain declarative equations that moist & every moment in time. Each model (of re-
stricted class typesl ass, nodel orbl ock) may contain zero or more equation sections. Gitiat the equations in
these equation sections are declarative, they dmiltbmbined into a single section (note: the oml@rich declarative

equations are defined does not matter). HowelrerSyysML4Modelica mapping allows for each equasiection to be
modeled by a separate «modelicaEquations.

Modelicaequat i on sections may also contaimnnect statements (Modelica Spec., Chapter 9). Althocugimect
statements are treated just like other equatioMoidelica, they require special attention in SysWlotlelica. Refer to
Section 12.4 from details on «modelicaConnection»s.

Attributes
e islnitial: Boolean [1]
This attribute igrue when the «modelicaEquation» representsmrt i al equati on section in Modelica.
The default value ifalse

Associations

No additional associations

Constraints

No additional constraints

12.3 «modelicaAlgorithm»

Extensions
e Behavior (from UML4SysML)

Abstract Syntax
e See Figure 11.

Description

Modelicaal gori t hmsections contain imperative statements that szewg®d at every moment in time. Each model
(of restricted class typed ass, nodel orbl ock) may contain zero or more algorithm sectionsaddition, af unc-

ti on contains at most one algorithm section. Eachridlgo section is modeled by a separate «modelicatigm».

To capture the imperative nature of algorithm s#sj a «modelicaAlgorithm» extends UML4SysML::Bebav Only
opaque behaviors are currently supported and foeitim statements are expressed in Modelica syinttheBody of
the «modelicaAlgorithm.

Attributes
e islnitial: Boolean [1]
This attribute igrue when the «modelicaAlgorithm» represents anti al al gori t hmsection in Modelica.
The default value ifalse

Associations

No additional associations

Constraints

No additional constraints

12.4 «modelicaConnection»

Extensions
e Connector (from UML4SysML)
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Abstract Syntax
e See Figure 11.

Description

In Modelica, aconnect i on between two ports typically has Kirchhoff semasfiice., across variables are equal,
through variables sum to zero), or an output-tasiripnding in the case of a signal connection (8edelica Spec. 3.1,
Chapter 9). To capture these same semantics stlgcan «modelicaConnection» is used. The two ieugpts of the con-
nect statement correspond to the two ends of thadelitaConnection». Note that the use of a «mod€Elbnnection» is
optional. The alternative is to represent the eation using a connect statement in Modelica symax«model-
icaEquation». If a «modelicaConnection» is uskentthe corresponding connect statement must beveshfrom the
«modelicaEquation».

As for all equations, Modelica alloveonnect statements to be used in a parametric fashiomn$tance, inside a for
loop. Since the parameter values are only resavéioe time of compilation of the Modelica modeharametrically
definedconnect statement cannot be modeled explicitly in SysML4ld@a. The alternative is to represent such con-
nect statements in Modelica syntax in a «modelicaqn>.

Attributes

No additional attributes
Associations

No additional associations

Constraints
[1] The start and end of a «modelicaConnection» rbast «modelicaPort».

13 Other Related Constructs

13.1 «modelicaSimulation»

Generalizations
e Block (from SysML)

Abstract Syntax

pkg [Package] Cther [ Cther Related Constructs ]J

smetaclasss
ssterectypes Cumr:nen‘t
ModelicaSimulation
+startTime : Real [1] = Real Zero
+stopTime : Real [1] = Real One sateraatypes
+model ; Modelicabodel [1] Modelicahnnotation

3

AN

Although this is not & Modelica language
construct, it i included here to distinguish
clearly between a Modelica model and itz
use in & (simulation) experiment.

Figure 12: Package diagram with definitions of Mode lica-related constructs

Description

A «modelicaSimulation» is not a Modelica languagestruct. However, it is introduced in order totidiguish between
the model and its simulation. A simulation referghe solution of the initial value problem: théeigration of the model
over a particular time period starting from a gadir initial condition. Since the initial conditis are already defined in
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the model itself, the only additional informatidrat needs to be provided is the time over whidhtegrate and the
properties of the solver to be used.

Attributes
e startTime: Real [1]
The time at which the simulation starts. DefaultieasO.

e stopTime: Real [1]
The time at which the simulation stops. Defaulteasl.

« model: «modelicaClassDefinition» [1]
The instance of a specialization of «modelicaCladsiilion» that is to be solved. Default valuenidl.

Associations

No additional associations.

Constraints
No additional constraints.

13.2 «modelicaAnnotation»

Extension
e« Comment (from UML4SysML)

Abstract Syntax
e See Figure 12.

Description

Any Modelica language construct can be annotatéld iwformation about its graphical representatiémaddition,
guidelines for the compiler can be specified. y8L4Modelica, these annotations are representdbidelica syntax
as «modelicaAnnotation»s.

Attributes
No additional attributes.

Associations

No additional associations.

Constraints
No additional constraints.
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Part I1II - Modelica Abstract Syntax

14 Modelica Meta-Modeling Approach

The abstract syntax (AST = abstract syntax tredéjadelica is not standardized. The abstract syd&scribed in this
document is one possible definition, defined ireatended subset of Modelica (also known as Metalittafgand used
in the OpenModelica specification/implementatiorMufdelica which originated as a Structural Operatio
Semantics/Natural Semantics specification (firssiom from 1998). However, even if the abstractayrmof Modelica is
not standardized, given the structure of the laggues described in this document, the differentedstract syntax
between the different tools are likely to be refelty small. Any difference in terminology or mindifferences in struc-
ture can be handled with tool-specific transformadgi that will be performed on the ASTs.

The abstract syntax used in OpenModelica has begigred with several goals in mind:

e Complete representation of all Modelica languagestructs.
» Reconstruction of the source code from the AST.
« Use for semantic specification, type checking, emhpilation.

Syntax type classes are defined usingutientype construct. A union type is the union of all treeord types it contains.
Recursive references to a union type are allowedhgnents with optional values are declared aaitss of th®©p-
tion<...> parametrized type constructor. In a few casesujiie<typel,type2,...type constructor is used. A tuple type can
be described as an anonymous record type, wheredbed type name and the field names are notelfin

In the following all MetaModelica classes (includia short textual description) are listed (versbmi.2009 from the
OpenModelica SVN). This definition is translatetbimn OMG MOF-based description ($&8://www.omg.org/mol/
using the Eclipse EMFhtp://www.eclipse.org/emfimplementation of a subset of the OMG MOF staddBlease see
the .ecore and .ecorediag files for details andrdias.

The mapping between the MetaModelica and the ExlifdF (ecore) is defined as follows:
— MetaModelicgpackage is translated t&Package
— MetaModelicauniontype is translated t&Class (isAbstract)

— MetaModelicarecord is translated t&Class which inherits from the respective EClass thatespnts the uni-
ontype)

— MetaModelicarecord attributes of primitive type are translated to EClass attrésubf primitive type
— MetaModelicarecord attributes of composite type are translated to EClass EReferemthe respective EClass
— MetaModelicaypes are expanded and translated iRtolasses

— MetaModelicauples are expanded and translated iBtolasses with the prefix “tuple_

2 MetaModelica corresponds to OMG MOF
3 Note that all MetaModelica-specific classes, thatreot used for the definition of Modelica languaae removed.
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— MetaModelicaOption<...>implies the multiplicity 0..1
— MetaModelicdist<...>implies the multiplicity 0..*
— MetaModelicaype |dent = String; is nottranslated. EString is used directly.

— In order to avoid name clashes betwE€hasses representinginiontype or record eachEClass that represents
auniontype was given the prefix “u”.

— In order to improve the structure and readabitityeach MetaModelicaniontype anEPackage is created with
the same name as theiontype. ThisEPackage includes théeClass representing theniontype andEClasses
representing theecords of theuniontype.

Figure 13 shows an example of the translationtferMetaModelicainiontype “program”. The MetaModelica code, in-
cluding comments and references to the Modeliczi8pation, is provided in the following sections.

& Resource - org, openmodelica.abstract. syntaximodel/OpenhodelicahbstactSyntax. ecorediag - Eclipse

Fle Edt Diagram Navigate Search Project Run Window Help

I E@ Q- & - s
ida Tahoma vio¥|B I |A- & 5 - Bi-ag- - - - |[15% v
B outine 2 B &lE = 7 7 O %) “opentiodelicadbstactsyrtax £3 - [ Absyn.mo =g
-
s q %k Palette
=@ Absyn e -
= Frogran (= Objects <«
B upragram
& El PRoGRAM -> uProgiam @ EPackage —
4 Diagram diagram £ Edlass H uProgram
8 Within_Clause -
K & EpataTyps
2 8 dass = =
B uClass 2 EEnum
# H CLASS-> utlass il EAnnotation
<4 Diagram diagram
= # ClassDef 4 EOperation
H uClassDef = EAttribute. [=]
o e e E PROGRAM
@[] DERIVED - > uClassDef
-] ENUMERATION -> uClassDef = Deksis Entry
& El OVERLOAD -> uclassbed e
# [ CLASS_EXTENDS -» uClassDef
& [ POER -> uClassDef = EReference
< Diagram diagram 4, Inhertance rraan
“ Diagram ENUMERATION ehorotmon . . 1| globalBuildTin
+ Diagram OVERLOAD 0..* | classes 1 [withinClause
< Diagram CLASS_EXTENDS
4 Diagram PDER - V. S— — ‘
4 Diagram PARTS H uClass [ B uWithin 2 B uTimeStamm@]
G oangram DERIVED (from Class) from Within Clause from TimeStamp)
& # Enumliteral
# # ClassPart
# 8 ElementItern
& # Elsment < 3
#- # ConstrainClass
- 8 ElementSpec &) Tasks | 2 Properties 5 = =0
& # InnerOuter
- # Import B EClass
& 8 Componentltem Model - rogam
& # ComponentCondition
- @ Componert Annetation Instance Class Name:
& 8 Equationltem Extended Metadata
& 8 Algorithmiter Genode! Doc [“1s Abstract
% 8@ Equation Appearance
s Interface.
® @ AlgorithmStatement Advanced o

- 8 Modfications
8 Elementarg

& 8 Rededarekeywords
# @ Esch

4 8 Elementattrbutes
5 8 variabity

4 @ Drection

Bty

Figure 13: The translation of a MetaModelica constr  uct in Eclipse.

15 Modelica Meta-Model Constructs

15.1 Model Structure Definition

15.1.1 Program
public uniontype Program

“Programs, the top level construct. A program sy a list of class definitions declared at topellein the source file,
combined with a within statement that indicateshteearchical position of the program.”

record PROGRAM "PROGRAM, the top level construct "
list< Class > classes "List of classes" ;
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Within within_ "Within clause" ;
end PROGRAM;
end Program;

15.1.2 Within
public uniontype Within "Within Clauses"
//ISee Modelica specification 3Thapter 13.2.2.3 The within Clause.

record WITHIN "the within clause"
Path path "the path for within";
end WITHIN;

record TOP end TOP;

end Within;

15.1.3 Path
uniontype Path
"The type "Path\, on the other hand, is useddeseferences to class names, or names inside dddiitions."

record QUALIFIED
Ident name "name” ;
Path path "path” ;
end QUALIFIED;

record IDENT
Ident name "name" ;
end IDENT;

record FULLYQUALIFIED
"Used during instantiation for names that are fglhalified, i.e. the names are looked up from togpe directly like for
instance Modelica.Slunits.Voltage Note: Not creatadng parsing, only during instantation to spg@dimplify
lookup."

Path path;
end FULLYQUALIFIED;
end Path;

15.2 Class Definition

15.2.1  Class

public uniontype Class

"A class definition consists of a name, a flagndic¢ate if this class is declared as partial, thelated class restriction,
and the body of the declaration.”

See Modelica specification 3Qhapter 4.5 Class Declarations.

record CLASS
Ident name;
Boolean partialPrefix "true if partial” ;
Boolean finalPrefix  "true if final" ;
Boolean encapsulatedPrefix "true if encapsu lated" ;
Restriction restriction "Restriction" ;
ClassDef body;
end CLASS;
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end Class;

15.2.2  Restriction

uniontype Restriction

"These constructors each correspond to a diffédentof class declaration in Modelica, except s four, which are
used for the predefined types. The parser assagis @ass declaration one of the restrictions,thadictual class defini-
tion is checked for conformance during translatiime predefined types are created in the Builtidai® and are as-
signed special restrictions."

See Modelica specification 3Qhapter 4.6 Specialized Classes.

record R_CLASS end R_CLASS;

record R_MODEL end R_MODEL,;

record R_ RECORD end R_RECORD;

record R_BLOCK end R_BLOCK;

record R_CONNECTOR "connector class" end R_CONNE CTOR;
record R_EXP_CONNECTOR "expandable connector clas s"end R_EXP_CONNECTOR;
record R_TYPE end R_TYPE;

record R_PACKAGE end R_PACKAGE;

record R_FUNCTION end R_FUNCTION;

record R_ENUMERATION end R_ENUMERATION;

record R_PREDEFINED_INT end R_PREDEFINED_INT;

record R_PREDEFINED_REAL end R_PREDEFINED_REAL;

record R_PREDEFINED_STRING end R_PREDEFINED_STRIN G;
record R_PREDEFINED_BOOL end R_PREDEFINED_BOOL;

record R_PREDEFINED_ENUM end R_PREDEFINED_ENUM;

end Restriction;

15.2.3  ClassDef

public uniontype ClassDef

"The ClassDef type contains the definition paraafiass declaration. The definition is either esipliwith a list of parts
(public, protected, equation, and algorithm), as i& definition derived from another class or anreeration type. For a
derived type, the type contains the name of thiveleé class and an optional array dimension arist @f modifica-
tions."

See Modelica specification 3Qhapter 4.5 Class Declarations.

record PARTS
list< ClassPart > classParts;
Option<String> comment;

end PARTS;

record DERIVED
See Modelica specification 3Ghapter 4.5.1 Short Class Definitions.

TypeSpec typeSpec "typeSpec specification includes array dimensions"
ElementAttributes attributes;

list< ElementArg > arguments;
Option< Comment> comment;
end DERIVED;

record ENUMERATION

See Modelica specification 3Qhapter 4.8.5 Enumeration Types.
EnumDef enumLiterals;
Option< Comment> comment;
end ENUMERATION;
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record OVERLOAD
See Modelica specification 3Qhapter 14 Overloaded Operators.

list< Path >  functionNames;
Option< Comment> comment;
end OVERLOAD;

record CLASS_EXTENDS
See Modelica specification 3Ghapter 7.1 Inheritance—Extends Clause.

Ident baseClassName "name of class to extend" ;

list< ElementArg > modifications "modifications to be applied to th e base
class";

Option<String> comment "comment”;

list< ClassPart > parts "class parts";

end CLASS_EXTENDS;

record PDER
See Modelica specification 3Qhapter 4.5 Class Declarations.

Path functionName;
list<ldent> vars "derived variables" ;
end PDER;

end ClassDef;

15.2.4  TypeSpec
public uniontype TypeSpec
record TPATH
Path path;
Option< ArrayDim_> arrayDim;
end TPATH;

record TCOMPLEX
Path path;

list< TypeSpec > typeSpecs;
Option< ArrayDim_> arrayDim;
end TCOMPLEX;

end TypeSpec;

15.2.5 EnumDef

public uniontype EnumbDef
"The definition of an enumeration is either a tititerals or a colon, \":\', which defines a stppe of all enumerations”
See Modelica specification 3Qhapter 4.8.5 Enumeration Types.

record ENUMLITERALS

list< EnumLiteral > enumlLiterals;
end ENUMLITERALS;
record ENUM_COLON end ENUM_COLON;

end EnumDef;

15.2.6 EnumLiteral

public uniontype EnumlLiteral
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"EnumLiteral, which is a name in an enumeration anaptional Comment."
See Modelica specification 3Ghapter 4.8.5 Enumeration Types.

record ENUMLITERAL

Ident literal;

Option< Comment> comment;
end ENUMLITERAL;

end EnumlLiteral;

15.2.7  ClassPart

public uniontype ClassPart

"A class definition contains several parts. Thereemublic and protected component declarationg tgfinitions and
“extends\' clauses, collectively called elemeiftsere are also equation sections and algorithnosectThe EX-
TERNAL part is used only by functions which candezlared as external C or FORTRAN functions."

record PUBLIC
See Modelica specification 3Ghapter 4.1 Access Control — Public and ProtecteHlements.

list< Elementltem > contents;
end PUBLIC;

record PROTECTED
See Modelica specification 3Qhapter 4.1 Access Control — Public and Protectellements.

list<Elementltem > contents;
end PROTECTED;

record EQUATIONS
See Modelica specification 3Ghapter 8 Equations.

list< Equationltem > contents;
end EQUATIONS;

record INITIALEQUATIONS
See Modelica specification 3Qhapter 8.6 Initialization, initial equation, and initial algorithm.

list< Equationltem > contents;
end INITIALEQUATIONS;

record ALGORITHMS
See Modelica specification 3Qhapter 11 Statements and Algorithm Sections.

list< Algorithmltem > contents;
end ALGORITHMS;

record INITIALALGORITHMS
See Modelica specification 3Ghapter 8.6 Initialization, initial equation, and initial algorithm.

list< Algorithmltem > contents;
end INITIALALGORITHMS;

record EXTERNAL
See Modelica specification 3Qhapter 12.9 External Function Interface

ExternalDecl externalDecl "externalDecl" ;
Option< Annotation > annotation_ "annotation” ;
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end EXTERNAL;

end ClassPart;

15.2.8  ExternalDecl
public uniontype ExternalDecl

"Declaration of an external function call — Extdbecl"
See Modelica specification 3Ghapter 12.9 External Function Interface.

record EXTERNALDECL

Option<Ident> funcName "The name of the external function” ;

Option<String> lang "Language of the external function” ;

Option< ComponentRef > output_ "output parameter as return value" ;

list< Exp> args  "only positional arguments, i .e. expression
list";

Option< Annotation > annotation_;
end EXTERNALDECL,;

end ExternalDecl;

15.2.9 Elementltem
public uniontype Elementitem
"An element item is either an element or an animtat

record ELEMENTITEM
Element element;
end ELEMENTITEM,;

record ANNOTATIONITEM
Annotation annotation_;
end ANNOTATIONITEM,;

end Elementltem;

15.2.10 Element

public uniontype Element
"Elements: The basic element type in Modelica"

record ELEMENT

Boolean finalPrefix;
Option< RedeclareKeywords > redeclareKeywords "replaceable, redeclare” ;
InnerQuter innerQuter “inner/outer” ;
Ident name;
ElementSpec specification "Actual element specif ication" ;

Option< ConstrainClass > constrainClass "constrainClass ; only valid for
classdef and component" ;
end ELEMENT;

record DEFINEUNIT
Ident name;

list< NamedArg> args;
end DEFINEUNIT;

record TEXT

Option<ident> optName "optName : optional name of text, e.g. model with syn-
tax error. We need the name to be able to browse it L

SysML-Modelica Transformation Specification, v1.0 39



String string;
Info info;
end TEXT,;

end Element;

15.2.11 InnerOuter

public uniontype InnerOuter

"One of the keyword inner and outer CAN be givenetierence an inner or outer component. Thus ther¢hree dis-
joint possibilities."

See Modelica specification 3Qhapter 5.4 “Instance Hierarchy Name Lookup of Inn& Declarations” for explana-
tions of inner/outer.

record INNER end INNER,;

record OUTER end OUTER;

record INNEROUTER end INNEROUTER,;
record UNSPECIFIED end UNSPECIFIED;

end InnerOuter;

15.2.12 ComponentRef

uniontype ComponentRef
"A component reference is the fully or partiallyadiied name of a component. It is represented lest af identifier-
-subscript pairs. - Component references and paths"

record CREF_QUAL
Ident name "name" ;
list< Subscript > subScripts "subScripts" ;
ComponentRef componentRef "componentRef" ;
end CREF_QUAL;

record CREF_IDENT

Ident name "name" ;

list< Subscript > subscripts "subscripts" ;
end CREF_IDENT;

record WILD end WILD;

end ComponentRef;

15.2.13 Subscript

uniontype Subscript

"The Subscript uniontype is used both in array alations and component references. This might stemge, but it is
inherited from the grammar. The NOSUB construateans that the dimension size is undefined whed insa declar-
ation, and when it is used in a component referénoeans a slice of the whole dimension. - Supsgti

See Modelica specification 3ahapter 10.5 Array Indexing.

record NOSUB end NOSUB;
record SUBSCRIPT

Exp subScript "subScript" ;
end SUBSCRIPT;
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end Subscript;

15.2.14 ConstrainClass

public uniontype ConstrainClass
"Constraining type, must be extends".
See Modelica specification 3Qhapter 7.3.2 Constraining Type.

record CONSTRAINCLASS
ElementSpec elementSpec "elementSpec ; must be extends" ;
Option< Comment> comment "comment" ;
end CONSTRAINCLASS;

end ConstrainClass;

15.2.15 ElementSpec

public uniontype ElementSpec

"An element is something that occurs in a publipmtected section in a class definition. Thererie constructor in the
"ElementSpec\' type for each possible element fijpere are class definitions (CLASSDEF\), "ex@hdauses ("EX-
TENDSV) and component declarations (COMPONENT3\§ an example, if the element “extends TwoPappears in
the source, it is represented in the AST as "EXTENDENT(\"TwoPin\"),{})\'."

record CLASSDEF
Boolean replaceable_ "replaceable" ;
Class class_‘"class";
end CLASSDEF;

record EXTENDS
See Modelica specification 3Qhapter 7.1 Inheritance—Extends Clause.

Path path "path” ;
list< ElementArg > elementArg "elementArg" ;
Option< Annotation > annotationOpt "optional annotation”;
end EXTENDS;

record IMPORT
See Modelica specification 3Qhapter 13.2.1 Importing Definitions from a Package

Import _import_ "import" ;
Option< Comment> comment "comment" ;

end IMPORT;
record COMPONENTS
ElementAttributes attributes "attributes" ;
TypeSpec typeSpec "typeSpec” ;
list< Componentltem > components "components"” ;

end COMPONENTS;

end ElementSpec;

15.3 Import

public uniontype Import
"Import statements, different kinds"

/I A named import is a import statement to aatsie ex;

/I NAMED_IMPORT("SI",Absyn.QUALIFIED("Modelica",Asyn.IDENT ("Slunits")));
See Modelica specification 3Ghapter 13.2.1 Importing Definitions from a Package
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record NAMED_IMPORT
Ident name "name" ;
Path path "path” ;
end NAMED IMPORT;

record QUAL_IMPORT
Path path "path” ;
end QUAL_IMPORT;

record UNQUAL_IMPORT
Path path "path” ;
end UNQUAL_IMPORT;

end Import;
15.4 Annotation and Comments

15.4.1  Annotation

public uniontype Annotation

"An Annotation is a class_modification.- Annotation
See Modelica specification 3Ghapter 17 Annotations.

record ANNOTATION
list< ElementArg > elementArgs "elementArgs" ;
end ANNOTATION;

end Annotation;

1542 Comment
public uniontype Comment

See Modelica specification 3Qhapter 2.2 Comments.

record COMMENT
Option< Annotation > annotation_ "annotation” ;
Option<String> comment "comment" ;

end COMMENT;

end Comment;

15.5 Component Definition

155.1 Componentltem

public uniontype Componentltem

"Collection of component and an optional comment"

See Modelica specification 3Qhapter 4.4.1 Syntax and Examples of Component Dechtions.

record COMPONENTITEM
Component component "component"” ;
Option< ComponentCondition > condition "condition" ;
Option< Comment> comment "comment” ;
end COMPONENTITEM,;

end Componentltem;
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15.5.2  ComponentCondition
public type ComponentCondition = Exp
"A componentitem can have a condition that mudubféled if the component should be instantiated."

15.5.3 Component
public uniontype Component
"Some kind of Modelica entity (object or variable)"

record COMPONENT
Ident name "name" ;
ArrayDim__ arrayDim "arrayDim ; Array dimensions, if any" ;
Option< Modification > modification "modification ; Optional modificatio n";
end COMPONENT;

end Component;

15.5.4  ElementAttributes

public uniontype ElementAttributes

"Component attributes”

See Modelica specification 3ahapter 4.4.1 Syntax and Examples of Component Dechtions.

record ATTR
Boolean flowPrefix "flow" ;
Boolean streamPrefix "stream" ;
Variability variability "variability ; parameter, constant etc M
Direction direction "direction" ;
ArrayDim__ arrayDim "arrayDim" ;
end ATTR;

end ElementAttributes;

15.5.5  Variability
public uniontype Variability

See Modelica specification 3Qhapter 3.8 Variability of Expressions.

record VAR end VAR;

record DISCRETE end DISCRETE;
record PARAM end PARAM;
record CONST end CONST;

end Variability;

15.5.6  Direction
public uniontype Direction

See Modelica specification 3Qhapter 4.4.1 Syntax and Examples of Component Dechtions and4.4.2.2 Prefix
Rules.

record INPUT end INPUT;
record OUTPUT end OUTPUT;
record BIDIR end BIDIR;

end Direction;

15.5.7  ArrayDim
public type ArrayDim = list< Subscript >
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"Component attributes are properties of componehish are applied by type prefixes. As an examgéelaring a
component as “input Real x;\' will give the atttisi” ATTR({},false,VAR,INPUT)\'. Components in Moliga can be
scalar or arrays with one or more dimensions. e is used to indicate the dimensionality of mponent or a type
definition. Array dimensions" ;

15.6 Modifications and Redeclarations

15.6.1  Modification

public uniontype Modification

"Modifications are described by the "Modificatiotyppe. There are two forms of modifications: redeations and com-
ponent modifications. - Modifications"

See Modelica specification 3Qhapter 7.2 Modifications.

record CLASSMOD
list< ElementArg > elementArgLst;
Option< Exp> expOption;

end CLASSMOD;

end Modification;

15.6.2  ElementArg
public uniontype ElementArg

"Wrapper for things that modify elements, modifioas and redeclarations”

record MODIFICATION
See Modelica specification 3Ghapter 7.2 Modifications.

Boolean finalltem “finalltem" ;

Each each_"each";

ComponentRef componentRef "componentRef" ;
Option< Modification > modification "modification” ;
Option<String> comment "comment" ;

end MODIFICATION;

record REDECLARATION
See Modelica specification 3Qhapter 7.3 Redeclaration.

Boolean finalltem "finalltem" ;
RedeclareKeywords  redeclareKeywords "redeclare or replaceable " ;
Each each_"each";
ElementSpec elementSpec "elementSpec" ;
Option< ConstrainClass > constrainClass "class definition or declaration” ;
end REDECLARATION;

end ElementArg;

15.6.3  RedeclareKeywords

public uniontype RedeclareKeywords

"The keywords redeclare and replacable can be givéwee different kombinations, each one by thelfree the both
combined."

See Modelica specification 3Qhapter 7.3 Redeclaration.

record REDECLARE end REDECLARE;
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record REPLACEABLE end REPLACEABLE;
record REDECLARE_REPLACEABLE end REDECLARE_REPLACEABLE;

end RedeclareKeywords;

15.6.4  Each
public uniontype Each

"The each keyword can be present in both MODIFIG2Wl's and REDECLARATION\'s. - Each attribute”
See Modelica specification 3Qhapter 7.2.5 Modifiers for Array Elements.

record EACH end EACH,;
record NON_EACH end NON_EACH,;

end Each;

15.7 Behavior

15.7.1  Equationltem

public uniontype Equationltem

"Several component declarations can be groupedtegi one "ElementSpec\' by writing them on thes line in the
source. This type contains the information spetifione component.”

See Modelica specification 3Qhapter 8 “Equations”.

record EQUATIONITEM
Equation _equation_ "equation" ;
Option< Comment> comment "comment" ;
end EQUATIONITEM;

record EQUATIONITEMANN
Annotation __ annotation_ "annotation” ;
end EQUATIONITEMANN;

end Equationltem;

15.7.2  Algorithmltem

public uniontype Algorithmitem
"Info specific for an algorithm item."
See Modelica specification 3Qhapter 11 “Statements and Algorithm Sections”.

record ALGORITHMITEM
Algorithm _ algorithm_ "algorithm" ;
Option< Comment> comment "comment" ;
end ALGORITHMITEM,;

record ALGORITHMITEMANN
Annotation __ annotation_ "annotation” ;
end ALGORITHMITEMANN;

end Algorithmltem;

15.7.3  Equation

public uniontype Equation
"Information on one (kind) of equation, differemtristructors for different kinds of equations"
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See Modelica specification 3Ghapter 8 “Equations”.

record EQ_IF
Exp ifExp "ifExp ; Conditional expression” ;
list< Equationltem > equationTrueltems "equationTrueltems ; true branc h";
list<tuple< Exp, list< Equationltem  >>> elselfBranches "elselfBranches" ;
list< Equationltem > equationElseltems "equationElseltems Standard 2-s ide
egn”;
end EQ_IF;

record EQ_EQUALS

Exp leftSide "leftSide" ;

Exp rightSide "rightSide Connect stmt" ;
end EQ_EQUALS;

record EQ_CONNECT
ComponentRef connectorl "connectorl” ;
ComponentRef connector2 "connector2" ;
end EQ_CONNECT;

record EQ_FOR
Forlterators iterators;
list< Equationltem > forEquations "forEquations" ;
end EQ_FOR;

record EQ_ WHEN_E
Exp whenExp "whenExp" ;
list< Equationltem > whenEquations "whenEquations" ;
list<tuple< Exp, list< Equationltem _ >>> elseWhenEquations "elseWhenEquations" ;
end EQ_WHEN_E;

record EQ_NORETCALL

ComponentRef functionName "functionName" ;

FunctionArgs  functionArgs "functionArgs; fcalls without return value" ;
end EQ_NORETCALL;

record EQ_FAILURE

Equationltem _ equi;
end EQ_FAILURE;

end Equation;

15.7.4  Algorithm

public uniontype Algorithm
"The Algorithm type describes one algorithm statetie an algorithm section. It does not descrilvéhale algorithm.

The reason this type is named like this is thattome of the grammar rule for algorithm statementalgorithm\'.
See Modelica specification 3Qhapter 11 “Statements and Algorithm Sections”.

record ALG_ASSIGN
Exp assignComponent "assignComponent" ;
Exp value "value";

end ALG_ASSIGN;

record ALG_IF
Exp ifExp "ifExp" ;
list< Algorithmltem > trueBranch "trueBranch" ;
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list<tuple< Exp, list< Algorithmitem  >>> elselfAlgorithmBranch "elselfAl-
gorithmBranch" ;

list< Algorithmltem > elseBranch "elseBranch" ;
end ALG_IF;
record ALG_FOR
Forlterators iterators;
list< Algorithmitem > forBody "forBody" ;
end ALG_FOR,;

record ALG_WHILE
Exp boolExpr "boolExpr" ;
list< Algorithmltem > whileBody "whileBody" ;
end ALG_WHILE;

record ALG_ WHEN_A
Exp boolExpr "boolExpr" ;
list< Algorithmitem > whenBody "whenBody" ;
list<tuple< Exp, list< Algorithmitem  >>> elseWhenAlgorithmBranch "elseWhenAl-
gorithmBranch" ;
end ALG_WHEN_A;

record ALG_NORETCALL
ComponentRef functionCall "functionCall" ;
FunctionArgs  functionArgs "functionArgs; general fcalls without return value"

end ALG_NORETCALL;

record ALG_RETURN
end ALG_RETURN;

record ALG_BREAK
end ALG_BREAK;

end Algorithm;
15.8 Expressions

15.8.1 Exp
public uniontype Exp

"The Exp uniontype is the container of a Modeligpression. - Expressions”
See Modelica specification 3Ghapter 3 Operators and Expressions.

record INTEGER
Integer value;
end INTEGER;

record REAL
Real value;
end REAL;

record CREF
ComponentRef componentRef;
end CREF;

record STRING
String value;
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end STRING;

record BOOL
Boolean value;
end BOOL;

record BINARY
"Binary operations, e.g. a*b"
Exp expl;
Operator __ op;
Exp exp2;
end BINARY;

record UNARY
"Unary operations, e.g. -(x)"
Operator _op "op";
Exp exp "exp Logical binary operations: and, or" ;
end UNARY;

record LBINARY
Exp expl "expl";
Operator _op "op";
Exp exp2 ;

end LBINARY;

record LUNARY
"Logical unary operations: not"
Operator _op "op";
Exp exp "exp Relations, e.g. a >=0";
end LUNARY;

record RELATION
Exp expl "expl";
Operator _op "op";
Exp exp2 ;

end RELATION;

record IFEXP
Exp ifExp "ifExp" ;
Exp trueBranch "trueBranch" ;
Exp elseBranch "elseBranch" ;
list<tuple< Exp, Exp>> elselfBranch "elselfBranch Function calls" ;
end IFEXP;

record CALL
ComponentRef function_ "function” ;

FunctionArgs __ functionArgs ;
end CALL;

record PARTEVALFUNCTION "Partially evaluated func tion"
ComponentRef function_ "function" ;

FunctionArgs  functionArgs ;
end PARTEVALFUNCTION;

record ARRAY "Array construction using {, }, or array"
list< Exp> arrayExp ;
end ARRAY;
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record MATRIX "Matrix construction using {, } "

list<list< Exp>> matrix ;
end MATRIX;
record RANGE "Range expressions, e.g. 1:10 or 1: 0.5:10"

Exp start "start"
Option< Exp> step "step" ;
Exp stop "stop";
end RANGE;

record TUPLE " Tuples used in function calls retu rning several values"
list< Exp> expressions "comma-separated expressions" ;
end TUPLE;

record END "array access operator for last elemen t, e.g. a{end}:=1;"
end END;

end Exp;

15.8.2  FunctionArgs

uniontype FunctionArgs

"The FunctionArgs uniontype consists of a list ofional arguments followed by a list of nameduangnts (Modelica
v2.0)"

See Modelica specification 3Qhapter 12.4 Function Call.

record FUNCTIONARGS

list< Exp> args "args" ;

list< NamedArg> argNames "argNames" ;
end FUNCTIONARGS;

record FOR_ITER_FARG
Exp exp "iterator expression";
Forlterators iterators;

end FOR_ITER_FARG;

end FunctionArgs;

15.8.3 Forlterator

public type Forlterator = tuple<ldent, Option< Exp>>

See Modelica specification 3Ghapter 11.2.2 For-statemenandChapter 8.3.2 For-Equations — Repetitive Equa-
tion Structures.

"For Iterator -
these are used in:
* for loops where the expression part can be [EQ@iNd then the range
is taken from an array variable that the tmrés used to index,
see 3.3.3.2 Several Iterators from Modelicac8jzation.
*in array iterators where the expression shallchys be SOME(Exp),
see 3.4.4.2 Array constructor with iteratoosr Specification";

1584 Forlterators
public type Forlterators = list<Forlterator>
"For Iterators -
these are used in:
* for loops where the expression part can be [R@iNd then the range

SysML-Modelica Transformation Specification, v1.0 49



is taken from an array variable that the tmrés used to index,
see 3.3.3.2 Several Iterators from Modelicac8jzation.

* in array iterators where the expression shallchys be SOME(Exp),
see 3.4.4.2 Array constructor with iterataosr Specification";

15.8.5 NamedArg
uniontype NamedArg

"The NamedArg uniontype consist of an Identifier tee argument and an expression giving the valtleeoargument

record NAMEDARG
Ident argName "argName" ;
Exp argValue "argValue" ;
end NAMEDARG;

end NamedArg;

15.8.6 Operator

uniontype Operator

"Expression operators"

See Modelica specification 3Ghapter 3 Operators and Expressions.

[* arithmetic operators */

record ADD "addition" en d ADD;

record SUB "subtraction” en d SUB;

record MUL "multiplication” en d MUL;

record DIV "division" en d DIv;

record POW "power" en d POW;
record UPLUS  "unary plus" en d UPLUS;
record UMINUS "unary minus" en d UMINUS;

[* element-wise arithmetic operators */

record ADD_EW "element-wise addition” en d ADD_EW;,
record SUB_EW "element-wise subtraction" en d SUB_EW;
record MUL_EW "element-wise multiplication" en d MUL_EW;
record DIV_EW "element-wise division" en d DIV_EW;
record POW_EW "element-wise power" en d POW_EW,
record UPLUS_EW "element-wise unary minus" en d UPLUS_EW;
record UMINUS_EW "element-wise unary plus" en d UMINUS_EW;
/* logical operators */

record AND "logical and" en d AND;

record OR "logical or" en d OR;

record NOT "logical not" en d NOT;

[* relational operators */

record LESS  "less than" en d LESS;
record LESSEQ "less than or equal” en d LESSEQ;
record GREATER "greater than" en d GREATER;
record GREATEREQ "greater than or equal” en d GREATEREQ;
record EQUAL  "relational equal” en d EQUAL;
record NEQUAL relational not equal” en d NEQUAL,;

end Operator;
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Part IV - Transformation

This part of the document defines the mapping betvibe SysML4Modelica profile defined in Part lidathe Modelica
abstract syntax defined in Part lll. The mappmitables relating elements in the SysML4Modeticafile to ele-
ments of the Modelica abstract syntax as well @@\ff. The QVT code is included in Annexe C; itlumbes explicit
references to each of the mapping rule numbersded in the tables.

Each mapping table may consist of 4 sections:

1. Ageneral statement describing which elemertténSysML profile is being mapped to which elemdrthe
Modelica abstract syntax.

2. ARequired section describing the required conditions neggdsamake the transformation valid
3. AConditional section describing possible links between attebutased on conditional expressions

4. AnAttributes section describing the mapping between any additiattributes

16 Class Definition

16.1 «modelicaClassDefinition»

SysML4Modelica Modefica Attributes
Abstract Syntax Concrete Syntax
16.1.1: Classes::ModelicaClassDefinition Absyn.Claksss N/A See Below
Specializations:
16.1.2: Classes::ModelicaClass Absyn.Class.Class sClas See Section 9.2
16.1.3: Classes::ModelicaModel Absyn.Class.Class Mode See Section 9.3
16.1.4: Classes::ModelicaRecord Absyn.Class.Class oridec See Section 9.4
16.1.5: Classes::ModelicaBlock Absyn.Class.Class Bloc See Section 9.5
16.1.6: Classes::ModelicaConnector Absyn.Class.Class  Connector See Section 9.6
16.1.7: Classes::ModelicaType Absyn.Class.Class Type ee S®ction 9.7
16.1.8: Classes::ModelicaPackage Absyn.Class.Class ckagea See Section 9.8
16.1.9: Classes::ModelicaFunction Absyn.Class.Class uncfon See Section 9.9
SysML4Modelica Modelica
16.1.10: Classes::ModelicaClassDefinition mapsto yAbSlass.Class
Attributes:

16.1.:11 IsFinal always « finalPrefix

maps to
16.1.12: IsModelicaEncapsulated always e encapsulatedPrefix

maps to
16.1.13: IsAbstract always e PartialPrefix

maps to
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16.2 «modelicaClass»

SysML4Modelica Modelica
16.2.1: Classes::ModelicaClass mapsto  Absyn.ClaassCl
Required:
16.2.2: ‘ e restrictionequal toRestriction.R_Class

16.2.3: Attributes same as SysML4Modelica::ClasModelicaClassDefinition

16.3 «modelicaModel»

SysML4Modelica Modelica
16.3.1: Classes::ModelicaModel mapsto  Absyn.Class<l
Required:
16.3.2: ‘ » restrictionequal to Restriction.R_Model

16.3.3: Attributes same as SysML4Modelica::ClasModelicaClassDefinition

16.4 «modelicaRecord»

SysML4Modelica Modelica
16.4.1: Classes::ModelicaRecord mapsto  Absyn.ClésssC
Required:
16.4.2: ‘ e restrictionequal to Restriction.R_Record

16.4.3: Attributes same as SysML4Modelica::ClassodelicaClassDefinition

16.5 «modelicaBlock»

SysML4Modelica Modelica
16.5.1: Classes::ModelicaBlock mapsto  Absyn.Class<l
Required:
16.5.2: » restrictionequal to Restriction.R_Block

16.5.3: Attributes same as SysML4Modelica::ClasbodelicaClassDefinition

16.6 «modelicaConnector»

SysML4Modelica Modelica
16.6.1: Classes::ModelicaConnector maps to  AbsynsQldass
Conditional:
16.6.2: IsExpandable equal to false maps to e remieual to
Restriction.R_CONNECTOR
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16.6.3: IsExpandable equal to true

maps To

e reginigqual to Restriction.
R_EXP_CONNECTOR

16.6.4: Attributes same as SysML4Modelica::ClasktxielicaClassDefinition

16.7 «modelicaType»

SysML4Modelica

Modelica

16.7.1: Classes::ModelicaType

maps tp

Absyn.ClassCla

Required:

16.7.2:

e restrictionequal to Restriction.R_Type

16.7.3: Attributes same as SysML4Modelica::ClasModelicaClassDefinition

16.8 «modelicaPackage»

SysML4Modelica

Modelica

16.8.1: Classes::ModelicaPackage

maps to

Absyn.Class

Required:

16.8.2:

» restrictionequal to Restriction.R_Package

16.8.3: Attributes same as SysML4Modelica::ClassodelicaClassDefinition

16.9 «modelicaFunction»

SysML4Modelica

Modelica

16.9.1: Classes::ModelicaFunction maps to  Absyn.GTdass
Required:
16.9.2: e restrictionequal to Restriction.R_Function
Conditional:
16.9.3: language = “C” or “FORTRAN" « Type of Class.bodyequal to ClassDef.PARTS
* Type of Class.blody.classPartgjual to
ClassPart. EXTERNAL
« Type of Class.body.classParts.externalDecl
equal to ExternalDecl. EXTERNALDECL
16.9.4: language e Class.body.classParts.externalDecl.lang
16.9.5: name e Class.body.classParts.externalDecl.func
Attributes:
16.9.6: scope always e Type ofinnerOuter
maps to
16.9.7: externalLibrary parsed tq e Class.body.®asss.externalDecl
.annotation with
Library={externalLibrary...}
16.9.8: externallnclude parsed to * Class.body.Plads.externalDecl
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.annotation with Include =
{externalinclude ...}

16.10 «modelicaExtends»

There are multiple representations for éxéends clause within the Modelica abstract syntax. Onlg ofthe possible
mappings is addressed here, the one that mostyclesembles the SysML4Modelica definition.

SysML4Modelica Modelica
16.10.1: Classes::ModelicaExtends mapsto ClassD&SS. EXTENDS
Required:
16.10.2: Specific maps to e Clasdth property Class.bodyequal to
ClassDef.CLASS _EXTENDS
16.10.3: General maps to e ClassDef.Class_EXTENDSQlassName
Attributes:
16.10.4: modification parsed to e ClassDef.CLASS EXDS.modifications
16.10.5: visibility parsed to ¢ ClassDef.CLASS EXTES.modifications
16.10.6: arraySize parsed tg » ClassDef.CLASS EXTENbdifications
16.11 «modelicaDer»
SysML4Modelica Modelica
16.8.1: Classes::ModelicaDer mapsto  Absyn.ClasssClas
Required:
16.8.2: » Type ofbodyequal toClassDef.PDER
Attributes:
16.8.3: name maps to *  body.PDER.functionName
16.8.4: variables maps to ¢ body.PDER.vars
16.12 «modelicaConstrainedBy»
SysML4Modelica Modelica
16.12.1: Classes::ModelicaConstrainedBy maps to Cain§llass. CONSTRAINCLASS.
Required:
16.12.2: * Referenced by ElementArg.REDECLAR-
ATION.constrainClass
16.12.2: e Type of CONSTRAINCLASS.element-
Specequal to ElementSpec.CLASSDEF
Attributes:
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16.12.3: client always maps to e CONSTRAINCLASS.eletBpec.class

16.12.4: modification parsed to » ElementArg.REDECLAR®@N.re-
declareKeywords

17 Predefined Types

17.1 Overview

The following primitive types are available in thtodelica language: Real Type, Integer Type, BoolBgre, String
Type, Enumeration Types, StateSelect, External®bj@@aphical Annotation Types. These primitive typee defined as
predefined types in SysML4Modelica::BasicTypesthdugh these types have direct counterparts in Sysihéy are
defined again to account for the additional attiéisuassociated with them in Modelica.

SysML4Modelica Modelica
BasicTypes Predefined Type
17.1.1: ModelicaReal Real
17.1.2: Modelicalnteger Integer
17.1.3: ModelicaBoolean Boolean
17.1.4: ModelicaString String
17.1.5: ModelicaEnumeration Enumeration
17.1.6: ModelicaStateSelect StateSelect
17.1.7: ModelicaExternalObject ExternalObject
17.1.8: ModelicaAnnotation Annotation
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18

18.1 Overview

Component Declarations

SysML4Modelica

Modelica Attributes

18.1.1: Component::ModelicaPart

Absyn.Element.Eléamen | See Section 18.2

18.1.2: Component::ModelicaPort

Absyn.Element.Eleimen | See Section 18.3

18.1.3: Component::ModelicaValueProperty

Absyn.Elettdement See Section 18.

18.1.4: Component::ModelicaFunctionParameter

AbdgmEnt.Element

18.2 «modelicaPart»
SysML4Modelica Modelica
18.2.1: Component::ModelicaPart maps fo Absyn.Elerfdgrent
Required:
18.2.2: Type of specificationequal to ElementSpec.COM-
PONENTS
18.2.3: Absyn.Class.Clas®ferenced byspecification.-
typeSpec has Restricti@yual to R_Blockor
R_Clasor R_Model
18.2.4: Type of specification.componentxjual to Compon-
entltemCOMPONENTITEM
18.2.5: Type of specification.components.componequal
to Component. COMPONENT
Attributes:
18.2.6: name always name
maps to specification.components.component.name
18.2.7: scope always Type ofinnerOuter
maps to
18.2.8: conditionalExpression alwaysg specification.components.condition
maps to
18.2.9: modification always specification.components.component.modification
maps to
18.2.10: isFinal always finalPrefix
maps to
18.2.11: isReplaceable alwaysg redeclareKeywords
maps to
18.2.12: arraySize always specification.components.component.arrayDim
maps to
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18.3 «modelicaPort»

SysML4Modelica Modelica
18.3.1: Component::ModelicaPort maps to Absyn.Eleridement
Required:
18.3.2: Type of specificatiorequal to ElementSpec.COM-
PONENTS
18.3.3: Absyn.Class.Clas®ferenced byspecification.-
typeSpec has restricti@gual to R_Connector
18.3.4: Type of specification.componenejual to Compon-
entltemCOMPONENTITEM
18.3.5: Type of specification.components.component equal
Component. COMPONENT
Attributes:
18.3.6: name always name
maps to specification.components.component.name
18.3.7: causality always Type of specification.attributes.direction
maps to
18.3.8: conditionalExpression always specification.components.condition
maps to
18.3.9: modification always specification.components.component.modification
maps to
18.3.10: isFinal always finalPrefix
maps to
18.3.11: isReplaceable always redeclareKeywords
maps to
18.3.12: arraySize always specification.attributes.arrayDim
maps to

18.4 «modelicaValueProperty»

SysML4Modelica

Modelica

18.4.1: Component::ModelicaValue- | maps to Absyn.Element.Element
Property
Required:
18.4.2: Type of specificatiorequal to ElementSpec.COM-
PONENTS
18.4.3: Absyn.Class.Clas®ferenced byspecification.-
typeSpec has restrictiagual toR_Typeor R_Record
Type of specification.componenegjual to Compon-
18.4.4: entltemCOMPONENTITEM
Type of specification.components.componequal to
18.4.5: Component. COMPONENT
Type of specification.attributesqual to
18.4.6: ElementAttributes. ATTR
Attributes:
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18.4.7: name always * name
maps to « specification.components.component.name

18.4.8: visibility *  Type of ClassParbf owning Absyn.Class.Class

18.4.9: causality always «  Type of specification.components.component.attrib-
maps to utes.direction

18.4.10: variability always « Type of specification.components.component.attrib-
maps to utes.variability

18.4.11: flowFlag always * specification.components.component.attributes flow
maps to Prefix

18.4.12: scope always e Type ofinnerOuter
maps to

18.4.13: conditionalExpression always * specification.components.condition
maps to

18.4.14: modification always *  specification.components.component.modification
maps to

18.4.15: isReplaceable always « redeclareKeywords
maps to

18.4.16: declarationEquation always * redeclareKeywords
maps to

18.4.17: isFinal always « finalPrefix
maps to

18.4.18: arraySize always e specification.components.component.arrayDim
maps to

18.5 «modelicaFunctionParameter»
SysML4Modelica Modelica
18.5.1: Component::ModelicaFunction- maps to Absyn.Element.Element
Parameter
Required:
18.5.2: * Type of specificatiorequal to ElementSpec.COM-
PONENTS
18.5.3: e Absyn.Class.Clas®ferenced byspecification.-
typeSpec has restrictiamqual toR_Type or R_Record
e Component ofAbsyn.Class.Classith restriction
18.5.4: equal toR_Function
* Type of specification.componenegjual to Compon-
18.5.5: entltemCOMPONENTITEM
»  Type of specification.components.componenual to
18.5.6: Component. COMPONENT
«  Type of specification.attributesqual to
18.5.7: ElementAttributes. ATTR
Attributes:
18.5.8: name always e name
maps to * specification.components.component.name
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18.5.9: causality always Type of specification.attributes.direction
maps to

18.4.10: variability always Type of specification.attributes.variability
maps to

18.5.11: isFinal always finalPrefix
maps to

18.5.12: modification always specification.components.component.modification
maps to

18.5.13: isReplaceable parsed to ¢ redeclareKeywords

18.5.14: declarationEquation parsed to * redeclarelbegsv

18.5.15: arraySize always specification.attributes.arrayDim
maps to

19

19.1 Overview

Equation and Algorithm Sections

SysML4Modelica

Modelica

Abstract Syntax Attributes

19.1.1: Equations and Algorithms::ModelicaEquat

on bsyn.Equationltem.EQUATIONITEM

See Section 19.2

tion

19.1.2: Equations and Algorithms::ModelicaConne

lc-

Absyn.Equation.EQ_CONNECT

See Section 1

0.3

19.1.3: Equations and Algorithms::ModelicaAl-
gorithm

Absyn.Equationltem.ALGORITHMITEM

See Section 19,

4

19.2 «modelicaEquation»

SysML4Modelica

Modelica

19.2.1: Equations and Algorithms::ModelicaEquation apsito

Absyn.Equationltem.EQUATIONITEM

Required:

19.2.2: specification.body

‘ parsed ﬂo .

equation

Conditionals:

19.2.3: If isInitialequal tofalse

« EQUATIONITEMcontained in record
typed to ClassPart. EQUATIONS

19.2.4: If isInitialequal totrue

e EQUATIONITEM contained in record
typed to ClassPart.INITIALEQUATIONS

19.3 «modelicaAlgorithm»

SysML4Modelica

Modelica

19.3.1: Equations and Algorithms::ModelicaAl-

maps t

Absyn.Algorithmltem.ALGORITHMITEM
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gorithm

Required:
19.3.2: constraint.specification parsed to » algorithm
Conditionals:
19.3.3: If IsInitialequal tofalse e ALGORITHMITEM contained in record
typed to ClassPart. ALGORITHMS
19.3.4: If IsInitialequal totrue e ALGORITHMITEM contained in record
typed to ClassPart.INITIALAL-
GORITHMS
19.4 «modelicaConnection»
SysML4Modelica Modelica
Equations and Algorithms::ModelicaConnection maps to Absyn.Equation.EQ_CONNECTOR
Required:
e ConnectorEndA.Role maps to e connectorl
» ConnectorEndB.Role maps to e connector2
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Part V - Anhnexes

20 Annex A — Examples

20.1 A Car Suspension Model

The following example is intended to illustrate t@cepts of how the transformation approach causkd to
provide a context for the normative specificatiorPart Il of this specification. Consider the desbf a car suspen-
sion. As illustrated in Figure 14, the suspensian loe described in the context of a car using erigitive SysML
model, expressed in a BDD and corresponding IBD.

bdd [Package] Structure [ CarStructure U
whlocks
E= ibd [Block] Car[ C
7 ibd [Block] Car[ Car ]
+mass : Mass
suspension : Suspension
oy /-suspensk susp2body : BodyConnection
whlocks whlocks
Body Suspension
valkwmes vakms
+mass : kgfunit = Kilogram} +gtiffness : Stiffness
+mass : Mass
body : Body
-hody2susp -susp2hody
hlocks shlocks body2susp : SuspensionFlange
SuspensionFlange BodyConnection

Figure 14: SysML descriptive model of a car suspens  ion visualized as a BDD and IBD

Assume now that one needs to evaluate the dyn@sionse of the suspension by simulating the cardpdsi-
tion as a function of time. A possible continuoysamics model for such a simulation models the sasion as a
linear spring and the car body as a point mass fMloidel is illustrated in Figure 15 in both Modaland in the
SysML4Modelica profile which represents the cormesting Modelica constructs. By stereotyping Sysblts
and connectors, the semantics of Kirchhoff’s laagehbeen introduced into SysML.



ibd [Modelicabodel] OscillstorModel [ Oscillatorhodel ]J

fixed1

mocelicaPart:
fixedimodel : Fixed
1
==t
flange : Flange
smodelicaPort:

amodelicaConnection:

amodelicaPort:
flange_kb : Flange
]

«modelicaPart:
springimodel : Spring

]
=]
flange_a : Flange
amodelicaPort:

spring1 E

amodelicaConnection:

amodelicaPort:
flange_b : Flange
1

I amodelicaPart:
massimodel : Mass

1
=

flange_a : Flange
amodelicaPorts

mass
1

Figure 15: Mass-Spring model for a car suspension, in Modelica (left) and SysML4Modelica (right).

The SysML parts are stereotyped as «modelicaRag»;.mass1model, springlmodel, fixedlmodel), toates-
pond to usages of models from the Modelica Stantéméry. For instance, as illustrated in Figure tt& library
Modelica.Mechanics.Translational. Components inchudifinitions of continuous dynamics models forpaii®)
and a Mass. Note that one could apply stereotyp8ys$ML that include icons equivalent to the eleradom the

Modelica library so that the SysML4Modelica reprasgion in Figure 4 could be almost identical te Modelica
representation on the left.



bdd [ModelicaPackage] Components [ ModelOverview ])

emodelicaPaorts emaodelicaPorts

flange_a : Flange, —flange_b: Flange
=0 (]

smodelicatadel:
PartialCompliiant
(ModelicaStandardLibrary Modelica Mechanics Translational Interfaces)
{z_rel = flange_b s - flange_a s,
flange_b.f =f;
flange_a.f=-f;}

vakes
emodelica®/aluePropertyss_rel ; Distance
amodelica®/alueProperty=f : Force

amodelicaParts

smadelicaPorts T«modelicaEnends» !
— flange_b: Flange
|-

flange_a : Flange—
L_|

emaodelicatdodels
Spring
[MadelicaStandardLibrary Modelica Mechanics . Translational Componerts)
{f=c*z_rel-=_rell)}

vakes
emocelica/aluePropertyzc ; TranslationalSpringConstant{medification = "final min=0", "start = 1", variability = parameter }
emodelical/alusPropertyss_rell : Distance{variabilty = parameter}

emaodelicaPaorts amodelicaPorts
—flange_b : Flange

flange_a : Flange
=N L]

emodelicatlodels
PartiziRigid
(ModelicaStandardLibrary Modelica Mechanics Translational Interfaces)
{flange_as=5-Li2;
flange_bs=s+Li2}

vakes
emodelica’/alueProperty=s : Posttion
emodelica®/aluePropertysL : Length{variabilty = parameter }

amodelicabxdgnos:
{modification = "L=0", "s(start=0, jtateSelect=stateSelect)'}

smodelicaPorts emodelicaPorts
flange_a ; Flange — flange_b : Flange
el (1

gmodelicabiodels

Mass
(ModelicaStandardLibrary Modelica Mechanics. Translationsl Componerts)
{v = der(s);
a=derv],
m*a = flange_a.f + flange_h.f;}
vakes

emodelica/alueProperty=m ; Mass{variabilty = parameter}
amodelical/alusProperty=a: Acceleration

emodelicaValueProperty=v : Velocty

emodelicaV/alueProperty=stateSelect : ModelicaStateSelect{variabilty = parameter}

Figure 16: Continuous dynamics models for Mass and Spring defined in the Modelica Standard Library.

In Figure 15, the usages of these models, steredtgp «modelicaPart» are connected to each otlegintkmodel-
icaPort» by «modelicaConnection». These connectiany the semantics of Kirchhoff’s Laws (in thisaenple—
or, more generally, the same semantics as an dgoivdodelica connection). These semantics can &dermore

explicit by using a Parametric Constraint (Figurg. 1



par [Block] Mass [ Mass ]

zhlocks L:m
flange_a : Flange
f:H s:m
= v : Derivative x1: Real x2: Real

{der_x = der(x)} %11 Real %2 Real |—| |—|
’_—_l - sum2 : Sum
o {Bum=x1+x2}

der_x| Real sum : Sum
{=um=x+x2} J
sum : Real
sum : Real

f: Faorce

( ST «hlocks
5_w1 : Derivative flange_b : Flange

fder_x = der(a) newton : HewtonsLaw

imta =1} s:m
e |

der_x|. Real . - I:H
@ Acceleration m: Mass ]

Figure 17: Mass model as it could be represented in a Parametric Diagram.

But, as one can see by comparing Figure 17 andd-ithi this comes at a cost of a much larger asgirleadable
diagram. Similarly, one could have representednteenal equations of the Mass model in a ParamBliagram, as
is illustrated in Figure 18, but again, the morpleit semantics come at a cost of increased coxitgld-or this
reason, only Blocks and Internal Block Diagramsfarther used in the SysML4Modelica profile, bu¢ tharamet-
rics still provides the underlying metamodel foptaing the detailed equations. This complexity often be ab-
stracted and made not visible to the modeler.

par [Block] Cscillatorhodel [ Oscillatoriodel ])

fixedimodel : Fizxed massimodel : Mass
flange : Flange flange_b : Flange
s:m f:H
| s:m | ‘ f:H |
v1: Real il Resl 1 Resl { sl
node : KirchhoffsLaws node? : KirchhoffsLaws
{it+i2=0, {i1+i2=0,
wl=v2} wi=v2}
w2 ! Real i2:Real w2:Real i2: Real

springimodel : Spring

=

flange_b : Flange nge_a: Flangp
|

‘s:me:N‘ ‘s:me:N‘

Figure 18: Mass-Spring model as represented in a Pa  rametric Diagram.

Finally, it is worth illustrating how the SysML4Metica continuous dynamics model in Figure 15 ralébethe
SysML descriptive model in Figure 14. Since both descriptive and the continuous dynamics modelsiaws of
the same system, they cannot be independent ofatgheh Changes to the descriptive model are likekequire
corresponding changes to the continuous dynamickehand vice versa. Such dependencies can be ndoideda



analysis context — the context in which the analysodel (i.e., the continuous dynamic analysi$is tase) is
defined.

The analysis context is illustrated in Figure X®dtablishes the dependencies between the désenippdel com-
ponents and their corresponding analysis modeladdiition, the detailed bindings between the dptes and ana-
lysis properties are defined in the Parametric Eagillustrated in Figure 20.

bdd [Block] CarDynamicsContext [ AnalysisConte:xt ])
«hlocks emodelicabiodels
CarDynamics Context _ozcd model OscillatorModel
vales =
testRigPosition : Real amodelicaParts
fixedimodel : Fixed
{modification = "s0=1"}
-car
whlocks
i P amodelicaParts
wallocates " « Sori
suspension: Sugpension @ | — — — — — — — = springimodel : Spring
{modification = "c=10000", "s_rel0=2"}
. = wallocates —L’_‘_!
| susp2body : BodyConnection ' - — — = == — — = flange_a - Flange
smodelicaParts
i e smodelicaPort:
flange_b : Flange
body : Body Ixalloc:ate»
i _ _ _ 1 smodelicaPart:
body2susp : Susp ionFlange | zallocates massimodel : Mass
_______ {madification = "m=1", "s{start=-0.5)", "L=1"}

Figure 19: The Block Definition Diagram for the Ana  lysis Context of the continuous dynamics analysis.

par [Block] CarDynamicsContext [ CarDynamicsContext ]J

oscimodel ; OscillatorModel

wmodelicaParts
fixedimodel : Fixed

clc «modelicat'aluePropertys
testRigPosition : Real =0 : Length

wmodelicaParts
springimodel : Spring

~ " car:car
car @ Car smodelicavalueProperty:

=_reld : Distance

suspension : Suspension

cih wmodelicaialuePropertys:
¢ : TranslationalSpringConstant

stiffness : Stiffness
|

|

|

|

|

|

| wmodelicaParts
| masgsimodel : Mass
|

|

|

|

|

|

«modelicaialuePropertys
L : Length

gmodelica‘'aluePropertys
m: Mass

Figure 20: The Parametric Diagram for the Analysis Context of the continuous dynamics analysis; the pr oper-
ties of the descriptive model are bound to the corr esponding properties in the analysis model.

For very simple problems, one could consider combithe descriptive and analysis views into one ahoelg.,
suspension and springlmodel would be combinedongocomponent that includes both the descriptiopgnties
and the analysis constraints/equations. Howevetafger problems in which more than one analysisjpective
needs to be considered (e.g., mechanical, elel¢trimatrols, manufacturing, different levels of abstion, etc.),
combining all such analyses into one model wouldiffecult to manage. One would likely encounteoplems



with naming conflicts or duplication of propertiés.addition, combining all the models severelyitgthe oppor-
tunity for model reuse because models from libsafseich as the Modelica Standard Library) wouldehavbe
combined with descriptive models rather than josluded in an analysis context.

20.2 A Robot Model

20.2.1 Introduction

The example in this section is intended to illustf@ow a SysML model can be transformed to a Modatiodel in
accordance with the transformation approach sekifi this document. In particular, the transfoliorats accom-
plished by first applying the SysML4Modelica prefihs described in Part 1l of this document, and thapping the
SysML4Modelica model to the Modelica model as déscrin Part 1V of this document. The robot exariple
based on the robot model that is contained intdmedgard Modelica library which can be found at wmadel-
ica.org. Refer to Part | of this document for abmntroduction to SysML and Modelica.

20.2.2  Integrating SysML Descriptive Models with Ana  lytical Models

This transformation specification will typically gport the system requirements analysis and desiiyitg as part
of a systems engineering process. A SysML modébeideveloped to specify the system requirementditect
the system, and allocate the system requiremetitetbardware and software components of the sy§then
SysML model serves as a descriptive model to capturltiple aspects of the system of interest, wiclg its func-
tionality, inputs/output and control flow, strucalicomposition and interconnection, and traceatiditits text based
requirements as indicated in Figure 21. As pathefrequirements analysis and design effort, maffigreint engin-
eering analysis are often performed to evaluatexent that the system can satisfy its systenopmdnce, phys-
ical, reliability, maintainability, and cost regements.

traceability Structure Behavior analysis
rationale [®&7 7 [octJ needs

| p—

External Sl || closed form

Requirements? A — . l:ﬁ C}—_’Cj

gw b
[ ] petrformance g

viewpoint = . ostimatos discrete event
System P ] ]
Documentation y ) & ,

and Specifications| | ' (—q_E—Lj
7 . - "

network
Regulrements Parametrics

System Model (SysML) Analysis Models

r

m framework for ﬂfa’isign

Machanical Electrical Software Testing
Deslan Models Design Design Methods and
9 Models Models Models

Figure 21: A SysML model in which models for multip le analysis tools are defined.



The SysML descriptive model can capture relevapeets of the system that can be used by many dliffeéypes of
analytical models and tools to support the abowdyais. One mechanism is to use SysML paramewicapture
the analysis as a network of equations, and thes {és analysis to an analytical tool. The anedytiool then per-
forms the computation and provides the quantifiabiilts back to the SysML model. A simple exanmpégy be for
a SysML parametric model to capture the systemadivealiability in terms of the mean time betweaildres of
each of its components. The reliability of each porent may in turn be estimated based on someiequahis
set of equations are passed to a reliability amatg® | to perform the computation, and returnrigebility values
back to the SysML model.

Sometimes, SysML parametrics is used in a moreatistay. In this case, the SysML model does nptwa the
equations, but only the input and output parametetise analysis. When this is done,the equatibasrelate the
input and output parameters of the analysis aleded in the analytical tool or solver.

An alternative approach for providing relevant asp®f the descriptive model to an analytical magéb use the
transformation approach specified in this documienthis particular case, the SysML model is transfed to a
Modelica model in two steps. First, the SysML4Mackelprofile is applied to create an analytical essgntation
from the structural portion of the SysML modelthe second step, this SysML4Modelica analytical ehdsl
mapped to the Modelica model where it can be erecdthe additional step to apply the SysML4Modetioafile
to create the analytical model facilitates a maraightforward mapping from SysML to Modelica, asnwpared to
mapping the SysML model to Modelica directly with@pplying the profile.

This transformation approach provides advantages aeating a parametric model and providing thepatric
model to the Modelica model directly as describevab In particular, the approach enables the Syditdelica
analytical model to more effectively map to reusatbmponents in the Modelica standard library. Moglelica
model encapsulates the equations in its componamiisthen defines standard equations for connettigng. The
detailed equations are generally assumed to bereabin the Modelica model using Modelica’s textuatation. It
is generally assumed that the SysML4Modelica aitallytnodel captures the structure, interconnectmal, proper-
ties, but not the detailed equations. This tramsédion approach allows the modeler to provide astrabt descrip-
tion of the system in SysML and the SysML4Modebermlytical model, and then establish direct cowadpnce to
the Modelica model.

20.2.3 Robot Example

This robot example only highlights the aspects$hef$ysML model that are used in the SysML4Moddliaas-
formation. The primary aspects of the SysML modtiat fare used in the transformation are the bloéikitien dia-
grams (bdd’s) and the internal block diagrams pdh a more typical case, the SysML model woaldide other
aspects of the model as described in Figure 21egland integrate with other analytical models adstas well as
the Modelica model.

For the robot example, the block definition diagsaemnd internal block diagrams are used to desthibsystem
composition and interconnection at increasing keetldetail. This is typical of how SysML model® aleveloped
to support system specification and design. Theesponding Modelica analytical model may be creatatiffer-
ent levels of abstraction. The following paragrajflastrate a sequence diagrams one may createniodeling and
design process. All figures are included at the @frthe section.

The SysML model organization for the Robot modedtiswn in the package diagram in Figure 22. Theahod
structure includes the SysML4Modelica Profile, ledelica Standard Library, and the Robot ModellitSehe Ro-
bot model includes packages for defining interfatgses, structure, and analysis.

As described above, a typical SysML model may idelintegration with a diverse set of analytical klsdThe
analysis package captures the various types ofsinahat are being performed. In particular, Feg28 shows a
parametric model of the top level objective funitfor the robot. In particular, several key perfarmoe parameters
have been identified that characterize the ovegdile to the end user, including the weight, powediability, cost
and trajectory performance in terms of the posigaor. Each of these performance parameters atgzzu by dif-



ferent analytical models and tools. Note that tredMica model will be used primarily to analyze tregectory per-
formance. This is indicated by the refine relatiipsetween the Modelica robot model and the ttajggoerform-
ance model.

The top level SysML block definition diagram is shoin Figure 24. The robot domain block serves asrdext for
the robot, which is the system of interest. Theotalmmain block is composed of the robot and themactors that
are external to the robot, and interact with ite Httors include the load the robot manipulatesptatform the ro-
bot is attached to, the power source that provyieeer to the robot, and the driver that providesdbsired traject-
ory input to the robot. The trajectory input maydsevided in real time, such as might be done lygtjok control,
or prior to the robot actually executing the tré&jeg.

In Figure 25, the corresponding internal block déeng is shown. In this diagram, the interconneckietween the
robot and the actors is shown. The ports on thetn@present the connection points to each extectal.

The top level bdd and ibd are sometimes referrexbsta black box view which specify the robot fromeaternal
perspective without any internal details. The cgpmding Modelica model may be created to providelsstract
analytical representation of the black box robathwmited or no internal detail. This analyticabdel may be used
to assess required trajectory characteristics, aagdrecision and response time to manipulatechdbapecified
mass, and perhaps the minimum power requiremeetdedeof the robot, based on some assumptions avoa r
power efficiency factor. Again, this analysis nmseyperformed without any consideration for therimé details of
the robot.

The standard Modelica library does not include titgsk box model explicitly. However, it could beded by creat-
ing the SysML4Modelica analytical model and deveigghe corresponding Modelica model. Although ribieot
model may be abstract, the models of the actors as¢he Load, Power Source, and Driver could beiied in
detail and reused for the detailed robot analyticatlels.

The block definition diagram in Figure 26 decommoe robot into its next level of components idahg the
PathPlanner, Control Bus, Actuators, and Arm. Qg of the six actuators is shown in the bdd. Tbidtors are
all assumed to be of the same type, but each actoatild have been modeled as a subclass of ageoezic actu-
ator to represent a unique component type.

The internal block diagram in Figure 27 shows titericonnection among the robot parts. Note thabliek box
interfaces to the external actors are preservech Betuator is shown as a unique part. Once agawhot designer
may choose to perform an analysis of the robdtiatiével of abstraction, where all of the compdsén the ibd are
treated as black boxes without internal detailsMould further refine the black box analysis, anavide a basis
for allocating specific performance requirementthi® components. For example, the actuator effigieould be
estimated, and the trajectory could be analyzeafasction of different assumptions of actuatoicklhox charac-
teristics. Again, the Modelica library does not koifly contain a model of these components at knel, but the
Modelica model could be expanded to include théso | the SysML4Modelica analytical model woulddseated,
and then mapped to the corresponding Modelica model

The next diagrams include the block definition déag and internal block diagram for the actuator amd. The
path planner and control bus were not further degmsad in the SysML model, although they could Hzeen. The
actuator block definition diagram and internal ldaiagram are shown in Figures 28 and 29, respagtiVhe actu-
ator includes the Controller, Motor Assembly, Gaad Sensor. The Motor Assembly is further decompase a
Motor and Drive Electronics on the bdd, but noHertinterconnection detail is shown. The level etadl of the
SysML model typically corresponds to the level efall that the system is being specified by théesysdesigner.
Below this level, other domain specific hardward anftware models are used to model the systergmlesi

The Arm block definition diagram and internal blagitkgram are shown in Figures 30 and 31, respéytiMete
that the black box interfaces for the actuator @md are preserved on their internal block diagrgrsyiding con-
sistency from the robot black box level to the comgnt | level.



The transformation to the Modelica model is perfednat this level of detail of the SysML model oé tlobot. The
first step in the transformation is to create tlgeNL4Modelica analytical model. In Figures 32 arg] the SysML
structural model is allocated to corresponding elets of the SysML4Modelica analytical model. (Ndtkere is
currently an issue raised against SysML allocattorsupport the unambiguous allocation of nestedpmments.
This issue is included in section ?? of this speatiion. ) Based on these allocations, the SysMbdélica analyt-
ical model for the robot is shown in Figure 34.

Once the SysML4Modelica analytical model has bexfimndd, the mapping to the corresponding Modelical@h
can be performed. Figure 35 shows the corresporgiiaghical representation of the resulting Modefizadel. The
detailed equations are embedded in the Modelicaeireldments that are represented by the grapHzaleats.

In Figure 36, the results of the analysis are shfmwia specific simulation execution.

pkg [Package] Robothode! [ Robot Model Organization ]J

1 1 1
wprofiles ModelicaStandardLibrary RobotModel
SysMLiModelica
i
1 1 1 1
Interfaces Analysis Types Structure

Figure 22: The package organization of the robot mo  del.

par [Block] Robot&nalysizContext [ Owverall Effectivensss U

= «ohjectiveFunction:
g eightModel Etmamﬁs kg mass : ky obj : ObjectiveFunction
pm : PowerModel
Eaveragepower W povver W :|
TR i uitility : Real
rm : ReliabilityModel =
l:rehability Resl reliskilty : Real :| [ effectiveness : Real —
cm : CogiModel
Ecns‘t Tus§ cost : us :|
tm : TrajectoryErrorModel
l: maxPostionErrar : m trajectaryError : m :|

Refined by
modelicaRobot

Figure 23: A parametric model of the top level obje  ctive function for the robot.




bdd [Package] Structure [ RobotDomain B00 ]J

«hlocks
RobotDomain

-dr l -rob -Inadl
whlocks «hlocks «hlocks
Driver Robot Load
i -pf
«hlocks «hlocks
PowerSource Platform

Figure 24: The top-level block definition diagram f  or the robot domain.

ibd [Block] RobotDomain [ RobotDomain IEC ]J

rob : Robot
dr : Driver . load : Load
it b <3 loaclF,
Contraicma L] cortroln E
ps : PowerSource MechEnergyFlow
P poaeetlF
i ElecEneroyFlowe |T| mourtlF
MechEnergyFlow
L I
pf : Platform

Figure 25: The internal block diagram of the robot domain.

bdd [Package] Robot [ Robot BDD U

whlocks e,
« 3
gobot axis 2-6 nat shown

A

/s
bR _ch -anis
shlocks
Actuator

Figure 26: The block definition diagram for the dec ~ omposition of the robot into its main subsystems.

whlocks

whlocks
ControlBus

PathPlanner

whlocks
Arm




ibd [Block] Robot [ Rokaot 1IBD ]J
ch : ControlBus axis1 : Actuator f f arm : Arm
I " g5
Ll PathCrmct I RotationalEnerayFlow
axis2 : Actuator . :
‘ ; J2 =
DMF PathCmd RotationalEnergyFIow :|
axis3 : Actuator i i3
—> —| <>
out3 . PathiCcmd RotationalEnergyFlow :l
pp : PathPlanner
<> =] —EI losdlF  loadiF
conitrolin out | PathCmd Tin axis4d : Actuator i I E‘ L La El
outF PathCmd i RatationslEnsrgyFlow MechEnergyFiow
axish : Actuator, j s
— —| "'3
outs . PathCmicd RotationalEnerayFlow
anish : Actuator
oLt
PathCmd * RotationalEnerayFlow lewl
¥
powwer baselF
ElecEnergyFlow techEnerdyFlow
povver|F mountlF =
L] ]
Figure 27: The internal block diagram for the robot  , illustrating its decomposition into the path plan ner, the

control bus, the actuators and the mechanical struc

ture of the robot arm.

bdd [Package] Actustor [ Actustor BOD ])

«hlocks
Actuator

.

e |

»]

o]

«hlocks
Controller

whlocks
MotorAssembhy

«hlocks
Gear

=hlocks
Sensor

shlocks
DriveElectronics

whlocks
Motor

Figure 28: The block definition diagram for the str

ucture of an actuator of the robot.

ibd [Block] Actustor [ Actustor IBD ],J

as2c AngleSensorReading

as: Sensor

poeverlF

powerlF

ob2as : rad
P

tha2gh | RotstionslEnergyFlow

ElecEnergyFlov

ob2j . RotationalEner gy Fle

Figure 29: The internal block diagram for a robot a

4]

ctuator.




bdd [Package] &rm[ Arm EDD ]

<hlock:
Arm

ahlocks
Base

ahlocks ablocks ablocks «hlocks
Upperfrm

EndEffector LowerArm WristJoint3DOF

ahlocks ahlocks ahlocks
Elbow Joint ShoulderJoint BaseJoint

«hlocks
Link

v
«hlocks
Joint1Axis

!

«hlocks
Joint

Figure 30: The block definition diagram for the rob

ot arm's mechanical structure.

ibd [Block] Arm[ Arm IBD ]
: EndEffector

<] : Wrist Joint3DOF

: LowerArm

: Elbow Joint
: Upperarm

loadlF
J

Figure 31: The internal block diagram for the robot arm.



ibd [Elock] RobotAnalksisContexd [ Structural Madel to Analytical Model Correspondence ]J

| rd : RobotDomain

|
axis4: Actuator |

| I dallocates | amodelicaParts
- - - — AR D axi sType2
T I I
|
pp : PathPlanner 4 - — || ssliocates | smocelicaParts |
| TR - — — = — — > au s Type2 |
cb : ControlBus _I — | (. |
|
| || esllacates 4 «maodelicaParts
| T T T T T T T mechanics : MechanicalStructure |
| | | | |
pf : Platform | | sallocates | emodelicaParts |
| | - - - - - - - -~ | pathPlanning : PathPlanningé |
| I «allocates controlBus © CortrolBus I - |
load : Load | L _ - - - — — — — ﬂ «mode\lcaVal?eProperty» |
| emadelicaPorts mLoad : Mags
mass:kg-15 || _ _ _ _ _<elocates modelicavalue Fropertys |
| | modification = "min=0" |
relPos : PosWect | .| T | variahility = parameter |
| ‘ |
——————— |«allocates
|

anie? : Actuator | — T

axied : Actuator | -

axiss5 : Actuator L —

rob : Robot | f : = !
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Figure 32: The Analysis Context in which the descri ptive model of the robot domain is allocated to the

responding analytical model as expressed in the Sys ML4Modelica profile.

ibd [Block] RobotanalysisContext [ Strutural Model to Analytical Model Correspondence - Controller Properties ])

rd : RobotDomain

- - — e

+modelicakiodel:

_ |
IDomain

RobotDomain : RobotAnalyti

| rob : Robot

anis1 : Actuator
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Figure 33: A detailed diagram of the allocation of the robot actuator descriptive model to the analyti

SysML4Modelica Model.
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ibd [ModelicaModel] Robot&nalyticalDomain [ ModelicaRobot ]J
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Figure 34: The top-level robot problem shown as an ibd in the SysML4Modelica profile.
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Figure 35: The top-level Modelica model of the robo  t.
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21 Annex B: Justification

21.1

Before focusing on the detailed modeling constrectsigh-level decision needs to be made regaitti@ghoice of
SysML elements to represent Modelica models. AlgfioModelica is a textual language, it also suppaigsaphical
view through its annotation mechanism. This graghiteew illustrates clearly the strong similarityat exists
between SysML and Modelica. Both languages sughertiecomposition of systems (or behavioral modesys-
tems) into subsystems or components and the itienadetween them. For instance, the Modelica maide mo-
tor controller (shown in Figure 3) contains sub-paments (such as motor, gearbox, and controllé®.ifiterac-
tions between them are illustrated by edges comtgettie interface locations (called connectors iodilica) of the
components. Such hierarchical compositions of Modehodels and the connections between them cotesthe
primary modeling approach in Modelica. Before cdesing the details of the language, it is thus irtgat to con-
sider carefully how these primary modeling condsunap to SysML.

Semantic Comparison between SysML and Modelica

As illustrated in Table 3, in SysML there are thkaed of construct built on abstractions that haimilar semantics
compared to the hierarchical, connector-based ceitipo of Modelica models: the hierarchical Blogkkown in
Internal Block Diagrams ), the Parametric Constga{ghown in Parametric Diagrams), and the Actigitgphs. All
three constructs support some sort of "ports", ssmneof connection of "port-based” objects throtigbrt-connec-
tions", and hierarchical encapsulation through tyoelegation”. In Sections 21.2 through Error: Refee source
not found, we use these three constructs to digbessain question: what are the SysML elemerasitiatch the
Modelica semantics best?

SysML
Concents Modelica Construct Availability in diagrams
ep constructs abstractions < oo Modelica “like” -------- >
BDD IBD Parametric Activity
M_oc_i_el Model Block Yes Yes Restricted No
Definition
Bl - Component Property Yes Yes Restricted No
age (Part Property)
- Block Yes Yes Yes No
Por'f[i(l?nefml- Connector ValueType Yes Yes No No
FlowSpecification Yes No No No
c Block Yes Yes Yes Ref. Only
. omponent
Properties (Variables) ValueType Yes Yes Yes Ref. only
FlowProperty Yes No No Ref. only
Port Component Port Yes Yes Yes Ref. only
: . Connector No Yes No No
Causal link | Connection .
ObjectFlow No No No Yes
Acausal link | Connection Connector No Yes Yes No

Table 3: A comparison between Modelica concepts an

d SysML abstractions and diagrams



21.2 Modelica

In Modelica, ports are called connectors and tlgesdetween ports are called connections [Mod&ljzzc,
Chapter 9]. The ports (connectors) can include fgpes of quantities: inputs, outputs, flows and-flows. Inputs
and output are used when the direction of the follnown and fixed, as for instance in signals flgvin a control
system. Flow and non-flow quantities are used srdiee energy or material flow (they are also somes referred
to as through and across variables, respectivalifen connecting two Modelica connectors with a emtion, the
semantics for inputs and outputs are causal bindigginput is assigned the value of the outputhéch it is con-
nected. Input and output connecters must therdfengsed in conjugate pairs, and only one outpubearbnnected
to each input. For flow and non-flow variables, tdomnection semantics correspond to Kirchhoff's $avamely,
the value of the flow variables add up to zero thedvalues of the non-flow variables are set ejnan equation-
based, acausal fashion). When more than one coonégtmade to a connector containing a flow vddathen an
ideal, loss-less energy or material exchange isnasd by imposing that the values of flow varialdéall connec-
ted connectors add up to zero. To impose the domedeling of energy exchange, Modelica requires tihe num-
ber of flow and non-flow quantities of a connedterequal.

In addition to connectors, Modelica models can aontariables and submodels (i.e., model usagaliteT3). Al-
though Modelica does not explicitly distinguishuweén these three categories of “components” iaapnectors,
variables, submodels), it may still be useful aadidhble to distinguish explicitly among them wimsapping to
SysML.

21.3 SysML Hierarchical Blocks, ports and connectors

The primary purpose of the SysML hierachical Blookistructs, is to express system structural decsitipo and
interconnection of its parts [SysML Spec, Chap&asd 9]. The SysML concepts used in those cortsthave
quite flexible semantics and may be used to estalitigical and conceptual decompositions, for mstaas in a
context view [SysML Spec, Section B.4.2.1]. The®®in SysML are similar to Classes in Modelicae(sfically
the specialized class types of Model, Block, Cotoreetc.). Blocks can be decomposed in the sanyeMwaalelica
Classes can be decomposed.

The “ports” on the blocks are called Ports andcihrenections between ports are called Connectoes€eTdre two
kinds of ports: Flow Ports and Standard Ports. Stamdard Ports are particularly geared towarddceehased in-
teractions by representing the interfaces (e.ftwaoe methods) that are provided or required pyuicular block.
Such service-based interactions are not approddataodeling the connections found in ModelicaowIPorts on
the other hand do provide semantics that refleaiélloa connectors more closely.

A Flow Port describes an interaction point thromgtich input and/or output of items such as dataenw, or en-
ergy may flow in and out of a block. For Modeligg¢ interactions, the exchanged "items" could beeeisignals
(for input and output quantities) or energy/maltdjfiar flow and non-flow quantities). Modelica siginexchanges
are causal and so the semantics of a SysML Flawtmed by a Flow specification is convenient. I8ishinding
connectors provide acausal connections betweeregiep. They imply equality between connected pridgeand
then does not carry the Kirchhoff laws semanti¢tge &quivalent of a Binding Connector does not digteaist in
Modelica, but can be captured in a non-graphicgiifan by introducing an equality equation betwdenttvo vari-
ables that are bound. Therefore, in order to cepghe semantics of a Modelica connection, one isolwtould be
to introduce a new SysML connector element thatjisivalent to a Modelica Connector, and that redléiee se-
mantics of Kirchhoff's laws. Another possibility wid be to make the equations for Kirchhoff’s lawsjch are im-
plicit in Modelica connections, explicit as anotiysML Constraint Property. This option is appealcause it
makes the semantics very explicit, but has theddesatage that it makes the models more cumbersomeate and
more difficult to read.

In conclusion, although blocks seem to have vanjlar constructs to Modelica, there are some sulifferences
in so that new stereotypes will have to be intreduto adequately capture the Modelica semanti€oahectors
and Connections.

21.4 SysML Parametric Constraints

The purpose of Parametric Constraints is to expreghematical relationships between parametersirarRetric



Constraints is modeled through a special kind otBlInamed “Constraint Block”. “Ports” of those bkscare Con-
straint Parameters and the “connections” to thesameters are made using Binding Connectors. Irsden-
straint Block, mathematical relationships are daliconstraining its Constraint Parameters. A CairgtProperty is
a usage of a Constraint Block. Its Constraint Patars are then bound to other Constraint ParameteosProper-
ties of Blocks. The semantics of a Binding Connettdicate a mathematical equality between the ¢Bjdroper-
ties or Constraint Parameters being connected.matiematical equality is an acausal relationship.

21.5 SysML Activity Graphs

The purpose of an Activity graph in SysML is to sifiethe transformation of inputs to outputs thrbwgcontrolled
sequence of actions. An Activity decomposes inttoks. In activity graphs, the Object Nodes (iRins and Para-
meter Nodes) correspond to buffers to place inpdtautput tokens. The connections between Objedellcorres-
pond to Object Flows. These flows typically repregée transfer of one or more objects at a disarement in
time, although it is possible to specify a streapflow that could be continuous, i.e., the timewssn arrival of
tokens (or “objects”) is zero. It is this latteiseathat needs to be described in terms of diffedeequations.

It must be underlined that as defined in the canéBysML activities “flows”, are they continuoos not, corres-
pond to the concept of “dataflow” which is relatedan asynchronous approach. Conversely, a Modidieaspe-
cifies the existence of relationships between #ilaesof respectively flow and non-flow variableshmth sides of a
connection, as defined by Kirchhoff's laws. Thaslationships are mathematical equations and tteresponds to
a synchronous approach.

In conclusion, SysML Activity Graphs can be conwsttionly to model Modelica input/output variabl€bus
Activity graphs therefore seems to be the leastagpfate for a mapping from Modelica Class, althotigey will be
explored when mapping the Modelica Function andAtgm to SysML4Modelica.

21.6 Selected foundation concept: SysML Hierarchical Blocks with
Embedded Constraints
Itis clear from the discussion in the previougtises that there is not a single concept that emmibieel Modelica se-

mantics perfectly. As a result, the use of more thiae SysML concept with multiple stereotypes wikd to be
defined to extend the SysML semantics.

Blocks, ConstraintBlocks, FlowPorts, classical Gartors and BindingConnectors can be used to magehidad
Models, Components, Connectors, and ConnectioBysbiL. This is illustrated in Annexe A.



22 Annex C: QVT Transformation

This part of the document includes the QVT-operationapping rules. Each section of the mappingweéfers to

the rule labels introduced in Part IV.
modeltype UML uses 'http://www.eclipse.org/umi2/3.0

modeltype Algorithmltem uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype AlgorithmStatement uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Annotation uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype ArrayDim uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Class uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype ClassDef uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype ClassPart uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Comment uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Component uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype ComponentCondition uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Componentltem uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype ComponentRef uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype ConstrainClass uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Direction uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Each uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Element uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype ElementArg uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype ElementAttributes uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Elementltem uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype ElementSpec uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype EnumDef uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype EnumLiteral uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Equation uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Equationltem uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Exp uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype ExternalDecl uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype FunctionArgs uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Import uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype InnerOuter uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Iterators uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s

.0/lUML;

yntax/Algorithmltem’;
yntax/AlgorithmStatement’;
yntax/Annotation’;
yntax/ArrayDim’;
yntax/Class',;
yntax/ClassDef",
yntax/ClassPart';
yntax/Comment';
yntax/Component’;
yntax/ComponentCondition’;
yntax/Componentltem’;
yntax/ComponentRef",
yntax/ConstrainClass";
yntax/Direction’;
yntax/Each’;
yntax/Element’;
yntax/ElementArg';
yntax/ElementAttributes';
yntax/Elementitem’;
yntax/ElementSpec’;
yntax/EnumDef’;
yntax/EnumlLiteral’;
yntax/Equation’;
yntax/Equationltem’,
yntax/Exp';
yntax/ExternalDecl’;
yntax/FunctionArgs';
yntax/Import';
yntax/InnerOuter",

yntax/Iterators";



modeltype Modifications uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype NamedArg uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Operator uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Path uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Program uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype RedeclareKeywords uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype Restriction uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Subscript uses
‘http://www.openmodelica.org/openmodelica.abstact.s
modeltype TypeSpec uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Variability uses
‘http://lwww.openmodelica.org/openmodelica.abstact.s
modeltype Within uses
‘http://www.openmodelica.org/openmodelica.abstact.s

transformation Modelica2SysML(in modelicaModel:Prog
in sysmlProfileActivities:UML,

in sysmlProfileAllocations:UML,

in sysmlProfileBlocks:UML,

in sysmlProfileConstraintBlocks:UML,

in sysmlProfileModelElements:UML,

in sysmlProfileNonNormativeExtensions:UML,

in sysmlProfilePortsFlows:UML,

in sysmlProfile:UML,

in sysmlProfileRequirements:UML,

in sysml4ModelicaProfileClasses:UML,

in sysml4ModelicaProfileComponents:UML,

in sysml4ModelicaProfileEquationsAndAlgorithms:UML,
in sysml4ModelicaProfileOther:UML,

in sysml4ModelicaProfile:UML,

out sysmiModel:UML);

property sysml_profile_Blocks :UML::Profile =
sysmlProfileBlocks.rootObjects()![UML::Profile];

property sysml4ModelicaClasses_profile:UML::Profile
sysml4ModelicaProfileClasses.rootObjects()![UML::Pr
property sysml4ModelicaComponents_profile:UML::Prof
sysml4ModelicaProfileComponents.rootObjects()![UML:
property sysml4ModelicaEquationAndAlgorithms_profil
sysml4ModelicaProfileEquationsAndAlgorithms.rootObj

property ModelicaClassDefinition_stereotype : UML::
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaClass_stereotype : UML::Stereotype
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaModel_stereotype : UML::Stereotype
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaRecord_stereotype : UML::Stereotyp
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaBlock_stereotype : UML::Stereotype
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaConnector_stereotype : UML::Stereo
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaType_stereotype : UML::Stereotype
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaPackage_stereotype : UML::Stereoty
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaFunction_stereotype : UML::Stereot
sysml4ModelicaClasses_profile.ownedStereotype![name
property ModelicaExtends_stereotype : UML::Stereoty
sysml4ModelicaClasses_profile.ownedStereotype![name

yntax/Modifications';
yntax/NamedArg';
yntax/Operator’,
yntax/Path’;
yntax/Program’;
yntax/RedeclareKeywords';
yntax/Restriction’;
yntax/Subscript';
yntax/TypeSpec';
yntax/Variability';
yntax/Within';

ram,

ofile];

ile =

:Profile];
e:UML::Profile =
ects()![UML::Profile];

Stereotype =
='ModelicaClassDefinition'];

= 'ModelicaClass'];

= 'ModelicaModelT;

e=
='ModelicaRecordT;

= 'ModelicaBlock';
type =
='ModelicaConnector'];

= 'ModelicaType";

pe =
='ModelicaPackage;
ype =
='ModelicaFunction'];
pe =

= 'ModelicaExtends'];



property ModelicaFunctionParameter_stereotype : UML
sysml4ModelicaComponents_profile.ownedStereotype![n
property ModelicaPart_stereotype : UML::Stereotype
sysml4ModelicaComponents_profile.ownedStereotype![n
property ModelicaPort_stereotype : UML::Stereotype
sysml4ModelicaComponents_profile.ownedStereotype![n
property ModelicaValueProperty_stereotype : UML::St
sysml4ModelicaComponents_profile.ownedStereotype![n

property ModelicaAlgorithm_stereotype : UML::Stereo
sysml4ModelicaEquationAndAlgorithms_profile.ownedSt
property ModelicaConnection_stereotype : UML::Stere
sysml4ModelicaEquationAndAlgorithms_profile.ownedSt
property ModelicaEquation_stereotype : UML::Stereot
sysml4ModelicaEquationAndAlgorithms_profile.ownedSt

property modelicaTypesClass : UML::Type =
sysml4ModelicaProfile.rootObjects()/[UML::Profile].
.ownedType![name = "ModelicaTypes"];

property modelicaRealType : UML::Type =
modelicaTypesClass.subobjects()[UML::DataType]
->select(name = "ModelicaReal")->any(true);
property modelicalntegerType : UML::Type =
modelicaTypesClass.subobjects()[UML::DataType]
->select(name = "Modelicalnteger")->any(true);
property modelicaBooleanType : UML::Type =
modelicaTypesClass.subobjects()[UML::DataType]
->select(name = "ModelicaBoolean")->any(true);
property modelicaStringType : UML::Type =
modelicaTypesClass.subobjects()[UML::DataType]
->select(name = "ModelicaString")->any(true);

property modelicaScopeKind : UML::Enumeration =
sysml4ModelicaProfile.rootObjects()![UML::Profile].
.subobjects()!/[UML::Enumeration]->select(name = "Mo
->any(true);

property modelicalnnerKind : UML::EnumerationLitera
modelicaScopeKind.subobjects()[UML::EnumerationLite
->select(name = "inner")->any(true);

property modelicaOuterKind : UML::EnumerationLitera
modelicaScopeKind.subobjects()[UML::EnumerationLite
->select(name = "outer")->any(true);

property modelicaCausalityKind : UML::Enumeration =
sysml4ModelicaProfile.rootObjects()!/[UML::Profile].
.subobjects()![UML::Enumeration]->select(name = "Mo
->any(true);

property modelicalnputKind : UML::EnumerationLitera
modelicaCausalityKind.subobjects()[UML::Enumeration
->select(name = "input")->any(true);

property modelicaOutputKind : UML::EnumerationLiter
modelicaCausalityKind.subobjects()[UML::Enumeration
->select(name = "output")->any(true);

property modelicaVariabilityKind : UML::Enumeration
sysml4ModelicaProfile.rootObjects()![UML::Profile].
.subobjects()![UML::Enumeration]->select(name = "Mo
->any(true);

property modelicaConstantKind : UML::EnumerationLit
modelicaVariabilityKind.subobjects()[UML::Enumerati
->select(name = "constant")->any(true);

property modelicaContinuousKind : UML::EnumerationL
modelicaVariabilityKind.subobjects()[UML::Enumerati
->select(name = "continuous")->any(true);

property modelicaDiscreteKind : UML::EnumerationLit
modelicaVariabilityKind.subobjects()[UML::Enumerati
->select(name = "discrete")->any(true);

property modelicaParameterKind : UML::EnumerationLi
modelicaVariabilityKind.subobjects()[UML::Enumerati
->select(name = "parameter")->any(true);

::Stereotype =
ame = 'ModelicaFunctionParameter";

ame = 'ModelicaPart];

ame = 'ModelicaPortT;
ereotype =
ame = 'ModelicaValueProperty'];

type =

ereotype![name = 'ModelicaAlgorithm'];
otype =

ereotype![name = 'ModelicaConnection';
ype =

ereotype![name = 'ModelicaEquation'];

nestedPackage![name = "Types"]

nestedPackage![name = "Types"]
delicaScopeKind")

| =
ral]

ral]

nestedPackage![name = "Types"]
delicaScopeKind")

| =
Literal]

al=
Literal]

nestedPackage![name = "Types"]
delicaVariabilityKind")

eral =
onLiteral]

iteral =
onLiteral]

eral =
onLiteral]

teral =
onLiteral]



property modelicaFlowFlagKind : UML::Enumeration =

sysml4ModelicaProfile.rootObjects()![UML::Profile]. nestedPackage![name = "Types"]
.subobjects()!/[UML::Enumeration]->select(name = "Mo delicaFlowFlagKind")
->any(true);

property modelicaFlowKind : UML::EnumerationLiteral =
modelicaFlowFlagKind.subobjects()[UML::EnumerationL iteral]

->select(name = "flow")->any(true);

property modelicaStreamKind : UML::EnumerationLiter al=
modelicaFlowFlagKind.subobjects()[UML::EnumerationL iteral]

->select(name = "stream")->any(true);

main()

{
var program : Program::PROGRAM = modelicaModel.root Objects()![Program::PROGRAM];
program.map toSysML();
log("Transformation finished");

}

mapping Program::PROGRAM::toSysML() : UML::Package
{

result.applyProfile(sysml_profile_Blocks);
result.applyProfile(sysml4ModelicaClasses_profile);

result.applyProfile(sysml4ModelicaComponents_profil e);
result.applyProfile(sysml4ModelicaEquationAndAlgori thms_profile);
var class_ : Class::CLASS = self.classes![Class::CL ASS];
class_.body![ClassDef::PARTS].classParts[ClassPart: :PUBLIC]
.contents[Elementltem::ELEMENTITEM]
.element[Element::ELEMENT].specification[ElementSpe c::CLASSDEF]
.class_[Class::CLASS]->map toSysML$ModelicaSpeciali zedClass(result);
result.name := class_.name;
}
1 CLASS DEF INITION
[] ¥k Mapping Rule 16,1 *xx*
mapping Class::uClass::toSysML$ModelicaSpecializedC lass
(inout pkg : UML::Package) : UML::Classifier
disjuncts Class::CLASS::toSysML$ModelicaClass, M apping Rule 16.1.2
Class::CLASS::toSysML$ModelicaModel, /I Mapping Rul e 16.1.3
Class::CLASS::toSysML$ModelicaRecord, /I Mapping Ru le 16.1.4
Class::CLASS::toSysML$ModelicaBlock, /I Mapping Rul e 16.15
Class::CLASS::toSysML$ModelicaConnector, /I Mapping Rule 16.1.6
Class::CLASS::toSysML$ModelicaType, /I Mapping Rule 16.1.7
Class::CLASS::toSysML$ModelicaPackage, /I Mapping R ule 16.1.8
Class::CLASS::toSysML$ModelicaFunction{} /I Mapping Rule 16.1.9
[] #***xx Mapping Rule 16.1,10 **x++*
mapping Class::CLASS::toSysML$ModelicaClassDefiniti on
(inout pkg : UML::Package) : UML::Classifier
init{
/I set stereotype properties
safeStereotypeSetValue(result,
ModelicaClassDefinition_stereotype,
"isFinal", self.finalPrefix); / Mapping Rule 16.1.1 1

safeStereotypeSetValue(result,
ModelicaClassDefinition_stereotype,"isModelicaEncap
self.encapsulatedPrefix); /l Mapping Rule 16.1.12

sulated",

/I (in Spec: isPartial => isAbstract)

safeStereotypeSetValue(result,
ModelicaClassDefinition_stereotype,

"isPartial", self.partialPrefix); // Mapping Rule 1 6.1.13
/I mapping to properties and generalizations
var element = self.body[ClassDef::PARTS].classParts [ClassPart::PUBLIC]
.contents[Elementltem::ELEMENTITEM)].element[Element ELEMENT];
element->map toSysML$ModelicaComponent(result);
element.specification[ElementSpec::EXTENDS]->map to Generalization(result);

element.redeclareKeywords;



}

[ *****% Mapping Rule 16.2 *xxxxx

mapping Class::CLASS::toSysML$ModelicaClass

(inout pkg : UML::Package) : UML::Class

inherits Class::CLASS::setSysML$ClassifierOwner
merges Class::CLASS::toSysML$ModelicaClassDefinitio
Class::CLASS::setSysML$ModelicaEquations,
Class::CLASS::setSysML$ModelicaAlgorithms,
Class::CLASS::setSysML$ModelicaConnections
when{self.restriction.oclisKindOf(Restriction::R_CL

{

}

[] ¥k Mapping Rule 16,3 *rx

mapping Class::CLASS::toSysML$ModelicaModel

(inout pkg : UML::Package) : UML::Class

inherits Class::CLASS::setSysML$ClassifierOwner
merges Class::CLASS::toSysML$ModelicaClassDefinitio
Class::CLASS::setSysML$ModelicaEquations,
Class::CLASS::setSysML$ModelicaAlgorithms,
Class::CLASS::setSysML$ModelicaConnections

safeApplyStereotype(result, ModelicaClass_stereotyp

when{self.restriction.oclIsKindOf(Restriction::R_MO

{

}

[] ¥k Mapping Rule 16.4 *xx
mapping Class::CLASS::toSysML$ModelicaRecord
(inout pkg : UML::Package) : UML::Class

safeApplyStereotype(result, ModelicaModel_stereotyp

inherits Class::CLASS::setSysML$ClassifierOwner
merges Class::CLASS::toSysML$ModelicaClassDefinitio
when{self.restriction.oclIsKindOf(Restriction::R_RE

{
}

[ *****% Mapping Rule 16.5 **xxxx

mapping Class::CLASS::toSysML$ModelicaBlock

(inout pkg : UML::Package) : UML::Class

inherits Class::CLASS::setSysML$ClassifierOwner
merges Class::CLASS::toSysML$ModelicaClassDefinitio
Class::CLASS::setSysML$ModelicaEquations,
Class::CLASS::setSysML$ModelicaAlgorithms,
Class::CLASS::setSysML$ModelicaConnections
when{self.restriction.oclIsKindOf(Restriction::R_BL

{

}

[[ F*xxkx Mapping Rule 16.6 ******

mapping Class::CLASS::toSysML$ModelicaConnector
(inout pkg : UML::Package) : UML::Class

inherits Class::CLASS::setSysML$ClassifierOwner

safeApplyStereotype(result, ModelicaRecord_stereoty

safeApplyStereotype(result, ModelicaBlock_stereotyp

/I Mapping Rule 16.2.1

n, /I Mapping Rule 16.2.3

ASS)}}

e); /I Mapping Rule 16.2.2

/I Mapping Rule 16.3.1

n, /I Mapping Rule 16.3.3

DEL);}

e); /I Mapping rule 16.3.2

/I Mapping Rule 16.4.1
n /I Mapping Rule 16.4.3
CORD);}

pe); / Mapping Rule 16.4.2

/I Mapping Rule 16.5.1

n, /I Mapping Rule 16.5.3

OCK)}

e); /I Mapping Rule 16.5.2

/I Mapping Rule 16.6.1

merges Class::CLASS::toSysML$ModelicaClassDefinitio n /I Mapping Rule 16.6.4
when{self.restriction.oclIsKindOf(Restriction::R_CO NNECTOR)
or self.restriction.oclIsKindOf(Restriction::R_EXP_ CONNECTOR);}
{
safeApplyStereotype(result, ModelicaConnector_stere otype);
if(self.restriction.ocliskKindOf(Restriction::R_CONN ECTOR))
then{
safeStereotypeSetValue(result,
ModelicaConnector_stereotype, "isExpandable”, false ); /I Mapping Rule 16.6.2
endif;
if(self.restriction.oclisKindOf(Restriction::R_EXP_ CONNECTOR))
then{

safeStereotypeSetValue(result,



ModelicaConnector_stereotype, "isExpandable”, true)

endif;

}

[[ Fxxxkx Mapping Rule 16.7 **x**

mapping Class::CLASS::toSysML$ModelicaType
(inout pkg : UML::Package) : UML::Class

inherits Class::CLASS::setSysML$ClassifierOwner

merges Class::CLASS::toSysML$ModelicaClassDefinitio n
when({self.restriction.oclisKindOf(Restriction::R_TY PE);}
{

safeApplyStereotype(result, ModelicaType_stereotype );
}

[] ¥k Mapping Rule 16.8 ***x*

mapping Class::CLASS::toSysML$ModelicaPackage

(inout pkg : UML::Package) : UML::Class

inherits Class::CLASS::setSysML$ClassifierOwner

merges Class::CLASS::toSysML$ModelicaClassDefinitio n
when({self.restriction.oclisKindOf(Restriction::R_PA CKAGE);}

{

}

[] ¥k Mapping Rule 16,9 *xx*

mapping Class::CLASS::toSysML$ModelicaFunction
(inout pkg : UML::Package) : UML::FunctionBehavior
inherits Class::CLASS::setSysML$ClassifierOwner

safeApplyStereotype(result, ModelicaPackage_stereot ype);

merges Class::CLASS::toSysML$ModelicaClassDefinitio n,
Class::CLASS::setSysML$ModelicaAlgorithms
when{self.restriction.oclIsKindOf(Restriction::R_FU NCTION);}
{

pkg.packagedElement += result;
result.name := self.name;

safeApplyStereotype(result, ModelicaFunction_stereo type);

/I externalLanguage
var language : String = self.body![ClassDef::PARTS]
.classParts![ClassPart::EXTERNAL]
.externalDecl![ExternalDecl::EXTERNALDECL].lang;
if(language.oclisinvalid() = false)
then{
safeStereotypeSetValue(result,
ModelicaFunction_stereotype,
"externalLanguage", language);
/I Mapping Rule 16.9.4
lendif;

I isExternal
if(language = "Modelica")

then{
safeStereotypeSetValue(result,
ModelicaFunction_stereotype, "isExternal”, false);
else{
safeStereotypeSetValue(result,
ModelicaFunction_stereotype, "isExternal”, true);
endif;

/I externalFunctionSpecification

var functionName : String = self.body![ClassDef::PA RTS]

.classParts![ClassPart::EXTERNAL]
.externalDecl![ExternalDecl::EXTERNALDECL].funcName
if(functionName.ocllIsInvalid() = false)
then{
safeStereotypeSetValue(result,
ModelicaFunction_stereotype,
"externalFunctionSpecification", functionName);

I

/I Mapping Rule 16.6.3

/I Mapping Rule 16.7.1

/I Mapping Rule 16.7.3

/l Mapping Rule 16.7.2

/I Mapping Rule 16.8.1

/I Mapping Rule 16.8.3

/I Mapping Rule 16.8.2

/I Mapping Rule 16.9.1

/I Mapping Rule 16.9.9

/I Mapping Rule 16.9.5
/I Mapping Rule 16.9.2

Mapping Rule 16.9.3



lendif;

/I Mapping Rule 16.9.6: scope attribute - to be imp lemented
/I Mapping Rule 16.9.7: externalLibrary attribute - not in Ecore-based Modelica metamodel
/I Mapping Rule 16.9.8: externallnclude attribute - not in Ecore-based Modelica metamodel

}

[] ¥k Mapping Rule 16.10 *rxx
mapping ElementSpec::EXTENDS::toGeneralization
(inout class_ : UML::Classifier) : UML::Generalizat ion

{

class_.generalization += result;

var upperClassName : String = self.path![Path::IDEN T].name;

var upperClass : UML::Class = sysmIModel
.objectsOfType(UML::Class)![name = upperClassName];
result.specific := class_;

/I Mapping Rule 16.10.2

result.general := upperClass;

/l Mapping Rule 16.10.1

/I Mapping Rule 16.10.3

/I Mapping Rule 16.10.4: modification attribute - t 0 be implemented
/I Mapping Rule 16.10.5: visibility attribute - to be implemented
/I Mapping Rule 16.10.6: arraysize attribute - to b e implemented
}
[[ #*xxxx Mapping Rule 16.11 ****** : ModelicaDer - to be implemented
[[ #*xx+% Mapping Rule 16.12 ****** : ConstrainedBy - to be implemented
mapping Class::CLASS::setSysML$ClassifierOwner(inou t pkg : UML::Package) : UML::Classifier
{
init{
pkg.packagedElement += result;
result.name := self.name;
}
}
1 COMPONENT DE CLARATIONS

[] ¥k Mapping Rule 18,1 *rx

mapping Element::ELEMENT::toSysML$ModelicaComponent

(inout class_ : UML::Classifier) : UML::TypedElemen t

disjuncts Element::ELEMENT::toSysML$ModelicaPart,
Element;:ELEMENT::toSysML$ModelicaPort,
Element::ELEMENT::toSysML$ModelicaValueProperty,
Element::ELEMENT::
toSysML$ModelicaFunctionParameter{}

[ *****% Mapping Rule 18.2 *xxxxx
mapping Element::ELEMENT::toSysML$ModelicaPart
(inout class_ : UML::Class) : UML::Property

/ Mapping Rule 18.1.1
/I Mapping Rule 18.1.2
I Mapping Rule 18.1.3
/l Mapping Rule 18.1.4

/I Mapping Rule 18.2.1

inherits Element::ELEMENT::setSysML$TypedElementTyp eAndName /I Mapping Rule 18.2.6
merges Element::ELEMENT::setSysML$ModelicaComponent CommonValues, /I Mapping Rule 18.2.9
/I Mapping Rule 18.2.11
Element::ELEMENT ::setSysML$ModelicaComponentScopeV alue, /I Mapping Rule 18.2.7
Element::ELEMENT ::
setSysML$ModelicaComponentConditionalExpressionValu e
when{getSysML$PropertyType(getModelicaComponentType Name(self)) /I Mapping Rule 18.2.3
.isStereotypeApplied(ModelicaClass_stereotype)
or getSysML$PropertyType(getModelicaComponentTypeNa me(self))
.isStereotypeApplied(ModelicaModel_stereotype)
or getSysML$PropertyType(getModelicaComponentTypeNa me(self))
.isStereotypeApplied(ModelicaBlock_stereotype)
and (class_.isStereotypeApplied(ModelicaFunction_st ereotype) = false)
and (self.specification.oclIsKindOf(ElementSpec::CO MPONENTS)) /I Mapping Rule 18.2.2
and (self.specification[ElementSpec:: COMPONENTS] I Mapping Rule 18.2.4

.components->forAll(e : Componentltem::uComponentlt em |
e.ocllskindOf(Componentltem:: COMPONENTITEM)))

and (self.specification[ElementSpec:: COMPONENTS]
.components[Componentltem:: COMPONENTITEM].component
->forAll(e : Component::uComponent |

I Mapping Rule 18.2.5



e.ocllskindOf(Component:: COMPONENT)))}

class_.ownedAttribute += result;
safeApplyStereotype(result, ModelicaPart_stereotype
self.specification[ElementSpec:: COMPONENTS].compone

/I Mapping Rule 18.2.8 : ConditionalExpression attr

/I Mapping Rule 18.2.10 : isFinal attribute - not i
/l Mapping Rule 18.2.12 : arraySize attribute - to

}

[ *****% Mapping Rule 18.3 ***xxx

mapping Element::ELEMENT ::toSysML$ModelicaPort
(inout class_ : UML::Class) : UML::Port

inherits Element::ELEMENT::setSysML$TypedElementTyp

merges Element::ELEMENT ::setSysML$ModelicaComponen

Element::ELEMENT

::setSysML$ModelicaComponentConditionalExpressionVa

Element::ELEMENT ::setSysML$ModelicaComponentCausal

when{getSysML$PropertyType(getModelicaComponentType

}

.isStereotypeApplied(ModelicaConnector_stereotype)
and (class_.isStereotypeApplied(ModelicaFunction_st
and (self.specification.oclIsKindOf(ElementSpec::CO
and (self.specification[ElementSpec:: COMPONENTS]
.components->forAll(e : Componentltem::uComponentlt
e.ocllsKindOf(Componentltem:: COMPONENTITEM)))
and (self.specification[ElementSpec:: COMPONENTS]

);

nts
ibute - to be implemented

n Ecore-based Modelica metamodel
be implemented

/I Mapping Rule 18.3.1

eAndName /l Mapping Rule 18.3.6
tCommonValues, // Mapping Rule 18.3.9
/l Mapping Rule 18.3.11
lue,
ityValue /I Mapping Rule 18.3.7
Name(self)) /I Mapping Rule 18.3.3

ereotype) = false)

.components[Componentltem:: COMPONENTITEM].component

->forAll(e : Component::uComponent |
e.ocllskindOf(Component:: COMPONENT)))}

class_.ownedPort += result;
safeApplyStereotype(result, ModelicaPort_stereotype

/I Mapping Rule 18.3.8 : ConditionalExpression attr
/I Mapping Rule 18.3.10 : isFinal attribute - not i
/l Mapping Rule 18.3.12 : arraySize attribute - to

[ *****% Mapping Rule 18.4 *xxxxx

mapping Element::ELEMENT::toSysML$ModelicaValueProp
(inout class_ : UML::Class) : UML::Property

inherits Element::ELEMENT::setSysML$TypedElementTyp
merges Element::ELEMENT ::setSysML$ModelicaComponen

Element::ELEMENT::
setSysML$ModelicaComponentDeclarationEquationValue,

Element::ELEMENT ::setSysML$ModelicaComponentCausal
Element::ELEMENT ::setSysML$ModelicaComponentVariab

Element;:ELEMENT

MPONENTS)) /I Mapping Rule 18.3.2
I Mapping Rule 18.3.4
em |
1 Mapping Rule 18.3.5
)i

ibute - to be implemented
n Ecore-based Modelica metamodel
be implemented

erty / Mapping Rule 18.4.1

eAndName
tCommonValues,

/l Mapping Rule 18.4.7
/l Mapping Rule 18.4.14
/I Mapping Rule 18.4.15

/l Mapping Rule 18.4.16
ityValue,// Mapping Rule 18.4.9
ilityValue,// Mapping Rule 18.4.10

::setSysML$ModelicaComponentConditionalExpressionVa lue,

Element::ELEMENT ::setSysML$ModelicaComponentScopeV alue, /I Mapping Rule 18.4.12

Element::ELEMENT ::setSysML$ModelicaComponentFlowFl agValue // Mapping Rule 18.4.11
when{(getSysML$PropertyType(getModelicaComponentTyp eName(self)) /I Mapping Rule 18.4.3

.isStereotypeApplied(ModelicaRecord_stereotype)

or getSysML$PropertyType(getModelicaComponentTypeNa me(self))

.isStereotypeApplied(ModelicaType_stereotype)

or getSysML$PropertyType(getModelicaComponentTypeNa
or getSysML$PropertyType(getModelicaComponentTypeNa
or getSysML$PropertyType(getModelicaComponentTypeNa
or getSysML$PropertyType(getModelicaComponentTypeNa

and (class_.isStereotypeApplied(ModelicaFunction_st
and (self.specification.oclIsKindOf(ElementSpec::CO
and (self.specification[ElementSpec:: COMPONENTS]
.components->forAll(e : Componentltem::uComponentlt
e.ocllskindOf(Componentltem:: COMPONENTITEM)))
and (self.specification[ElementSpec:: COMPONENTS]

me(self)) = modelicaRealType
me(self)) = modelicalntegerType
me(self)) = modelicaBooleanType
me(self)) = modelicaStringType)
ereotype) = false)
MPONENTS)) /I Mapping Rule 18.4.2
1 Mapping Rule 18.4.4

em |

1 Mapping Rule 18.4.5



.components[Componentltem:: COMPONENTITEM].component

->forAll(e : Component::uComponent |

e.ocllskindOf(Component:: COMPONENT)))

and (self.specification[ElementSpec:: COMPONENTS] 1 Mapping Rule 18.4.6
.attributes ->forAll(e : ElementAttributes::uElement Attributes |
e.ocllskindOf(ElementAttributes::ATTR)))}

{
class_.ownedAttribute += result;
safeApplyStereotype(result, ModelicaValueProperty_s tereotype);
/I Mapping Rule 18.4.8 : visibility attribute - not in Ecore-based Modelica metamodel
/I Mapping Rule 18.4.13 : ConditionalExpression att ribute - to be implemented
/I Mapping Rule 18.4.17 : isFinal attribute - not i n Ecore-based Modelica metamodel
/I Mapping Rule 18.4.18 : arraySize attribute - to be implemented
}
[ *****% Mapping Rule 18.5 *xxxxx
mapping Element::ELEMENT::toSysML$ModelicaFunctionP arameter /I Mapping Rule 18.5.1
(inout class_ : UML::FunctionBehavior) : UML::Param eter
inherits Element::ELEMENT::setSysML$TypedElementTyp eAndName /I Mapping Rule 18.5.8
merges Element::ELEMENT ::setSysML$ModelicaComponen tCommonValues, // Mapping Rule 18.5.1
/I Mapping Rule 18.5.13
Element::ELEMENT:: /l Mapping Rule 18.5.14
setSysML$ModelicaComponentDeclarationEquationValue,
Element::ELEMENT ::setSysML$ModelicaComponentCausal ityValue,// Mapping Rule 18.5.9
Element::ELEMENT ::setSysML$ModelicaComponentVariab ilityValue// Mapping Rule 18.5.10
when{(getSysML$PropertyType(getModelicaComponentTyp eName(self)) / Mapping Rule 18.5.3
.isStereotypeApplied(ModelicaRecord_stereotype)
or getSysML$PropertyType(getModelicaComponentTypeNa me(self))
.isStereotypeApplied(ModelicaType_stereotype)
or getSysML$PropertyType(getModelicaComponentTypeNa me(self)) = modelicaReal Type
or getSysML$PropertyType(getModelicaComponentTypeNa me(self)) = modelicalntegerType
or getSysML$PropertyType(getModelicaComponentTypeNa me(self)) = modelicaBooleanType
or getSysML$PropertyType(getModelicaComponentTypeNa me(self)) = modelicaStringType)
and class_.isStereotypeApplied(ModelicaFunction_ste reotype) /I Mapping Rule 18.5.4
and (self.specification.oclisKindOf(ElementSpec::CO MPONENTS)) /I Mapping Rule 18.5.2
and (self.specification[ElementSpec:: COMPONENTS] 1 Mapping Rule 18.5.5
.components->forAll(e : Componentltem::uComponentlt em |
e.ocllskindOf(Componentltem:: COMPONENTITEM)))
and (self.specification[ElementSpec:: COMPONENTS] 1 Mapping Rule 18.5.6
.components[Componentltem:: COMPONENTITEM].component
->forAll(e : Component::uComponent |
e.ocllskindOf(Component:: COMPONENT)))
and (self.specification[ElementSpec:: COMPONENTS] 1 Mapping Rule 18.5.7
.attributes ->forAll(e : ElementAttributes::uElement Attributes |
e.oclIsKindOf(ElementAttributes::ATTR)))}
{
class_.ownedParameter += result;
safeApplyStereotype(result, ModelicaFunctionParamet er_stereotype);
/I Mapping Rule 18.5.7 : attributes attribute - not in Ecore-based Modelica metamodel
// Mapping Rule 18.4.11 : isFinal attribute - not i n Ecore-based Modelica metamodel
/I Mapping Rule 18.4.15 : arraySize attribute - to be implemented
}
mapping Element::ELEMENT ::setSysML$ModelicaCompone ntCommonValues
(inout class_ : UML::Class) : UML::TypedElement
{
init{
/I modification
var modification : String = getModelicaComponentMod ificationValue(self);
if(modification.ocllsInvalid() = false)
then{
safeStereotypeSetValue(result, result.getAppliedSte reotypes()

->any(true), "modification”, modification);
endif;

Il isReplaceable
var replaceable : RedeclareKeywords::REPLACEABLE =



}

mapping Element::ELEMENT ::setSysML$ModelicaCompone

self.redeclareKeywords![RedeclareKeywords::REPLACEA
if(replaceable.ocllsInvalid())

then{
safeStereotypeSetValue(result, result.getAppliedSte
->any(true), "isReplaceable", false);

else{
safeStereotypeSetValue(result, result.getAppliedSte
->any(true), "isReplaceable", true);

lendif;

Il arraySize

self.specification![ElementSpec:: COMPONENTS]

.components![Componentltem::COMPONENTITEM]

.component![Component:: COMPONENT].arrayDim.subscrip

.subScript->forEach ( expression | UExp) {
safeStereotypeSetValue(result, result.getAppliedSte
->any(true), "arraySize", "TBD");

(inout class_ : UML::Class) : UML::TypedElement

{

}

mapping Element::ELEMENT ::setSysML$ModelicaCompone

init{

var stringValue = getModelicaComponentDeclarationEq
if(stringValue.ocllsInvalid() = false)

then{
safeStereotypeSetValue(result, result.getAppliedSte
[name = "ModelicaValueProperty" or name = "Modelica
->any(true), "declarationEquation”, stringValue);

Yendif;

(inout class_ : UML::Class) : UML::TypedElement

{

}

mapping Element::ELEMENT ::setSysML$ModelicaCompone

init{

then{

endif;

if(self.innerOuter.oclisKindOf(InnerOuter::INNERY))

safeStereotypeSetValue(result, result.getAppliedSte
->any(true), "scope”, modelicalnnerKind);

if(self.innerOuter.ocliskKindOf(InnerOuter::OUTER))

then{

endif;

safeStereotypeSetValue(result, result.getAppliedSte
->any(true), "scope", modelicaOuterKind);

(inout class_ : UML::Class) : UML::TypedElement

{

init{

var condition : Exp::uExp = self.specification![Ele
.components![Componentltem:: COMPONENTITEM].conditio

if(condition.ocllIsInvalid() = false)

then{

endif;

safeStereotypeSetValue(result, result.getAppliedSte
->any(true), "conditionalExpression”, "TBD");

ntScopeValue

BLE];

reotypes()

reotypes()

ts[Subscript::SUBSCRIPT]

reotypes()

ntDeclarationEquationValue

uationValue(self);

reotypes()
FunctionParameter"]

reotypes()

reotypes()

ntConditionalExpressionValue

mentSpec::COMPONENTS]
n.condition;

reotypes()



mapping Element::ELEMENT ::setSysML$ModelicaCompone ntCausalityValue
(inout class_ : UML::Class) : UML::TypedElement

{
init{
var direction : Direction::uDirection =
self.specification![ElementSpec:: COMPONENTS]
.attributes![ElementAttributes::ATTR].direction;
if(direction.ocllsKindOf(Direction::INPUT))
then{
safeStereotypeSetValue(result, result.getAppliedSte reotypes()
->any(true), "causality”, modelicalnputKind);
endif;
if(direction.ocllsKindOf(Direction::OUTPUT))
then{
safeStereotypeSetValue(result, result.getAppliedSte reotypes()
->any(true), "causality”, modelicaOutputKind);
endif;
}
}
mapping Element::ELEMENT ::setSysML$ModelicaCompone ntVariabilityValue
(inout class_ : UML::Class) : UML::TypedElement
{
init{
var variability : Variability::uVariability =
self.specification![ElementSpec:: COMPONENTS]
.attributes![ElementAttributes::ATTR].variability;
if(variability.ocllsKindOf(Variability:: CONST))
then{
safeStereotypeSetValue(result, result.getAppliedSte reotypes()
->any(true), "causality”, modelicaConstantKind);
endif;
if(variability.ocllsKindOf(Variability::VAR))
then{
safeStereotypeSetValue(result, result.getAppliedSte reotypes()
->any(true), "causality”, modelicaContinuousKind);
endif;
if(variability.ocllsKindOf(Variability:: DISCRETE))
then{
safeStereotypeSetValue(result, result.getAppliedSte reotypes()
->any(true), "causality”, modelicaDiscreteKind);
endif;
if(variability.ocllsKindOf(Variability:: PARAM))
then{
safeStereotypeSetValue(result, result.getAppliedSte reotypes()
->any(true), "causality”, modelicaParameterKind);
endif;
}
}
mapping Element::ELEMENT ::setSysML$ModelicaCompone ntFlowFlagValue
(inout class_ : UML::Class) : UML::TypedElement
{
init{
var flowPrefix : Boolean = self.specification![Elem entSpec::COMPONENTS]
.attributes![ElementAttributes::ATTR].flowPrefix;
if(flowPrefix)
then{
safeStereotypeSetValue(result, result.getAppliedSte reotypes()
->any(true), "flowFlag", modelicaFlowKind);
endif;
var streamPrefix : Boolean = self.specification![El ementSpec::COMPONENTS]

.attributes![ElementAttributes::ATTR].streamPrefix;



}

mapping Element::ELEMENT::setSysML$TypedElementType

if(streamPrefix)

then{
safeStereotypeSetValue(result, result.getAppliedSte
->any(true), "flowPrefix", modelicaStreamKind);
endif;
}

(inout class_ : UML::Class) : UML::TypedElement

{

}

i

init{

result.type := getSysML$Property Type(getModelicaCom

result.name := getModelicaComponentName(self);

[ *****% Mapping Rule 19.2 *xxxxx

mapping Class::CLASS::setSysML$ModelicaEquations
(inout pkg : UML::Package) : UML::Class

{

}

/I mapping to constraints
self.body[ClassDef::PARTS].classParts[ClassPart::EQ
.contents[Equationltem::EQUATIONITEM].equation_
->select(e : Equation::uEquation | e.ocllsKindOf(Eq

-> map toSysML$ModelicaEquation(result, false);
self.body[ClassDef::PARTS].classParts[ClassPart::IN
.contents[Equationltem::EQUATIONITEM].equation_
->select(e : Equation::uEquation | e.oclIsKindOf(Eq

-> map toSysML$ModelicaEquation(result, true);

mapping Equation::uEquation::toSysML$ModelicaEquati on

(inout class_ : UML::Class, in isInitial : Boolean)

{

class_.ownedRule += result;
safeApplyStereotype(result, ModelicaEquation_stereo
safeStereotypeSetValue(result, ModelicaEquation_ste
"isInitial", isInitial.repr());

if(self.ocllsKindOf(Equation::EQ_EQUALS))

then{
var equalsEquation : Equation::EQ_EQUALS = self.ocl
var leftSide : String = loadExpression(equalsEquat
var rightSide : String = loadExpression(equalsEqua
var equation : String = leftSide + " =" + rightSi
result.specification :=
object UML::OpaqueExpression{body := equation; lang

endif;

if(self.ocllsKindOf(Equation::EQ_NORETCALL))

then{
var noretcallEquation : Equation::EQ_NORETCALL =
self.oclAsType(Equation::EQ_NORETCALL);
var functionName : String = loadComponentRef(noret
var functionArgs : String = loadFunctionArgs(noret
var equation : String = functionName + "("*  + functi

result.specification :=

object UML::OpaqueExpression{body := equation; lang
endif;
/I MISSING EQUATION TYPES: to be implemented

Ilif(self.ocllsKindOf(Equation::EQ_IF))
Ilif(self.ocllsKindOf(Equation::EQ_FOR))

AndName

EQUATION AND ALG ORITHM SECTION

reotypes()

ponentTypeName(self));

/I Mapping Rule 19.2.1

UATIONS] /I Mapping Rule 19.2.3

uation::EQ_CONNECT) = false)

ITIALEQUATIONS] // Mapping Rule 19.2.4

uation::EQ_CONNECT) = false)

: UML::Constraint

type);
reotype,

AsType(Equation::EQ_EQUALS);
ion.leftSide);
tion.rightSide);
de;

/I Mapping Rule 19.2.2
uage := "Modelica"};

callEquation.functionName);
callEquation.functionArgs);
onArgs +")";

uage := "Modelica"};



Ilif(self.ocllsKindOf(Equation::EQ_WHEN_E))
Ilif(self.ocllsKindOf(Equation::EQ_FAILURE))
}

[[ Fxxxkx Mapping Rule 19.3 *x**

mapping Class::CLASS::setSysML$ModelicaAlgorithms
(inout pkg : UML::Package) : UML::Class

{

/I mapping to behaviors
self.body[ClassDef::PARTS].classParts[ClassPart::AL
.contents[Algorithmltem:: ALGORITHMITEM].algorithm_
-> map toSysML$ModelicaAlgorithm(result, false);

/I Mapping Rule 19.3.4 : INITIALALGORITHMS - not in

1 Mapping Rule 19.3.1

GORITHMS] /I Mapping Rule 19.3.3

Ecore-based Modelica metamodel

}
mapping AlgorithmStatement::uAlgorithmStatement::to SysML$ModelicaAlgorithm
(inout class_ : UML::Class, in isInitial : Boolean) : UML::OpagueBehavior
{
class_.ownedBehavior += result;
safeApplyStereotype(result, ModelicaAlgorithm_stere otype);
if(self.ocllsKindOf(AlgorithmStatement::ALG_ASSIGN) )
then{
var algassignAlgorithm : AlgorithmStatement::ALG_AS SIGN =
self.oclAsType(AlgorithmStatement::ALG_ASSIGN);
var assignComponent : String =
loadExpression(algassignAlgorithm.assignComponent);
var value : String = loadExpression(algassignAlgor ithm.value);
var algorithm : String = assignComponent + " :=" + value;
result.body += algorithm;
/I Mapping Rule 19.3.2
endif;
/I MISSING ALGORITHMSTATEMENT TYPES: to be impleme nted
Ilif(self.oclisKindOf(AlgorithmStatement::ALG_IF))
Ilif(self.oclisKindOf(AlgorithmStatement::ALG_FOR))
/lif(self.oclisKindOf(AlgorithmStatement::ALG_WHILE )
/lif(self.oclisKindOf(AlgorithmStatement::ALG_WHEN_ A))
/lif(self.oclisKindOf(AlgorithmStatement::ALG_NORET CALL))
[lif(self.oclisKindOf(AlgorithmStatement::ALG_RETUR N))
/lif(self.oclisKindOf(AlgorithmStatement::ALG_BREAK )
}
[] ¥k Mapping Rule 19.4 *rx
mapping Class::CLASS::setSysML$ModelicaConnections
(inout pkg : UML::Package) : UML::Class // Mapping Rule 19.4.1
{
/I mapping to connectors
self.body[ClassDef::PARTS].classParts[ClassPart::EQ UATIONS]
.contents[Equationitem::EQUATIONITEM].equation_[Equ ation::EQ_CONNECT]
-> map toSysML$ModelicaConnection(result);
}
mapping Equation::EQ_CONNECT::toSysML$ModelicaConne ction
(inout class_ : UML::Class) : UML::Connector
{

class_.ownedConnector += result;

/I get componentRefs

var componentRefl : String = loadComponentRef(self
var componentRef2 : String = loadComponentRef(self

Il get partl, part2, portl, port2

var partlName : String = componentRefl.substringBef
var partl : UML::Property = class_.ownedAttribute![
.0ClAsType(UML::Property);

var partlType : UML::Type = class_.ownedAttribute![
var portl : UML::Property =

getPort(componentRefl, part1Type.oclAsType(UML::Cla

.connectorl);
.connector2);

ore(".");
name = partlName]
name = partlName].type;

ss));



var part2Name : String = componentRef2.substringBef ore(".");

var part2 : UML::Property = class_.ownedAttribute![ name = part2Name]
.0clAsType(UML::Property);

var part2Type : UML::Type = class_.ownedAttribute![ name = part2Name].type;
var port2 : UML::Property =

getPort(componentRef2, part2Type.oclAsType(UML::Cla SS));

result._end +=

object UML::ConnectorEnd{partWithPort := part1; rol e = portl}; /I Mapping Rule 19.4.2
result._end +=

object UML::ConnectorEnd{partWithPort := part2; rol e := port2}; /I Mapping Rule 19.4.3
result.name := "connect (" + componentRefl + " , " + componentRef2 + ")";

safeApplyStereotype(result, ModelicaConnection_ster eotype);

}

1 HELPER FU NCTIONS
helper getModelicaComponentTypeName (in element : E lement::ELEMENT) : String

return element.specification![ElementSpec:: COMPONEN TS].typeSpec![TypeSpec::TPATH]
.path![Path::IDENT].name;

helper getModelicaComponentName (in element : Eleme nt::ELEMENT) : String

return element.specification![ElementSpec:: COMPONEN TS]
.components![Componentltem:: COMPONENTITEM].componen t[Component:: COMPONENT].name;
}

helper getSysML$PropertyType (in propertyName : Str ing) : UML::Type
{

if(propertyName = "Real")
then {
return modelicaRealType
} endif;
if(propertyName = "Integer")
then {
return modelicalntegerType
} endif;
if(propertyName = "Boolean")
then {
return modelicaBooleanType
} endif;
if(propertyName = "String")
then {
return modelicaStringType
} endif;
return sysmiModel.objectsOfType(UML:: Type)![name = propertyName];
}

helper getModelicaComponentDeclarationEquationValue

(in element : Element::ELEMENT) : String

{
var expression : Exp::uExp = element.specification! [ElementSpec::COMPONENTS]
.components![Componentltem:: COMPONENTITEM].componen tl[Component:: COMPONENT]
.modification![Modifications:: CLASSMOD)].expOption;
if(expression.oclisKindOf(Exp::INTEGER))
then{

}

endif;
if(expression.oclisKindOf(Exp::REAL))
then {

return expression.oclAsType(Exp::INTEGER).value.toS tring();

return expression.oclAsType(Exp::REAL).value.toStri ng();
endif;
return null;

}

helper getModelicaComponentMadificationValue(in ele ment ;: Element::ELEMENT) : String



var componentRef : ComponentRef::uComponentRef = el ement

.specification![ElementSpec:: COMPONENTS].components I[Componentitem::COMPONENTITEM]
.component!/[Component:: COMPONENT].modification![Mod ifications::CLASSMOD]
.elementArgLst![ElementArg::MODIFICATION].component Reg;

var expOption : Exp::uExp = element.specification![ ElementSpec::COMPONENTS]
.components![Componentltem:: COMPONENTITEM].componen t[Component:: COMPONENT]
.modification![Modifications:: CLASSMOD)].elementArgL st![ElementArg::MODIFICATION]
.modification![Modifications:: CLASSMOD].expOption;

/lreturn componentRef.repr() + " =" + expOption.re pr();

var temp : String = "TBD";
return temp;

}
helper getModelicaComponentArraySizeValue(in elemen t: Element::ELEMENT) : String
var arrayDim : Sequence(Exp::uExp) = element.specif ication![ElementSpec::COMPONENTS]
.components![Componentltem:: COMPONENTITEM].componen t[Component:: COMPONENT]
.arrayDim.subscripts[Subscript:: SUBSCRIPT].subScrip t;
/I TBD
return null;
}
helper loadComponentRef(in componentReference : Com ponentRef::uComponentRef) : String
{
if(componentReference.ocllsKindOf(ComponentRef::CRE F_IDENT))
then{
return componentReference.oclAsType(ComponentRef::C REF_IDENT).name;
endif;
if(componentReference.ocllsKindOf(ComponentRef::CRE F_QUAL))
then{
var variableName : String =
componentReference.oclAsType(ComponentRef::CREF_QUA L).name;
var componenReference2 : String =
loadComponentRef(componentReference
.0clAsType(ComponentRef::CREF_QUAL).componentRef);
return variableName + "." + componenReference2;
endif;
// TBD
return null;
}
helper loadExpression(in componentReference : Exp:: UEXxp) : String
/ invoke Java black-box method
return "TBD";
}
helper loadFunctionArgs(in componentReference : Fun ctionArgs::uFunctionArguments) : String
/l invoke Java black-box method
return "TBD";
}
helper getPart(in componentReference : String, inou tclass_: UML::Class ) : UML::Property
var partName : String = componentReference.substrin gBefore("\\.");
return class_.ownedAttribute![name = partName];
}
helper getPort(in componentReference : String, in p ropertyType : UML::Class) : UML::Property
{

var portName : String = componentReference.substrin gAfter(".");
var attributes : Set(UML::Property) = null;
attributes += property Type.ownedAttribute;
propertyType.inheritedMember->forEach(s) {
if(s.ocllsKindOf(UML::Property))
then {attributes += s.oclAsType(UML::Property);}
endif;



}

helper safeApplyStereotype(element : UML::Element,

}

J

return attributes->select(name = portName)->any(tru

assert fatal (not element.oclisUndefined())

with log(‘safeApplyStereotype(element=<null>)";

assert fatal (not stereotype.ocllsUndefined())

with log(‘safeApplyStereotype(stereotype=<null>)");

var nearestPackage := element.getNearestPackage();

assert fatal (not nearestPackage.ocllsUndefined())

with log(‘safeApplyStereotype(element is not contai

var profile := stereotype.getProfile();

assert fatal (not profile.oclisUndefined())

with log(‘safeApplyStereotype(stereotype is not def

if (not nearestPackage.getAllAppliedProfiles()->inc
nearestPackage.applyProfile(profile);
log('safeApplyStereotype(element="+ element.repr()
', stereotype=' + stereotype.qualifiedName + ') --
+ profile.qualifiedName + ' to: ' + nearestPackage.

} endif;

var sub : Set(UML::Stereotype) = element.getApplied

if (sub->notEmpty()) then {
/I a specialization of the stereotype is applied.
return;

} endif;

if (not element.isStereotypeApplicable(stereotype))
log('safeApplyStereotype(namedElement=" + element.
', stereotype=' + stereotype.qualifiedName +
') -- stereotype is not applicable to this element

} endif;

assert fatal (element.isStereotypeApplicable(stereo

with log(‘safeApplyStereotype(namedElement="+ elem

stereotype.qualifiedName + ') -- stereotype is not

if (not element.isStereotypeApplied(stereotype)) th
element.applyStereotype(stereotype);

e);

stereotype : UML::Stereotype) {

ned in a package!));

ined in a profile!)");
ludes(profile)) then {

+
applied profile: '
qualifiedName);

Substereotypes(stereotype);

type))

ent.repr() + ', stereotype="'+
applicable to this element!’);
en{

if (not element.isStereotypeApplied(stereotype)) th en{
log('safeApplyStereotype(namedElement=" + element.r epr() +
', stereotype="+
stereotype.qualifiedName + ') -- stereotype applica tion failed!");
assert fatal (element.isStereotypeApplied(stereotyp e))

with log(‘'safeApplyStereotype(hnamedElement=" + elem

', stereotype=' + stereotype.qualifiedName +
") -- stereotype application failed!");
} endif;
} endif;
return;

helper safeStereotypeSetValue

(element : UML::Element, stereotype : UML::Stereoty

safeApplyStereotype(element, stereotype);
var sub : Set(UML::Stereotype) = element.getApplied
var s : UML::Stereotype = null;
if (sub->notEmpty()) then {

sub := sub[getAllAttributes().name->includes(tagNam
}else {

sub := stereotype->asSet();
} endif;
assert fatal (sub->size() = 1) with log('safeStereo
element.repr() + ', stereotype=" + stereotype.quali
tagName + ) : the stereotype does not have any tag
s := sub![UML::Stereotype];
element.setValue(s, tagName, value);

ent.repr() +

pe, tagName : String, value : OclAny) {

Substereotypes(stereotype);

e)l;

typeSetValue(element=" +
fiedName + ', tag="+
attribute of this name.)");



