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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form
the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal
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INTRODUCTION

The rapid growth of distributed processing has led to a need for a coordinating framework for this standardization and
ITU-T Recommendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Processing (RM-ODP)
provides such a framework. It defines an architecture within which support of distribution, interoperability and portability
can be integrated.

RM-ODP Part 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framework for describing d{stributed
systemsl The scopes and objectives of the RM-ODP Part 2 and the UML, while related, are not the same and, in § number
of caseq, the RM-ODP Part 2 and the UML specification use the same term for concepts which are related but pot

identicall (e.g., interface). Nevertheless, a specification using the Part 2 modeling concepts can beexpressed using UML
with appropriate extensions (using stereotypes, tags, and constraints).

RM-ODP Part 3 (ISO/IEC 10746-3) specifies a generic architecture of open distributed systerhs, expressed using the
foundatjonal concepts and framework defined in Part 2. Given the relation between UMIL"as-a modeling languagg and Part
3 of thd RM-ODP standard, it is easy to show that UML is suitable as a notation for the ‘individual viewpoint
specificptions defined by the RM-ODP.

This International Standard for OMG Systems Modeling Language is a standard-for the technology specificatioh of an

ODP system. It defines a technology to provide the infrastructure required_to support functional distribution of an ODP
system,|specifying functions required to manage physical distribution, cemmunications, processing and storage and the
roles of]different technology objects in supporting those functions.

This International Standard defines a general-purpose language £0¥ systems engineering applications, called thelOMG
Systemg Modeling Language (OMG SysML™). Throughoutithe rest of this International Standard the languagd will be
referred| to as SysML.

SysML [supports the specification, analysis, design,, verification, and validation of a broad range of complex systems.
These systems may include hardware, software, information, processes, personnel, and facilities.

It is cotpmon practice for engineers to use a(wide range of modeling languages, tools, and techniques on large $ystems
projectd SysML is intended to unify diverse modeling languages used by systems engineers and can be used with a wide
variety pf discipline- and domain-specifi¢ modeling languages.

SysML [reuses a subset of UML 2.5.and provides additional extensions needed to address the requirements in UML for
SE. SysML uses the UML 2.5-extension mechanisms as further elaborated in Clause 17 as the primary mechan{sm to
specify fthe extensions to UMI="2.5. This revision of SysML relies on several new features incorporated into UNIL 2.5.
Any usg of the term “UML-2” or “UML” in this International Standard, unless otherwise noted, will refer to UML 2.5 in
general fand the UML2:5 specification in particular.

Since SysML usess\UML 2.5 as its foundation, systems engineers modeling with SysML and software engineers modeling
with UML 2.55will be able to collaborate on models of software-intensive systems. This will improve communication
among the-various stakeholders who participate in the systems development process and promote interoperabilify among

modelirg tools It is qnfir\ipaf@r] that SvysMTwill be customized to model dnmain_qppr‘iﬁr‘ qpp]ir‘qﬁnnq such as

automotive, aerospace, communication, and information systems.
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1

Information technology - Object Management Group
Systems Modeling Language (OMG SysML 1.4.1)

Scope

1.1

The purpose of this International Standard is to specify the Systems Modeling Language (SysML), a general-py
modelirlg language for systems engineering. Its intent is to specify the language so that systems ¢ngineering m
may learn to apply and use SysML; modeling tool vendors may implement and support SysMD; and both can p
feedback to improve future versions. Note that a definition of “system” and “systems engineering” can be foun
IEC/IEKE 15288.

SysML [reuses a subset of UML 2 and provides additional extensions to satisfy theequirements of the languag
Internatjonal Standard documents the language architecture in terms of the partstof"\UML 2 that are reused and

extensi

specifiep the extensions to UML 2. The reusable portion of the UML 2 standard is not included directly in the

General

ns to UML 2. The International Standard includes the concrete syntax (notation) for the complete langy

rpose
delers
rovide

1 in ISO/

e. This
the
age and

International Standard but is included by reference. The International Standard also provides examples of how the

languagle can be used to solve common systems engineering problems:

SysML

problengs. It is particularly effective in specifying requirements,structure, behavior, allocations, and constraints d

properti
structur
diagrani
System
be addr

The fol
systems
Standar
additior

2

The fol

is designed to provide simple but powerful constructs fofdnodeling a wide range of systems engineerin

es to support engineering analysis. The language isrintended to support multiple processes and methods
ed, object-oriented, and others, but each methodadlogy may impose additional constraints on how a cons
kind may be used. This version of the language supports most, but not all, of the requirements of the
Engineering RFP, as shown in the Requiréments Traceability referenced by Annex F. These gaps are in
pssed in future versions of SysML as.indicated in the matrix.

owing sub clauses provide background information about this International Standard. Instructions for b
engineers and tool vendors who.read this International Standard are provided in “How to Read this Intg
1.” The main body of this [nternational Standard describes the normative technical content. The annexe
al information to aid in‘tmderstanding and implementation of this International Standard.

Normative References

owingmormative documents contain provisions, which through reference in this text, constitute provisio

Internatllonal Standard. Subsequent amendments to, or revisions of, any of these publications do not apply.

D
=

n system
such as
fruct or
UML for
ended to

th
rnational
include

hs of this

« ISO/IEC Directives, Part 2, Rules for the structure and drafting of International Standards, 7th Edition 2016

« ISO/IEC 10303-233:2012, STEP AP233, Product data representation and exchange: application protocol: Systems
engineering

- ISO/IEC IEEE 15288:2015, Systems and software engineering - System life cycle process
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«  OMG Specification formal/2015-03-01, Unified Modeling Language, (UML) V2.5
(http://www.omg.org/spec/UML/2.5/)

«  OMG Specification formal/2012-01-01, Object Constraint Language (OCL), V2.3.1
(http://www.omg.org/spec/OCL/2.3.1/)

«  OMG Specification formal/2015-06-05, Meta Object Facility (MOF), V2.5
(http://www.omg.org/spec/MOF/2.5/)

« MG Specification formal’2015-06-01, Diagram Definition, V11
http://www.omg.org/spec/DD/1.1/)

+  DPMG Document ad/03-03-41, UML for Systems Engineering RFP
http://www.omg.org/cgi-bin/doc?ad/2003-03-41)

« DMG Document ormsc/2014-06-01, Model Driven Architecture (MDA) Guide rev. 2.0
http://www.omg.org/cgi-bin/doc?ormsc/2014-06-01)

- MIM Edition 3 (VIM3), “International vocabulary of metrology - Basic and generaleoricepts and associated [terms
VIM)”, JCGM 200:2012 (JCGM 200:2008 with minor corrections)

« |Dybkaer-2010] Rene Dybkaer, “ISO terminological analysis of the VIM3 céencepts of ‘quantity’ and ‘kind-¢f-
uantity’”’, Metrologia 47, (2010) 127-143

3 Additional Information

3.1 | Relationships to Other Standards

SysML [is defined as an extension of the OMG UML\2 standard. See Clause 2 for the current version of the UNIL 2
standard.

SysML [is intended to be supported by two evolving interoperatility standards including the OMG XMI 2 mode
interchgnge standard for UML 2 modeling tools and the ISO 10303 STEP AP233 data interchange standard for|systems
engineefing tools. Overviews of the approach to model interchange and relevant references are included in Annex G.

SysML supports the OMG’s Model Driven Architecture (MDA) initiative by its reuse of UML and related standprds. See
OMG MDA Guide rev 2.0.

3.2 | How to Read this International Standard

This Inernational’Standard is intended to be read by systems engineers so they may learn and apply SysML, and by
modelirlg tookwendors so they may implement and support SysML.

Systemg engineers should read the Overview, Diagram Elements, and Usage Examples sub clauses in each claufe, and
explore the UML Extensions as they see fit. Modeling tool vendors should read all clauses. In addition, systems engineers
and vendors should read Annex D, “Sample Problem,” to understand how the language is applied to an example, and the
document referenced byAnnex F, “Requirements Traceability,” to understand how the requirements in the UML for SE
RFP are satisfied by this International Standard.

Although the clauses are organized into logical groupings that can be read sequentially, this International Standard can be
used for reference and may be read in a non-sequential manner.
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3.2.1 Organization

This International Standard is organized as follows:
FOREWORD
INTRODUCTION

1 Scope

2 Normhtive References

3 Additjonal Information - includes Relationships to Other Standards, How to Read this International, Standard,|and
Acknowledgments

4 Language Architecture - General Information, Design Principles, Architecture, and SsyML Diagrams
5 Confgrmance - General Information and Conformance Types
6 Langyage Formalism -
« ILevels of Formalism
 (lause Structure
+ (Conventions and Typography
STRUJTURAL CONSTRUCTS

7 Mod¢l Elements - Refactors the kernel package from UML, 2*and includes some extensions to provide some fqundation
capabilities for model management.

8 Blocks - Reuses and extends structured classes fromUML 2 composite structures to provide the fundamental dapability
for desdribing system decomposition and interconnection, and to define different types of system properties incjuding
value pfoperties with optional units of measuré.

9 Ports fand Flows - Provides the semantics for defining how blocks and parts interact through ports and how itpms flow
across donnectors.

10 Congtraint Blocks - Defines how_blocks are extended to be used on parametric diagrams. Parametric diagrams model
a network of constraints on system properties to support engineering analysis, such as performance, reliability, ind mass
properties analysis.

BEHAVIORAL CONSTRUCTS

11 Actiyities - Defines the extensions to UML 2 activities, which represent the basic unit of behavior that is used in activity,
sequendge, and state machine diagrams. The activity diagram is used to describe the slow of control and flow of inputs and
outputs fameng(actions.

lzlt Ve, Dot 41 s V) | b 1 d 1ol - = .
nteractrons LJUTITIIVS IV CUTISUTTUTULS 1TUT uub\.duuus lllbbbasb Uuastiu oulliaviul udiu Inn D\z\.iu.\zllbb u1a51cuuo.

13 State Machines - Describes the constructs used to specify state based behavior in terms of system states and their
transitions.

14 Use Cases - Describes behavior in terms of the high level functionality and uses of a system, that are further specified in
the other behavioral disgrams referred to above.

© ISO/IEC 2017 - All rights reserved 3


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017 (E)

CROSSCUTTING CONSTRUCTS
15 Allocations

16 Requirements

17 Profiles & Model Libraries
ANNEXES

Annex A - Diagrams

Annex B - SysML Diagram Interchange

Annex € - Deprecated Elements

Annex D - Sample Problem

Annex E - Non-normative Extensions

Annex F - Requirements Traceability

Annex {5 - Model Interchange

Annex H - Legal Information
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Laurent Balmelli, Ian Bailey, James Baker, Cory Bialowas, Conrad Bock, Carolyn Boettcher, Roger Burkhart, Murray
Cantor, [Bruce Douglass,Harald Eisenmann, Anders Ek, Brenda Ellis, Marilyn Escue, Sanford Friedenthal, Eran Gery, Hal
Hamiltqn, Dwayne Hatdy; James Hummel, Cris Kobryn, Michael Latta, John Low, Robert Long, Kumar Marimuthu, Alan
Moore, |Véronique-Normand, Salah Obeid, Eldad Palachi, David Price, Bran Selic, Chris Sibbald, Joseph Skippgr, Rick
Steiner,| Robert, Thempson, Jim U’Ren, Tim Weilkiens, Thomas Weigert, and Brian Willard.

In additjon; the following persons contributed valuable ideas and feedback that significantly improved the conterjt and the
quality pf'this International Standard: Perry Alexander, Michael Chonoles. Mike Dickerson. Orazio Gurrieri. Jullian
Johnson, Jim Long, Henrik Lonn, Stephen Mellor, Dave Oliver, Jim Schier, Matthias Weber, Peter Shames, and the
Georgia Institute of Technology research team including Manas Bajaj, Injoong Kim, Chris Paredis, Russell Peak, and
Diego Tamburini. The SysML team also wants to acknowledge Pavel Hruby and his contribution by providing the Visio
stencil for UML 2 that was adapted for most of the figures throughout this International Standard.

© ISO/IEC 2017 - All rights reserved 5


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017 (E)

Additional organizations and individuals have contributed to further revisions of this International Standard, as completed
by Finalization and Revision Task Forces listed under the OMG SysML Roadmap in the Preface above. Besides those
already acknowledged above for their contributions to the original International Standard, the following additional
persons have contributed to the Finalization or Revision Task Forces: Yves Bernard, Graham Bleakley, Fraser Chadburn,
Chris Delp, Hans Peter de Koning, Sébastien Demathieu, Peter Denno, Huascar Espinoza, Allison Barnard Feeney,
Sébastien Gérard, Matthew Hause, Kenn Hussey, Nerijus Jankevicius, Steve Jenkins, Robert Karban, Darren Kelly,
Andreas Korff, Frédéric Mallet, Sam Mancarella, Julio Medina, Jishnu Mukerji, Chris Paredis, Axel Reichwein, Pete
Rivett, Nicolas Rouquette, George Sawyer, Andrius Strazdauskas, Kritsana Uttamang, John Watson, Bernd Wenzel.
Additiopal organizations who supported the work of contributors to the Finalization and Revision Task Forces, not
already [listed for the original submission above, include 88solutions, Adaptive, Atego, EADS, CEA LIST, Burdpean
Southerh Observatory, European Space Agency, Fachhochschule Vorarlberg, INRIA, Mathworks, Tecnalia*Reseprch and
Innovatjon, No Magic, and Universidad de Cantabria.
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4  Language Architecture

4.1 General

SysML reuses a subset of UML 2 and provides additional extensions needed to address requirements in the UML for

Systems Engineering RFP. This International Standard documents the language architecture in terms of the parts of UML
2 that are rensed and the extensions to TIMI. 2. This clause explains design principles and how they are applied to define
the SysML language architecture.

To visuglize the relationship between the UML and SysML languages, consider the Venn diagram shown in Figure 4.1,
where the sets of language constructs that comprise the UML and SysML languages are shown as the eircles marked
“UML”|and “SysML,” respectively. The intersection of the two circles, shown by the region marKed “UML reysed by
SysML/J” indicates the UML modeling constructs that SysML reuses, called the UML4SysML subset. The regioh marked
“SysMIl extensions to UML” in Figure 4.1 indicates the new modeling constructs defined for,SysML that have|no
counterparts in UML, or which replace UML constructs. Note that there is also a part of WUML 2 that is not reqpired to
implempnt SysML, which is shown by the region marked “UML not required by SysM.”

extensions

UML SysM L
not required (UML4 L)
by SysML Cj%

(UML = UML4SysML)

OQQ

Figure #1.1- Overview of SysML/UML Interrelationship
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Table 4.1 lists the metaclasses excluded from the UML4SysML subset. Table 4.2 lists the metaclasses and datatypes
included in the UML4SysML subset. Table 4.3 lists the stereotypes, blocks, valuetypes, and datatypes included in SysML.

Table 4.1 - UML 2 metaclasses excluded from the UML4SysML subset
UML 2 metaclasses excluded from the UML4SysML subset

Artifact, ClassifierTemplateParameter, Collaboration, CollaborationUse, CommunicationPath, Component,
ComponentRealization, ConnectableElementTemplateParameter, Deployment, DeploymentSpecification, Device,
ExceptionHandler, ExecutionEnvironment, ExpansionNode, ExpansionRegion, Manifestation, Node,
OperatfionTemplateParameter, ProtocolConformance, ProtocolStateMachine, ProtocolTransition, QualifierValue,
ReadLjinkObjectEndQualifierAction, RedefinableTemplateSignature, StringExpression, TemplateBinding,
TemplpteParameter, TemplateParameterSubstitution, TemplateSignature, UMLActivityDiagram,
UMLAssociationEndLabel, UMLAssociationOrConnectorOrLinkShape,
UMLAssociationOrConnectorOrLinkShapeKind, UMLBehaviorDiagram, UMLClassDiagram, UMLClassifierShape,
UML({ompartment, UMLCompartmentableShape, UMLComponentDiagram, UMLCompositeStructureDiagram,
UMLIpeploymentDiagram, UMLDiagram, UMLDiagramElement, UMLDiagramWithAssociations, UMLEdge,
UMLIhteractionDiagram, UMLInteractionDiagramKind, UMLInteractionTableLabel, UMLKeywordLabel, UMLLabel,
UMLNMultiplicityLabel, UMLNameLabel, UMLNavigabilityNotationKind, UMLObjectDiagram, UMLPackageDipgram,
UMLHrofileDiagram, UMLRedefinesLabel, UMLShape, UMLStateMachineDiagran; UMLStateShape,
UMLStereotypeProperty ValueLabel, UMLStructureDiagram, UMLStyle, UMLTypedElementLabel,
UMLUseCaseDiagram
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Table 4.2 - UML 2 metaclasses and datatypes included in the UML4SysML subset
UML 2 metaclasses and datatypes included in the UML4SysML subset

Abstraction, AcceptCallAction, AcceptEventAction, Action, ActionExecutionSpecification, ActionInputPin, Activity,
ActivityEdge, ActivityFinalNode, ActivityGroup, ActivityNode, ActivityParameterNode, ActivityPartition, Actor,
AddStructuralFeatureValueAction, AddVariableValueAction, AggregationKind, AnyReceiveEvent, Association,
AssociationClass, Behavior, BehaviorExecutionSpecification, BehavioralFeature, BehavioredClassifier,
BroadcastSignalAction, CallAction, CallBehaviorAction, CallConcurrencyKind, CallEvent, CallOperationAction,
CentralBufferNode, ChangeEvent, Class, Classifier, Clause, ClearAssociationAction, ClearStructuralFeatureAction,
ClearVariableAction, CombinedFragment, Comment, ConditionalNode, ConnectableElement, ConnectionPointReference,
Connegtor, ConnectorEnd, ConnectorKind, ConsiderIgnoreFragment, Constraint, Continuation, ControlFlow,
ContrglNode, CreateLinkAction, CreateLinkObjectAction, CreateObjectAction, DataStoreNode, DataType)
DecisipnNode, Dependency, DeployedArtifact, DeploymentTarget, DestroyLinkAction, DestroyObjectAction,
DestructionOccurrenceSpecification, DirectedRelationship, Duration, DurationConstraint, Duration{atetval,
DuratipnObservation, Element, ElementImport, EncapsulatedClassifier, Enumeration, Enumerationl.iteral, Event,
ExecufableNode, ExecutionOccurrenceSpecification, ExecutionSpecification, Expression, Extend, Extension,
ExtendionEnd, ExtensionPoint, Feature, FinalNode, FinalState, FlowFinalNode, ForkNode{ FunctionBehavior, Gate,
GenerglOrdering, Generalization, GeneralizationSet, Image, Include, InformationFlow Anformationltem, InitialNgde,
InputHin, InstanceSpecification, InstanceValue, Interaction, InteractionConstraint, InferactionFragment,
Intera¢tionOperand, InteractionOperatorKind, InteractionUse, Interface, InterfaceRealization, InterruptibleActivityRegion,
Interval, IntervalConstraint, InvocationAction, JoinNode, Lifeline, LinkAction, linkEndCreationData, LinkEndD4gta,
LinkEhdDestructionData, LiteralBoolean, Literallnteger, LiteralNull, LiteralReal, LiteralSpecification, LiteralString,
LiteraEnlimitedNatural, LoopNode, MergeNode, Message, MessageEnd, MéssageEvent, MessageKind,

MessaeOccurrenceSpecification, MessageSort, Model, MultiplicityElement, NamedElement, Namespace, Objectflow,
ObjecfNode, ObjectNodeOrderingKind, Observation, OccurrenceSpecification, OpaqueAction, OpaqueBehavior,
OpaqueExpression, Operation, OutputPin, Package, Packagelmpert, PackageMerge, PackageableElement, Parameter,
ParampterDirectionKind, ParameterEffectKind, ParameterSet, ParameterableElement, PartDecomposition, Pin, Poyt,
PrimitjveType, PrimitiveTypes::Boolean, PrimitiveTypes:duteger, PrimitiveTypes::Real, PrimitiveTypes::String,
PrimitjveTypes::UnlimitedNatural, PrimitiveValueTypesi:Boolean, Profile, ProfileApplication, Property, Pseudosfate,
PseudgstateKind, RaiseExceptionAction, ReadExtentAction, ReadIsClassifiedObjectAction, ReadLinkAction,
ReadlfinkObjectEndAction, ReadSelfAction, ReadStructuralFeatureAction, ReadVariableAction, Realization, Redeption,
ReclagsifyObjectAction, RedefinableElement,"ReduceAction, Region, Relationship,
RemoyeStructuralFeatureValueAction, RemoveVariableValueAction, ReplyAction, SendObjectAction,
SendSjgnalAction, SequenceNode, Signal, SignalEvent, Slot, StartClassifierBehaviorAction, StartObjectBehaviorfction,
State, StateInvariant, StateMachine, Stereotype, StructuralFeature, StructuralFeatureAction, StructuredActivityNoge,
StructyiredClassifier, Substitution,(TestldentityAction, TimeConstraint, TimeEvent, TimeExpression, Timelnterval,
Time(bservation, Transition, TransitionKind, Type, TypedElement, UnmarshallAction, Usage, UseCase, ValueP|n,
Value$pecification, ValueSpecificationAction, Variable,VariableAction, Vertex, VisibilityKind, WriteLinkActionl
Write$tructuralFeature Action, WriteVariableAction
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Table 4.3 - SysML stereotypes, blocks, valuetypes, and datatypes
SysML stereotypes, blocks, valuetypes, and datatypes

AcceptChangeStructuralFeatureEventAction, AdjunctProperty, Allocate, AllocateActivityPartition, BindingConnector,
Block, BoundReference, ChangeStructuralFeatureEvent, ClassifierBehaviorProperty, Conform, ConnectorProperty,
ConstraintBlock, Continuous, ControlOperator, ControlValue, Copy, DeriveReqt, DirectedFeature,
DirectedRelationshipPropertyPath, Discrete, DistributedProperty, ElementGroup, ElementPropertyPath,
EndPathMultiplicity, Expose, FeatureDirection, FlowProperty, FullPort, InterfaceBlock, InvocationOnNestedPortAction,
ItemFlow, NestedConnectorEnd, NoBuffer, Optional, Overwrite, ParticipantProperty, PrimitiveValueTypes::Boolean,
Primit{veValueTypes::Complex, PrimitiveValueTypes::Integer, PrimitiveValueTypes::Number,
Primit{veValueTypes::Real, PrimitiveValueTypes::String, Probability, Problem, PropertySpecificType, ProxyPort| Rate,
Rationjale, Refine, Requirement, Satisfy, Stakeholder, TestCase, Trace, TriggerOnNestedPort, ValueType{ VerdictKind,
Verify} View, Viewpoint

4.2 | Design Principles

The fundamental design principles for SysML are:
« Requirements-driven - SysML is intended to satisfy the requirements of the UML for SE RFP.

* UML reuse - SysML reuses UML wherever practical to satisfy the requirements of the RFP, and when modifications
hre required, they are done in a manner that strives to minimize changes‘to the underlying language. Conseqpently,
BysML is intended to be relatively easy to implement for vendors who-support UML 2.

+ PML extensions - SysML extends UML as needed to satisfy the requirements of the RFP. The primary extemsion
mechanism is the UML 2 profile mechanism as further refined in Clause 17, “Profiles & Model Libraries.”

« Partitioning - The package is the basic unit of partitioning in this International Standard. The packages partitfion the
model elements into logical groupings that minimizggircular dependencies among them.

« lLayering - SysML packages are specified as an(éxtension layer to the UML metamodel.

 Interoperability - SysML inherits the XMI(interchange capability from UML. SysML is also intended to be Jupported
by the ISO 10303-233 data interchange standard to support interoperability among other engineering tools.

SysML [provides three model libraries:
+ PrimitiveValueTypes, see 8(3.31.
+  nitAndQuantityKind{see” 8.3.3.2.

» (ontrolValues, see~l4.3.3.

4.3 | Architecture

The relgtionship between SysML and UML 2 is shown in Figure 4.2. SysML extends UML 2’s StandardProfile|(see
Clause 22-in the UML 2.5 specification) whose Trace and Refine stercotypes provide the basis for Requiremen
traceability in SysML (see Clause 16, “Requirements” in this International Standard).
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Although SysML indirectly imports the UML 2 PrimitiveTypes library (see Clause 21 in the UML 2.5 specification) due
to the transitivity of package import, SysML provides a PrimitiveValueTypes model library that systems engineers can
extend via SysML’s ValueType stereotype. In the remainder of this document, the unqualified references to Boolean,
Integer, Real, and String should be interpreted as follows:

+ In the context of the definition of a SysML Stereotype, the name refers to the definition of a UML::PrimitiveType in
the UML 2 PrimitiveTypes library.

« Elsewhere, the name refers to the definition of a SysML::ValueType stereotype of UML::DataType in the SysML
PrimitiveValueTypes library.

umL | _ «mpor> | PrimitiveTypes

0 ~ «import»

| S —

! . ‘ «profile»

| «import> StandardProfile

| 7

| «import»/ -

| 7

! -

«profile» «apply» «I\/Io.deIle.rary»

SysML < — = — 1 Libraries
anY

Figure 4.2 - SysML Extension of UML
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«profile»
SysML
_| —
Blocks . _|
Activities
ModelElements Allocations
7 «import»
«Imporo /
/
| ] 1] ]
ConstraintBlock Ports&Flows Requirements DeprecatedElements

Figure

As prev
specific
Figure 4

The Sy

Figure
QUDV

12

D N
I«apply»
| !
«ModelLibrary»
Libraries
«ModelLibrary» «ModelLibrary» «ModelLibrary»
PrimitiveValueTypes ControlValues UnitAndQuantityKind

4.3 - SysML Package Structure

ML packages extend UML as follows:

BysML::
BysML::
BysML:
BysML:
BysML::
BysML:
BysML:
SysML:

:ConstraintBlocks extends Blocks to support parametric modeling.
:Ports and Flows extends UML ports, UML information flows, and SysML Blocks.

:AllocationS-extends UML dependencies.
:Requiréments extends UML classes and dependencies.
:DeprécatedElements extends UML ports, UML interfaces, and SysML Item Flows.

iously stated, the design approach for SysML is to reuse a subset of UML and create extensions to support the
concepts needed to satisfy the requirements in the YML for SE RFP. The SysML package structure shqwn in
|.3 contains a set of packages that correspond to\eoncept areas in SysML that have been extended.

Model Elements refactors and-éxtends UML classes.

Blocks reuses structured classes from composite structures.

Activities extends/UML activities.

4.4 shows non-normative packages in this International Standard that depend on SysML and UML. Notd that the
and ISO-80000 libraries are described in non-normative annexes to this specification.
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Figure 4.4 - Non-normative Package Structure

4.4

This Infernational Standard uses the following mechanisms to define theSysML extensions:

SysM

constraints. SysML diagram extensions define new ‘diagram notations that supplement diagram notations reused

UML

normative extensions are included in Annex/E ¥Non-normative Extensions.”

The SygML user model is created by instantiating its metamodel and applying the stereotypes specified in the §
profile, jand optionally referencing orsubclassing the model elements in the SysML model library. Clause 17, “P

Mode

SysML

4.5

The S

with thq corresponding specification of the UML extensions is described in Parts II - IV. The Diagrams Annex (4
describ¢s genctralized features of diagrams, such as their frames and headings. A model of SysML diagrams to
interchgnge)is in SysML Diagram Interchange Annex (Annex B).

DI UML
N N N
| «importy «import» | «import»
| | — |
I f *
«profile»
appl
UMLDI SysML | — — — — @
|
T N
N
| «import» P - l«apply» l
__| /«irrport» | !
«profile» «ModelLibrary» «import» «ModelLibrary»
SysMLDI QuDvV - - = 1SO-80000

Extension Mechanisms

[JML stereotypes
[UML diagram extensions

Model libraries

L |stereotypes define new modeling constructs by-extending existing UML 2 constructs with new properti

2| SysML model libraries describe specialized model elements that are available for reuse. Additional no

1 Libraries” describes how profiles and model libraries are applied and how they can be used to further ex

SysML Diagrams

yYML diagrdim taxonomy is shown in Figure A.l in Annex A. The concrete syntax (notation) for the diagra

bs and
from

ysML
rofiles &
tend

ms along
Annex A)
support
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5

5.1

ISO/IEC 19514

Conformance

Overview

:2017(E)

Conformance with SysML requires that the subset of UML required for SysML is implemented, and that the SysML
extensions to this subset are implemented. SysML has three types of conformance, listed in 5.2, which shall all be

t,JA. £.11 £ $a Nl £ =] £ Lada D +tadl] £
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5.2

An imp

of SysMIL conformance extend corresponding types in UML as follows:

Conformance Types

ementation of SysML shall comply with both the subset of UML4SysML and the SysMILsextensions. T|

he types

« Abstract syntax conformance. A tool demonstrating abstract syntax conformance provides a user interface apd/or API

hat enables instances of concrete SysML stereotypes (which are applications of stereotypes to instances of |
metaclasses) and model library elements to be created, read, updated, and deleted..The tool shall also providg
validate the well-formedness of models that corresponds to the constraints defined in SysML.

Concrete syntax conformance. A tool demonstrating concrete syntax conformance provides a user interface a
hat enables instances of SysML notation to be created, read, updated, and deleted. This includes conforman
hotation defined in the “Diagram Elements” tables and diagrams.extension sub clauses in each clause of thig
nternational Standard. Note that a conforming tool may provide\the ability to create, read, update, and delet|
hdditional diagrams and notational elements that are not defined in SysML.

Model interchange conformance. A tool demonstratingimodel interchange conformance can import and exp
conformant XMI for all valid SysML models, including models with profiles defined and/or applied. Model
nterchange conformance implies abstract syntax cohformance. See more information in Annex G.

UML
a way to

hd/or API
Ce to the

w

rt
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6 Language Formalism

6.1 Levels of Formalism

SysML is specified using a combination of UML modeling techniques and precise natural language to balance rigor and
understandability. Use of more formal constraints and semantics may be applied in future versions to further increase the
precision of the language

6.2 | Clause Structure

The clapses are organized according to the SysML packages as described in the language architecture and seledted
reusablg¢ portions of UML 2 packages. This sub clause provides information about how each clduse’is organizedl.

6.2.1 | Overview

This sub clause provides an overview of the SysML modeling constructs defined in-the’subject package, which|are
usually jassociated with one or more SysML diagram types.

6.2.2 | Diagram Elements

This sub clause provides tables that summarize the concrete syntax (notation) and abstract syntax references fof the
graphic|nodes and paths associated with the relevant diagram types< The diagram elements tables are intended tp include
all of the diagrammatic constructs used in SysML. However, theydo not represent all the different combinations|in which
they can be used. The reader should refer to the usage examples in the clauses and the sample problem (Annex|D) for
typical pisages of the concrete syntax. General diagram inférmation on the use of diagram frames and headings [can be
found if Annex A.

The diapgram elements tables and the additional usage’examples fill an important role in defining the scope of Sy sML. As
describ¢d in Clause 4, “Language Architecture;2’SysML imports many entire packages from the UML metamodpl, which
it then feuses and extends. Only a subset of'thé entire UML metamodel, however, is required to support the nofations

included in SysML.

Unless b type of diagram element js ‘shown in some form in one of the SysML diagram elements tables, or in alusage
exampl¢ in one of the normative-SysML clauses, it is not considered to be part of the subset of UML included within
SysML/ even if the UML metamodel packages support additional constructs. For example, SysML imports the pntire
Dependencies package from-WML, but it includes diagram elements for only a subset of the dependency types defined in
this package.

6.2.3 | UML EXxtensions

This sub clause specifies the SysML extensions to UML in terms of diagram extensions and semantic extensiois.
Diagram extensions are included when the concrete syntax uses notation other than the standard stereotype notgtion as
defined in the Profiles & Model Libraries clause. Semantic extensions consist of stereotype and model library extensions.
Stereotype extensions always include the abstract syntax that identifies which metaclasses a stereotype extends. Each
stereotype includes a general description with a definition and semantics, along with stereotype properties (attributes), and
constraints. Each constraint consists of a textual description and may be followed by a formal constraint expressed in
Object Constraint Language (OCL). If there is any ambiguity between the two, the OCL statement of the constraint takes
precedence. The model libraries are defined as subclasses of existing metaclasses.
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6.2.4 Usage Examples

This sub clause shows how the SysML modeling constructs can be applied to solve systems engineering problems and is
intended to reuse and/or elaborate the sample problem in Annex D.

6.3

Conventions and Typography

In the description of SysML, the following conventions have been used:

18

When referring to stereotypes, metaclasses, metaassociations, metaattributes, etc. in the text, the exact names as they
hppear in the model are used.

No visibilities are presented in the diagrams, since all elements are public.

f a sub clause is not applicable, it is not included, except for the top-level sub clauses outlined in “Clause Structure”
bn page 17.

Btereotype, metaclass, and metaassociation names: initial embedded capitals are used\(€.g., “ModelElement,
‘ElementReference”).

Boolean metaattribute names: always start with “is” (e.g., “isComposite”).

Fnumeration types: always end with “Kind” (e.g., “DependencyKind”):
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7 Model Elements

7.1 Overview

The ModelElements package of SysML defines general-purpose constructs that may be shown on multiple SysML
diagram types. These include package, model, various types of dependencies (e.g., import, access, refine, realization),
constrain kage diagram defined in this clause i ed to organize the model by partitioning
lements into packageable elements and establishing dependencies between the packages and/or modél, elements
within the package. The package defines a namespace for the packageable elements. Model elements from~one package
can be fmported and/or accessed by another package. This organizational principle is intended to help establish{unique
naming|of the model elements and avoid overloading a particular model element name. Packages can‘also be shhown on

other dipgrams such as the block definition diagram, requirement diagram, and behavior diagrams/

Constrajints are used to capture simple constraints associated with one or more model elements and can be repregented on
several [SysML diagrams. The constraint can represent a logical constraint such as an XOR,,a condition on a dgcision

branch, |or a mathematical expression. The constraint has been significantly enhanced im\SysML as specified in (Jlause 10,
“Constrpint Blocks” to enable it to be reused and parameterized to support enginecting analysis.

Commepnts can be associated with any model element and are quite useful as an_informal means of documenting the
model. BysML has introduced an extension to a comment called rationale to‘facilitate the system modeler in capturing
decisiogs. The rationale may be attached to any entity, such as a systemelement (block), or to any relationship{ such as
the satigfy relationship between a design element and a requirement. [nthe latter case, it may be used to capture|the basis
for the {lesign decision and may reference an analysis report or trade study for further elaboration of the decisi¢n. In
addition], SysML includes an extension of a comment to reflect.asproblem or issue that can be attached to any otHer model
element.

7.1.1 | View and Viewpoint

The corjcepts of viewpoint and view are articulated-in 1ISO-42010 (formerly IEEE-1471). SysML viewpoint and view
constru¢ts are consistent with the ISO-42010-stanidard. Typical examples may include an operational, manufactyiring, or
security] viewpoint and view.

Systems engineers use SysML to make\miodels of systems-the result is the system model, which is what we meafi most of
the timg when we speak of “the m@del:”” Along with that model, systems engineers may also use SysML to makd a model
of the ipformation to be presented to the stakeholders to address their concerns. The result is the viewpoint and| view
model, which helps systems, erigineers assure that stakeholders get the understanding they need from the systenf model.

The vievpoint and viewimodel can also be thought of as a description model, which augments a system model] A
viewpoint and view aodel exposes elements of one or more system models. In particular, a viewpoint is a specification of
rules fof construeting a view to address a set of stakeholder concerns. The view is intended to represent the system from
this vieppoint.“This enables stakeholders to specify aspects of the system model that are important to them from their
viewpoint,.dnd then represent those aspects of the system in a specific view.

The viewpomtdescribesthepomtof-viewofasctof stakchotders by frammg-thecomcermsof the-stakehotders=long with
the method for producing a view that addresses those concerns. The method describes the expectation of what
stakeholder(s) wish to see exposed from the model, how the stakeholder wishes the information to be structured and
presented, and in what kind of artifact the stakeholder wants to consume the information. In other words, the method is
the set of rules that describe how the view should express the information from the model to address the stakeholder
concerns. The method can be specified as a process and/or a set of constraints for producing a view, which may include
rules or instructions for analyzing or verifying the view content.
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The view is the modeling element that represents the artifact that is presented to the stakeholder. A view conforms to only
one viewpoint to ensure that only one method is applied to the view. The view shall be related to the model that contains
the information and the method that produces the view. The view is used by a rendering application to generate the

artifact,

such as a document.

In summary, the viewpoint description specifies the following:

1.
2.

It is imj
generat

An artiffact such as a movie or a PDF document is not directly incorporated in a-SysML model, while the view

represef]
and viey
is the s

7.2

Many o
dependg
diagram

Table 7

What kind of information the view should contain.

How the information should be expressed, 1.e., what modeling language 1s required for the model that will
the view. (Note: This is not to be confused with the language used for specifying the viewpoint method).

The presentation format that specifies how the information should be presented in an artifact, e.g.specifying
values should be plotted on a graph or a particular tabular style, or that both English and Spanish text shoul
vided, or that photographs be shown in color with minimum dimensions of 100 millimeters_square.

The file format of the artifacts that are generated from the view (e.g., set of slides in ppt,ja PDF, a Word do
web viewable format, ...).

portant to understand that while the view is a SysML construct that exists withih a SysML model, artifa
d from views potentially live outside of the modeling environment as the means to satisfy stakeholder

its the artifact does reside in the model as a specification of that artifact. The relationship between the
v model and the corresponding artifact is similar to the relationship between the system model and the sy
Ibject of the model.

Diagram Elements

f the diagram elements defined in this clause, spécifically comments, constraints, problem, rationale, an
ncies, including the dependency subtypes Conform, Realization, and Refine, may be shown on all SysN
types, in addition to the diagram elements that are specific to each diagram type.

1 - Graphical nodes defined by MaodelElements package

hppear in

that data
d be pro-

tument, a

Cts
oncerns.
which
iewpoint
stem that

1L

Elems¢

ent Name Concrete'Syntax Example Abstract Syntax Reference

Comnpent

UML4SysML::Comment

\

\
\ -
\ -

Comment text. 5

-
-

Const

aintNote UML4SysML::Constraint

\
\
\
\ -7

-
-
-

{C1: {L1} E1.x > E2.y} IS|
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Table 7.1 - Graphical nodes defined by ModelElements package
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Element Name Concrete Syntax Example Abstract Syntax Reference
ConstraintTextualNote UML4SysML::Constraint
Element1 {constraint text}
(any graphical node)
{constraint text}
Tany grapnrcar pamn)
ElemantGroup SysML::ModelElementsElement-
«elementGroup» Group
{nam::?\/lr;gnrourpo,us?zeﬂ} """ Elementl
Group criterion description
Element3
M od€ UML4SysML::Model
1
Model
PackageDiagram UML4SysML::Package
pkg Name J —
1 _- /7 Subpackage2
Subpackagel\'" ~ Gmport>
Packagewith UML4SysML ::Package
Name|/nTab Packaget
—
- S7 Subpackage2
Subpackagel //«/import»
Packagel
{urehttp//www.abc.comymodels/Packagel}
PackageWith UML4SysML ::Package
Namel nside
Packagel

© ISO/IEC 2017 - All rights reserved
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Table 7.1 - Graphical nodes defined by ModelElements package

Element Name

Concrete Syntax Example

Abstract Syntax Reference

Problem

«problem»
The problem is that ...

SysML::ModelElements::Problem

Ratiorlnale

«rationale»
Description of rationale

SysML::ModelElements::Rationple

Sakeholder

«stakeholder»
Name

«stakeholder»

concernList=,,,
/concern="...")"...""

SysML::ModelElements:: Stakehplder

View

«View»
Name

«view»

Iviewpoint=Name
/stakeholder=Namel,Name2

propertyl:Viewl

SysML::ModelElements::View

Viewpoint

«viewpoint»
Name

«viewpoint»

stakeholder=Name

concernList=,,,
/concern="...","...","

/method=Name
presentation="...","..."

«create»View()

SysML::ModelElements:: Viewpgint

Table 7|2=-Graphical paths defined by ModelElements package

Element Name

Concrete Syntax Example

Abstract Syntax Reference

Conform

«conform» [

SysML::ModelElements::Conform

24

© ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

Table 7.2 - Graphical paths defined by ModelElements package

ISO/IEC 19514:2017(E)

Element Name Concrete Syntax Example Abstract Syntax Reference
Expose SysML::ModelElements::Expose
o _exposer
Dependency UML4SysML ::Dependency
_____ dependencyl

PubligPackagel mport

«import»

UML4SysML::Packagelmport with
visibility = public

>

PrivatiePackagel mport UML4SysML::Packagel mport with

caccesos visibility’= private

>

PackageContainment UML4SysML::Package::

ownedElement

o——

Realization UML4SysML::Realization
_________ >

Refing UML4SysML::Refine
L L

7.3 | UML Extensions

7.3.1 | Diagram Extensions

7.3.1.1 —ONMLC Difagram Elements not mciaded 1 SySMLE

The notation for a “merge” dependency between packages, using a «merge» keyword on a dashed-line arrow, is not
included in SysML. UML uses package merge in the definition of its own metamodel, which SysML builds on, but
SysML does not support this capability for user-level models.

© ISO/IEC 2017 - All rights reserved
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NOTE: Combining packages that have the same named elements, resulting in merged definitions of the same names, could
cause confusion in user models and adds no inherent modeling capability, and so has been left out of SysML.

7.3.2 Stereotypes

Package M odelElements

«npetaclass» «metaclass» «metaclass»

UM|4SysML:: UML4SysML:: UML4SysML:: J&"Lejg‘g}'g,?ﬂsﬁ :
Gerleralization Class Class Classifier
«slereotype» «stereotype» «stereotype»

donform View Viewpoint g?;ekrgﬁ%%%)r
Iviewpoint: Viewpoint stakeholder: Stakeholder [*] e .
/stakeholder: Stakeholder [*] purpose: String ;:oncernl_.|st.(_:om21 Pl
o concern: String [*]
metaclass concernList:Commentf#]

« » . H

UML4SysML:: /concern: Stn_ng [*1

Dependency language: String{*

/method: Behavier [*]
T presentation: String [*]
«slereotype» «
E metaclass.
FXpose UMLA4SySML::
Comment
A
«stereotype» «stereotype» «stereotype»
Rationale Problem ElementGroup

name: String

[criterion: String

[size: Integer

/member: Element [*]
orderedMember: Element [*]

Figure 7.1 - Stereotypés_defined in package ModelElements
7.3.2.1 Conform

Descrigtion

A Conformrretationship 5o generaization betweer @ View ald @ VICWPOIITt. T e view COTTOTTITS to-tire specified rules and
conventions detailed in the viewpoint. When this is done, the view is said to conform to the viewpoint. Conform extends
UML generalization.

Constraints
[1] The general classifier shall be an element stereotyped by Viewpoint.
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[2] The specific classifier shall be an element that is stereotyped by View.

7.3.2.2

Descrip

ElementGroup

tion

:2017(E)

The ElementGroup stereotype provides a lightweight mechanism for grouping various and possibly heterogeneous model
elements by extending the capability of comments to refer to multiple annotated elements. For example, it can group
elements that are associated with a particular release of the model. have a certain risk level, or are associated with a

legacy
describg

Elemen
body of
group a

Elemen
properti
several

Elemen
particul
properti

Groupe
particul
properti
element
then res

lesign. The semantics of ElementGroup is modeler-defined. In particular, the body text is not restrictéd.
the grouped elements as well as elements or values related to the grouped elements.

groups are named using the name property. The criterion for membership in an element group\is-Specifi
the comment the stereotype is applied to. By grouping elements, the modeler asserts that¢the criterion
bplies to the member. Optionally, members of an element group can be ordered using its erderedMembey

Groups appear in diagrams as comments, and properties of the stereotype appear/in-the notation for ste
es. Grouped elements are the annotated elements of the comment to which the ster€otype is applied. Th
implications:

Flement groups do not own their elements and thus an element can participate in an unlimited number of gr
Che elements in a group are identified by the modeler, as opposed tobeing the result of a query, as in views.

Flement groups can be members of other element groups, but this.does not imply that members of the first 4
members of the second.

s related to the grouped elements are not included in the group, even though the body text can address
hr, element groups annotating deeply nested properties or properties with bindings are grouping only thg
es, rather than their nesting or their bound properties.

hr, element groups annotating blocks or praperties are not grouping the instances of the blocks or the val
es. However, since the semantics of ElementGroup is left to the modeler, the body text can refer to rela)
s outside the group, such as instances™and values of the grouped elements, or to bound properties. The n
ponsible for writing body text that explains the implications for the related elements. For instance:

A group with the criterion: Authored by John” could annotate any model element added in the model by Jo
body text does not addre§s ‘any related elements. For example, if the annotated element is a property bound {
property, the group would not imply authorship of the second property.

A group with thelcriterion: “Instances are manufactured in a foreign country” could annotate Blocks to indig
hny instances.of.those Blocks are produced in a foreign country. This body text does not address the Block its
s not neceSsarily “manufactured” in a foreign country.

A group-with criterion: “Values are manufactured in a foreign country” could annotate properties, including

13 k2

It can

ed by the
f the
property.
reotype

is has

ups.

them. In

l elements are also limited to elements of models, rather than instances of values of those model elemellxts. In
l

es of the
ted
odeler is

hn. This
D another

ate that
e1f, which

part
ldress the

property, it is also about values of other properties that might be bound to the annotated property, because the

broperties, to indicate the values of the property are produced in a foreign country. This body text does not a

oberd e L L naot neco nAan ad - oreian aSREAt ma e tho to ha o

bound properties are the same.

Attributes

* name: String

Name of the element group

© ISO/IEC 2017 - All rights reserved
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e Jeriterion[0..1]: String
Specifies the rationale for being member of the group. Adding an element to the group asserts that the criterion
applies to this element.
Derived from Comment::body.

o /size: Integer
Number of members in the group. Derived.

e /member: Element[0..*]
Setrspecitying the members of e group.
Derived from Comment::annotatedElement.

e ordgpredMember: Element[0..*] {ordered, subsets member}
Organize member according to an arbitrary order. Optional.

Operatipns

[1] Thq query criterion() returns the text describing the criterion defining the group.
criterion(): Stringl0..1] {query}
body: self.base Comment.body

[2] Thq query size() returns the number of elements which are members of the group:
side(): Integer[l..1] {query}
body: self.base Comment.annotatedElement->size ()

[3] Thd query member() returns the set of all the members of the group.
menjber () : Set (Element) [0..*] {query}
body: self.base Comment.annotatedElement

[4] Thq query AllGroups() returns the set of all the groups an elemént is member of.
allGroups (e:Element) : Set (ElementGroup) [0..*] "{query, static}
body: ElementGroup.allInstances()->select@member->includes(e))

7.3.2.3] Expose

Descrigtion

The expose relationship relates a view to one or more model elements. Each model element is an access point tp initiate
the quefy. The view and the model elefnerits related to the view are passed to the constructor when it is invoked. The
method[describes how the exposed-elements are navigated to extract the desired information.

Constrgints
[1] Th{ client shall be an élemient stereotyped by View.

7.3.2.4| Problem

Descrigtion

A Problem’ decuments a deficiency, limitation, or failure of one or more model elements to satisfy a requiremen or need,

or othelundesired outcome. It mav be used to capture prnh]pmc identified rhn‘ing analy qic’ r‘lpeign verificationdor

manufacture and associate the problem with the relevant model elements. Problem is a stereotype of comment and may be
attached to any other model element in the same manner as a comment.
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Rationale
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:2017(E)

A Rationale documents the justification for decisions and the requirements, design, and other decisions. A Rationale can
be attached to any model element including relationships. It allows the user, for example, to specify a rationale that may
reference more detailed documentation such as a trade study or analysis report. Rationale is a stereotype of comment and

may be attached to any other model element in the same manner as a comment.
7.3.2.6| Stakeholder
Descrigdtion
A stakeholder represents a role, group, or individual who has concerns that will be addressed by the\View of th
Attributes
* concernList: Comment [*]
The interests of this stakeholder.
* /concern: String [*]
The interests of this stakeholder displayed as the body of the comments ftem concernList.
7.3.2.7| View
Descrigdtion
A View|is a model element that represents a real world artifact that can be presented to stakeholders. The view
result of querying one or more models that are defined by a yiewpoint method. The view shall conform to the v
in termg of the viewpoint stakeholders, concerns, method, language, and presentation requirements.
It is sothetimes desirable to construct views from other views, and to establish an order for presenting the view|
may indlude one or more views as properties, each of which conforms to their viewpoint. The order of the refe
views ig reflected in the property order.
The infprmation may be presented to the stakcholder in any format specified by the viewpoint, which may includ|
tables, plots, entire documents, presentation slides, or video.
Attributes
»  /vigwpoint: Viewpoint
The viewpoint for¢this View is derived from the conform relationship.
»  /stakeholder: Stakeholder [*]
The list of stakeholders is derived from the viewpoint the view conforms to.
Constraints
[1T A view shall only conform to a single viewpoint.

e model.

is the
iewpoint

5. Views
enced

e figures,

[2] The derived value of the viewpoint shall be the classifier stereofyped by Viewpoint that is the general classifier of the
generalization relationship stereotyped by Conform for which the View is the specific classifier.

[3] The derived values of the stakeholder attribute shall be the names of the classifiers stereotyped by Stakeholder that are the
values of the stakeholder attribute of the general classifier of the generalization relationship stereotyped by Conform for
which the View is the specific classifier.

© ISO/IEC 2017 - All rights reserved
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7.3.2.8 Viewpoint

Description

A Viewpoint is a specification of the conventions and rules for constructing and using a view for the purpose of
addressing a set of stakeholder concerns. The languages and methods for specifying a view may reference languages and
methods in another viewpoint. They specify the elements expected to be represented in the view, and may be formally or
informally defined. For example, the security viewpoint may require the security requirements, security functional and
physica] architecture, and security test cases

Attributes

«  stalkeholder: Stakeholder [*]
Set of stakeholders whose concerns are to be addressed by the viewpoint.

*  purpose: String
The purpose addresses the stakeholder concerns.

e concernList: Comment [*]
The interests of the stakeholders addressed by this viewpoint.

*  /comcern: String [*]
The interest of the stakeholders displayed as the body of the comments. froth concernList.

* language: String [*]
The languages used to express the models that represent content which is represented by the view. The language
specification such as its metamodel, profile, or other language specification is referred to by its URL

e /mdthod: Behavior [*]
The behavior is derived from the method of the operation ' with the Create stereotype.

*  presentation: String [*]

The specifications prescribed for formatting and styling the view.

Constraints

[1] Thq derived values of the method attribute shall be the names of the methods of the operations stereotyped by the UML
Crepte stereotype on the classifier stereotyped by Viewpoint.

[2] Thq property ownedOperation shall'include at least one operation named “View” with the UML Create stereotype applied.

7.4 | Usage Examples

See Figpre D.27 in Annex"D"for a View/Viewpoint example.
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Figure 7.2 shows examples of Rationale and Problem elements.

bdd Master Cylinder requirementy

«requirement»

Loss of Fluid N~

S~ _«satisfy»

~

«block»
Brake System

ISO/IEC 19514:2017(E)

«requirement» e
Reservoir

«rationale»

The best-practice solution
consists in assigning one
reservoir per brakeline.

See "automotive_d32_hdb.doc"

m: MasterCylinder

«problem»
The master cylinder in the
previous version leaked.

Figure 7.2 - Rationale and Problem examples
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8 Blocks

8.1 Overview

Blocks are modular units of system description. Each block defines a collection of features to describe a system

:2017(E)

or other

element of interest. These may include both structural and behavioral features, such as properties and operations, to

represent the state of the system and behavior that the system may exhibit

Blocks provide a general-purpose capability to model systems as trees of modular components. The specific\Kir

ds of

comporents, the kinds of connections between them, and the way these elements combine to define thertotal system can
all be s¢lected according to the goals of a particular system model. SysML blocks can be used throughout all phases of
system fpecification and design, and can be applied to many different kinds of systems. These incldde ' modeling gither the

logical pr physical decomposition of a system, and the specification of software, hardware, or human elements.

Parts in

these systems may interact by many different means, such as software operations, discrete state transitions, floys of

inputs gnd outputs, or continuous interactions.

The Bldck Definition Diagram in SysML defines features of blocks and relationships-between blocks such as ass

generaljzations, and dependencies. It captures the definition of blocks in terms of properties and operations, andl

ciations,

relationphips such as a system hierarchy or a system classification tree. The Intetnal Block Diagram in SysML faptures

the intefnal structure of a block in terms of properties and connectors between properties. A block can include
to specilffy its values, parts, and references to other blocks. Ports are a sgecidl class of property used to specify 2
types of interactions between blocks, and are described in Clause 9, “Ports and Flows.” Constraint Properties are
class of|property used to constrain other properties of blocks, and aré.described in Clause 10 “Constraint Blocks.
notatiorls for properties are available to distinguish these specializéd kinds of properties on an internal block di

A propgrty can represent a role or usage in the context of it§enclosing block. A property has a type that suppli
definiti¢pn. A part belonging to a block, for example, may\be typed by another block. The part defines a local us
defining block within the specific context to which theypart belongs. For example, a block that represents the def]
a wheell can be used in different ways. The front.wheel and rear wheel can represent different usages of the san
definitipn. SysML also allows each usage to défine context-specific values and constraints associated with the i
usage, juch as 25 psi for the front tires and 80 psi for the rear tires.

Blocks may also specify operations orlother features that describe the behavior of a system. Except for operatid
clause deals strictly with the definition-of properties to describe the state of a system at any given point in time,
relationp between elements that-define its structure. Clause 9, “Ports and Flows” specifies specific forms of intg
between blocks, and the Behdidoral Constructs including activities, interactions, and state machines can be app
blocks fo specify their beh@wior. Clause 15, “Allocations” describes ways to allocate behavior to parts and bloc

SysML [blocks are based-on UML classes as extended by UML composite structures. Some capabilities available
classes,|such as mertgspecialized forms of associations, have been excluded from SysML blocks to simplify the |
SysML |blocks alwdys include an ability to define internal connectors, regardless of whether this capability is n
a particplarbleck. SysML Blocks also extend the capabilities of UML classes and connectors with reusable for

roperties
llowable
a special
> Various
horam.

S its

hoe of its
nition of
he wheel
hdividual

ns, this
ncluding
ractions
ied to

S.

for UML
anguage.
teded for
ms of

onnector

constraintSyymulti-level nesting of connector ends, participant properties for composite association classes, and d
properti . . . . .
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8.2 Diagram Elements

8.2.1 Block Definition Diagram

Table 8.1 - Graphical nodes defined in Block Definition diagrams

Element Name

Concrete Syntax Example

Abstract syntax Reference

Block pefimitiomn
Diagram

bdd Namespacel J
partl

Blockl |@————- Block2

1 0.*

SysMtBfocksBtock
UML4SysML ::Package

Block

«block»
{encapsulated}
Block1l

constraints

{x>y}

operations
operation1(pl: Typel): Type2
operation2(gl: Type 1): Types {redefines operation2}
op3(ql: Type 1): Type2 {redefines BlockO::0p3}
"op4()

parts

propertyl: Blockl
property2: Block2 {subsets BlockO::propertyl}
prop3: Block3 {redefines property0}

references
property4: Blockl [0..*] {ordered}
property5: Block2 [1..5] {unique,_subsets property4}
/prop6: Block3 {union}

valués
property7: Integer =99 {readOnly}
property8: Real = 10.0
prop9: Boolean{redefines property00}

property5: Block3 ~ Properties
" property6:Block4

SysML ::Blocks!:Block

Actor

«actor»
ActorName

ActorName

UML4SysML::Actor

34
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Element Name

Concrete Syntax Example

Abstract syntax Reference

ValueType

«valueType»
ValueTypel

operations
operation1(pl: Typel): Type2
operation2(ql: Type 1): Types {redefines operation2}
op3(gl: Type 1): Type2 {redefines BlockO::0p3}

SysML::Blocks::ValueType

properties
propertyl: Type3
property2: Type4 {subsets property 0}
prop3: Type5 {redefines BlockO::property00}
/prop6: Type 6 {union}
prop7: Type 7

classifier behavior
«stateMachine» MySML1 ()

owned behaviors
MySM2 (pl: P2)

«activitys myAr‘ti\/ih/ 1 (inx: Infagnr\

«valueType»
unit = UnitName
Enumieration UML4SysML :<Enumeration
«enumeration»
Enumerationl
literalNamel1
literalName2
AbstractDefinition UML4SysML::Classifier with
Name isAbstract equal true
{abstract}
Name
Name
{abstract}
SteregtypeProperty UMLA4SysML::Sereotype
Compgrtment «&tereotypel»
Block1
«stereotypel»
propertyl = value
Behavior SysML::Blocks::Block
Compgrtment Blockl
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Element Name Concrete Syntax Example Abstract syntax Reference
Namespace SysML::Blocks::Block
Compartment Block 1

namespace

partl

Block2 («@— Block3

1 0.*

Structure SysML::Blocks::Block
Compjrtment Blockl
structure
pl: Typel Cl:ei TS;;
BoundReference SysML::Blocks::Block,
wblocks SysM L ::Blocks::BoundReference,
Block1 SysM L5 Blocks:: EndPathMultiplicity

bound references
{ /bindingPath = p1, p2 } property9 : Block1 [*]
{ /bindingPath = p1, p22, p3 ; lower = 6 ; upper = 12 }
property11 [24..32]

«block»
Block2

properties
«endPathMultiplicity» { lower= 6 ; upper =8}
propertyl11 [*] { redefineS\property11 }

Unit UML4SysML::InstanceSpecification
unitl: Wnit unit2: Unit
symbol="(." symbol=".."
descrigtion="...” description="...”
definitionURI="....” definitionURI="....”
quantityKind=gk1,qk2

QuantityKind UML4SysML::InstanceSpecification
gkl: QuantityKind

symbol=".."

description="..."

definitionURI="...."
I nstanceSpecification UML4SysML::InstanceSpecification

Al
i Typel 03 2:Type2
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Element Name Concrete Syntax Example Abstract syntax Reference

I nstanceSpecification UML4SysML::InstanceSpecification

instancel: Typel

valuel

I nstarjceSpecification UML4SysML ::InstanceSpecification

instancel: Typel

propertyl =10
property2 = "value"

I nstarjceSpecification UM L 4SysM.L\ MistanceSpecification
cTypel

instancel / propertyl: Type2

instance? / property?:
Type3

propertyl =10
property2 = "value"

Table 8{2 - Graphical paths defined by in Block Definition diagrams

Elemént Name Concrete Syntax.Example Abstract syntax Reference
Deperjdency UML4SysML::Dependency
«stereotypel»
dependencyl
_ Oy meereny?r e
Refer gnceAssociation UML4SysML ::Association and
» association1 propertyl UM L4%/SN| L::Pr oper ty with
0.1 {ordered} 1.* aggregationKind = none
/property2 association1 4 propertyl
1 {union} {ordered, 0.*
subsets propertyO}
property2 association1 4 propertyl
1 {redefines BlockO::property0} {ordered} 0..*
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Table 8.2 - Graphical paths defined by in Block Definition diagrams

Element Name

Concrete Syntax Example

Abstract syntax Reference

PartAssociation

UML4SysML::Association and
UML4SysML::Property with

associationl propertyl
¢0..1 {ordered} 1.* aggregationKind = composite
property2 associationl propertyl
T fordered, 0.~
subsets BlockO::property0}
property2 associationl propertyl

1 {redefines property0} {ordered} 0..*

Shar eflAssociation

associationl property1

0.1 {ordered} 1.*

Iproperty2 associationl propertyl

1 {union} {ordered, g«
subsets property0}

property2 associationl propertyl

1 {redefines property0} {ordered} 0..*

UML4SysML::Association and
UML4SysML::Propéxty with
aggregationKind'= shared

MultilpranchPart

UML4SysML::Association and

Association property3 _ associationl property1 UML::Kernel::Property with
! 0. agoregationKind = composite
property2
o+
MultilpranchShared UML4SysML::Association and
Assoclation property3  associationt propertyl UML::Kernel::Property with
! 0.r aggregationKind = shared
property2
o
Generjalization UML4SysML::Generalization
>
Multilpranch UMLA4SysML:Generalization
Generfalization %
GenerjalizationSet UMLASysML ::
GeneralizationSet
{disjoint} {overlapping}
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Table 8.2 - Graphical paths defined by in Block Definition diagrams

ISO/IEC 19514:2017(E)

Element Name

Concrete Syntax Examp

le

Abstract syntax Reference

BlockNamespace
Containment

i

UML4SysML::Class:
nestedClassifier

PartigpantProperty

Association1 4

property 2
Block2
1

roperty 1
POPEy 2! Block1
{ordered} 0.*

Associationl

«participant»{end=property 1}p1:Block1
«participant»{end=property 2}p2:Block2

Associationl 4

roperty 2
Block2 [PoPeY
1

ty 1
Propely 2] Block1
{ordered} 0.*

Associationl

structure

B
«participant» :
{end=property 2}
|

|

|

p2:Block2

«participant»
{end=property 1}

pl:Blockl

Block2 property 2 ql
1 |

|

|

I

Tty 1
PIOPETY ] Block1
{ordered} 0.*

| Associationl

UMLA4SysML:: Property,
UML4SysML:: AssociationClass

Conngctor Property

Block1

«connector c1: Associationl
«conhector» c2: Association2

structure
pl: cl: Associationl 1 p2:
Typel el Type2
p3: 1 p4:
Type3 | el Type

c2: Association2

UML4SysML:: Property,
UML4SysML:: Connector
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8.2.2 Internal Block Diagram
Table 8.3 - Graphical nodes defined in Internal Block diagrams
Element Name Concrete Syntax Example Abstract Syntax Reference
I nter nalBlockDiagram SysML::Blocks::Block
ibd Blockl J
pl: cl:al 1 p2:
Typel p3 Type2
Property UML4SysML ::Rroperty
ox] [T !
pl: Typel } rl: Type2 :
L] |
X: Integer = 4
"y:ReaI:4.2 /\p4: Type4
pl: Typel N
p3: Type3
intialValues
x1=5.0
X2="today"
Part 4: Type 3
:classifier behavior
«stateMachine» MySM1 ()
:owned behaviors
MySM2 (pl: P2)
«activity» myActivity_1 (in x : Integer)
ActorPart SysML::Blocks::PartProperty typed by
UML4SysML::Actor
«actor»
ActorName
ActorName
40
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Table 8.3 - Graphical nodes defined in Internal Block diagrams

ISO/IEC 19514:2017(E)

Element Name Concrete Syntax Example Abstract Syntax Reference
PropertySpecificType SysML::Blocks::PropertySpecifcType
pl: [Typel]
values
«normal» {mean=2,stdDeviation=0.1} x Real
p2
values
y: Integer =5
BoundReference SysM L ::Blocks::BoundReferena
pl: Typel
structure
«boundReference» 6.8; «equal» . 4.8
p2BR : Subtype2 : p2: Type2
Table 84 - Graphical paths defined in Internal Block diagrams
Elemént Name Concrete Syntax Example Abstract Syntax Referend
Deperjdency UML4SysML ::Dependency
«stereotypel»
,,,,,,, e >
BindimgConnector UML4SysML::Connector
1 0.*
«equal»
1
Bidirgctional Connector UML4SysML::Connector
pl cl: associationl p2
0.1 0.
Uniditectional Connector UML4SysML::Connector
cl: associationl pl
0.1
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8.3 UML Extensions

8.3.1 Diagram Extensions

8.3.1.1 Block Definition Diagram

A block definition diagram is based on the UML class diagram, with restrictions and extensions as defined by SysML.

8.3.1.1]1 Block and ValueType Definitions

A SysML Block defines a collection of features to describe a system or other element of interest. A SysMD ValueType
defines [values that may be used within a model. SysML blocks are based on UML classes, as extended by UML
composfte structures. SysML value types are based on UML data types. Diagram extensions for SysML blocks gnd value
types afe described by other subheadings of this sub clause.

8.3.1.1J2 Default «block» stereotype on unlabeled box

If no stgreotype keyword appears within a definition box on a block definition diagrani (including any stereotype| property
comparfments), then the definition is assumed to be a SysML block, exactly as if the)«block» keyword had appeared
before the name in the top compartment of the definition.

8.3.1.13 Labeled compartments

SysML Jallows blocks to have multiple compartments, each optionally.identified with its own compartment nanje. The
comparfments may partition the features shown according to various.eriteria. Some standard compartments are dgfined by
SysML fitself, and others can be defined by the user using tool-specific facilities. Compartments may appear in any order.
SysML [defines two additional compartments, namespace and,structure compartments, which may contain graphigal nodes
rather than textual constraint or feature definitions. See separate sub clauses for a description of these compartments.

8.3.1.1{4 Behavior compartment

A compartment with the label “classifier behavior;? or “owned behaviors” may appear as part of a block definition to list
the claspifier behavior or owned behaviors, rfespectively. This compartment may contain text representations of pny kind
of behayior.

Behavidrs represented in this compaftment are shown as a text string of the form:
<namex ‘(' [<parameter-list>] })! [« [<return-type-list> ] ] [ <behavior-constraint>]
where:
« fname> is the name?of the Behavior.
«  fgparameter-list: is a list of Parameters of the Behavior in the format defined in UML.

«  greturnstypeclist> is list of types, multiplicities, and other properties of parameters with return direction
returpFtype-list> ::= <return-type-mult-prop> [*," <return-type-mult-prop> ] *
< return-type-mult-prop> =

[ere
LL

107 ¢ (¢ £

ST Liek
lllulLl}}ll\;lL)’ 10]]5\/ J J L 1 Palalll }}lUlJ 115U

lutulll t_y}}\/ } ] ]
(see UML for definition of <multiplicity-range>)
<param-prop-list> ::= <param-prop> [‘,” <param-prop>]*

<param-prop> ::= ‘ordered’ | ‘unordered’ | ‘unique’ | ‘nonunique’ | ‘seq’ | ‘ sequence’

« <behavior-constraint> is a constraint that applies to the behavior.
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Other syntax defined by UML can be included, such as for applied stereotypes or the behavior’s metaclass as a keyword
before the name (for example «stateMachiney).

8.3.1.1.5 Constraints compartment

SysML defines a special form of compartment, with the label “constraints,” which may contain one or more constraints
owned by the block. A constraint owned by the block may be shown in this compartment using the standard text-based
notation for a constraint, consisting of a string enclosed in brace characters. The use of a compartment to show constraints

is optio

nal _The note-based nnfah'nh’ with a constraint shown in a note box outside the block and linked to it by,

a dashed

line, ma

A consfraints compartment may also contain declarations of constraint properties owned by the block. A)constr

propert

constraint property may be shown within the compartment, not the details of its parameters or binding connectors

them to

8311

A comp
namesp
diagrani
block.

Becauss
may be
compar]
structur
within 4

83.1.1

A comq
structur]
block d

Becausg
may be
compar
structur]
within 4

8311

A comp
BoundR

y also be used to show a constraint owned by a block.

' is a property of the block that is typed by a ConstraintBlock, as defined in Clause 10. Only thexdeclarati

other properties.

6 Namespace compartment

hee of a containing block. This compartment may contain any of the graphical elements of a block defiy
. All blocks or other named elements defined in this compartment belong'to the namespace of the contd

this compartment contains graphical elements, a wider compartment than typically used for feature def
useful. Since the same block can appear more than once incthie*same diagram, it may be useful to show|
ment as part of a separate definition box than a box that shows only feature compartments. Both names
e compartments, which may both need a wide compartinent to hold graphical elements, could also be sh
common definition box.

7 Structure compartment

artment with the label “structure” may appear as part of a block definition to show connectors and othe
e elements for the block being defined-“Tliis compartment may contain any of the graphical elements of a
agram.

this compartment contains graphical elements, a wider compartment than typically used for feature def
useful. Since the same bloCkjcan appear more than once in the same diagram, it may be useful to show
ment as part of a separdte, definition box than a box that shows only feature compartments. Both names
e compartments, whichimay both need a wide compartment to hold graphical elements, could also be sh
common definitior_box.

8 BoundReférence compartment

artment-with the label “bound references” may appear as part of a block definition to show properties v
eference stereotype applied. The properties omit the “«boundReference»” prefix.

aint
on of the
that link

artment with the label “namespace” may appear as part of a block definition to.show blocks that are defiged in the

ition
ining

initions
this
pace and
own

I internal
h internal

initions
this
pace and
own

yith the

8-3.1.1.9 Dcfau:t IIIU:t;P“U;t;CO

SysML defines defaults for multiplicities on the ends of specific types of associations. A part or shared association has a
default multiplicity of [0..1] on the black or white diamond end. A unidirectional association has a default multiplicity of
1 on its target end. These multiplicities may be assumed if not shown on a diagram. To avoid confusion, any multiplicity

other th

an the default should always be shown on a diagram.
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8.3.1.1.10 Property-specific type

Enclosing the type name of a property in square brackets specifies that the type is a local specialization of the referenced
type, which may be overridden to specify additional values or other customizations that are unique to the property.
Redefined or added features of the newly defined type may be shown in compartments for the property on an internal
block diagram. If no type name appears between the square brackets, the property-specific type is defined provided by its
own declarations, without specializing any existing type.

8 3 1 2 lataraal Placle INia o e o nn
0. 1. e ar oot oTragrartT

An intefnal block diagram is based on the UML composite structure diagram, with restrictions and extensions ap defined
by SysMIL.

8.3.1.2]1 Property types

Four geperal categories of properties of blocks are recognized in SysML: parts, references, value properties, angl
constraint properties. (See Block on page 51, for definitions of these property types.) A part-er value property if always
shown ¢n an internal block diagram with a solid-outline box. A reference property is shown by a dashed-outling box,

consistgnt with UML. Ports are special cases of properties, and have a variety of notatiens as defined in Clause 9, “Ports
and Flows.” Constraint properties and their parameters also have their own notations as defined in Clause 10, “Constraint
Blocks.f

8.3.1.2]2 Block reference in diagram frame

The diapram heading name for an internal block diagram (the string.contained in the tab in the upper-left-hand forner of
the diagram frame) shall identify the name of a SysML block as its modelElementName. (See Annex A for the definition
of a diapram heading name including the modelElementName.¢omponent.) All the properties and connectors that appear
inside the internal block diagram belong to the block that isthamed in the diagram heading name.

8.3.1.2|3 Compartments on internal properties

SysML [permits any property shown on an internal-block diagram to also show compartments within the properfy box.
These cpmpartments may be given standard oruser-customized labels just as on block definitions. All features ghown
within these compartments shall match those-ef the block or value type that types the property. For a property-gpecific
type, thpse compartments may be used.torspecify redefined or additional features of the locally defined type. Ah
unlabel¢d compartment on an interndl property box is by default a structure compartment. A behavior compartnjent label
and confent shall match the corresponiding behavior compartment of the block that types the part. A compartment with the
label “classifier behavior” or “‘owned behaviors” may contain the classifier behavior or owned behaviors of the Hlock that
types the part which will thén-appear as specified in 8.3.1.1.4, Behavior compartment.

The labpl of any compartment shown on the property box that displays contents belonging to the type of the prpperty is

shown with a colon‘character (“:”) preceding the compartment label. The compartment name is otherwise the same as it
would gppear on.the¢ type on a block definition diagram.

8.3.1.2J4 Cempartments on a diagram frame

SysML PerTiits COMpPartierts t0 D¢ SHTOWIT acToss tHe SImtire widtir of the diagranT framme o arr mtermat biock diagram.
These compartments shall always follow an initial compartment that always shows the internal structure of a referenced
block. These compartments may have all the same contents as could be shown on a block definition diagram for the block
defined at the top level of the diagram frame.
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8.3.1.2.5 Property path name

A property name shown inside or outside the property box may take the form of a multi-level name. This form of name
references a nested property accessible through a sequence of intermediate properties from a referencing context. The
name of the referenced property is built by a string of names separated by “.”, resulting in a form of path name that
identifies the property in its local context. A colon and the type name for the property may optionally be shown following
the dotted name string. If any of the properties named in the path name string identifies a reference property, the property

box is shown with a dashed-outline box, just as for any reference property on an internal block diagram.

This nofation is purely a notational shorthand for a property that could otherwise be shown within a structur€| of nested
property boxes, with the names in the dotted string taken from the name that would appear at each level of nesting. In
other wprds, the internal property shown with a path name in the left-hand side of Figure 8.1 is equivalent to the
innermgqst nested box shown at the right.

P1: Blockl P1: Blockl

Namel:

Name 2:

Namel.Name2.Name3: :
Name3:

Figure 8.1 - Nested property reference
8.3.1.2|6 Nested connector end

Connecfors may be drawn that cross the boundaries of 1iested properties to connect to properties within them. The

connectpr is owned by the most immediate block thatlowns both ends of the connector. A NestedConnectorEnd sfereotype
of a UML ConnectorEnd is automatically applied\te any connector end that is nested more than one level deep [within a
containing context.

Use of pested connector ends does not follow strict principles of encapsulation of the parts or other properties that a

connectpr line may cross. The need for,nested connector ends can be avoided if additional properties can be added to the
block af each containing level. Nested Connector ends are available for cases where the introduction of these intgrmediate
properties is not feasible or apptopriate.

The ability to connect to nested properties within a containing block requires that multiple levels of decomposifion be
shown ¢n the same diagram.

8.3.1.2|7 Property specific type

Enclosipg thettype name of an internal property in square brackets specifies that the type is a local specializatign of the
referended-type, which may be overridden to specify additional values or other customizations that are unique tp the

propert Rédefined or added features of the newlvy defined ty pe may bhe shown in compartments for the praperdy. If the

property name appears on its own, with no colon or type name, or if no type name appears between the square brackets,
the property-specific type is entirely provided by its own declarations, without specializing any existing type.
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8.3.1.2.8 Initial values compartment

A compartment with a label of “initialValues” may be used to show values of properties belonging to a containing block.
These values override any default values that may have been previously specified on these properties on their originally
defining block. Initial value compartments may be specified within nested properties, which then apply only in the
particular usage context defined by the outermost containing block.

Values are specified in an initialValues compartment by lines in the form <property-name> = <value-specification> or

<property-name> : <type> = <value-specification>, each line of which specifies the initial value for one property owned
either by the block that types the property or by any of its supertypes. This portion of concrete syntax is the samle as may
be shown for values within the UML instance specification notation, but this is the only element of UMI¢
Instanc¢Specification notation that may be shown in an initial values compartment. See Block on page.51 for dptails of
how values within initialValues compartments are represented in the SysML metamodel.

8.3.1.2]9 Default multiplicities

SysML |defines default multiplicities of 1 on each end of a connector. These multiplicities may be assumed if npt shown
on a diggram. To avoid confusion, any multiplicity other than the default should always\be shown on a diagrani.

8.3.1.3] UML Diagram Elements not Included in SysML Block Definition Diagrams

The supported variety of notations for associations and association annotatiofis has been reduced to simplify the purden of
teaching, learning, and interpreting SysML diagrams for the systems engitleering user. Notational and metamodgl support
for n-ary associations and qualified associations has been excluded from SysML. N-ary associations, shown in UML by a
large ogen diamond with multiple branches, can be modeled by an¢intermediate block with no loss in expressivg power.
Qualifigd associations, shown in SysML by an open box at the end’of an association path with a property name ifside, are
a specidlized feature of UML that specifies how a property value can represent an identifier of an associated target. This
capability, while useful for data modeling, does not seem essential to accomplish any of the SysML requirements for
support|of systems engineering. The use of navigation arfewheads on an association has been simplified by exclfiding the
case of prrowheads on both ends, and requiring that such an association always be shown without arrowheads dn either
end. An “X” on a single end of an association to«indicate that an end is not navigable has similarly been droppdd, as has
the use jof a small filled dot at the end of an association to indicate that the end is owned by the associated claspifier.

The use|of a «primitive» keyword on a value type definition (which in UML specifies the PrimitiveType specialfzation of
UML DgtaType) is not supported. Whether or not a value type definition has internal structure can be determined|from the
value tyjpe itself.

8.3.1.4] UML Diagram Elements not Included in SysML Internal Block Diagrams

The UML Composite Structure diagram has many notations not included in the subset defined in this clause. Other
SysML [clauses add some of these notations into the supported contents of an internal block diagram.
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8.3.2 Stereotypes

Package Blocks

«metaclass»
UMLA4SysML::

ISO/IEC 19514:2017(E)

Ctass

ﬁ

«stereotype»
Block

isEncgpsulated: Boolean

Figure 8.2 - Abstract syntax extensions for SysML blocks

«metaclass»

UML4SysML::
Property
A
«stereotype» «stereotype»
stereotype» ParticipantProperty ConnectorProperty
DistfibutedProperty
end: Property [1] connector: Connector [1]

Figure 8.3 - Abstract syntax extensions for SysMLproperties

«Meta¢lass»
DataType

[

«stereet:ype»
Value|Type |0..*

unit | 0.1

«Metaclass»
InstanceSpecification

quantityKind | 0..1

0.

Figure 8.4 - Abstract syntax extensions for SysML value types
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«metaclass»
UML4SysML::Element

T

1.%

«stereotype»

propertyPath

«metaclass»

- s PR )
Cremetr Toperty T att

«metaclass»
UML4SysML::
DirectedRelationship

*

{ordered, nonunique}

IRTWTRP-Y P TR =Y "
ONVICHSYSIVIC. . T TOPeTtY

sourcePropertyPath
{ordered, nonunique}

Direg

«stereotype»

tedRelationshipPropertyPath

0.* 0.

targetPropertyPath
{ordered, nonunique}

* 0..1
sourceContext «metaclass»
* 0..1] UML4SysML::Classifier
targetContext

Figure 8.5 - Abstract syntax extensions for SysML propertypaths

dmetaclass»
L4SysML::
Connector

C

«metaclass»
UML4SysML::
ConnectorEnd

«stereotype»
ElementPropertyPath

T

Bin

qstereotype»
ingConnector

T

«stereotype»

NestedConnectorEnd

Figure 8.6 - Abstract systax’extensions for SysML connector ends

metaclass»
MLASYsSML::
Classifier

C

—,T

PropertySpecificType

«stereotype»

Figure 8.7 - Abstract syntax extensions for SysML property-specific types
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«metaclass»
UML4SysML::Property

#

«stereotype»
EndPathMultiplicity

u

lopver : Integer [0..1] =0

per : UnlimitedNatural [0..1] = unlimited

1

«stereotype»
BoundReference

bound
/bindin|

End : ConnectorEnd
gPath : Property [1..*] {ordered, nonunique}

Figure

B.8 - Abstract syntax extensions for SysML bound references

UML4

metaclass»
SysML::Property

ﬁ

«stereotype» * principal «metaclass¥
AdjunctProperty 1 UML4SysML:Element

Class|

«stereotype»
fierBehaviorProperty

Figure
8.3.21

Descrig

The A
by asso
values d
having
the call
of objeq

B.9 - Abstract syntax extensionstfor-SysML adjunct properties and classifier behavior properties
AdjunctProperty

tion

ljunctProperty stercotype can be applied to properties to constrain their values to the values of connecto
biation blocksg call actions, object nodes, variables, parameters, interaction uses, and submachine states.
f connectors\typed by association blocks are the instances of the association block typing a connector in
he stereotyped property. The values of call actions are the executions of behaviors invoked by the behavi
action\and the stereotyped property (see 11.3.1.1.1, Notation for more about this use of the stereotype). T
taodes are the values of tokens in the object nodes of the behavior having the stereotyped property (se

rs typed
The

the block
br having
he values

b
9

11.3.1. .1, }\Tutatiuu fUl ITIUIC a‘uuut t}lib usv Uf tll\z Dtblb\)t_yl}b). T}lb va‘luuo Uf Val;CI.IUI\/D arcv t}lUDb abbiéllbd IIJ_y uApCutIOHS
of activities that have the stereotyped property. The values of parameters are those assigned by executions of behaviors

that have the stereotyped property. The keyword «adjunct» before a property name indicates the property is stereotyped
by AdjunctProperty.
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Attributes

» principal : Element [1]
Gives the element that determines the values of the property. Shall be a connector, call action, object node,
or parameter.

Constraints

variable,

[1] The principal of an applied AdjunctProperty shall be a Connector, CallAction, ObjectNode, Variable, Parameter,

submachine State, or InteractionUse.

[2] Properties to which AdjunctProperty applied shall have the same name as the principal.
[3] Properties with AdjunctProperty applied that have a Connector or CallAction as principal shall be composite.

[4] Properties with AdjunctProperty applied shall be owned by an element that owns the principal, at least\ndirectly,
thaf element's specializations.

[5] Properties with AdjunctProperty applied that have as principal a Connector, ObjectNode, Variable, or Paramete
havg the same type as the principal or one of that type’s generalizations.

[6] Connectors that are principals of an applied AdjunctProperty shall have association blecks as types.

[7] AdjunctProperty and ConnectorProperty applied to the same property shall have the’same values for principal a
conhector, respectively.

[8] Properties with AdjunctProperty applied that have a CallAction as principalshall be composite and be typed by
behpvior invoked by the call action or one of that behavior’s generalizations (for CallOperationActions, this sha
genkralize all behaviors that might be dispatched), and an upper multiplicity of one if the CallAction invokes a
nonfreentrant behavior.

[9] Properties with AdjunctProperty applied that have an ObjectNode as principal shall have a lower multiplicity of
an ypper multiplicity the same as or higher than the upperBound of the ObjectNode.

[10]Properties with AdjunctProperty applied that have a Varrable or Parameter applied shall have a lower multiplici
sanje as or lower than the lower multiplicity of thecMariable or Parameter, and an upper multiplicity the same as
tham the upper multiplicity of the Variable or Parameter.

[11] Properties with AdjunctProperty applied that.have an InteractionUse or submachine State as principal shall be ¢
and|be typed by the interaction or state machine invoked by the interaction use or submachine State or one of th
gengralizations.

8.3.2.2| Binding Connector

Descrigtion

or one of

shall

the
11

zero and

y the
or higher

omposite
eir

A Binding Connector is‘a connector which specifies that the properties at both ends of the connector have equall values.

If the properties at the'€nids of a binding connector are typed by a ValueType, the connector specifies that the ins|
the properties shall*hold equal values, recursively through any nested properties within the connected propertie
properties at therends of a binding connector are typed by a Block, the connector specifies that the instances of]
properties shall refer to the same block instance. As with any connector owned by a SysML Block, the ends of

tances of
. If the
the

L binding

connectpr-may be nested within a multi-level path of properties accessible from the owning block. The

NestedConnectorEnd stereotype is used to represent such nested ends just as for nested ends of other SysML connectors.

Constraints

[1] The two ends of a binding connector shall have either the same type or types that are compatible so that equality of their

values can be defined.
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8.3.2.3 Block

Description

A Block is a modular unit that describes the structure of a system or element. It may include both structural and
behavioral features, such as properties and operations, that represent the state of the system and behavior that the system
may exhibit. Some of these properties may hold parts of a system, which can also be described by blocks that type the
properties. Properties w1th0ut types do not restrict the instances that can be values of the propertles as 1f they had the

¢ ¢ ertic C its parts

or othei| properties relate to one another.

SysML [blocks provide a general-purpose capability to describe the architecture of a system. They provide-the gbility to
represent a system hierarchy, in which a system at one level is composed of systems at a more basic level. They can
describ¢ not only the connectivity relationships between the systems at any level, but also quantitative values of other
informajtion about a system.

SysML |does not restrict the kind of system or system element that may be described by & bleck. Any reusable form of

description that may be applied to a system or a set of system characteristics may be described by a block. Suchf reusable
descripfions, for example, may be applied to purely conceptual aspects of a system design, such as relationships [that hold
betweer) parts or properties of a system.

Connectors owned by SysML blocks may be used to define relationships befween parts or other properties of the same
containing block. Connectors can be typed by associations, which can speeify more detail about the links betwgen parts
or otheq properties of a system, along with the types of the connectedsproperties. Associations can also be blocks, and
when uged to type connectors give relationships their own interconneoted parts and other properties. Connectory without
types d¢ not restrict the way the connected properties are linked together, as if they had the most general type possible.
Connectors have both structural and behavioral functions, which can be used together or separately. Connectorg as
structurp specify links between parts or other properties of-disystem. Connectors as behavior specify communicqtion and
item flgqw between parts or other properties. Connected properties can be linked without specifying communication and
item flgw, or can specify communication and item flow without specifying a particular kind of link, or both.

SysML [excludes variations of associations in UML in which navigable ends can be owned directly by the assocjation. In
SysML/J navigation is equivalent to a named (property owned directly by a block. The only form of an associatior] end that
SysML [allows an association to own dirgctly is an unnamed end used to carry an inverse multiplicity of a reference

property. This unnamed end provides a“metamodel element to record an inverse multiplicity, to cover the specific case of
a unidirectional reference that defines-no named property for navigation in the inverse direction. SysML enforcgs its

equival¢gnce of navigation and ownership by means of constraints that the block stereotype enforces on the existing UML
metamqdel.

SysML [establishes four basic classifications of properties belonging to a SysML Block or ValueType. A property|typed by
a SysML Block that Has-composite aggregation is classified as a part property, except for the special case of a donstraint
property. Constrajnt, properties are further defined in Clause 10, “Constraint Blocks.” A port is another category of
property, as further’defined in Clause 9, “Ports and Flows.” A property typed by a Block that does not have composite
aggregalti
and alwj
comparti
be shown in a “properties” compartment or in addmonal compartments with user-defined labels

On a block definition diagram, a part property is shown by a black diamond symbol on an association. As in UML, an

instance of a block may be included in at most one instance of a block at a time, though possibly as a value of more than
one part property of the containing block. A part property holds instances that belong to a larger whole. Typically, a part-
whole relationship means that certain operations that apply to the whole also apply to each of the parts. For example, if a
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whole represents a physical object, a change in position of the whole could also change the position of each of the parts.
A property of the whole such as its mass could also be implied by its parts. Operations and relationships that apply to
parts typically apply transitively across all parts of these parts, through any number of levels. A particular application
domain may establish its own interpretation of part-whole relationships across the blocks defined in a particular model,
including the definition of operations that apply to the parts along with the whole. For software objects, a typical
interpretation is that delete, copy, and move operations apply across all parts of a composite object.

SysML also supports properties with shared aggregation, as shown by a white diamond symbol on an association. Like

UML, §
tools m
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hy interpret them in specific ways.

on to the form of default value specifications that SysML supports on properties of a block (with an opt
kpecification> string following the rest of a property definition), SysML supports an additionalform of
ntion for properties using initial Value compartments on an internal block diagram (see Internal Block Di
. An entire tree of context-specific values can be specified on a containing block to carry values of nes|
es as shown on an internal block diagram.

-specific values are represented in the SysML metamodel by means of the IngtanceValue subtype of UM
ecification. Selected slots of UML instance specifications referenced by theSevinstance values carry the i
hown in initialValue compartments.

perty belonging to a block has a specification of initial values for any<of the properties belonging to its t
ult value of that property shall be a UML InstanceValue elemenf, This element shall reference a UML
Specification element created to hold the initial values of thexindividual properties within its usage con
specification shall be unnamed and owned by the same package that owns the outermost containing bl
he initial values are being specified.

| slots of the referenced instance specification shall-Contain value specifications for the individual proper
d in a corresponding initial Values compartment. J£-a value of a property is shown by a nested property |
initialValues compartment, then the slot of thevinstance specification for the containing property shall ha
Value element. Selected slots of the instance specification referenced by this value shall contain value
htions for any nested initial values, recusively through any number of levels of nesting. A tree of instan
ing instance specifications, each of which may in turn hold slots carrying instance values, shall exist un
d value specifications are reached at the leaf level.

hcapsulated: Boolean [0.1]

If true, then the block’is'treated as a black box; a part typed by this black box can only be connected via its
ports or directly te’its outer boundary. If false, or if a value is not present, then connections can be establish
elements of itg internal structure via deep-nested connector ends.

lints

an assoeiation in which both ends are typed by blocks, the number of ends shall be exactly two.

[2] Thd

10dels or

onal “="
value
hgram on
ted

L
hdividual

ype, then

ext. The
bck for

ty values
box with
1d a new

Ce values
til self-

ed to

number of ends of a connector owned by a block shall be exactly two. (In SysML, a binding connector is nof

typed by

an association, so this constraint 1s not implied entirely by the preceding constraint.)

[3] In the UML metamodel on which SysML is built, any instance of the Property metaclass that is typed by a block (a Class
with the «block» stereotype applied) and which is owned by an Association shall not have a name and may not be defined
as a navigable owned end of the association. (While the Property has a “name” property as defined by its NamedElement
superclass, the value of the “name” property, which is optional, must be missing.)
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[4] Inthe UML metamodel on which SysML is built, a Property that is typed by a block must be defined as an end of an
association. (An inverse end of this association, whether owned by another block or the association itself, must always be
present so there is always a metamodel element to record the inverse multiplicity of the reference.)

[5] The following constraint under 9.3.6, “Connector” in the UML 2 standard is removed by SysML: “[3] The
ConnectableElements attached as roles to each ConnectorEnd owned by a Connector must be roles of the Classifier that
owned the Connector, or they must be ports of such roles.”

[6] Ifa property owned by a SysML Block or SysML ValueType is typed by a SysML ValueType, then the aggregation

tt o Y £.41 qata loalll (13 b
attrpouteorne PTOPCITY -STIdT OC— COTITPOSTICT

[7] WitIhin an instance of a SysML Block, the values of any property with composite aggregation (aggregation = co

sha
of

composite aggregation shall form an acyclic graph.)

(8] Anj

[9] Thg
hel

8.3.2.4

Descrig

The Bo
constrai
opposit
path of

The typ
stereoty
by navi
constrai

Propert

accordipg to when they are reached in navigating the binding path (and how they are ordered within their block

non-uni

Attribuf
e /biy]

*  boy

1 not contain the block in any of its own properties that also have composite aggregation, or within any ‘whbro
roperties that all have composite aggregation. (Within an instance of a SysML Block, the instancés. of prope

y classifier that specializes a Block shall also have the Block stereotype or one of its specidlizations applied.

following constraint under 9.3.7, “ConnectorEnd” in the UML 2 standard is removed by SysML: “[3] The
| in self.partWithPort must not be a Port.”

Bound Reference

tion

indReference stereotype can be applied to properties that have binding connectors, to highlight their us
ning other properties. The bound end of the stereotype is a cennector end of one of the binding connect
b the stereotyped property. The binding path includes the property at the bound end, and before that, the
the bound end, if it is a nested connector end.

ped property constrains the number of values of.the bound properties, which is the total number of value
bation through property paths of nested connéctor ends, if any. The multiplicities at the end of path can
ned, because bound references are end path-multiplicities (see 8.3.2.10, EndPathMultiplicity).

es with BoundReference applied and upper multiplicity greater than one are ordered, with values orderg

que, to support paths that lead~te or pass through the same object.
es
dingPath : Property [:7¥] {ordered, nonunique}

Gives the propertyPath of the NestedConnectorEnd applied, if any, to the boundEnd, appended to the role
boundEnd.

ndEnd : ConnectorEnd [1]
Gives a-connector end of a binding connector opposite to the end linked to the stereotyped property, or link
property that generalizes the stereotyped one through redefinition.

mposite)
ken chain
rties with

[property

ge as
ors,

property

e of stereotyped property constrains the type of theswalues of the bound properties. The multiplicity of the

5 reached
be

s), and

f the

ed to a

Constr

S

[1] Properties to which BoundReference is applied shall be the role of a connector end of at least one binding connector, or
generalized by such a property through redefinition.

[2] The value of boundEnd shall be a connector end of a binding connector, as identified in constraint 1, opposite the property,
as identified in constraint 1.
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[3] The role of boundEnd shall be a property accessible by navigation from instances of the block owning the property to
which BoundReference is applied, but shall not be the property to which BoundReference is applied, or one that it is

rela

ted to by redefinition.

[4] The last value of bindingPath shall be the role of boundEnd, and the other values shall be the propertyPath of the

Nes

tedConnectorEnd applied to boundEnd, if any.

[5] Properties to which BoundReference is applied shall either be reference properties or value properties.

[6] Properties with BoundReference applied that have an upper multiplicity greater than one shall be ordered and non-unique.

[7] Bou
Boy
[8] The
red

8.3.2.5

The Cl4
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ConstrIints

[1] Cla
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[2] Pro|

[3] Pro
gen|

8.3.2.6

Descrip

Connec
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owns th|
referred

A conn
a rectan
stereoty

Attributes

M con

ndReferences shall not be applied to properties that are related by redefinition to other properties with
ndReference applied.

binding connector identified in constraint 1 shall not have the same property on both ends, or properties rel
pfinition.

ClassifierBehaviorProperty

ssifierBehaviorProperty stereotype can be applied to properties to constrain theirvalues to be the execul
r behaviors. The value of properties with ClassifierBehaviorProperty applied (are'the executions of class
rs invoked by instantiation of the block that owns the stereotyped property.or’one of its specializations.

sifierBehaviorProperty shall only be applied to properties owned (notinherited) by blocks that have classif
Aviors.

berties to which ClassifierBehaviorProperty applied shall be composite.

berties to which ClassifierBehaviorProperty applied shalkbe typed by the classifier behavior of their owning |
cralization of the classifier behavior.

ConnectorProperty

tion

ors can be typed by association classes' that are stereotyped by Block (association blocks, see Participan
57). These connectors specify instances of the association block created within the instances of the blo
e connector. The values of a ¢onnector property are instances of the association block created due to the d
to by the connector propefty:

ctor property can optionially be shown in an internal block diagram with a dotted line from the connect
ole notating the cabnector property. The keyword «connector» before a property name indicates the pro
ped by ConnectorProperty.

nectors, Connector
A Cennector of the block owning the property on which the stereotype is applied.

hted by

tions of
ifier

block or a

Property
ck that
onnector

br line to
perty is

Constraints

[1] ConnectorProperty shall only be applied to properties of classes stereotyped by Block.

[2] The connector attribute of the applied stereotype shall refer to a connector owned or inherited by a block owning the
property on which the stereotype is applied.

[3] The aggregation of a property stereotyped by ConnectorProperty shall be composite.
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[4] The type of the connector referred to by a connector attribute shall be an association class stereotyped by Block.

[5] A property stereotyped by ConnectorProperty shall have the same name and type as the connector referred to by the
connector attribute.

8.3.2.7 DirectedRelationshipPropertyPath

Description

The Direeted y y v

identify| their sources and targets by a multi-level path of properties accessible from context blocks for the gour|
targets. [Context blocks are typically the owner of the first property in the path of properties, but can be speoialiZ
the ownler to limit the scope of the relationship.

Attributes

M SO

e targ

M sou

e targ

Constrd
[1] sou
[2] targ
[3] Thg

gen|
[4] Thg

gen

[5] Thg
sha

rcePropertyPath: Property [0..*] {ordered, nonunique}
A series of properties that identifies the source of the directed relationship in the context of the block specit
sourceContext property. The ordering of properties is from a property of the sourceCGontext block, through
of each intermediate block that types the preceding property, ending in a property-with a type that owns or
the source of the directed relationship. The source is not included in the propertyPath list. The same proper
appear more than once because a block can own a property with the same(or specialized block as a type.

etPropertyPath: Property [0..*] {ordered, nonunique}

A series of properties that identifies the target of the directed relationship in the context of the block specif
targetContext property. The ordering of properties is from a property of the targetContext block, through a p
each intermediate block that types the preceding property, ending in a property with a type that owns or inh
target of the directed relationship. The target is not included in the propertyPath list. The same property mi
more than once because a block can own a property with the same or specialized block as a type.

rceContext: Classifier [0.1]
Gives the context for sourcePropertyPath to begin from.

etContext: Classifier [0.1]
Gives the context for targetPropertyRath.to begin from.

ints
[ceContext shall have a valye when sourcePropertyPath has a value.

etContext shall have a value when targetPropertyPath has a value.

property in the first-position of the sourcePropertyPath list, if any, shall be owned by the sourceContext or
eralizations.

property in th& first position of the targetPropertyPath list, if any, shall be owned by the targetContext or or
cralizationss.

property-at each successive position of the sourcePropertyPath and targetPropertyPath, following the first f
1 be ewned by the Block or ValueType that types the property at the immediately preceding position, or a

onships to

ces and
ations of

lied by the
h property
nherits

y might

ed by the
roperty of
erits the
bht appear

ne of its

e of its

osition,

ge

ralization of the Block or ValueType

[6] The type of the property at the last position of the sourcePropertyPath list shall own or inherit the source of the
stereotyped directed relationship.

[7]1 The type of the property at the last position of the targetPropertyPath list shall own or inherit the target of the stereotyped
directed relationship.
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8.3.2.8

DistributedProperty

DistributedProperty is a stereotype of Property used to apply a probability distribution to the values of the property.
Specific distributions should be defined as subclasses of the DistributedProperty stereotype with the operands of the
distributions represented by properties of those stereotype subclasses. A sample set of probability distributions that could

be appli

ed to value properties is given in E.7.

Constraints

[1] ThgDistributedProperty stercotype sitatt oty beappiicd 1o propertics of crassifiers stereotyped by Biockor-Vat
8.3.2.9| ElementPropertyPath

Descrigtion

The ElementPropertyPath stereotype based on UML Element enables elements to identify othegelements by a m|
path of properties accessible from a context block. The context block is described in specializations of
ElementPropertyPath.

Attributes

»  propertyPath: Property [1..*] {ordered, nonunique}

Constra
[1] The
Blo|
Val

8.3.2.1

Descrip

The En
BoundR
values,

along it

Attributes

.

A series of properties that identifies elements in the context of a block/described in specializations of

ElementPropertyPath. The ordering of properties is from a property‘ofithe context block, through a propert
intermediate block that types the preceding property, ending in a pfoperty with a type that owns or inherits
nested property. The fully nested property is not included in the'propertyPath list, but is given by the elemen|
the ElementPropertyPath is applied in a way described in specializations of ElementPropertyPath. The sam
might appear more than once because a block can own a{roperty with the same or specialized block as a ty

lints

property at each successive position of the propertyPath attribute, following the first position, shall be own
ck or ValueType that types the property at the immediately preceding position, or a generalization of the Blg
heType.

D EndPathMultiplicity

tion

IPathMultiplicity stereofype can be applied to properties that are related by redefinition to properties tha
eference applied. The-lower and upper properties of the stereotype give the minimum and maximum ny
Fespectively, of the'property at the bound end of the related bound reference, for each object reached by n
5 binding pathy

lowet=Integer [0..1]=0

eType.

ulti-level

iy of each
the fully

t to which
e property
'pe.

bd by the
ck or

it have
mber of
hvigation

cached by

56

Giyes the minimum number of values of the property at the end of the related bindingPath, for each object 1

applied.
upper : UnlimitedNatural [0..1] = unlimited
Gives the maximum number of values of the property at the end of the related bindingPath, for each object r

altiplicity is

eached by

navigation along the bindingPath from an instance of the block owning the property to which EndPathMultiplicity is

applied.
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Constraints

[1] Properties to which EndPathMultiplicity is applied shall be related by redefinition to a property to which BoundReference
is applied.

[2] endPathLower shall be non-negative.

8.3.2.11 NestedConnectorEnd

Descrij

tion

The Ne
may be
inherite
block tH
a prope
inherits
end). TI

Constrg
[1] Thg
gen|
[2] Thg
con

[3] Nes
8.3.2.1

Descrig

The Bl
These 4

tedConnectorEnd stereotype of UML ConnectorEnd extends a UML ConnectorEnd so that the connected
identified by a multi-level path of accessible properties from the block that owns the connector. Fhe)proj
d from ElementPropertyPath gives a series of properties that identifies the connected property in'the cont
at owns the connector. The ordering of properties is from a property of the block that owns/the connectof
'ty of each intermediate block that types the preceding property, ending in a property withya type that oy
the property that is the role of the connector end (the property that the connector graphically attaches t
he property that is the role of the connector end is not included in the propertyPath. list.

ints

first property in propertyPath shall be owned by the block that owns the connector, or one of the block’s
eralizations.

type of the property at the last position of the propertyPath list shall.own or inherit the role property of the st
nector end.

tedConnectorEnd shall only be applied to connector ends.
P ParticipantProperty

tion

ck stereotype extends Class, so it can be applied to any specialization of Class, including Association (
re informally called “association blocks.”~An association block can own properties and connectors, like

block. Kach instance of an association block-can link together instances of the end classifiers of the association

To refet
which (
The val
link cor

Particip)

to linked objects and values of an instance of an association block, it is necessary for the modeler to sj

barticipant) properties of the association block identify the instances being linked at which end of the ass
ic of a participant property. on an instance (link) of the association block is the value or object at the en
responding to this end of the association.

ant properties can beythe ends of connectors owned by an association block. The association block can bg

of mult

ple other connectors to reuse the same internal structure for all the connectors. The keyword «participan|

a propefty name indieates the property is stereotyped by ParticipantProperty. The types of participant properties
elided if desired.‘[hey are always the same as the corresponding association end type.

Attribufes

property
pertyPath
pxt of the
, through
vns or

at that

breotyped

lasses.
iny other

becify
bciation.
d of the

the type
t» before
can be

. endL: Prnpprtv

A member end of the association block owning the property on which the stereotype is applied.

Constraints

[1] ParticipantProperty shall only be applied to properties of association classes stereotyped by Block.

[2] ParticipantProperty shall not be applied to properties that are member ends of an association.
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[3] The aggregation of a property stereotyped by ParticipantProperty shall be none.

[4] The end attribute of the applied stereotype shall refer to a member end of the association block owning the property on
which the stereotype is applied.

[5] A property stereotyped by ParticipantProperty shall have the same type as the property referred to by the end attribute.
[6] The property referred to by end shall have a multiplicity of 1.

8.3.2.13 PropertySpecificType

The PrgpertySpecificType stereotype is automatically applied to the classifier that types a property with a propgrty-
specific|type. This classifier can contain definitions of new or redefined features that extend the original,classiffer
referended by the property-specific type.

Classifiprs with the PropertySpecificType stereotype are owned by the block that owns the property that has the|property-
specific|type. A classifier with this stereotype shall specialize at most a single classifier that was\teferenced as thp starting
classifigr of the property-specific type. If there is no starting classifier (which occurs if no existing name is spegified as
the starfing type of a property-specific type), then a classifier with the stereotype applied has no specialization
relationphip from any other classifier.

Constraints

[1] A c]assifier to which the PropertySpecificType stereotype is applied shall be referenced as the type of one and gnly one
property.

[2] Thd name of a classifier to which a PropertySpecificType is applied shall be missing. (The “name” attribute of fhe
NapedElement metaclass shall be empty.)

8.3.2.14t ValueType

Descrigtion

A ValugType defines types of values that may be used to express information about a system, but cannot be ideptified as
the targpt of any reference. Since a value cannoet(be identified except by means of the value itself, each such valge within
a model is independent of any other, unless ©ther forms of constraints are imposed.

Value types may be used to type properties, operation parameters, or potentially other elements within SysML. [SysML

defines [ValueType as a stereotype of UML DataType to establish a more neutral term for system values that may|never be
given alconcrete data representation./For example, the SysML “Real” ValueType expresses the mathematical corcept of a
real nurpber, but does not impese any restrictions on the precision or scale of a fixed or floating-point representation that
expressgs this concept. Moreispecific value types can define the concrete data representations that a digital computer can
process| such as conventional Float, Integer, or String types.

SysML [ValueType adds an ability to carry a unit of measure and quantity kind associated with the value. A quantity kind
is a kingl of quantity that may be stated in terms of defined units, but does not restrict the selection of a unit to [state the
value. A unitts.a particular value in terms of which a quantity of the same quantity kind may be expressed. A PysML

ValueType-and its quantityKind establishes, via UML typing, the associative relationship between a particular “guantity”
[VIM3-1L14 (maodeled as a SysMT _value property ty pF‘!‘] by a \/QIIIPTVPP\ and a “kind of (lnnnfifv” [VIM3-12] (the

ValueType::quantityKind of the SysML value property’s type). This UML/SysML associative relationship reflects the
terminological distinction made in VIM3 between the concepts of “quantity” [VIM3-1.1] and “kind-of-quantity” [VIM3-
1.2] that “cannot be in a generic or partitive hierarchical relation to each other” [Dybkaer-2010].

A SysML ValueType may define its own properties and/or operations, just as for a UML DataType. See 8.3.2.3, Block for
property classifications that SysML defines for either a Block or ValueType.
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Attributes

» quantityKind: InstanceSpecification [0..1]
A kind of quantity, represented by an InstanceSpecification classified by a kind of SysML QuantityKind, that may be
stated by means of units. A value type may optionally specify a quantity kind without any unit. Such a value type may

be used to type a value specification to represent it in an abstract form independent of any specific units.

* unit: InstanceSpecification [0..1]
A quantity, represented by an InstanceSpecification classified by a kind of SysML Unit, in terms of which the

ISO/IEC 19514:2017(E)

Constraints

[1] Any classifier that specializes a ValueType shall also have the ValueType stereotype applied.

[2] Thg unit of a ValueType, if any, shall be an InstanceSpecification classified by SysML’s Unit blockin the
UnijtAndQuantityKind model library or a specialization of it.
iny: unit-s>notEmpty ()
fprAll(c | c.oclIsKindOf (Unit))

[3] Thg quantityKind of a ValueType, if any, shall be an InstanceSpecification classified by'SysML’s QuantityKind
the [UnitAndQuantityKind model library or a specialization of it.
iny: quantityKind->notEmpty ()
hantityKind.classifier->forAll (¢ | c.oclIsKindOf (QuantityKind))

Q

THererSo—trict

8.3.3 | Model Libraries

Tt v-Ctr SO

and quantityKind.classifier-snotEmpty ()

8.3.3.1] Package PrimitiveValueTypes

bdd [modelLibrary] PrimitiveValueTypes [PrimitiveValueTypes library] /

realPart: Real
imaginaryPart: Real

«valueType» «valueType» «valueType»
Number String Boolean
«alueType» «valueType» «valueType»
Integer Real Complex

Figure T.lo ~Model library for primitive value types

and unit.classifier->notEmpty()implies unit.cfassifier->

implies

block in

8.3.3.1.1 Boolean

A Boolean value type consists of the predefined values true and false.
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8.3.3.1.2 Complex

Description

A Complex value type represents the mathematical concept of a complex number. A complex number consists of a real
part defined by a real number, and an imaginary part defined by a real number multiplied by the square root of -1.
Complex numbers are used to express solutions to various forms of mathematical equations.

Attributes

* realPart: Real
A real number used to express the real part of a complex number.

* imaginaryPart: Real
A real number used to express the imaginary part of a complex number.

8.3.3.1]3 Integer

An Inteper value type represents the mathematical concept of an integer number. An Integef value type may be|used to
type values that hold negative or positive integer quantities, without committing to a(specific representation sudh as a
binary qr decimal digits with fixed precision or scale.

8.3.3.1{4 Number

Numbeq is an abstract value type from which other value types that exptess’concepts of mathematical numbers jare
specialifed.

8.3.3.1/5 Real

A Real value type represents the mathematical concept of atfeal number. A Real value type may be used to typg values
that holfl continuous quantities, without committing to a;specific representation such as a floating point data type with
restrictipns on precision and scale.

8.3.3.1{6 String

A String value type consists of a sequence.of-Characters in some suitable character set. Character sets may inclgde non-
Roman plphabets and characters.

8.3.3.2| Package UnitAndQuantityKind

bdd [ Unit and QuantifyKind Library ]J

Unit quantityKind QuantityKind
syymbol {String [0..1] 0.7 0.7 symbol : String [0..1]
description : String [0..1] description : String [0..1]
definitionURI : String [0..1] definitionURI : String [0..1]

Figure 8.11 - Model library for Unit and QuantityKind
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8.3.3.2.1 QuantityKind

A QuantityKind is a kind of quantity that may be stated by means of defined units. For example, the quantity kind of
length may be measured by units of meters, kilometers, or feet. QuantityKind is defined as a non-abstract SysML Block
defined in the SysML UnitAndQuantityKind model library. QuantityKind, or a specialization of it, classifies an
InstanceSpecification to define a particular “kind-of-quantity” in the sense of an “aspect common to mutually comparable
quantities” [VIM3-1.2], where a SysML value property is understood to correspond to the VIM concept of “quantity”
defined as a “property of a phenomenon, body or substance, where the property has a magnitude that can be expressed as
2 =+ tatt tyiT T 2 tbrary or in
manner in other model libraries.

The deflinitionURI of an InstanceSpecification classified by a kind of QuantityKind identifies the particular “kipd-of-
quantity” [VIM3-1.2] that the InstanceSpecification represents. Two such InstanceSpecifications represent the shme

“kind-of-quantity” if and only if their definitionURIs have values and their values are equal. The only valid usqg of a
QuantityKind instance is to be referenced by the quantityKind property of a ValueType or Unit:

See the|non-normative model library in E.5 for an optional way to specify more compreliensive definitions of ynits and
quantity kinds as part of systems of units and systems of quantities. The name of a QuantityKind, its definitionURI, or
other mans may be used to link individual quantity kinds to additional sources of documentation such as this ¢ptional
model ljbrary.

Attribufes

*  synpbol: String [0..1]
Short symbolic name of the quantity kind.

*  desgription: String [0..1]
Textual description of the quantity kind.

*  deflnitionURI: String [0..1]
URI that references an external definition of the quantity kind.

8.3.3.2]2 Unit

A Unit |s a quantity in terms of which the magnitudes of other quantities that have the same quantity kind can pe stated.
A unit g¢ften relies on precise and reproducible ways to measure the unit. For example, a unit of length such as njeter may
be speci]fied as a multiple of a particular wavelength of light. A unit may also specify less stable or precise ways to
express|some value, such as a cost expressed in some currency, or a severity rating measured by a numerical sdale.

Unit is fefined as a non-absttagt-SysML Block defined in the SysML UnitAndQuantityKind model library. Unif, or a
specialigation of it, classifies'an InstanceSpecification to define a particular “measurement unit” in the sense of{a “real
scalar quantity, defined 'and adopted by convention, with which any other quantity of the same kind can be conjpared to
express|the ratio of thé.two quantities as a number” [VIM3-1.9], where a SysML value property is understood {o
corresppnd to the{VIM concept of “quantity” defined as a “property of a phenomenon, body or substance, whete the
property has a_magnitude that can be expressed as a number and a reference” [VIM3-1.1]. Modelers specialize [Unit as
done in|SysML’s QUDV model library or in a similar manner in other model libraries.

The defimitionURT of am INSTancesSpecification ciassiticd by a Kind of Uit identitics the particutar - measurement unit”
[VIM3-1.9] that the InstanceSpecification represents. Two such InstanceSpecifications represent the same “measurement
unit” if and only if their definitionURIs have values and their values are equal.

The only valid use of a Unit instance is to be referenced by the unit property of a ValueType stereotype.
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See the non-normative model library in E.5 for an optional way to specify more comprehensive definitions of units and
quantity kinds as part of systems of units and systems of quantities. The name of a Unit, its definitionURI, or other means
may be used to link individual units to additional sources of documentation such as this optional model library.

Attributes

*  symbol: String [0..1]
Short symbolic name of the unit.

. des .A;ytiuu. Stlius [C}]
Textual description of the unit.

e defnitionURI: String [0..1]
URI that references an external definition of the unit.

e quantityKind: QuantityKind [0..*]
A Unit may be associated to several QuantityKinds. This one-to-many association capability between “megsurement
units” [VIM3-1.9] (represented as Units) and “kind-of-quantities” [VIM3-1.2] (represented as QuantityKinds)
reflects a subtle but important note in [VIM3-1.9, NOTE2] which states that “measurément units of quantities of the
same quantity dimension may be designated by the same name and symbol eyeén when the quantities are n¢t of the
same kind. For example, joule per kelvin and J/K are respectively the namesand symbol of both a measurement unit
of heat capacity and a measurement unit of entropy, which are generally not considered to be quantities of the same
kind.”

8.4 | Usage Examples

8.4.1 [ Wheel Hub Assembly

In Figufe 8.12 a block definition diagram shows the blocks)that comprise elements of a Wheel. The block propgrty
LugBolfJoint.torque has a specialization of DistributedProperty applied to describe the uniform distribution of ifs values.
Examplps of such distributions can be found in E.5*Connectors from the lugBoltJoints part go to nested parts, aind use
Nested§onnectorEnd to specify the path of propetties to reach those parts. For the threadedHole end of the conpector
going t@ part h, the property path is (hub). For,the mountingHole end of the connector going to mountingHoles| the
property path is (wheel, w). Similarly, the connector between the rim and bead parts has property paths (w) and|(t) on its
ends.
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bdd WbeelPackagﬂ

WheelHubAssembly
Tire
t ; bead
’ 1 operations 0.1 TireRead
1 mountiire() 2
lues
WheelAssembly v
Vheel . . . ) .
‘0 - tireSpecification:String 1
1 values - PressureSeat
inflationPressure:psi 1
Wheel .
w 0.1 rnm . . .
values P 5 TireMountingRim
1 | diametermm
width:mm
1
V .
BandMount InflationValve
1
WirelessTire ight
PressureMapitor weig BalanceWeight
0..6
operations
transmitPressure()
mountingHole LugBolt
5 MountingHole
values
lugBoltSize:mm
1 [ mountingHole
5 | lugBoltJoint 0.1
LugBolt :
LugBoltJoint
hub 0.1 h ThreadedHole threadedHole
Hub values values
1 lugBoltSize:mm 1 0.1 «uniform»{min=75,max=85}orque:ft-Ib
threadSize:mm boltTension:lb

Figure 8.12 - Block diagram for the Wheel Package
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ibd WheelHubAssembly )

wheel: WheelAssembly

hub: Hub w: Wheel t: Tire
5 2 baad 2
5 mountingHoles: rim: e
h: LugBoltMountingHole TireMountingRim TireBeal
LugBoltThreadedHole

1 | threadedHole 1 | mountingHole

. PressureSeat

0.5
0.1 lugBoltJoints: 0.1

LugBoltJoint

Figure 8.13 - Internal Block Diagram for WheelHubAssembly

In Figui
a partia
and “wq

8.4.2

In Figu
defined
importe
quantity
as well.
Model 1

e 8.13 an internal block diagram (ibd) shows how the blocks defined in the Wheel package are used. This ibd is
view that focuses on particular parts of interest and omits others from the diagram, such as the “v” InflationValve
ight” BalanceWeight, which are also parts of a Wheel.

Example Value Type Definitions

e 8.14, several value types that use standard units of measure from the International System of Units (§I) are
to be available in the Example Value-Type Definitions package. The value types in this package could be
d into other contexts for typing ptepérties of SysML Blocks. Because a SysML Unit can already identify|a type of
. or QuantityKind, that the unitymeasures, a value type only needs to identify the unit to identify a quantity kind
The value types in this example refer to units that are assumed to be defined in an imported package, such as the
|ibrary defined in E.6,

bdd [p

hckage] Example/Valde Type Definitions/

«valueType»

Real
\ \ \ \
s kg m N
«valueType» «valueType» «valueType» «valueType»
unit=second unit=kilogram unit=metre unit=newton

Figure 8.14 - Defining Value Types with units of measure from the International System of Units (SI)
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Design Configuration for SUV EPA Fuel Economy Test
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SysML internal block diagrams may be used to specify blocks with unique identification and property values. Figure D.41
shows an example used to specify a unique vehicle with a vehicle identification number (VIN) and unique properties such
as its weight, color, and horsepower. This concept is distinct from the UML concept of instance specifications in that it
does not imply or assume any run-time semantic, and can also be applied to specify design configurations.

In SysML, one approach is to capture system configurations by creating a context for a configuration in the form of a

context

block. - The context block may capture a nnir}np idpnfify for the nnnﬁgnraﬁnn’ and utilizes parts and-initjal value

compar]
context
specific
structur
followii

8.4.4

Associa
be ports

8.4.5

Figure
decomp)
ends, bg

block may contain a set of parts that represent the block instances in this system configuration, each co
values for each property. This technique also provides for configurations that reflect hierarchical syster
bs, where nested parts or other properties are assigned design values using initial value comparttments. 1
g example illustrates the approach.

Water Delivery

tion blocks can be decomposed into connectors between properties of the associated blocks. These propg

, as in the water delivery example in 9.4.5, Association and Port Decomposition.
Constraining Decomposition

.15 shows an example decomposition for vehicles in a block definition diagram. Figure 8.16 shows the]
osition in an internal block diagram that includes bound references. The binding connectors have nested d
cause they link inside the parts of the vehicle.

bdd [p

hckage] Vehicle Decomposition /

Vel

Cylinder

i{s)

chs| chassis RollBar
1 Assembly o,_#

Light Heavy
Rollbar RollBar

WA

b
hee
6..10

Figure

B.15% Vehicle decomposition

ments to express property design values within the specification of a particular system configuration’.\Spch a

ntaining
h
'he

brties can

same
onnector
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ibd [block] Vehicle /

eng: Engine !

structure

«boundReference» ! «equal»
cylinderBR: Cylinder

cyl : Cylinder 4.8

«poundReference» *| «equal»

rollBarBR chs : ChassisAssembly *
«poundReference» 6.8 structure
lugBoltBR tb : RollBar 1

w : Wheel 4

structure

«equal» 6..10

Ib : LugBolt

Figure 8.16 - Vehicle internal structure

Figure 8.17 shows specializations for vehicles that restrict aspects of'niested parts by redefining bound referencgs. Paths
for bound references are based on the property paths of the correspending binding connectors. The general blodk on the
top does not restrict the bound properties, except the total numberéf lug bolts is required to be between 24 and 32, rather
than 24|and 40 as the associations in Figure 8.15 allow. The specialization on the lower left restricts the numbejr of
cylindets to four, requires a light roll bar, and a total of 24>lug bolts over all the wheels. The specialization on fhe lower
right regtricts the number of cylinders to between six and ‘eight, rules out any roll bar, and limits lug bolts per wheel to
betweer} 6 and 7, by giving the end path upper andslower values.

bdd [ppckage] Vehical Specialization)

Vehicle

bound references
{/bindingPath = eng, cyl } cylinderBR : Cylinder [*]
{/bindingPath = chs, rb } rollBarBR [*]
{ /bindingPath = chs, w, |b } lugBoltBR [24..32]

| : |

Vehicle Model 1 Vehicle Model 2
cylinderBR™: Cylinder [4] { redefines cylinderBR } cylinderBR : Cylinder [6..8] { redefines cylinderBR }
roll B - icthnllR:\r [1] { redefines rnllRQrRD} ollBarBR [ﬂ] { redefines rnlanrRD}
lugBoltBR [24] { redefines lugBoltBR } «endPathMultiplicity» { lower = 6 ; upper =7}
lugBoltBR [*] { redefines lugBoltBR }

Figure 8.17 - Vehicle specialization

66 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

8.4.6 Units and Quantity Kinds

The following shows a minimal example of definitions a Unit, QuantityKind and ValueType based on them.

ISO/IEC 19514:2017(E)

pkg [ Unit, QuantityKind and ValueType example JJ

Maodel 1
- quantityKind 5 P
metre : Uni length : ntityKin
definitionURI = "http://www.bipm.org/en/si/base_units/metre.html" definitionURI="..."
qlantityKind = length
«valueType»
Length
{quantityKind = length,
unit = metre}

«apply» _l

Il — — — _— 3 «profile»
SysML

Figure $.18 - Example of Unit, QuantityKind and ValueType definitions

In term$ of the UML4SysML metamodel and of the SysML profile, the following figure shows a partial accour
instancg-level representation of the above example. This instance-level representation is important for model int

particulprly across different implementations of SysML.

t of the
prchange,
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pkg [ Instance-level view of the Unit, QuantityKind and ValueType deﬁnitions/ﬂ

«modelLibrary»
UnitAndQuantityKind
association | A_quantityKind, ementUnit : A iati iation
memberEnd ownedEnd memberEnd
: Property : Property
rremTe=—imearstreTTe Tttt TremTTe-=—ieeramityHéret
ype ownedAttribute b Cl bpe
ase. lass i
base_Class : Class : Property = : Class ownedAttribute : Property
. name = "Unit" name = "definitionURI" extension_Block name = "QuantityKind" name,= "definitionURI|
extefision_Block =
: Block classifier definingFeature @ classifier definingFeature
Model 1 |
: A_quantityKind_measurementUnit
| quanmyKindl |
slot slot
: Inst Specification : Slot : Inst Specification ﬂ(ﬂ
name = "metre" name = "length"
unit value quantityKind value
L Stri [ LiteralString |
value = "http:/www.bipm.org/en/si/base_units/metre.html" value =".."

extension_ValueType

: DataType
name = "Length"

base_DataType

Figure 8.19 - Instance-level view of the Unit, QuantityKind.and ValueType definitions

The following example shows a minimal example of the‘semantics of Unit equivalence (A similar example for
QuantityKind is omitted).

pkg [ Hxample of equivalent Unit representationsJJ
| |
Model-1 Model 2
metré :Uni metre : Uni
defJﬂitionURl = "http://www.bipm.org/en/si/base_units/metre.html" definitionURI = "http://www.bipm.org/en/si/base_units/metre.html"
qugntityKind = length
I [
| —| |
' «apply» wroflen |, apply» |
-- - - - - - -~ SysML

Figure 8.20 - Example of equivalent Unit representations

In terms of the UML4SysML metamodel and of the SysML profile, the following figure shows a partial account of the
instance-level representation of the above example. This instance-level representation is important for model interchange,
particularly across different implementations of SysML.
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package [ Instance-level representation of equivalent Unit definitions JJ
«ModelLibrary»
UnitAndQuantityKind
extension_Block
-
base_Class dAttribut
ownedAttribute,
_Class _ Property
name = "Unit" name = "definitionURI"
classifier definingFeature
Model 1 | Model 2 |
slot Slot ™ ot |
=1
value value
Li Stri Li Stri
value = "http:/www.bipm.org/en/si/lbase_units/metre.htm|" value = "hftp:/mwww.bipm.org/en/si/base_units/metre.himl"
! Specificati ) Specificati
ame = "metre" name < metre"
A I
\ |
\ \% 1
\ ~— For model interchange purposes, the semantics ofUnit _ /
implies that these two representations correspond to - =
the same unit because they have the same definitionURI

Figure 8.21 - Instance-level representation of equivalent Unit definitions
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9

9.1

ISO/IEC 19514

Ports and Flows

Overview

:2017(E)

The main motivation for specifying ports and flows is to enable design of modular, reusable blocks with clearly defined
ways of connecting and interacting with their context of use. This clause extends UML ports to support nested ports, and

extends

blocks to support flow properties, and required and provided features, including blocks that type ports

orts can

be type
Block (
features
Default

associafion blocks specifying connections. These additional capabilities in SysML enable modeler§_to specify a

variety
as softwy
flows fi

9.11

Ports ar

connecting directly to the block itself. They are properties with a type that specifies features available to the ex

entities
well as

9.1.2

SysML
ports (n
whether

by blocks that support operations, receptions, and properties as in UML. SysML defines a specialized
nterfaceBlock) that can be used to support nested ports. SysML identifies two kinds of ports, one-that ¢
of the owning block or its internal parts (proxy ports), and another that supports its own features(full

compatibility rules are defined for connecting block usages, such as parts and ports. These can'be overrid

bf interconnectable components, which can be implemented through many engineering and social techniq
are, electrical or mechanical components, and human organizations. This clause also extends UML infqg
r specifying item flows across connectors and associations.

Ports

 points at which external entities can connect to and interact with ablock in different or more limited

via connectors to the ports. The features might be properties,.including flow properties and association
operations and receptions. The remaining overview sub clauses introduce other aspects of ports and floy

Flow Properties, Provided and Required Features, and Nested Ports

extends blocks to support flow properties and proyided and required features. Blocks with ports can typ
ested ports). Flow properties specify the kindsof items that might flow between a block and its environ
it is data, material, or energy. The kind of items that flow is specified by typing flow properties. For e3

block s

property for Torque as an output. Required and provided features are operations, receptions, and non-flow prope
a block [supports for other blocks to use, er requires other blocks to support for its own use, or both. For examplg
might provide particular services to other'blocks as operations, or have a particular geometry accessible to other
it migh{ require services and geometries of other blocks. Ports nest other ports in the same way that blocks nes

blocks.
torque

9.1.3

SysML

(proxy |
boundai

ecifying a car’s automatic transmission could have a flow property for Torque as an input, and another

he type of the port is ablock (or one of its specializations) that also has ports. For example, the ports s{
ows in the transmission example might have nested ports for physical links to the engine or the drives}

Proxy Parts“and Full Ports

identifies‘two usage patterns for ports, one where ports act as proxies for their owning blocks or its inte
ports)~and another where ports specify separate elements of the system (full ports). Both are ways of def
y ofithe owning block as features available through external connectors to ports. Proxy ports define the

form of
Xposes
horts).
den with
wide
ues, such
rmation

ays than
ternal
ends, as
VS,

e other
ment,
fample, a
flow
rties that
, a block
block, or
other
ipporting
naft.

nal parts
ining the
boundary

by spec

fving which features of the owning block or internal parts are visible through external connectors, while

full ports

define the boundary with their own features. Proxy ports are always typed by interface blocks, a specialized kind of block
that has no behaviors or internal parts. Full ports cannot be behavioral in the UML sense of standing in for the owning
object, because they handle features themselves, rather than exposing features of their owners, or internal parts of their

owners.

Ports that are not specified as proxy or full are simply called “ports.”
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In either case, users of a block are only concerned with the features of its ports, regardless of whether the features are
surfaced by proxy ports, or handled by full ports directly. Proxy and full ports support the capabilities of ports in general,
but these capabilities are also available on ports that are not declared as proxy or full. Modelers can choose between
proxy or full ports at any time in the development lifecycle, or not at all, depending on their methodology.

9.14

ltem Flows

Item flows specify the things that flow between blocks and/or parts and across associations or connectors. Whereas flow

properti
in a par|
on its u
of tank{
into a tg
water) g
betweer

Ttem fld
connect
differen

9.1.5

Flow pd
transitid
with pr

flow properties to assist in interface compatibility analysis.

t parts of the model.

Deprecation of Flow Ports and Flow Specificatiofis

ws may be allocated from object nodes in activity diagrams or signals sent from ‘state machines across §
pr. Flow allocation is described in Clause 15, “Allocations,” and can be used-to.-help ensure consistency gcross the

rts and flow specifications are included in SysML, but are deprecated. Annex C defines them, along with
n guidelines to non-deprecated elements. In particular, the functionality of non-atomic flow ports is supported
xy ports typed by interface blocks owning flow propertiés: Flow properties are not deprecated.

ks specify what “can” flow in or out of a block, item flows specify what “does™ flow between blocks andl/or parts
ficular usage context. This important distinction enables blocks to be interconnected in different ways dgpending
age context. For example, tanks might include a flow property that can accept fluid as an input. Inya-particular use
, “gasoline” flows across a connector into a tank, and in another use of tanks, “water” flows agross a cqnnector
nk. The item flow in each case specifies what “does” flow on the connector in the particular usage (e.g|, gas,
nd the flow property specifies what can flow (e.g., fluid). This enables type matching between the item flows and
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9.2 Diagram Elements

9.2.1 Block Definition Diagram

Table 9.1 - Graphical nodes defined in Block Definition diagrams

ISO/IEC 19514:2017(E)

Node Name Concrete Syntax Abstract Syntax Reference
Port OMTASysMTC - Port
1
P %] Transmission
pl:~T1
Transmission
Conjugated Ports
P . P3
p2 Transmission
Ports with Flow Properties
Port UML4SysML::Port
(Compartment
Notation) Transmission

ports

pl: ITransCmd

Port (with Compart-
ment)

pl: Typed

values.
X:Integer.

flow properties Transmission
in live : Electricity

structure

UML4SysML::Port

Port
(Nested)

UML4SysML::Port

pl.1, pl
pl.2 L
pL3 Transmission

© ISO/IEC 2017 - All rights reserved

73


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

Table 9.1 - Graphical nodes defined in Block Definition diagrams

Node Name

Concrete Syntax

Abstract Syntax Reference

ProxyPort

«proxy»
pl Transmission

SysML::Ports& Flows::ProxyPort

ProxypPort (Compart-
ment Notation)

Transmission

proxy ports
pl: ITransCmd

SysML::Ports& Flows:: ProxyPort

FullPgrt

«full»
pl Transmission

SysML::Ports& Flows:: FullPprt

FuIIP(t;t (Compartment
Notatilon)

Transmission

full ports

pl: ITransCmd

SysML::Ports& Flows:: FullPprt

FlowRroperty

Transmission

flow'properties
in gearSelect: Gear
in.engineTorque: Torque
out wheelsTorque: Torque

SysML::Ports& Flows::
FlowProperty

Requifed and Provided
Features

Transmission

operations

prov Boolean selectGear(g : Gear)
reqd Torque getTorque()

properties
prov temperature : Integer
reqd geometry : Spline

SysML::Ports& Flows::
DirectedFeature

I nter faceBtoek

«interfaceBlock»
ISpeedObserver

operations

notifySpeedChange()

el Al Deorial Il
OYSIVIL .. TTUN ST TUWS. .

I nterfaceBlock
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Table 9.1 - Graphical nodes defined in Block Definition diagrams
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«interface»

ISpeedObserver

notify SpeedChange(): void

Node Name Concrete Syntax Abstract Syntax Reference
Item Flow SysML::Ports& Flows::[temFlow
«block» eng tran «block»
Engine v Transmission
Torque
«block» eng ) tran «block»
Engine | Transmission
: Torque
|
L
«block»
Association-1
«participant»{end=eng} englinLink : Engine [1]
«participant»{end=tran} traninLink : Transmission [1]
structure
Vibration
Heat traninLink :
englnLink : Engine P Tr;smissidn
Current
Interfpce UML4SysML::Interfaces:

Interface

Requifed and Provided
I nterfhces

ITransCmd

ITransbata

ITransCmd
Q

pl
Transmission

Transmission

ITransData

UML4SysML::Interface
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9.2.2 Internal Block Diagram

Table 9.2 - Graphical nodes defined in Internal Block diagrams

Node Name Concrete Syntax Abstract Syntax Reference
Port UML4SysML::Port
p1 # t - Transmission é
pl:~T1
t: Transmission
Conjugated Ports
Pl . p3
p2 t . Transmission
Ports with Flow Properties
Port UMLA4SysML::Port
(Nestdd)
pl.1, pl
p1.2 .
pL3 t: Transmission
Port (yith Compart- UML4SysML::Port
ment)
pl: Typel
valués
x:Integer

flow properties t:Transmission

inlive : Electricity

structure

ProxypPort

«Proxy»
p1 t: Transmission

SysML ::Ports& Flows:: ProxyPort

ProxyPort (isBehavior
=true)

«Proxy»
pl t:Transmission

SysML ::Ports& Flows:: ProxyPort
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FullPort

«full»
pl t: Transmission

SysML::Ports& Flows::FullPort

ItemHOwW

eng: Engine eng: Engine
It I
P p
Torque torque: Torque
p P
K2 K3
trns: Transmission trns: Transmission
Item Flow Item Flow with an Iltem Property

ep:EP tp:TP
eng: Engine trns: Transmission

} Torque
|

cl: Association-1

«participant»{end=ep} epInLink : EP [1]
«participant»{end=tp} etinLink : TP [1]

structure

Vibration

[ ]
[} L]
[} { ]

ep.1l tp.1

eplnLink : EP ep.2

ep.3 tp.3

tp.2 tpinLink: TP

SySML:IPortsa Flows. TTtemnlow

Requifed and Provided
I nterfhces

IFransCmd

pl
t: Transmission

ITransData

ITransCmd
Q

t: Transmission

ITransData

UML4SysML::Interface
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9.3 UML Extensions

9.3.1 Diagram Extensions

9.3.1.1 DirectedFeature

A DirectedFeature has the same notation as other non-flow properties and behavioral features with a feature direction
prefix (prov | reqd | provreqd), which corresponds to one the FeatureDirection literals “provided.” “required.” and

“providgdrequired,” respectively. Directed features can appear in compartments for the various kinds of propérties and
behaviofal features.

9.3.1.2 FlowProperty

A FlowProperty signifies a single flow element to/from a block. A flow property has the same notation as a Property only
with a direction prefix (in | out | inout). Flow properties are listed in a compartment labeled-flow properties.

9.3.1.3| FullPort

Full pofts can appear in block compartments labeled full ports. The keyword «fully before a property name can| also
indicate| the property is stereotyped by FullPort.

9.3.1.4| InvocationOnNestedPortAction

The nested port path is notated with a string “‘via’ <port-name> [*,’, <port-name>]+" in the name string of the ic¢n for the
invocation action. It shows the values of the onNestedPort property in order, and the value of the onPort property at the
end.

9.3.1.5| ItemFlow

An ItenjFlow describes the flow of items across a cennector or an association. The notation of an item flow is § black
arrowhdad on the connector or association. The arrewhead is towards the target element. For an item flow with|an item
property, the label shows the name and type of.the item property (in name: type format). Otherwise the item flqw is
labeled with the name of the classifier of the~conveyed items. When several item flows having the same directipn are
represefted, only one triangle is shown, and the list of item flows, separated by a comma is presented.

9.3.1.6| Port

Ports arp notated by rectanglésoverlapping the boundary of their owning blocks or properties (parts or ports) typed by the
owning|block. Port labels ‘@ppear in the same format as properties on the end of an association. Port labels can pppear

inside port rectangles Nested ports that are not on proxy ports can appear anywhere on the boundary of the owhing port
rectangle that does fiotoverlap the boundary of the rectangle the owning port overlaps.

Port regtanglescan have port rectangles overlapping their boundaries, to notate a port type that has ports (nestef ports).

Ports witlrtypes that have flow properties all in the same direction, either all in or all out, can have an arrow ingide them
indicatirg-the-direetronrof-theproperties—with-respeet-to-the-owning-bltock—(See FlowPropertyonrpage84-for-definition of
owning block of proxy ports in this case.) This includes the direction of flow properties on nested ports, and if the port is
full and its type is unencapsulated, ports on parts of the port, recursively. The arrows are perpendicular to the boundary
lines they overlap. Arrows in conjugated ports are reversed from the flow property direction. Ports with types that have

flow properties in different directions or flow properties that are all in both directions, including have two open arrow
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heads inside them facing away from each other (<>). This includes the directions of nested and contained flow properties
as described above for one-way arrows. Ports appearing in block compartments can have their direction appear textually
before the port name as “in,” “out,” or “inout” determined in the same way as the arrow direction.

Ports that are not proxy or full can appear in block compartments labeled ports.

Ports are specialized kinds of properties, and can be shown in same way as other properties. They can appear in block
compartments in the same format as other properties of their owning blocks, or as the ends of associations, with the port
appearing in the same format as other association ends, on the end opposite the owning block

All ports and nested ports (i.e., proxy, full, and ports with no stereotype applied), and their type definitions (&.g',|interface
blocks, blocks) can include compartments with textual and graphical representations to display their features in the same
way as pther properties and types, including rectangles used to display properties in structure compartments.

9.3.1.7| ProxyPort

Proxy pprts can appear in block compartments labeled proxy ports. The keyword «proxy» before a property namg can also
indicatq the property is stereotyped by ProxyPort. Nested ports on proxy ports can appearon the portion of the boundary
of the gwning port rectangle that is outside the rectangle the owning port overlaps.

9.3.1.8] TriggerOnNestedPort

(133

The nedted port path is notated following a trigger signature with a string<“«from» (* <port-name> [*,” <port-npme>]+
)’ in the name string of the icon for the trigger. It shows the values of the onNestedPort property in order, and the value
of the plort property at the end.

9.3.2 | Stereotypes

Package Ports&Flows

«metaclass» «metaclass»
= UML4SysML::
UML4SysML::Port Property
«stereotype» «stereotype»
ProxyPort FuhlPort «stereotype»
FlowProperty
direction : FlowDirection
«stereotype»
SysML::Blocks::Block
«enumeration»
FlowDirection
«stereotype» in
InterfaceBlock out
inout

Figure 9.1 - Port Stereotypes
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«metaclass» ¢ o «metaclass»
UML4SysML:: £ « f;eotyp”»Path UML4SysML::
InvocationAction ementrroperty Trigger
| stereayper | L. «metaclass» L7 * «stereotype»
NVoCgHeRORNeste ™ TTGgeronN PoT
PlrtAction onNestedPort UMLA4SysML::Port onNestedPort IGETLUTINESIERran
{orqered, nonunique, {ordered, nonunique,
redefine propertyPath} redefine propertyPath}
Figure 9.2 - Stereotypes for Actions on Nested Ports
metaclass» «metaglass»
UML4SysML:: UMLASysML::
ghangeEvent AcceptEventAction
«gtereotype» 1 «metaclass» «stereotype»
ChamgeStructural UML4SysML::Structural AcceptChange
FeatureEvent structuralFeature Feature StructuralFeature
EventAction

Figure 9.3 - Stereotypes for Property Value Change Events

«metaclass» «enumeration»
UML4SysML:: FeatureDirection
Feature provided
f required
providedrequired
«stereotype»

DirectedFeature

featurepPirection: FeatureDirection

Figure 9.4 - Provided and.\Required Features
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The UML metaclasses are show n for completeness.

«metaclass» conveyed
UML4SysML:Classifier 1% . . source | 1.*
JAN

* | represented «metaclass» «metaclass»
UML4SysML:InformationFlow UML4SysML::NamedElement
representation | * * 1.* | target
«metaclass»
UML4SysML:Informationltem
«stereotype»
Item Flow

itemProperty: Property [0..1]

Figure 9.5 - temFlow Stereotype
9.3.2.1] AcceptChangeStructuralFeatureEventAction

Descrigdtion

Accept change structural feature event actions handle change ‘structural feature events (see DirectedFeature on page 82).
The actjons have exactly two output pins. The first output pin holds the values of the structural feature just aftdr the
values ¢hanged, while the second pin holds the values just-before the values changed. The action only accepts gvents for
structurpl features on the blocks owning the behavior-¢ontaining the action, or on the behavior itself, if the behfvior is
not owrled by a block.

Constraints

[1] Thgq action has exactly one trigger, th&event of which shall be a change structural feature event.

[2] Thdq action has two result pins with type and ordering the same as the type and ordering of the structural feature|of the
trigger event, and multiplicity coempatible with the multiplicity of the structural feature.

[3] Thg structural feature of thejtrigger event shall be owned by or inherited by the context of the behavior containipg the
action. (The context ofla-behavior is either its owning block or itself if it is not owned by a block. See definitior] in the
UML 2 standard.)

[4] Vi

—

s|bility of the sfructural feature of the trigger event shall allow access to the object performing the action.

[S] Thq constrainttnder 11.3.2, “AcceptEventAction” in the UML 2 standard, “[2] There are no output pins if the trigger
events are\only ChangeEvents,” shall be removed for accept event actions that have
Acgept€hangeStructuralFeatureEventAction applied.
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9.3.2.2 Block

Description

Blocks (including specializations of Block) can own ports, including but not limited to proxy ports and full ports. These
blocks can be the type of ports (specifying nested ports), with some restrictions described in other stereotypes in this sub
clause. All links and interactions with a behavioral port (in the UML sense of standing in for the owning object) are links
and interactions with the owner, so the semantics of behavioral ports is the same as if the value of the port as a property
were always the owning block instance (the owning block instance for behavioral ports on proxy ports is the value of the
block usage the proxy port is standing in for, which might be an internal part). In conjugated ports with conjugat¢d nested
ports, the nested ports behave as if they were not conjugated. Blocks loosen UML constraints on connectoss ‘to support

nested ports. See Clause 8, “Blocks” for further details of blocks.

9.3.2.3| ChangeStructuralFeatureEvent

Descrigtion

A ChangeStructuralFeatureEvent models changes in values of structural features.

Attributes

»  strycturalFeature : StructuralFeature
The event models occurrences of changes to values of this structural-f¢ature.

Constraints
[1] Thq structural feature shall not be static.

[2] Thq structural feature shall have exactly one featuringClassifier:
9.3.2.4| DirectedFeature

Descrigtion

A DiredtedFeature indicates whether the featuré.is supported by the owning block (provided), or is to be suppofted by
other blpcks for the owning block to use (required), or both (the owning block for features on types of proxy pdrts is the
type of fthe block usage the proxy port_ isistanding in for, which might be an internal part). Using non-flow progerties
means tp read or write them, and usifig)behavioral features means to invoke them. Provided non-flow propertieq are read
and wriften on the owning block, while required non-flow properties are read or written on an external block. Brovided
behaviofal features are invoked with the owning block as target, while required behavioral features are invoked| with an
external block as target (required).

Blocks pwning or inheriting required behavioral features can have behaviors invoking the behavioral features on fnstances
of the bock. This sends invocations out along connectors from usages of the block in internal structures of othdr blocks,
providefl the behavioral features match on the other end of the connectors.

Invocatjons<of{provided behavioral features due to required behavioral features can only occur when the featurep match.
A singl¢ provided behavioral feature shall match each required one according to the following conditions:

« The kind of behavioral feature is the same (operation or reception).
« Names are the same, including parameter names, in the same order.
» Parameter directions are the same, in the same order.

+ Provided parameter types for parameters with:
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* in direction are the same or more general than the required ones, in order.
* out or return direction are the same or more specialized than the required ones, in order.

* inout direction are the same as the required ones, in order.
Parameters without types are treated as if their type is more general than all other types.

+ Provided parameter multiplicity has the same condition as type, where wider multiplicities are “more general” than
narrower ones.

+ Provided parameter order (of each parameter separately) has the same condition as type, where unordered pgrameters
hire “more general” than ordered ones.

+ Provided parameter uniqueness (of each parameter separately) has the same condition as type, whete non-urfique
barameters are “more general” than unique ones.

« Provided operation preconditions are the same as or more general than required ones.
+ Provided operation body conditions and postconditions are the same or more specialized than required ones.

If correpponding parameters in provided and required behavioral features both hayé-defaults, the default value
specificption of the required feature is used for in parameters, and the default value'specification of the provided feature
is used [for out and return parameters.

Reading or writing provided non-flow properties due to required non-flgw ‘properties can only occur when the features
match. Matching non-flow properties shall have the same name. For reading non-flow properties, the types, multplicities,
uniquenfess, and ordering shall match in the same way as out paramieters for behavioral features above. For wrifing non-
flow properties, the types, multiplicities, uniqueness, and ordeting’shall match in the same way as in parameterf for
behavigral features above. For both reading and writing non-flow properties, the types, multiplicities, uniquenegs, and
ordering shall be the same. If provided and required non-flow properties both have defaults, the default value
specificption of the required feature is used for writing-and the default specification of the provided feature is ysed for
reading

Attribuies

» feafureDirection : FeatureDirection

Specifies whether the feature isssupported by the owning block (featureDirection="provided”), or is to be
supported by other blocks fer.the owning block to use (featureDirection="required”), or both
(featureDirection="providedrequired”). The meaning of the direction is reversed for conjugated ports.

Constraints

[1] DirpctedFeature shall only be applied to behavioral features, or to properties that do not have FlowProperty appllied,
including on subsetted or redefined features.

[2] A non-provided/operation shall not be associated with a behavior as its method.

9.3.2.5| FeatureDirection

Description

FeatureDirection is an enumeration type that defines literals used by directed features for specifying whether they are
supported by the owning block, or is to be supported by other blocks for the owning block to use.

Literal values are:
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* provided:
Indicates that the feature shall be supported by the owning block.

*  required:
Indicates that the feature shall be supported by other blocks.

*  providedrequired:
Indicates that the feature shall be both provided and required.

The me:nihgc of the “rprlnirpr]” and “prr\\ 1ded” literals are switched for r\r\njngafpd pr\rtc In these cases the actual use is

in the opposite direction than the one specified by the enumeration literal.

9.3.2.6] FlowDirection

Descrigtion

FlowDitection is an enumeration type that defines literals used for specifying the direction that items can flow t¢ or from
a block] FlowDirection is used by flow properties to indicate the direction that its items ean-flow to or from its{owner.
(See 9.3.2.7, FlowProperty for definition of owning block of proxy ports in this case.)

Literal Values are:
s in:
Indjcates that items of the flow property can flow into the owning blocks

e out
Indjcates that items of the flow property can flow out of the owningblock.

* inoft:
Indjcates that items of the flow property can flow into or out of the owning block.

The mepnings of the “in” and “out” literals are switched for conjugated ports. In these cases the actual flow is In the
opposit¢ direction than the one specified by the enumeration literal.

9.3.2.7 FlowProperty

Descrigtion

A FlowpProperty signifies a single kind of flow element that can flow to/from a block. A flow property’s values gre either
received from or transmitted to another block. An “in” flow property value cannot be modified by its owning or|realizing
block, dr blocks contained by.its 6wning or realizing block. An “out” flow property can only be modified by it} owning
or realizing block, or blocks‘centained by its owning or realizing block. An “inout” flow property can be used as an “in”
flow property or an “out’flow property. (The owning block of a proxy port in this case depends on how the port|is nested
in the internal structufes-of blocks, because the block directly owning the port might be used to type ports or pgrts at

different levels ofnesting in multiple blocks, or the same block. The owning block of a proxy port in the internal|structure
of a blofk is the-block typing the innermost full port or part under which the port is nested.) The meaning of the |direction
is reverged fonconjugated ports (UML isConjugated = true). In the description below, flow property direction refers to the
directiop @fter conjugation is taken into account.

Flow due to flow properties can only occur when flow properties match. Matching flow properties shall have matching
direction and types. Matching direction is defined below. Flow property types match when the target flow property type
has the same, or a generalization of, the source flow property type. (See 9.3.2.11, ItemFlow for looser constraints on flow
property types across connectors with item flows.) If multiple flow properties on either end of a connector match by
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direction and type, then the names of the flow properties shall also be the same for flow to occur. If multiple flow
properties on either end match by direction, type, and name, which can happen for unnamed flow properties, then no flow
will occur.

Flow properties enable item flows across connectors between usages typed by blocks having the properties. For Block and
ValueType flow properties, setting an “out” or “inout” FlowProperty value of a block usage on one end of a connector
will result in assigning the same value of an “in” or “inout” FlowProperty of a block usage at the other end of the
connector, provided the flow properties are matched. It is not specified whether send/receive signal events are generated

1 e " Al £l hd - 1.1 fald 1 - 1 - L. 1 - 1 i B 1 1 M
when vatuesarewritterto ot flow PTOPTTUCS typTU Uy STZITal (IIIPICIICIITAatIoNs T CITOUST U dU - UITS, o 1t 1s not

required). This paragraph does not apply to internal connectors of proxy ports, see next paragraph.

Items gping to or from behavioral ports (UML isBehavior = true) are actually going to or from the owning blogk. (See
9.3.2.2,|Block for definition of owning block of proxy ports in this case.) Items going to or from non*behaviorgl ports
(UML ipBehavior = false) are actually going to the port itself (for full ports) or to internal parts cerinected to the{port (for
proxy pprts). Because of this, flow properties of a proxy port are the same as flow properties ‘on“the owning block or
internal|parts, so the flow property directions shall be the same on the proxy port and owning block or internal [parts for
items tq flow. See 9.3.2.12, ProxyPort for the definition of internal connectors and the semdntics of proxy portd.

The flow property semantics above applies to each connector of a block usage, including when the block usage| has
multipl¢ connectors.

The binding of flow properties on ports to behavior parameters can be achieved in ways not dictated by SysMLl. One
approadh is to perform name and type matching. Another approach is ta explicitly use binding relationships between the
ports properties and behavior parameters or block properties.

Attribufes

»  dirdction : FlowDirection
Specifies if the property value is received from an_¢xternal block (direction="in"), transmitted to an externgl Block
(direction="out”) or both (direction="inout”). The meaning of the direction is reversed for conjugated ports.

Constraints
[17 A HlowProperty shall be typed by a ValugType, Block, or Signal.

9.3.2.8| FullPort

Descrigtion

Full poits specify a separate €lenient of the system from the owning block or its internal parts. They might have their own
internal|parts, and behavidrsyto support interaction with the owning block, its internal parts, or external blocks. [They
cannot be behavioral perts; or linked to internal parts by binding connectors, because these constructs imply identity with
the ownling block orvinternal parts. However, full ports can be linked to non-full ports by binding connectors, bedause this
does nof necessarily imply identity with other parts of the system. Full ports also cannot be conjugated, becaus¢ their
types cqn have behaviors and can be reused on non-conjugated ports. This would require the same behaviors to| use the
directed fedtures and flow properties in opposite directions at the same time.

Constraints
[1] Full ports shall not also be proxy ports. This applies even if some of the stereotypes are on subsetted or redefined ports.

[2] Binding connectors shall not link full ports (either directly or indirectly through other binding connectors) to other
composite properties of the block owning the full port (or that block’s generalizations or specializations), unless the
composite properties are non-full ports.
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[3] Full
[4] Full

9.3.2.9

ports shall not be behavioral (isBehavior=false).
ports shall not be conjugated (isConjugated=false).

InterfaceBlock

Description

Interface blocks cannot have behaviors, including classifier behaviors or methods, or internal parts.

Constr:li nts
[1] Intgrface blocks shall not own or inherit behaviors, have classifier behaviors, or methods for their behayioral fe

[2] Intdrface blocks shall not have composite properties that are not ports.

[3] Por

9.3.2.10 InvocationOnNestedPortAction

Descrip

This ex

port by [a multi-level path of ports from the block that executes the action. Liké UML’s onPort property, this ex
invocatjon actions to send invocations out of ports of objects executing the~actions, or to ports of those objects
Invocations intended to go out of the object executing the actiofishall be sent to the executing object o a proxy
port. Inyocations intended to go directly to a target object are sent to.that object on a port of that object.

objects.

Attribug

* onNestedPort : Port [1..*] {ordered, nonunique, redefinespropertyPath}
Gives a series of ports that identifies the port receiving the invocation in the context of the target object of the
invocation. The ordering of ports is from a port 6f'the target object, through a port of each intermediate blogk that
types the preceding port, ending in a port with:a’type that owns or inherits the port given by the onPort propgrty of the
invocation action. The onPort port is not ini€tuded in the onNestedPort list. The same port might appear mofe than

Constraints

[1] Thg
[2] Thd
targ
[3] Thd
[4] The
inv

[5] Inv

s owned by interface blocks shall only be typed by interface blocks.

tion

ends the capabilities of UML’s onPort property of InvocationAction to support nested ports. It identifies

esS

once because a block can own a port/with the same block as a type, or another block that has the same prop

onPort property of an invocation action shall have a value when this stereotype is applied.

port at the first position/inythe onNestedPort list shall be owned (directly or via inheritance) by a block that
et pin of the invocatign-action, or one of the block’s generalizations.

first constraint of ‘ElementPropertyPath shall apply to onNestedPort.

type of the pott at the last position of the onNestedPort list shall own or inherit the onPort port of the stereo
cation action:

bcationOnNestedPortAction shall only be applied to invocation actions.

htures.

a nested
ends
or other

erty.

types the

typed

9.3.2.1

[temFlow

Description

An ItemFlow describes the flow of items across a connector or an association. It may constrain the item exchange
between blocks, block usages, or ports as specified by their flow properties. For example, a pump connected to a tank: the
pump has an “out” flow property of type Liquid and the tank has an “in” FlowProperty of type Liquid. To signify that
only water flows between the pump and the tank, we can specify an ItemFlow of type Water on the connector.
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One can label an ItemFlow with the classifiers of the items that may be conveyed. For example: a label Water would
imply that instances of Water might be transmitted over this ItemFlow. In addition, if the item flow identifies an item
property, then one can label the item flow with the item property. For example, a label of “liquid: Water” means Water
items might flow and these items are the values of the property “liquid,” i.e., the values of the “liquid” item property are
the instances of Water flowing at any given time. Item properties are owned by the common (possibly indirect) owner of
the source and target of the item flow, rather than by the source and target types, as flow properties are.

Item flows on connectors shall be compatible with flow properties of the blocks usages at each end of the connector, if
any. The—directiomrof-thettenr flfow—statt-becompatibtewitthedirectiorof-flfow—spectfred by theffowpropertigs. (See
9.3.2.6,|FlowDirection and 9.3.2.7, FlowProperty about flow property direction.) Each classifier of conveyed itepns on an
item flgw shall be the same as, a specialization of, or a generalization of at least one flow property type-on each end of
the confiected block usages (or their accessible nested block usages recursively, see 8.3.2.3, Block abeut'€ncapqulated
blocks)] The target flow property type shall be the same as, or a generalization of, a classifier of thexitem flow pr the
source flow property type, whichever is more specialized. (See 9.3.2.7, FlowProperty for tightef_constraints on [flow
property types across connectors without item flows.)

Attributes

» itehProperty: Property [0..1]
An optional property that relates the flowing item to the instances of the cénnector’s enclosing block. This property
is applicable only for item flows realized by connectors. The itemProperty-attribute has no values if the item flow is
realized by an Association.

Constraints
[1T A {onnector or an Association, or an inherited Association shall exist between the source and the target of the
Inf¢rmationFlow.

[2] An[ltemFlow itemProperty shall be typed by a ValueTypejBlock, or Signal.
[3] itemProperty shall be a property of the common (possibly indirect) owner of the source and the target.
[4] itemProperty shall not have a value if the item flow-is realized by an Association.

[5] If ap ItemFlow has an itemProperty, one of‘the-classifiers of conveyed items shall be the same as the type of thq item
property.

[6] If ap ItemFlow has an itemPropertysits\name shall be the same as the name of the item flow.
9.3.2.1P ProxyPort

Descrigtion

Proxy ports identify feafures of the owning block or its internal parts that are available to external blocks through external
connectprs to the ports, They do not specify a separate element of the system from the owning block or interna| parts.
Actions|on featur€s'of a proxy port have the same effect as if they were acting on features of the owning block of internal
parts thp port stands in for, and changes to features of the owning block or internal parts that the proxy port mgkes
available to‘external blocks are visible to those blocks via connectors to the port. (This applies to provided features; for
required features, see 9.3.2.4, DirectedFeature.) Proxy ports do not specify their own behaviors or internal parts, fand shall
be typed by interface blocks. Their nested ports shall also be proxy ports. Completely specified proxy ports shall be
connected to internal parts or be behavioral, to enable the owning block or connected internal parts to handle or initiate
any interactions through the port. However, blocks can be defined with non-behavioral proxy ports that do not have
internal connectors, with the expectation that these will be added in specialized blocks. Internal connectors to ports are
the ones inside the port’s owner (specifically, they are the ones that do not have a UML partwithPort on the connector end
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linked to the port, assuming NestedConnectorEnd is not applied to that end, or if NestedConnectorEnd is applied to that
end, they are the connectors that have only ports in the property path of that end). The rest of the connectors linked to a
port are external.

Proxy ports can be connected to internal parts or ports on internal parts, identifying features on those parts or ports that
are available to external blocks. When a proxy port is connected to a single internal part, the connector shall be a binding
connector, or have the same semantics as a binding connector (the value of the proxy port and the connected internal part
are the same; links of associations typing the connector are between all objects and themselves, and no others). When a

pnnector

to an aggregate of those parts, supporting all their features, and treating flows and invocations from outside the 4ggregate
as if thqy were to those parts, and flows and invocations it receives from those parts as if they were to the ‘puts{de. This
aggregafe is not a separate element of the system, and only groups the internal parts for purposes of biridifig to the proxy
port. Infernal connectors to proxy ports can be typed by association blocks, including when the connector is binjding.

Constr
[1] Pro
[2] Pro

ints

ky ports shall only be typed by interface blocks.

[3] Ports owned by the type of a proxy port shall be proxy ports.

9321

B TriggerOnNestedPort

Descrigtion

This ex

ends trigger to support nested ports. It identifies a nested port by a multi-level path of ports from the o

receivirlg the triggering events. It is not applicable to full ports:

Attributes

.

onN

lestedPort : Port [1..*] {ordered, nonunique, redefines propertyPath}
Gives a series of ports that identifies a port on-which the event is occurring, in the context of a block in wh
trigger is used. The ordering of ports is.from a port of the receiving object, through a port of each intermed

of the trigger. The port property is not included in the onNestedPort list. The same port might appear more
because a block can own a portswith the same block as a type, or another block that has the same property.

Constraints

[1]
[2]
[3]

[4]
[5]

[6]

88

Thd
Thd

Thd
blo

Thd
The

port property of the stereetyped trigger shall have exactly one value, and the value cannot be a full port.

values of the onNestedPort property shall not be full ports.

k’s generalizdtions.

first congtraint of ElementPropertyPath shall apply to onNestedPort.

por

noftof
Ir

ky ports shall not also be full ports. This applies even if some of the stereotypes are afySubsetted or redefinefl ports.

bject

ch the
ate block

that types the preceding port, ending dn & property with a type that owns or inherits the port given by the poft property

than once

port at the first/position in the onNestedPort list shall be owned by a block in which the trigger is used, or gne of the

type'of the port at the last position of the onNestedPort list shall own or inherit the port port of must own or inherit the

the

stereotyped invocation action the stereotyped invocation action.
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9.4 Usage Examples

9.4.1 Ports with Required and Provided Features

Figure 9.6 is a fragment of the ibd:PwrSys diagram used in the HybridSUV Sample Problem in Annex D. (The complete
diagram is in Figure D.19.) The ecu:PowerControlUnit part has three ports with required and provided features, each
connected to a port of another part. Each of the ports in this example is typed by a block specifying provided and required
features_available via connectors to the ports. For example, the ICE block specifies the provided operations setMixture
and setThrottle, the provided properties RPM, temperature, and isKnocking, and required property isControlOn, ps shown
in Figuge D.20. This block types the ctrl port of InternalCombustionEngine and the ice port of PowerControlU1it, but is
conjugated on the ice port. This means the provided features of ICE are provided by the ctrl port of
InternallCombustionEngine, and required by the ice port of PowerControlUnit, while the required features of ICIE are
required by the ctrl port of InternalCombustionEngine, and provided by the ice port of PowerConttolUnit. Sincg the
ecu:PowerControlUnit part and ice:InternalCombustionEngine part are connected via these ports,-the
ecu:PowerControlUnit part may invoke setThrottle and setMixture on the ice:InternalCombustionEngine part vip its ice
port, acfoss the connector to the ctrl port of ice:InternalCombustionEngine. By invoking\thése operations, the
Power(JontrolUnit can set the throttle and mixture of the InternalCombustionEngine. The ‘PowerControlUnit can falso read
properties of the InternalCombustionEngine across the connector to find out the its Tpm, temperature, and whether it is
knocking. Inversely, the InternalCombustionEngine can read the isControlOn preperty of the PowerControlUnit gcross the
connectpr to determine if the unit is still operating, and possibly shut down4f it is not.

ibd [bldck] PowerSubsystem [Provided and Required Features])

epc : ElectricalPower
Controller

it
—Jﬁ tsrm : Transmission
ctrl Y/TSRM
epcy c2:
ecu | PowerControlUnit
tsrm : ~TSRM
it

ctrl : ICE . . .
ice : InternalCombustionEngine

ctrl : EPC

Figure 9.6 - Usage example of ports with provided and required features

9.4.2 LElow Ports and ltem Flows

Figure D.25 shows the usage of ItemFlow. Here each of the item flows has an item property (fuelSupply:Fuel and
fuelReturn:Fuel) that signify the actual flow of fuel across the fuel lines. We see how Fuel may flow between the
FuelTankAssy and the InternalCombustionEngine. The FuelPump ejects Fuel via pl port of FuelTankAssy, the Fuel flows
across the fuelSupplyLine connector to the fuelFittingPort of InternalCombustionEngine and from there it is distributed via
other ports to internal parts of the engine. Some of the fuel is returned to the FuelTankAssy from the fuelFitting port across the
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fuelReturnLine connector. Note that it is possible to connect a single port to multiple connectors: in this example the direction
of the flow via the fuelFitting port on the external connectors is implied by the direction of the ports on the other side of the
fuel lines as well as by the directions of the item flows on the fuel lines. The direction of the flow on the internal connectors is
implied by the direction of the ports of the engine’s internal parts.

9.4.3 Ports with Flow Properties

Figure D.22 shows a way to connect the PowerControlUnit to other parts over a CAN bus. Since connections over buses
are chafacterize b parts to
the CAIN bus. To specify the flow between the ports, we need to specify flow properties as done in Figure D.21. Here

FS ICH has three flow properties: an “out” flow property of type signal (ICEData) and two “in” flow propertief of type
Real. This allows the InternalCombustionEngine to transmit an ICEData signal via its fp port that will be tfansmitted over
the CAN bus to the ice port of PowerControlUnit (a conjugated port typed by FS ICE). This single‘signal carijies the

tempergture, rpm, and knockSensor information of the engine. In addition, the PowerControlUnit-0an set the mikture and
throttle jof the InternalCombustionEngine via the mixture and throttlePosition flow propertigs of FS_ICE.

9.4.4 | Proxy and Full Ports

Modelets have the option of applying stereotypes for proxy and full ports to indicate-whether ports are specifying features
of theirlowners and internal parts (proxy), or for themselves separately (full). This is a concern when defining ports,
rather than using existing blocks with ports already defined on them. Using\éxisting blocks with ports only requires
knowing the port types, because they define the features available for lifikkig or communication with those porfs via
connectprs. The stereotypes of proxy and full ports might be elided iinthese cases to simplify diagrams.

The PrdxyPort and FullPort stereotypes can be applied at any level in a block taxonomy, whether on ports of the most
general [blocks, the most specialized, or at intermediate levels'ef generalization. Ports can be specialized through
redefinifion and subsetting if desired, as long they are not proxy and full at the same time, including the stereotypes they
inherit. [Figure 9.7 shows an example of a general block\for an electrical plug specialized into two other blocks] The
general [block can be contained in its own package,.fon export to users of electrical plugs. The specialized blocKs are for
plug designers. This example has two designs, on¢.using proxy ports and the other full. The proxy design adds [internal
parts exposed by the ports. The full design redefines the ports with specialized types. The same type is used fot the
internal|parts of the proxy design and the redefined ports of the full design. The net result for the systems as-buiflt are the
same.

Modelers can apply stereotypes forprexy and full ports at any stage of model development, or not all if the stefeotype
constraints are not needed. Figure 9.7 happens to use unstercotyped ports on a general block distributed to userf, and
stereotypped ports on its specidlizations for implementation, but the modelers might have not used stereotypes at all, if they
did not [care whether the moedel met those constraints (such as no behaviors on proxy ports, or no internal bindipg
connectprs to full ports):

Unstereptyped parts,'do not commit to whether they are proxy or full, and do not prevent or dictate future applifation of
the stergotypessexcept for ports that violate constraints of the stereotypes. For example, if the port types on thq general
block ir] Figure 9.7 had behaviors defined, then the proxy specialization would be invalid. If the general ports hadl binding
connectprs-to internal parts, then the full specialization would be invalid. If the general ports had both behaviors and
internal mmmmmmlﬁlﬁonahw
of stereotyped ones, including flow properties and nested ports, so they can be used as long as the modeler is not
concerned with the distinction between proxy and full, and the constraints they impose.
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/

«block»
Plug

pl:P1
p2: P2

p3:P3

ISO/IEC 19514:2017(E)

isOutdoor : Boolean

«block»
Plug Design 1

] {redefines p1}

«Proxy»
pl:P1

«Proxy»
p2: P2
{redefines p2}

«full»

«block» pl:P1S
Plug Design 2 {redefines p1}
«full»
p2: P2S
{redefines p2}

«full»
p3:P3S
{redefines p3}

«block»
P

flow properties

in p : Electricity

references

sp : Surface

«ipterfaceBlock» «interfaceBlock» «interfaceBlogk»
P1 P2 P3
flow properties flow properties flow properties
in ljve : Electricity in neutral : Electricity in ground : Electricity
references references references
sp | SurfaceP1+1% sp : SurfaceP2+1% sp : SurfaceP3+1%
{r¢defines sp} {redefines sp} {redefines sp}
«block» «block» «block»
P1S P2S P3S

s

references
: SurfaceP1x0.5%
edefines sp}

references
sp : SurfaceRP2%0.5%
{redefines(sp}

parts
hterial : Steel

parts
materjal :\Steel

references
sp : SurfaceP3+0.5%
{redefines sp}

parts
material : Steel

Figure

9.4.5

Figure
indicate

internal

.7 Usage exampleof proxy and full ports

Association and Port Decomposition

.8 shews an association block Water Delivery between a bank of spigots and a faucet. The «port» keyword
s which association ends are ports (associations use properties as ends, which can be ports). Figure 9.9 shows the
structure of Water Delivery defining connectors between the spigots in the bank and inlets on the faucqt. The

participant properties identify the spigot bank and faucet being connected. The end property on the stereotype refers to the
corresponding association end in Figure 9.8. The type of participant properties is shown for clarity, but is always the same
as the association end type and can be elided. They are shown with dashed rectangles because they are reference

properties. The internal structure connects hot and cold ports of the participants.
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bdd Water Supply and CIienQ
Water Water
Supply Client
Water ’
Delivery
port» «portx
S ank\L faucet *
Spigot suppliedBy deliveredTo
Faucet
Bank 1 1.*

«porp> «port» «port» «port»
hgt/, 1 1 cold hot|, 1 1 cold
Soigot from 0 | Faucet
pig 1 1 Inlet

Figure 9.8 - Water Delivery association block

hd Water Delivery /

«participant»
{gnd=suppliedBy}
suppliedByInLInk:

SpigotBank

«participants>
{end=deliveredTo}
deliveredTolnLink:
Faucet

Figure 9.9 - Internal structure of Water Delivety association block

Figure 9.10 shows two views of a block, House with a connector of type Water Delivery. The connector in the tpp view

“decomposes” into the subconnectors_in-the lower view according to the internal structure of Water Delivery. The
subconrectors relate the nested portsiof :WaterSupply to the nested ports of :WaterClient.

92

© ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c
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waterDelivery
: WaterSupply sbank ity deivaredte faucet : WaterClient
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ibd House /

: WaterSupply

. WaterClient

Figure 9.10 - Two views of Water Delivery connector within House block

The top| portion of Figure 9.11 shows specializations of the block WaterClient into\Bath, Sink, and Shower. Th¢se are
used as|part types in the internal structure of the block House 2 shown in the lgwer portion of the figure. The cpmposite
connectpr for Water Delivery is reused three times to establish connections. bétween spigots on the water supply and the

inlets of faucets on the bath, sink, and shower.

bdd Water Client )

Water
Client

T

Bath Sink Shower

ibd House 2 /

: WaterSupply

waterDelivery
faucet : Bath

waterDelivery
faucet : Sink
waterDelivery
faucet : Shower

e —|

Figure 9.11 - Specializations of Water Client in house example
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Figure 9.12 adds a Plumbing association block for the association between Spigot and Faucet Inlet in Figure 9.11. Figure
9.13 shows the internal structure for the Plumbing association block, which includes a pipe and two fittings (the
additional part and connector definitions are omitted for brevity).

bdd Water Supply and Clieny

nl b
o oHY

_ from 0| Faucet
Spigot ' Inlet
1 1
Figure 9.12 - Plumbing association block
ibd Plumbing )

% «participant» «participant»

i {end=from} T - O {end=to}

| frominLink: sf: Fitting pp: Pipe ff: Ritting tolnLink:

| Spigot Faucetinlet
Figure 9.13 - Internal structure of Plumbing association.block
Figure 9.14 modifies Figure 9.9 to use Plumbing as<a_¢onnector type within the Water Delivery association blo¢k. The
lower cpnnector shows its connector property explieitly, enabling the pipe it contains to be connected to a moufting
bracket [(the additional part and connector definitions are omitted for brevity).

ibd Water Delivery /

«participant»
end=suppliedBy}
quppliedByInLInks
SpigotBank

«connector»

p2: Plumbing

pp : Pipe

«participant»
{end=deliveredTo}
deliveredTolnLink:
Faucet

m: Mounting
Bracket

Figure 9.14 - Water Delivery association block with internal Plumbing connector
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Item Flow Decomposition
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Item flows in internal block diagrams specify flows local to a block. For example, in Figure 9.15 the connector to the
output of the water heater has an item flow indicating distilled water is flowing, even though the out flow property of the
water heater indicates it produces water. The water heater is fed from a water distiller in this particular usage, so the
modeler knows the output will always be distilled water, rather than other kinds of water. The radiator on the left requires
distilled water, and its connection to the water heater is compatible because the item flow narrows the items to distilled
water. Item flows can also be more general than the actual flow, as shown by the connector on the right. The water

distiller|

compatible because it accepts any kind of water, including distilled. The item flow does not require the heater 1
any kinfl of fluid, because the source of flow is still producing water, regardless of the generality of the-item fl

Connecfors with item flows can be decomposed by association blocks that have additional item flows? The rela

between

of item [flow decomposition that modelers might choose, but they are not the only possible decompositions and

required

produces distlled water, but the 1t€m IIow 1S T0r any Kind oI Tluid. I'h€ connection to the water neater

an item flow and those in the association block is determined by the modeler. Figures 9.16/and 9.17 are

. In Figure 9.16, the item flow classifier (EnginePart) is a supertype of the classifiers/of the item flows

s
0 accept
W.

ionship
pxamples
are not
in the

decomplosition. The flow properties are all in the types of the nested ports, while the composing item flow sumimarizes

the kinds of items flowing by generalization. In Figure 9.17, the item flow classifier.(Engine) composes the clas

the iten
nested {

properties for the engine and those for the parts, to indicate the flowing parts’are inside the flowing engine, or

separatg

s flows in the decomposition from Figure 9.16. The port types have an additional flow property that is 1
orts. These are for the flow of the engine, as opposed to its parts. Constraints can be added between th

, for example as spare parts.

ibd Cd

ntext )

Distilled

: Radiator

Water
L1 Distiller

bdd Pprt Types )
«block» «bloek» Fluid
P1 P20
flow properties flow properties ZF
in p|Lf : DistilledWater out-p2fo : Water Water

«block» «block» Z}

P2i P3 DistilledWater
flow properti€s flow properties
in ppfi: Water out p3f : DistilledWater

Figure 9.15- Usage example of item flows in internal block diagrams

sifiers of
ot in the
e flow
hre
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ibd Context J

Engir:zPart p2:P2| b2:

b1l : pl:P1

cl:Al
Q3 or O I
bdd donnection Specification 1/
«block» «block» Englnepa‘rt
P1 P2
1 pgt:ls. 1 Al 2 1p0|gSZ 1 | %l
pl.l:P1. ael p2.1: P2. .
pL: P12 a2 | 155 P22 Piston
pl.y: P13 p2.3:P2.3
Crankshaft
«block»
Al
«partidipant»{end=e1} elinLink : P1 [1] Cam
«partidipant»{end=e2} e2InLink : P2 [1]
structure
Piston
pl.l [ ] [ ]p21
CrankShaft
elinLink : P1  p1.2 [ ] | 1p2.2 e2inLink : P2
pl.3 ] p23
Figure 9.16 - Usage example of item flow decomposition
ibd Context J
b1: |pi:P1  ENGINE 55 pp) o
4 i
cl: Al
bdd Gonnection Specification)
block» «block» .
Engine
P2 9
flow|properties Al flow properties ew
plf: Bngine p2f : Engine ep
ports ael ae2 ports
pl.1:|PL.2 p2.1:P2.1 EnginePart
pl.2 P12 n22-p22
pl.3:P1.3 p2.3:P2.3

Figure 9.17 - Usage example of item flow decomposition
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10 Constraint Blocks

10.1 Overview

Constraint blocks provide a mechanism for integrating engineering analysis such as performance and reliability

:2017(E)

models

with other SysML models. Constraint blocks can be used to specify a network of constraints that represent mathematical

expressjons such as {F=m*a} and {a=dv/dt} which constrain the physical properties of a system. Such constra

nts can

also be jused to identify critical performance parameters and their relationships to other parameters, which cafi\b|
throughput the system life cycle.

A constraint block includes the constraint, such as {F=m*a} and the parameters of the constraint suchxas F, m,
Constra‘rnt blocks define generic forms of constraints that can be used in multiple contexts. For exXample, a defis
Newton’s Laws may be used to specify these constraints in many different contexts. Reusable constraint definit
be specjfied on block definition diagrams and packaged into general-purpose or domain-specific model librarie
constraints can be arbitrarily complex mathematical or logical expressions. The constraints can be nested to ena
constraint to be defined in terms of more basic constraints such as primitive mathematical operators.

Parametric diagrams include usages of constraint blocks to constrain the properties\of another block. The usage
constraint binds the parameters of the constraint, such as F, m, and a, to specific(properties of a block, such as a 1
provide|values for the parameters. The constrained properties, such as mass-0t response time, typically have sim
types that may also carry units, quantity kinds, or probability distributiofis."A pathname dot notation can be use
to nested properties within a block hierarchy. This allows a value property (such as an engine displacement) thg
deeply pested within a containing hierarchy (such as vehicle, powersystem, engine) to be referenced at the out
containing level (such as vehicle-level equations). The context fof’the usages of constraint blocks shall also be
in a parpmetric diagram to maintain the proper namespace for the nested properties.

Time cqn be modeled as a property that other properties\nray be dependent on. A time reference can be establis
local or|global clock that produces a continuous or diserete time value property. Other values of time can be deri
this clogk, by introducing delays and/or skew inte th€ value of time. Discrete values of time as well as calendar
be derivied from this global time property. SysML-includes the time model from UML, but other UML specificat
more splecialized descriptions of time that may also apply to specific needs.

A state jof the system can be specifieddnterms of the values of some of its properties. For example, when wate
tempergture is below 0 degrees Celsius, it may change from liquid to solid state. In this example, the change in
results in a different set of constraint equations. This can be accommodated by specifying constraints that are co
on the yalue of the state propesty:

Paramefric diagrams can be“used to support trade-off analysis. A constraint block can define an objective funct
comparg¢ alternative sélutions. The objective function can constrain measures of effectiveness or merit and may
weighting of utilipy~functions associated with various criteria used to evaluate the alternatives. These criteria, for
could bg associated with system performance, cost, or desired physical characteristics. Properties bound to para
the objgctive function may have probability distributions associated with them that are used to compute expectd
probabilistic measures of the system. The use of an objective function and measures of effectiveness in parame
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SysML identifies and names constraint blocks, but does not specify a computer interpretable language for them
interpretation of a given constraint block (e.g., a mathematical relation between its parameter values) shall be p

. The
rovided.

An expression may rely on other mathematical description languages both to capture the detailed specification of
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mathematical or logical relations, and to provide a computational engine for these relations. In addition, the block
constraints are non-causal and do not specify the dependent or independent variables. The specific dependent and
independent variables are often defined by the initial conditions, and left to the computational engine.

A constraint block is defined by a keyword of «constraint» applied to a block definition. Properties of this block define
parameters of the constraint, with the exception of properties that hold internally nested usages of constraint blocks. The
usage of a constraint block is distinguished from other parts by a box having rounded corners rather than the square

corners of an ordinary part. A parametric diagram is a restricted form of internal block diagram that shows only the use

LR B | 1 1 el 1 — 1 4 . el
Of consf{rarmtoToTKS dIUITE WIUT UIC PTOPUTUTS UITY COISU Alll WIUIIT 4 COIITAL.

10.2 | Diagram Elements

10.2.1 Block Definition Diagram

The diapram elements described in this sub clause are additions to the Block Definition Diagram described in (lause 8,
“Blockg.”

Table 1D.1 - Graphical nodes defined in Block Definition diagrams

Elemént Name Concrete Syntax Example Metamodel Reference

ConstfaintBlock SysML::ConstraintBlocks::
ConstraintBlock

«constraint»
ConstraintBlock1

constraints

{L1} x>y}

nested: ConstraintBlock2
parameters

x: Real

y: Real

10.2.3 Parametric Diagram

The diapram elements described in(this sub clause are additions to the Internal Block Diagram described in Clauge 8. The
Paramefric Diagram includes all of the notations of an Internal Block Diagram, subject only to the restrictions described
in 10.3.]1.2, Parametric Diagram.
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Table 10.2 - Graphical nodes defined in Parametric diagrams

Element Name Concrete Syntax Example Metamodel Reference
ParametricDiagram SysML::ConstraintBlocks:: ConstraintBlock
par Blockl SysML::Blocks::Block
length: Real
(———1x
C1l: Constraintl
width: Real
O—2
ConstfaintProperty UML4SysM L\sProperty typed by
Real N SysML::ConstraintBlocks::ConstraintBlock
X: Rea
C1: Constraintl
y: Real
/
«constraint»
C1: Constraintl
| ]x: Real
[ 1y: Real
10.3 | UML Extensions
10.3.1 Diagram Extensions

10.3.1.

10.3.1.

The «cq
constrai
languag]
indicatg

| Block Definition Diagram

.1 Constraintdlock definition

nstraint» keyword on a block definition states that the block is a constraint block. An expression that spe
nt may appear in the constraints compartment of the block definition, using either formal statements in
e, or informal statements using text. This expression can include a formal reference to a language in br3
din Table 10.1. Parameters of the constraint may be shown in a compartment with the predefined com

cifies the
some

ces as
artment

2

label

Qrafaotore

10.3.1.1.2 Parameters compartment

Constraint blocks support a special form of compartment, with the label “parameters,” which may contain declarations for
some or all of its constraint parameters. Properties of a constraint block should be shown either in the constraints
compartment, for nested constraint properties, or within the parameters compartment.
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10.3.1.2 Parametric Diagram

A parametric diagram is defined as a restricted form of internal block diagram. A parametric diagram may contain
constraint properties and their parameters, along with other properties from within the internal block context. All
properties that appear, other than the constraints themselves, shall either be bound directly to a constraint parameter, or
contain a property that is bound to one (through any number of levels of containment).

10.3.1.2.1 Round-cornered rectangle notation for constraint property

A constraint property may be shown on a parametric diagram using a rectangle with rounded corners. This gtiaphical
shape djstinguishes a constraint property from all other properties and avoids the need to show an explicit.«eonistraint»
keywordl. Otherwise, this notation is equivalent to the standard form of an internal property with a «corstraint» |keyword
shown. Compartments and internal properties may be shown within the shape just as for other types ofiinternal groperties.

10.3.1.2.2 «constraint» keyword notation for constraint property

A constfaint property may be shown on a parametric diagram using a standard form of intérhal property rectanglg with the
«constrainty keyword preceding its name. Parameters are shown within a constraint property using the standard hotations
for intefnal properties.

10.3.1.2.3 Small square box notation for an internal property

A valug property may optionally be shown by a small square box, with“the name and other specifications appeqring in a
text strihg close to the square box. The text string for such a value,property may include all the elements that cpuld
ordinarilly be used to declare the property in a compartment of a bloek, including an optional default value. The[box may
optionally be shown with one edge flush with the boundary of\@‘containing property. Placement of property boxes is
purely flor notational convenience, for example to enable sinipler connection from the outside, and has no semaptic
significance. If a connector is drawn to a region where anlinternal property box is shown flush with the boundary of a
containing property, the connector is always assumed to-connect to the innermost property.

10.3.4 Stereotypes

Package ConstraintBlocks

«stereotype»
SysML::Blocks::Block

f

«stereotype»
ConstraintBlock

Figure 101> Stereotypes defined in SysML ConstraintBlocks package
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10.3.2.1 ConstraintBlock

Description

A constraint block is a block that packages the statement of a constraint so it may be applied in a reusable way to
constrain properties of other blocks. A constraint block typically defines one or more constraint parameters, which are
bound to properties of other blocks in a surrounding context where the constraint is used. Binding connectors, as defined
in Clause 8, “Blocks,” are used to bind each parameter of the constraint block to a property in the surrounding context.
All properties of a constraint block are constraint parameters, with the exception of constraint properties that hold
internally nested usages of constraint blocks.

A constraint property is a property of any block that is typed by a constraint block. It holds a localizedusage off the
constraint block. Binding connectors may be used to bind the parameters of this constraint block to other propertjes of the
block that contains the usage.

Constraints

[1] A cpnstraint block shall not own any structural or behavioral elements beyond the propeities that define its congtraint
pargmeters, constraint properties that hold internal usages of constraint blocks, binding'connectors between its internally
nesfed constraint parameters, constraint expressions that define an interpretation forthe constraint block, and general-pur-
posk model management and crosscutting elements.

[2] Any classifier that specializes a ConstraintBlock shall also have the ConstiaintBlock stereotype applied.

[3] Any property of a block that is typed by a ConstraintBlock shall have ¢omposite aggregation.

INM Block;
selffownedAttribute->forAll(p | p.type.oclisKindOf(ConstraintBlo€k) implies p.aggregation = #composite)

10.4 | Usage Examples

10.4.1 Definition of Constraint Blocks on a Block Definition Diagram

Constrajint blocks can only be defined on a block definition diagram or a package diagram, where they shall haye the
«constraint» keyword shown. The strings in. braces in the compartment labeled “constraints” are ordinary UML
constraints, using a special compartment:to hold the constraint. This is shown in Figure D.34. These particular c¢nstraints
are spedified only in an informal language, but a more formal language such as OCL or MathML could also be ysed. The
comparfment labeled “parameters’’.shows the parameters of this constraint, which are bound on the parametric fliagram.

10.4.7 Usage of Canstraint Blocks on a Parametric Diagram

Figure D.32 shows th&luse of constraint properties on a parametric diagram. This diagram shows the use of negted
property referenc€s to the properties of the parts; parametric diagrams can make use of the nested property namd notation
to refer|to mulfiple levels of nested property containment, as shown in this example. A parametric diagram is sjmilar to
an interhal-block diagram with the exception that the only connectors that may be shown are binding connectors. The
Sample[Problem in Annex D provides definitions of the containing EconomyContext block for which this parampetric
diagram is shown.
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BEHAVIORAL CONSTRUCTS

< L <
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11 Activities

11.1 Overview

Activity modeling emphasizes the inputs, outputs, sequences, and conditions for coordinating other behaviors. It provides
a flexible link to blocks owning those behaviors. The following is a summary of the SysML extensions to UML Activity
; ; ce e i iona agrams in Annex FE, sub

.2, Activity Diagram Extensions.

11.1.1 Control as Data

SysML [extends control in activity diagrams as follows:

« In UML Activities, control can only enable actions to start. SysML extends control to support disabling of adtions that
hre already executing. This is accomplished by providing a model library with a type{or,control values that are treated
ike data (see ControlValue in Figure 11.9).

« I control value is an input or output of a control operator, which is how contrel-acts as data. A control opergtor can
represent a complex logical operation that transforms its inputs to produce@i-output that controls other actigns (see
ControlOperator in Figure 11.8).

11.1.2 Continuous Systems

SysML [provides extensions that might be very loosely grouped under the term “continuous,” but are generally applicable
to any dort of distributed flow of information and physical items through a system. These are:

« Restrictions on the rate at which entities flow along @dges in an activity, or in and out of parameters of a behavior (see
Rate in Figure 11.8). This includes both discrete and continuous flows, either of material, energy, or informaltion.
PDiscrete and continuous flows are unified underrate of flow, as is traditionally done in mathematical modelg of
Continuous change, where the discrete incremient of time approaches zero.

+ Extension of object nodes, including pins, with the option for newly arriving values to replace values that arg already
n the object nodes (see Overwritetin Figure 11.8). SysML also extends object nodes with the option to discdrd values
f they do not immediately flow downstream (see NoBuffer in Figure 11.8). These two extensions are useful|for
pnsuring that the most recent information is available to actions by indicating when old values should not belkept in
bbject nodes, and for preventing fast or continuously flowing values from collecting in an object node, as w¢ll as
modeling transient valu€s, such as electrical signals.

11.1.3 Probability

SysML [introduces,probability into activities as follows (see Probability in Figure 11.8):

+ Extetision of edges with probabilities for the likelihood that a value leaving the decision node or object nodg will
raverse an edge.

« Extension of output parameter sets with probabilities for the likelihood that values will be output on a parameter set.
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11.1.4 Activities as Blocks

In UML, all behaviors including activities are classes, and their instances are executions. Behaviors can appear on block
definition diagrams, and participate in generalization and associations. SysML clarifies the semantics of composition
association between activities, and between activities and the type of object nodes in the activities, and defines
consistency rules between these diagrams and activity diagrams. See 11.3.1.1, Activity.

11.1.5 Timelines

The sinfple time model in UML can be used to represent timing and duration constraints on actions in an acgivity model.
These cpnstraints can be notated as constraint notes in an activity diagram. Although the UML 2 timing diagram was not
included in this version of SysML, it can complement SysML behavior diagrams to notate this informdtion. Mpre
sophisticated SysML modeling techniques can incorporate constraint blocks from Clause 10, “Constraint Block$” to
specify resource and related constraints on the properties of the inputs, outputs, and other systeruproperties. (Npte: refer
to 11.3.].4, ObjectNode, Variables, and Parameters for constraining properties of object nodes).
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11.2 Diagram Elements

11.2.1 Activity Diagram

Table 11.1 - Graphical nodes included in activity diagrams

Node Name Concrete Syntax Abstract Syntax Reference
Action ehavior ATHOT, OMtASysvtATtorT,
AcceptiEventAction, Send- UML4SysML::CallBehaviprAction

action name :

Action :
behavior name

Signalfction
UML4SysML::SendSignalAction

UML4SysML::AcceptEventAction

e | X

TimeEvent

Signal

Activity UML4SysML::Activity

act

ActivityFinal @ UML4SysML::ActivityFinalNode
ActivityNode See ControlNode and ObjectNode. UML4SysML::ActivityNode
ActivityParameter Nod€e UML4SysML::ActivityParfameter-

Node

ControlNode See DecisionNode, FinalNode, ForkNode, Initial- |UML4SysML::ControlNode
Node, JoinNode, and M ergeNode.
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Table 11.1 - Graphical nodes included in activity diagrams

Node Name

Concrete Syntax

Abstract Syntax Reference

ControlOperator

«controlOperator»

CallBehaviorAction

SysML::Activities::Control
Operator

act [controlOperator] /

DecisignNode

[guard]

[else]

UML48ysML ::DecisionNofle

FinalNjode See ActivityFinal and FlowFinak UML4SysML::FinalNode
FlowFinal ® UMLA4SysML ::FlowFinalNode
ForkNpde UML4SysML ::ForkNode
ﬁ
—
InitiallNode ® UML4SysML::InitialNode)
JoinNgde _— UML4SysML::JoinNode
ﬁ =
—
{joinspec=...}
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Table 11.1 - Graphical nodes included in activity diagrams

Node Name Concrete Syntax Abstract Syntax Reference
isControl UML4SysML::Pin.isControl
{ control } { control }
Action
isStregm UML4SysML ::Parameter.ifsStream
{ stream } { stream }
Action
%
act / ‘
{stream }
Local pre- and UML4SysML::Action.local
postconditions ~’localPrecondition H Precondition,
constragay UML4SysML::Action.loca
. Postcondition
ﬁ'localposltcondition
constraint
MergeNode UML4SysML::MergeNode
NoBuffer SysML::Activities::NoBuffer

«noBuffer» «noBuffer»

Action
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Table 11.1 - Graphical nodes included in activity diagrams

Node Name Concrete Syntax Abstract Syntax Reference
ObjectNode UML4SysML::OjectNode and its
children, SysML::

object node name : Activities::ObjectNode

type name
[state, state ...]

pin name : type name )
[state, state ...] ] Action 1

Optional SysMl:Activities:: Optiongl

«optional»

act

«aptional»

«optional»

OverWrite SysML::Activities::Overwiite

«overwrite»

«overwrite»

Paramgter Set UMLA4SysML ::Parameter et

act
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Object Node

Node Name Concrete Syntax Abstract Syntax Reference
Praobability SysML::Activities::Probability
{ probability =
valueSpecification }
paxsiiolg)
{ probability =
valueSpecification }
{ probability =
act valueSpecification }
{ probability =
valueSpecification }
Rate SysML::Activities::Rate,
SysML::Activities::Continpous,
«continuous» «discrete» SysML::Activities:: Discrete

Object Node

{ rate = constant }
{ rate = distribution §.
«continuous»,
«discretex
Object'Node

Object Node

«rate»
rate = constant
rate = distribution

act

{ rate = constant }
{ rate = distribution }
«continuous»

«discrete»

{ rate = constant }
{ rate = distribution }
«continuous»

\
RCUTSCTETe™

Action

{ rate = constant }

{ rate = distribution }

«continuous»
chserete
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Table 11.2 - Graphical paths included in activity diagrams

Path Name Concrete Syntax Abstract Syntax Reference
ActivityEdge See ControlFlow and ObjectFlow UMLA4SysML::ActivityEdge
ControlFlow UML4SysML::ControlFlow
h ﬁ SysML::Activities::ControlFlow
N
ObjectFlow UML4SysM=: ObjectFlow
Probalility SysML::Activities::Probabjlity
{ probability = valueSpecification }
{ probability =xalueSpecification }
{"\probability = valueSpecification }
{ probability = valueSpecification }
{ probability = valueSpecification }
Object Node K

{ probability = valueSpecification }
Rate SysML::Activities::Rate,

- - SysML::Activities::Continuous,

{ rate = constant } SysML::Activities::Discrete
{ rate = distribution }
«continuous»
«discrete»
112
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Element Name

Concrete Syntax

Abstract Syntax Reference

In Block Definition
Diagrams, Activity,
Association,
AdjunctProperty

bdd

«activity»
activity name

«activity»
activity name

UMLA4SysML::Activity,
UML4SysML ::Association,
SysML::Blocks::AdjunctProperty

«adjunct»

«adjunct»

call action object node
name name
«activity» «block»
activity name block name
«activity» «activity»
activity name activity name

«adjunct»

«adjunct»

variable parameter
name name
«block» «block»
block name block namg
ActivityPartition UML4SysML::ActivityPartition
Q
g
<
Z
=1
A
g
<
(=W

(Partition Name)
Action

InterrdiptibleActivity
Regior

— >
Kreglon name

UML4SysML::InterruptiblgActivi-
tyRegion
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Table 11.3 - Other graphical elements included in activity diagrams

—————— ———— 7/

Element Name Concrete Syntax Abstract Syntax Reference
SructuredActivityNode UMLA4SysML::SructuredActivity
e
If«structured» node name\| Node
|
|
\ !

11.3

11.3.]
The fol

11.3.1.1 Activity

11.3.1.1.1 Notation

In UML
general
activity
corresp

that it ifivoked synchronously, that is, expecting a reply.

Activiti
that des|
blocks,
of the 1

Combiniing the two aspects above, when an fctivity invokes other activities, they can be associated by a compo
association, with the invoking activity on the whole end, and the invoked activity on the part end. If an executi

activity
multipli
by the ¢

Activiti
the Blo
provide
hierarch
includir]

AdjuncqProgerty is used with call actions. Activities in block definition diagrams can also appear with the samej

as Callk

UML Extensions

Diagram Extensions

owing specify diagram extensions to the notations defined in Clause 17, “Profiles:& Model Libraries.”

, all behaviors are classes, including activities, and their instances.aré.executions of the activity. This fo
practice that classes define the constraints under which the instdnces must operate. Creating an instancg
causes the activity to start executing, and vice versa. Destroyinig an instance of an activity terminates tli
nding execution, and vice versa. Terminating an execution al$o terminates the execution of any other a

bs as blocks can have associations between each other, including composition associations. Compositioq]
froying an instance at the whole end destroys instances at the part end. When composition is used with
the termination of execution of an activity onhe whole end will terminate executions of activities on thd

ks.

on the whole end is terminated, then the executions of the activities on the part end are also terminated. T
city on the part end restricts the' number of concurrent synchronous executions of the behavior that can bq
ontaining activity. See Constraints below.

es in block definition\diagrams appear as regular blocks, except the «activity» keyword may be used to
k stereotype is applied to an activity, as shown in Figure 11.1. See example in 11.4, Usage Examples. ]
5 a means for Tépresenting activity decomposition in a way that is similar to classical functional decomp
ies. Propertics with AdjunctProperty applied, where the principal of the AdjunctProperties are call actig
g call behavior actions, can be used as the part end of the associations. See 8.3.2.1 for constraints wher

chaviorAction, except the rake notation can be omitted, if desired. Also see use of activities in block d

lows the
of an

e
Ctivities

means
pctivity
part end

Kition

bn of an
he upper
invoked

indicate
[his
osition
ns,

notation
efinition

diagrams that incfude ObjectNodes.

114

© ISO/IEC 2017 - All rights reserved



https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

bdd /
«activity» «activity»
activity name activity name
di «adjunct» «adjunct» di
«a junct» call action call action «al JUH(Pt»
calljaction name call action name
name name
<activity» «activity» «activity»
agtivity name activity name activity name

Figure 11.1 - Block definition diagram with activities as blocks

Activiti

capabilities of other properties, including that value properties can be bound to paranéters in constraint blocks b
connectprs.

11.3.1.

Stereotypes applied to behaviors may appear on the notation for CallBehaviorAction when invoking those behal
shown 1n Figure 11.2.

bs as blocks can have properties of any kind, including value properties. Actiyity: block properties have

P CallBehaviorAction

«stereotype name»

behavior name

’_H

Figure

CallBeh
using th

|1.2 - CallBehaviorAction notatian.with behavior stereotype

aviorActions in activity diagrams may optionally show the action name with the name of the invoked b
e colon notation shown/in Figure 11.3.

ad

tion name\; behavior name

’_H

all the
binding

iors, as

ehavior

Figure

11.5 - CallBenaviorAction notation.witn action name
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11.3.1.3 ControlFlow

11.3.1.3.1 Presentation Option

Control flow may be notated with a dashed line and stick arrowhead, as shown in Figure 11.4.

\ction T ———————— ﬁ Action

Figure 11.4 - Control flow notation

11.3.1.4+ ObjectNode, Variables, and Parameters

11.3.1.4.1 Notation

See 11.3.1.1, Activity with regard to activities appearing in block definition diagrams. Associations can be used| between
activitigs and classifiers (blocks or value types) that are the type of object nodes, varfables, or parameters in thd activity,
as shown in Figure 11.5. This supports linking the execution of the activity witlnjitems that are flowing through|the
activity|or assigned to variables or parameters, and happen to be contained By an object node or assigned to a vgriable or
paramefer at the time the link exists. Properties with AdjunctProperty applied, where the principal of the Adjunc{Property
is an objject node, variable, or parameter, can be used as the end of thé.associations toward the object node, varjable, or
parameter type. Like any association end or property these can be thie’subject of parametric constraints, design palues,
units, apd quantity kinds. The associations may be composition if’the intention is to delete instances of the claspifier
flowing|the activity when the activity is terminated. See example in 11.4, Usage Examples.

bdd )
«activity» «activity»
activity name activity name

t;fadjun(:;» «adjunct» «adjunct» «adjunct»

object node object.ndde variable parameter
name hame name name

«block» «block» «block»

bIOCk name b|ock name block hame

Figure 11.5 - Block-definition diagram with activities as blocks associated with types of object nodes,
variablgs, and parameters
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Object nodes in activity diagrams can optionally show the node name with the name of the type of the object node as

shown in Figure 11.6.

object node name : type name

Figure 11.6 - ObjectNode notation in activity diagrams

Stereotypes applying to parameters can appear on object nodes in activity diagrams, as shown in Figure 11.7, W

hen the

object jode notation is used as a shorthand for pins. The stereotype applies to all parameters cotpesponding to 11he pins

notated |by the object node. Stereotype applying to object nodes can also appear in object nodes, and applies to al
notated |by the object node.

«stereotype name»

object node name

Figure 11.7 - ObjectNode notation in activity diagrams

11.3.4 Stereotypes

The following abstract syntax defines the stereotypes in-this clause and which metaclasses they extend. The des
attribut¢s, and constraints for each stereotype are speeified below.

the pins

Criptions,
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Package Activities

«metaclass»
UMLA4SysML::
Parameter

«metaclass»
UML4SysML::
ActivityEdge

«metaclass»
UML4SysML::
ParameterSet

A

A

A

A

«Sf
q

ereotype»
ptional

«stereotype»
Rate

«stereotype»
Probability

rate :InstanceSpecification

7

probability:ValueSpecification

«stereotype»
Continuous

«stereotype»
Discrete

«metaclass» «metaclass» «metaclass»
UMLASysML:: UML4SysML:: UML4ASysML::
Behavior Operation QbjectNode
? [ I
«stereotype» «Stereotype» «stereotype»
ControlOperator NoBuffer Overwrite

Figure 11.8 - Abstract Syntax for SysML Activity Extensions

11.3.2.1 Continuous

Continyous rate is a special case of-rate of flow (see Rate) where the increment of time between items approaches zero.
It is intgnded to represent continuous flows that may correspond to water flowing through a pipe, a time continfious

signal, ¢r continuous energy flow. It is independent from UML streaming, see 11.3.2.8, Rate. A streaming paranjeter may
or may not apply to confihuous flow, and a continuous flow may or may not apply to streaming parameters.

UML places no restriction on the rate at which tokens flow. In particular, the time between tokens can approach as close
to zero fs needed,for example to simulate continuous flow. There is also no restriction in UML on the kind of values that
flow thjough an-activity. In particular, the value may represent as small a number as needed, for example to sinmulate

continupys material or energy flow. Finally, the exact timing of token flow is not completely prescribed in UML. In
partlcul r’ token flovw on-different nr]gnc may be-coordinated tooccurin-a-clocked Faoh;r\n, asin-time march -al Or]thms

for numerical solvers of ordinary differential equations, such as Runge-Kutta.
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11.3.2.2 ControlOperator

Descrip

tion

:2017(E)

A control operator is a behavior that is intended to represent an arbitrarily complex logical operator that can be used to
enable and disable other actions. When the «controlOperator» stereotype is applied to behaviors, the behavior takes
control values as inputs or provides them as outputs, that is, it treats control as data (see 11.3.3.1.1, ControlValue). When
the «controlOperator» stereotype is not applied, the behavior may not have a parameter typed by ControlValue. The

«contro

Onerator» stereotvpe also applies to operations with the same semantics

The cor
based o
value ¢
indicati

Constraints

[1] Wh

typ
by

2] A
«CO

11.3.2.

Descrif

Discretd
Exampl|

Constrg
[1] Thg

11.3.2.

Descrig

When the «nobuffer» stereotype is applied to object nodes, tokens arriving at the node are discarded if they are refug

outgoin
flowing
the targ
offering]
semanti
pins, arg

Constrg

trol value inputs do not enable or disable the control operator execution based on their value, they ouly|
h their presence as data. Pins for control parameters are regular pins, not UML control pins. This7is-so th
In be passed into or out of the action and the invoked behavior, rather than control the startingyof the ag
g the ending of it.

en the «controlOperatory» stereotype is applied, the behavior or operation shall have.at’least one parameter
ed by ControlValue. If the stereotype is not applied, the behavior or operation maynot have any parameter ty
Control Value.

chavior shall have the «controlOperator» stereotype applied if it is a method of an operation that has the
ntrolOperator» stereotype applied.

B Discrete

tion

rate is a special case of rate of flow (see 11.3.2.8, Rate)-where the increment of time between items is a
es include the production of assemblies in a factory and signals set at periodic time intervals.

ints

«discrete» and «continuous» stereotypes shall not be applied to the same element at the same time.
i NoBuffer
tion

b edges, or refused by actiens for object nodes that are input pins. This is typically used with fast or continu
data values, to prevent.buffer overrun, or to model transient values, such as electrical signals. For object nodjg
t of continuous flows, «nobuffer» and «overwrite» have the same effect. The stereotype does not override U
semantics; it justindicates what happens to the token when it is accepted. When the stereotype is not appliej
Cs are as inrML, specifically, tokens arriving at an object node that are refused by outgoing edges, or action
held uatilthey can leave the object node.

ints

enable
e control
tion, or

ped

noNn-zero.

ed by
usly

s that are
ML token
d, the

for input

[1] The<wnobuller» and KOverwrite» stereotypes cannot be applied to the same element at the same ume.
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11.3.2.5 Overwrite

Description

When the «overwrite» stereotype is applied to object nodes, a token arriving at a full object node removes one that is
already there before being added (a full object node has as many tokens as allowed by its upper bound). This is typically
used on an input pin with an upper bound of 1 to ensure that stale data is overridden at an input pin. For upper bounds
greater than one, the token removed is the one that has been in the object node the longest. For FIFO ordering, this is the
token that is next to be selected, for [IFO it is the token that would be last to be selected. Tokens arriving at a full object
node with the Overwrite stereotype applied take up their positions in the ordering as normal, if any. The arriving tokens
do not tpke the positions of the removed tokens. A null token removes all the tokens already there. The number pf tokens
replaced is equal to the weight of the incoming edge, which defaults to 1. For object nodes that are the'target of
continupus flows, «overwrite» and «nobuffer» have the same effect. The stereotype does not override\UML token offering
semantifs, just indicates what happens to the token when it is accepted. When the stereotype is net‘applied, the emantics
is as in [UML, specifically, tokens arriving at object nodes do not replace ones that are already there.

Constraints
[1] Thd «overwrite» and «nobuffer» stereotypes cannot be applied to the same element at the same time.

11.3.2.6 Optional

Descrigtion

When the «optional» stereotype is applied to parameters, the lower nmiltiplicity shall be equal to zero. This megns the
paramefer is not required to have a value for the activity or any behavior to begin or end execution. Otherwise, the lower
multiplicity shall be greater than zero, which is called “required=*The absence of this stereotype indicates a copstraint,
see belgqw.

Constraints

[1] A parameter with the «optional» stereotypes applied shall have multiplicity.lower equal to zero, otherwise
multiplicity.lower shall be greater than zero.

11.3.2.Y Probability

Descrigtion

When the «probability» stereotype iS applied to edges coming out of decision nodes and object nodes, it provides an
expressjon for the probability_that the edge will be traversed. These shall be between zero and one inclusive, anld add up
to one flor edges with samé-source at the time the probabilities are used.

When the «probability»-stereotype is applied to output parameter sets, it gives the probability the parameter set{will be
given values at runtime. These shall be between zero and one inclusive, and add up to one for output parameter sgts of the
same bghavior at'the time the probabilities are used.

Constraints

[1] The «probability» stereotype shall only be applied to activity edges that have decision nodes or object nodes as sources, or
to output parameter sets.

[2] When the «probability» stereotype is applied to an activity edge, then it shall be applied to all edges coming out of the
same source.

[3] When the «probability» stereotype is applied to an output parameter set, it shall be applied to all the parameter sets of the
behavior or operation owning the original parameter set. .
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[4] When the «probability» stereotype is applied to an output parameter set, all the output parameters shall be in some
parameter set.

11.3.2.8 Rate

Description

When the «rate» stereotype is applied to an activity edge, it specifies the expected value of the number of objects and
values that traverse the edge per time interval, that is, the expected value rate at which they leave the source node and
arrive af the target node. It does not refer to the rate at which a value changes over time. When the stereotypg ik applied
to a parpmeter, the parameter shall be streaming, and the stereotype gives the number of objects or values-that flow in or
out of the parameter per time interval while the behavior or operation is executing. Streaming is a chardcteristicl of UML
behavior parameters that supports the input and output of items while a behavior is executing, rather than only when the
behavigr starts and stops. The flow may be continuous or discrete, see the specialized rates in 11.372.1, Continjous and
11.3.2.3, Discrete. The «rate» stereotype has a rate property of type InstanceSpecification. The\values of this property
shall be] instances of classifiers stereotyped by «valueType» or «distributionDefinition», seé Clause 8, “Blocks. In
particulpr, the denominator for units used in the rate property shall be time units.

Constraints

[1] When the «rate» stereotype is applied to a parameter, the parameter shall be streaming.

[2] Thg rate of a parameter shall be less than or equal to rates on edges that gotfie into or go out from pins and paraineters
nodes corresponding to the parameter.

11.3.3 Model Libraries

11.3.3.1l Package ControlValues

The Sy§ML model library for activities is shown in Figure 11.9.

«modelLibrary»
bdd CofptrolValues [ ControlValues library

«valueType»
ControlValue

disable
enable

Figure 11.9 - Controkvalues

11.3.3.1.1 CantrolValue

Descriptieon

The ControlValue enumeration is a type for treating control values as data (see 11.3.2.2, ControlOperator) and for UML
control pins. It can be used as the type of behavior and operation parameters, object nodes, and attributes, and so on. The
possible runtime values are given as enumeration literals. Modelers can extend the enumeration with additional literals,

such as suspend, resume, with their own semantics.
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The disable literal means a termination of an executing behavior that can only be started again from the beginning
(compare to suspend). The enable literal means to start a new execution of a behavior (compare to resume).

Constraints
[1] UML4SysML::ObjectNode::isControlType is true for object nodes with type ControlValue.

11.4 Usage Examples

The following examples illustrate modeling continuous systems (see 11.1.2, Continuous Systems). Figure 11710 shows a
simplified model of driving and braking in a car that has an automatic braking system. Turning the key on has af duration
constraint specifying that this action lasts no more than 0.1 seconds. Turning the key on starts two behaviors, Dr{ving and
Braking. These behaviors execute until the key is turned off, using streaming parameters to commuhicate with pther
behaviors. The Driving behavior outputs a brake pressure continuously to the Braking behavior while both are ekecuting,
as indicpted by the «continuous» rate and streaming properties (streaming is a characteristic of UML behavior pgrameters
that supports the input and output of items while a behavior is executing, rather than only when the behavior starts and
stops). Brake pressure information also flows to a control operator that outputs a control\value to enable or disdble the
Monitot Traction behavior. No pins are used on Monitor Traction, so once it is enabled, the continuously arrivigg enable
control values from the control operator have no effect, per UML semantics. When, the brake pressure goes to Zero,
disable pontrol values are emitted from the control operator. The first one disablesythe monitor, and the rest have ho effect.
While the monitor is enabled, it outputs a modulation frequency for applying’the brakes as determined by the ABS
system.|The rake notations on the control operator and Monitor Traction/indicate they are further defined by activities, as
shown in Figures 11.11 and 11.12. An alternative notation for this activity decomposition is shown in Figure 11.13.

The durption constraint notation associated with the Turn Key To On action is supported by the UML Simple Tinme model.
The Opgrate Car activity owns a duration constraint specifying'that the “Turn Key To On” action lasts no more|than 0.1
secondsl The concrete UML element used in this example is-a DurationConstraint owned by Operate Car that cpnstrains
the Turf Key To On action. The DurationConstraint owns“a DurationInterval, which specifies that the action ig
constrained to last between 0 seconds and 0.1 seconds,(both being Duration expressions).
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act Operate Car/
( «interruptibleRegiorn» N\
| |
Ke
Turn | Driving > offy M
Key To On | { I
/ I {stream} «continiionsy I
/ | Brake !
£ | Pressure |
{0..0.1sec }ﬁ | |
| = J
| {stream} |
| |
i Braking |
«controlOpérator»

| Enable.on Brake l
Pressure>0 |
l |

|
| «continuous» |

Modulation
| Frequency |
| ControlValue |
| |
| |
{ control }

| Manitor Traction l
| T |
| |
e Y /

Figure 11.10 - Continuous system example,1

The act{vity diagram for Monitor Traction is shown in Figure 11.11. When Monitor Traction is enabled, it begins|listening
for signpls coming in from the wheel and accelerometer, as indicated by the signal receipt symbols on the left, which
begin liftening automatically when the activity is enabled. A traction index is calculated every 10 ms, which is the slower
of the tyo signal rates. The-ace€lerometer signals come in continuously, which means the input to Calculate Traction does
not buffer values. The result’of Calculate Traction is filtered by a decision node for a threshold value and Calcylate
Modulation Frequency/determines the output of the activity.
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act Monitor Traction
[loss of {stream}
—_— of traction]
i Calculate :
Calculate Traction Traction Modulation Modulation
Index ~ Frequency Frequency

[else] %
%,

{rate = per 10ms}

put from «continuous»
optical
sgnsor

wheel

Angular Velocity

Ifput from
agcelerometer

Acceleration

Figure 11.11 - Continuous system example 2
The actfvity diagram for the control operator Enable on Brake Pressure >0 js shown in Figure 11.12. The decigion node
and guards determine if the brake pressure is greater than zero, and flow<is directed to value specification actiops that

output gn enabling or disabling control value from the activity. The €dges coming out of the decision node indifate the
probability of each branch being taken.

act [controlOperator] Enable on Brake Pressure >0 )

[Brake Pressure > 0]

{probabilty = 10%} \«ValueSpeciicationAction»

%

‘ enable
Brlake
Preksure —— ———= ControlValue

‘ «ValueSpecificationAction»
‘ disable

[else]

{probability = 90%}

Figure 11.12 -\€ontinuous system example 3

Figure 11.13 shows a block definition diagram with composition associations between the activities and AdjunctProperty
applied to the part ends in Figures 11.10, 11.11, and 11.12, as an alternative way to show the activity decomposition of
Figures 11.10, 11.11, and 11.12. Each instance of Operating Car is an execution of that behavior. It owns the executions
of the behaviors it invokes synchronously, such as Driving. Like all composition, if an instance of Operating Car is
destroyed, terminating the execution, the executions it owns are also terminated.
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bdd
«activity»
oc Operating Car oc
1.1
ocC ’ oc
0..1 1.1
adjunct»
djunct . ;
tE?nIJ(uenyCO); «adjunct»/ «adjunct» ﬁqaodr{ﬁzfﬁacﬂon g.n.ibIeOnBrakePre sure>0
01 driving braking
" 0.1 0..1 0.1
«activity» «activity» «activity» «activity» «controlOpérator»
Turn Key Driving Braking Monitor EnableronBrake
to On Traction Pressure > 0
mt
mt
1..1 1.1
«adjunct» wadjunct»
calculateTraction calculateModulationFrequgncy
0.1 0.1
«activity» «activity»
; Calculate
Calculate Traction Modulation
Frequency
Figure 11.13 - Example block definition diagram for activity decomyposition
Figure 11.14 shows a block definition diagram with compg@sition associations between the activity in Figure 11.10 and the
types the object nodes in that activity, with AdjunctProperty applied to the object node type end. In an instance| of
Operatipg Car, which is one execution of it, instances of Brake Pressure and Modulation Frequency are linked fo the
executi¢n instance when they are in the object-nodes of the activity.
bdd N4 me) —
«activity»
Operating Car
oc ocC
1.1 1.1
adjunct» «adjunct»
bp mf
0.1 0.1
«valueType» «valueType»
BrakePressure ModulationFrequency
Figure 11.14 - Example block definition diagram for object node types
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12 Interactions

12.1 Overview

Interactions are used to describe interactions between entities. UML Interactions are supported by four diagram types
including the Sequence diagram, Communications diagram, Interaction Overview diagram, and Timing diagram. The
Sequence diagram is the most common of the Interaction diagrams. SysMI. includes the Sequence diagram only and
excludep the Interaction Overview diagram and Communication diagram, which were considered to offer sighifjcantly
overlapping functionality without adding significant capability for system modeling applications. The Timing dlagram is
also ex¢luded due to concerns about its maturity and suitability for systems engineering needs.

The Sequence diagram describes the flow of control between actors and systems (blocks) or betw@en'parts of a|system.
This diggram represents the sending and receiving of messages between the interacting entities.called lifelines, [where
time is fepresented along the vertical axis. The sequence diagrams can represent highly complex interactions with special
constru¢ts to represent various types of control logic, reference interactions on other seqéence diagrams, and
decomposition of lifelines into their constituent parts.
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12.2 Diagram Elements

12.2.1 Sequence Diagram

Table 12.1 - Graphical nodes included in sequence diagrams?

Node Name Concrete Syntax Abstract Syntax Reference
SequeTceDTagrarm OMTASysvtmteraction
sd Interactionl /
Lifeline UMLA4SysML::Lifeline
b1:Blockl
T
|
|
|
|
|
|
|
Execution UML4SysML ::ExecutionSpecification
Specifjcation
b1:Blockl
i
|
|
|
|
|
b1l:Blockl
|
execSpec
i
|
|
|
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Table 12.1 - Graphical nodes included in sequence diagrams?

Node Name Concrete Syntax Abstract Syntax Reference

InteractionUse UMLA4SysML::InteractionUse

f . o . .
e An InteractionUse with just the <interaction-

name>.

Interaction3

I
ref J An InteractionUse with <attribute —hame>,the
Ju.Xe=a_op_b(31, w:12):9 value of arguments, the <return-value3, etc.

ComblinedFragment UML4SysML::CombinedFragment

sd Interactionl ) A combined fragment is defined by an

interaction operator and corresponding
interactiop-operands.

‘bl:BIockl‘ ‘ b2:Block2 ‘ ‘ b3:Block3 ‘

I

|
alt |
|

Interaction Operators include:
. |
[if x <1| 10]

S€q - Weak Sequencing
alt - Alternatives

opt - Option

break - Break

par - Parallel

strict - Strict Sequencing
loop - Loop

critical - Critical Region
neg - Negative

assert - Assertion
ignore - Ignore
consider - Consider

N ]

Satel pvariant / UML4SysML::Continuation
Contipuations

Y UMLA4SysML::Satel nvariant
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Table 12.1 - Graphical nodes included in sequence diagrams?

Node Name Concrete Syntax Abstract Syntax Reference
Coregion UML4SysML ::CombinedFragment (under
parallel)
s[u]:B
I
|
|
'T' m3
3 m2
o
|
|
CreatJlonEvent UML4SysML”: CreationEvent
DestrdctionEvent UML4SysM L ::DestructionEvent

b1:Blockl

create

b2:Block2

Durat|jonConstraint

UML4SysML::Interactions

Duratfon
Obserjation User
|
} Code d=duration
T
{d..3*d},
l i CardOut {0..13}
i/ OK
|
|
l
|
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Node Name

Concrete Syntax

Abstract Syntax Reference

TimeConstraint
TimeObservation

UMLA4SysML::Interactions

/ oK
{t.t+3}

| |
| |
| |
| |
| |
| |
| |
| |
| CardOut {0..13} !
} } t=now
| |
| |
|
|
|
|
I

SequenceDiagram
(advarjced)

sd a_op_b(ntx, inout int w):Verd ICt)

‘ ‘ a_op_b ‘

UML4SysML::Interaction

Shows usage-of arguments and
assignment-to’return value.

I nterdctionUse
(advar]ced)

sd some_op(int X, inout int w)/

‘ XX ‘ ‘ X w ‘

ref J
xx.xc=a_op(b(31, w:12):9

I | |

A A 1

UMLA4SysML::InteractionUse

Shows usage of arguments and assigni]
attribute value upon return.

hent to

a. Table is compliant with UM[>2.V document.
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Table 12.2 - Graphical paths included in sequence diagram

Path Name Concrete Syntax Abstract Syntax Reference
M essage UML4SysML::Message
‘ b1:Blockl ‘ ‘ b2:Block2 ‘
i 1
: asyncSignal }
| |
i syncCall(param) i
|—>
. 1
I —— ]
= |
|
L ost Nlessage UML4SysM L::Wessage
Found M essage
lost
found
GenerfjalOrdering UML4SysML::GeneralOrdering
........ ». P S

Table 1p.3 - Other graphical elements inclgded in sequence diagram

Elemént Name Concrete-Syntax Abstract Syntax Reference
In Black Definition UMLA4SysML::Interactions,
Diagrams, I nterac- bdd UML4SysML::Association,
tion, Association, SysML::Blocks::AdjunctProperty
AdjunctProperty «interaction» «interaction»
interaction interaction
name name
«adjunct» «adjunct»
interaction parameter
use name name
«interaction» «block»
interaction block name
name
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UML Extensions

12.3.1 Diagram Extensions

The following specify diagram extensions to the notations defined in Clause 17, “Profiles & Model Libraries.”

12.3.1.1 Exclusion of Communication Diagram, Interaction Overview Diagram, and

Communication diagrams and Interaction Overview diagrams are excluded from SysML. The other behayioral

represet
are also

12.3.1.

12.3.1.

In UMI
Interact|
semanti
Notatio
to assod

Interact|
indicate
applied
towards
is a par:

Timing Diagram

itations were considered to provide sufficient coverage without introducing these diagram kinds. Timing
excluded due to concerns about their maturity and suitability for systems engineering needs,

P Interactions and Parameters
P.1 Notation

, all behaviors are classes, including interactions, and their instances are executions of the interaction.
cs to activities as blocks and associations between activities corresponding to call actions, see 11.3.1.1.

iations between activities and blocks or value types, see 11.3.1.4)[/Notation.

ons in block definition diagrams appear as regular blocks, @xgept the «interaction» keyword may be us
the Block stereotype is applied to an interaction, as shown in Figure 12.1 Properties with AdjunctProp
where the principal of the AdjunctProperty is an interdction use, can be used as the end of the associat

ons as blocks and associations between interactions corresponding to interaction uses have an analogous

liagram
diagrams

>

. Similarly, associations between interactions and classifiers (blocks'or value types) have an analogous §emantics

ed to

ety
jons

the interaction being used. Properties with AdjunctRroperty applied, where the principal of the Adjunc{Property
hmeter of the interaction, can be used as the end\ef'the associations towards the parameter type. See 8.3].2.1,

Adjunc{Property for constraints when AdjunctProperty;is used with interaction uses and parameters. Interactionq in block
definitign diagrams can also appear with the same notation as InteractionUses.
bdd )
«interaction», «interaction»
interaction interaction
name name

«adjunct» «adjunct» «adjunct» «adjunct»

interaction interaction interaction parameter

use name use name use name name

«interaction» «interaction» «block»
interaction interaction block name

name name

Figure 21 Rlack definitian rliagram with intaractiane ac hlacks accaciated with nead intaractinong

and types of parameters

© ISO/IEC 2017 - All rights reserved

133


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

12.4 Usage Examples

12.4.1 Sequence Diagrams

Figure D.7 illustrates the overall system behavior for operating the vehicle in Sequence diagram format. To manage the

complexity, a hierarchical sequence diagram is used which refers to other interactions that further elaborate the system

behavior (“ref StartVehicleBlackBox”). CombinedFragments are used to illustrate that steering can take place at the same
ing the speed and that controlling speed can be either idling, accelerating/cruising, or braking

Figure D.9 shows an interaction that includes events and messages communicated between the driver and vehicle during
the starfing of the vehicle. The “hybridSUV” lifeline represents another interaction which further elaborates-whaf happens
inside the “hybridSUV” when the vehicle is started.

Figure ID.10 shows the sequence of communication that occurs inside the HybridSUV when the vehicleis started su¢cessfully.
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13.1 Overview

:2017(E)

The StateMachine package defines a set of concepts that can be used for modeling discrete behavior through finite state

transition systems. The state machine represents behavior as the state history of an object in terms of its transitions and
states. The-aettvittes—that-aretnvokedduring-the-transtitorentry—and-exit-of-the-states-are-speetfred-along—with the
associated event and guard conditions. Activities that are invoked while in the state are specified as “do Activifies,” and
can be ¢ither continuous or discrete. A composite state has nested states that can be sequential or concurfent.
The UMIL concept of protocol state machines is excluded from SysML to reduce the complexity ofjthetlanguage. The
standard UML state machine concept (called behavior state machines in UML) are thought to be sufficient for expressing
protocols.
13.2 | Diagram Elements
13.2.1 State Machine Diagram
Table 1B.1 - Graphical nodes included in state machine diagrams
Node|Name Concrete Syntax Abstract Syntax Reference
SateNlachineDiagram UML4SysML::StateM achines
stm [block] ThisBlock [OwnedStateMachine])
Choicg pseudo state UML4SysML ::PseudoSate
[1d>10]
[Id<:10]\1/ \1/
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Table 13.1 - Graphical nodes included in state machine diagrams

Node Name Concrete Syntax Abstract Syntax Reference

Composite state UMLA4SysML::Sate

CompositeStatel

.@

State2

Entry|point UM E4SysML ::PseudoSate
again O

Exit ppint UML4SysML::PseudoState
®aborted

Final gtate UML4SysML::FinalSate

Historly, Deep UML4SysML::PseudoSate

Pseudp state

Historly, Shallow pseudo UML4SysML::PseudoState

state

I nitial| pseudo state UML4SysML::PseudoState

Junction pseudo state UML4SysML::PseudoSate

® & = (& @
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Table 13.1 - Graphical nodes included in state machine diagrams

Node Name Concrete Syntax Abstract Syntax Reference

Receive signal action UML4SysML::Transition
Req(ld)

Send $ignal action UML4SysML::Transition
TurnOn >

Action UML4SysMlL+ Transition
MinorReq := Id;

Region UML4SysML::Region

S

Simplg state UML4SysML::Sate

State2

entry / entryActivity|

do / doActivity
exit / exitActivity

Sate ljist UML4SysML::Sate

Statel, State2
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Table 13.1 - Graphical nodes included in state machine diagrams

Node Name

Concrete Syntax

Abstract Syntax Reference

Sate Machine

ReadAmountSM

UML4SysML::SateMachine

()
aborted
Termipate node UML4SysML::RseudoSate
Submagchine state UM L4SysML ::Sate
ReadAmount : borted
ReadAmountSM aborte

Comppsite Sate with a hid-
den d¢composition indica-
tor icgn

f HiddenComposite \

entry /start dialtone
exit/ stop dhal tone

G, @)

UML4SysML::Sate

138
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Path

Name

Concrete Syntax

Abstract Syntax Reference

Transition

trigger[guard]/activity

Vv

UML4SysML::Transition

point

notati

Alternativeentry

Connection-

PointRReference

DN

( viaagain )

ReadAmount
ReadAmountSM

UML4SysML:: ConnectionPointRefgrence

Alternative exit point
ConnégctionPoint
Refer gnce notation

ReadAmount
Read AmountSM

( via aborted )

UNILASysML:: ConnectionPointReférence

Table 1

B.3 - Other graphical elements included in state machine diagram

Elemént Name Concrete-Syntax Abstract Syntax Reference
In Bldck Definition UML4SysML::SateM achines,
Diagr ams, bdd UML4SysML::Association,
Interdction, SysML::Blocks::AdjunctProperty
Assoclation, «statemachine» «statemachine»
i state machine state machine
AdjurctProperty name name
«adjunct» «adjunct»
submachine parameter
state name name
nfﬂfnmanhinn b:uulr\
state machine block name
name
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13.3

UML Extensions

13.3.1 Diagram Extensions

13.3.1.1 State Machines and Parameters

13.3.1.1.1 Notation

In UML, all behaviors are classes, including state machines, and their instances are executions of the state maghi
machings as blocks and associations between state machines corresponding to submachine states have an analo

semanti

Notatiop. Similarly, associations between state machines and classifiers (blocks or value types) have an analogd

semanti

State m

indicate| the Block stereotype is applied to an state machine, as shown in Figure 13.1. Properties with AdjunctP

applied

towards| the sub state machine. Properties with AdjunctProperty applied, where theprincipal of the AdjunctProj
parameter of the state machine, can be used as the end of the associations towards'the parameter type. See 8.3.2.
Adjunc{Property for constraints when AdjunctProperty is used with submachiné States and parameters. State ma

block d

Cs to activities as blocks and associations between activities corresponding to call actions, see 1033+1.1.1

Cs to associations between activities and blocks or value types, see 11.3.1.4.1, Notation.

hchines in block definition diagrams appear as regular blocks, except the «stateMachine» keyword may b

where the principal of the AdjunctProperty is a submachine state, can be used.as\the end of the associg

efinition diagrams can also appear with the same notation as submachine states.

bdd )
«statemachine» «statemachine»
state machine state machine
name name

«adjunct» «adjunct» «adjunct» «adjunct»
submachine submachine submachine parameter
state name state name state name name

4qstatemachine» «statémachine» «block»
state machine state achine block name
name name

Figure

and types of parameters

13.4

13.4.] State‘Machine Diagram

The high lével states or modes of the HybridSUV including the events that trigger changes of state are illustrat

state m

140

3.1 - Block definition diagram with state machines as blocks associated with submachines

Usage Examples

he. State
bous

>

us

e used to
roperty
tions
erty is a
1,
chines in

td in the

chifie diaoram in Figure D R
(=4 (=
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ISO/IEC 19514

Use Cases

Overview

:2017(E)

The use case diagram describes the usage of a system (subject) by its actors (environment) to achieve a goal, that is
realized by the subject providing a set of services to selected actors. The use case can also be viewed as functionality and/

s include

or capa
the use
externa
either d
externa

The usq case diagram is a method for describing the usages of the system. The association between the actors an
case refjresent the communications that occur between the actors and the subject to accomplish the functionality

it +lhat Lolbad 1l Lhtlba st 41 Lot 4+l 1o % TS £ 1L A
TTTICSHTat arcacCOTIPTIT STICU T U TSI IO e T ACTIUTT OCTW UL IT IO ST oLt T dira TS attor SO ST UasTUTagrarr

to the system that may correspond to users, systems, and or other environmental entities. They, thay inf
Irectly or indirectly with the system. The actors are often specialized to represent a taxonomy,of user ty
systems.

case and actors and the associated communications between them. Actors represent classifier roles that jare

eract
pes or

d the use

associated with the use case. The subject of the use case can be represented via a system:boundary. The use casep that are

enclose

The usq case relationships are “communication,” “include,
cases via communication paths, that are represented by an association relationship. The “include” relationship p
mechanjsm for factoring out common functionality that is shared amongamultiple use cases, and is required for

of the a

of not Being required to meet the goals), which extends the base usecase at defined extension points under spe
conditigns. The “generalization” relationship provides a mechadism to specify variants of the base use case.

The usq cases are often organized into packages with the gotresponding dependencies between the use cases in
packaggs.

99 <C: 29 <

extend,” and “generalization.” Actors are connectq

ctor of the base use case to be met. The “extend” relationship_provides optional functionality (optional in

1 in the system boundary represent functionality that is realized by behaviors Such as activity diagrams, pequence
diagrangs, and state machine diagrams.

d to use
rovides a
the goals
the sense
cified

the
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14.2 Diagram Elements

14.2.1 Use Case Diagram

Table 14.1 - Graphical nodes included in Use Case diagrams

Node Name Concrete Syntax Abstract Syntax Reference
Use Cpse OMtASysMtOs=Case
UseCaseName
Use Cpse with Extension UMLA4SysML ::UseCase
Pointg
UseCaseName
extension points
p1, p2
Actor UML4SysML::Actor
«actor»
ActorName
ActorName
Subj egt Association end nhame on
UMLA4SysML::Classifier
SubjectName
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Table 14.2- Graphical paths included in Use Case diagrams

Path Name Concrete Syntax Abstract Syntax Reference
Communication path UML4SysML ::Association
Include UML4SysML::include
«include»
—SEEEE >
Extenf UML4SysML::Extend
< sextendr
Extenfl with UML4SysML ::Extend
Condition
Condition: {boolean expression} |
extension point: p1, p2
< «extend» ;
Generfalization UML4SysML::Kernel
>

14.3 | UML Extensions

None.

14.4 | Usage Examples

Figure D.5 is a top=lgvel set of use cases for the Hybrid SUV System. Figure D.6 shows the decomposition of th¢ Operate
the Vehjcle usesease. In this diagram, the frame represents the package that contains the lower level use cases. [The

convention,of\haming the package with the same name as the top level use case has been employed. This practfce offers
an impljoittracing mechanism that complements the explicit trace relationships in SysML.

In Figure D.6 the Extend relationship specifies that the behavior of a use case may be extended by the behavior of another
(usually supplementary) use case. The extension takes place at one or more specific extension points defined in the
extended use case. Note, however, that the extended use case is defined independently of the extending use case and is
meaningful independently of the extending use case. On the other hand, the extending use case typically defines behavior
that may not necessarily be meaningful by itself. Instead, the extending use case defines a set of modular behavior
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increme
is mode

nts that augment an execution of the extended use case under specific conditions. The “Start the Vehicle” use case
led as an extension of “Drive the Vehicle.” This means that there are conditions that may exist that require the

execution of an instance of “Start the Vehicle” before an instance of “Drive the Vehicle” is executed.

The use

cases “Accelerate,” “Steer,” and “Brake” are modeled using the include relationship. Include is a

DirectedRelationship between two use cases, implying that the behavior of the included use case is inserted into the

behavio
owning

r of the including use case. It is also a kind of NamedElement so that it can have a name in the context of its
use case. The including use case may only depend on the result (value) of the included use case. This value is

obtaine
part of

In many
approac

1 1 £l — £l . 111 'l B b A 1 22 22 LY = WIS BT 11
L dd> da ICSUIL U1 HIC TATCULIUIL U1 HIC HICTUUCU UST CadT. TS IICAIlS Uldl - ACCUICTIALC, OLlCCL, 4alltd  DIdKkp are a

he normal process of executing an instance of “Drive the Car.”

situations, the use of the Include and Extend relationships is subjective and may be reversed, based on|the
h of an individual modeler.
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Allocations

Overview

Allocation is the term used by systems engineers to denote the organized cross-association (mapping) of elements within
the various structures or hierarchies of a user model. The concept of “allocation” requires flexibility suitable for abstract

system
associat
early in
relation
various

This cla
the brod
typical

various elements in a user model in abstract, preliminary, and sometimes tentative ways. Allocations ¢a
the design as a precursor to more detailed rigorous specifications and implementations. The allo¢ation

ship can provide an effective means for navigating the model by establishing cross relationships; and ens
parts of the model are properly integrated.

use does not try to limit the use of the term “allocation,” but provides a basic capability to support allo
dest sense. It does include some specific subclasses of allocation for allocating behavior, structure, and
bxample is the allocation of activities to blocks (e.g., functions to components). Fhisclause specifies an

for an dllocation relationship and selected subclasses of allocation, along with the nofation to represent allocati

SysML

15.2

The dia
diagrani

In the fi
uniform
as applij
«itemF]

Other «
qualifie
(Packag

model.

Diagram Elements

bram elements defined in this clause may be shown on some or all SysML diagram types, in addition tg
elements that are specific for each diagram type.

bllowing table, «elementType» is a placeholder for a keyword used to specify the kind of element it pref
ity, the «elementType» displayed for the allocated-toter allocated-from elements should be from the follo
cable: «activity», «action», «objectFlow», «contralFlow», «objectNode», «operation», «block», «proper
pW», «connector», «porty, «valuey.

clementType» designations may be usedsif nhone of the above apply. Note that it is important to use fu
H names to avoid ambiguity when required. An example of a fully qualified name is the form:
eName::ElementName.PropertyName).

s often
h be used

uring the

Cation in
flows. A
bXtension
ns in a

the

ixes. For
wing list,
y»,

ly

© ISO/IEC 2017 - All rights reserved

147


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

15.2.1 Representing Allocation on Diagrams

Table 15.1 - Extension to graphical nodes included in diagrams

Node Name

Concrete Syntax

Abstract Syntax Reference

Allocation derived propertiesdis-

played in compartment of a Block.

BlockNam e

SysML::Allocation: Allocate

allocatedFrom

«elementType» ElementName

allocatedTo

«elementType»ElementName

Allocgtion derived properties dis-
played in Comment.

allocatedFrom
«elementType»ElementName
allocatedTo
«elementType»ElementName

,
’
,

SysML+Allocation: Allgcate

ElementName
Allocdtion derived propertiesdis- SysML::Allocation: Allgcate
played in compartment of Part on ~<blockon
Interrjal Block Diagram. BlockNam e
PartNam e

allocatedFrom
«elementType» ElementName

Allocgtion derived propertiesdis
played in compartment of Action
on Activity Diagram.

ActivityName

allocatedTo J

«elementType» ElementName

(5] )

SysML::Allocation: Allgcate

Allocdtion“Activity Partition

SysML::Allocation: Allgcate
ActivityPartition T

«allocate»
:ElementName

148
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Table 15.1 - Extension to graphical nodes included in diagrams

Node

Name Concrete Syntax Abstract Syntax Refe

rence

Allocation (general)

Client _—— = Supplier
«allocate»

SysML::Allocation: Allocate

15.3

15.3.1

15.3.1.

Allocat
the clie
supplie

15.3.1.

The “al
In other
allocati

15.3.1.

When t
15.1. Tl
compar
Allocat

15.3.1.
When t]|

shorthand notation as the alloCation compartment. This notation is also shown in Table 15.1. For brevity, the

«elemer

15.3.1.

For bre
(«allocd

UML Extensions

Diagram Extensions

|l Tables

on relationships may be depicted in tables. A separate row is provided for each«allocate» dependency.
nt of the «allocate» dependency, and “to” is the supplier. Both ElementType.and ElementName for clien
appear in this table.

P Allocate Relationship Rendering

ocate” relationship is a dashed line with an open arrow head, \The arrow points in the direction of the a
words, the directed line points “from: the element beingcallocated “to” the element that is the target of
n.

B Allocation Compartment Format

e allocations of a model element are displayed in a compartment, a shorthand notation is used as shown
iis shorthand groups and lists the elementsiallocated to that element together (in the “allocated from”
ment), then the elements allocated from'that element (in the “allocated to” compartment), per the result
b::getAllocatedFrom() and getAllocatedTo() respectively, called with that element as parameter.

1 Allocation Callout Form'at

ie allocation compartmént)is not used, a callout notation may be used. An allocation callout notation uses
1tType» portion pfiallocated-from or allocated-to elements may be elided from the diagram.

b Allocated/&etivityPartition Label

ity, the'keyword used on an AllocatedActivityPartition is «allocate», rather than the stereotype name
te ActivityPartition»). For brevity, the «elementType» portion of the allocatedFrom or allocatedTo propert

‘from” is
t and

location.
the

in Table

of

the same

ly may be

elided f

rom/the diagram.
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15.3.2 Stereotypes

Package Allocations

«stereotype»
DirectedRelationship UML4SysML::Abstraction
PropertyPath
A
«stereotype»

Allocate

Figure 15.1 - Abstract syntax extensions for SysML Allocation

UMLE4SysML::ActivityPartition

!

«stereotype»
AllocateActivityPartition

Figure 15.2 - Abstract syntax expression for AllocatedActivityPartition
15.3.2.1 Allocate(from Allocations)

Descrigtion

Allocat¢ is a dependency based on UML::Abstraction. It is a mechanism for associating elements of different types, or in
different hierarchies, at an abstract level. Allocate is used for assessing user model consistency and directing futufe design
activity] It is expected that an «allocatemrelationship between model elements is a precursor to a more concretd
relationphip between the elements, theirproperties, operations, attributes, or sub-classes.

Allocat¢ is a stereotype of a UML4SysML::Abstraction that is permissible between any two NamedElements. If is
depicted as a dependency with the “allocate” keyword attached to it. Allocate is directional in that one NamedE|ement is
the “from” end (no arrow)s-and one NamedElement is the “to” end (the end with the arrow). The Allocate stereptype
specialifes DirectedRelatignshipPropertyPath to enable allocations to identify their sources and targets by a multi-level
path of pccessible properties from context blocks for the sources and targets.

The following paragraphs describe types of allocation that are typical in systems engineering.

Behaviqr allocation relates to the systems engineering concept segregating form from function. This concept reguires
indepenident models of “function” (behavior) and “form” (structure), and a separate, deliberate mapping between [elements
in each of these models. It is acknowledged that this concept does not support a standard object-oriented paradigm, not is
this always even desirable. Experience on large scale, complex systems engineering problems have proven, however, that
segregation of form and function is a valuable approach. In addition, behavior allocation may also include the allocation
of Behaviors to BehavioralFeatures of Blocks (e.g., Operations).

Flow allocation specifically maps flows in functional system representations to flows in structural system representations.
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Flow between activities can either be control or object flow. The figures in the Usage Examples show concrete syntax for
how object flow is mapped to connectors on Activity Diagrams. Allocation of control flow is not specifically addressed
in SysML, but may be represented by relating an ItemFlow to the Control Flow using the UML relationship
InformationalFlow.realizingActivityEdge.

Note that allocation of ObjectFlow to Connector is an Allocation of Usage, and does NOT imply any relation between any
defining Blocks of ObjectFlows and any defining associations of connectors.

The figures in the Usage Examples illustrate an available mechanism for relating the objectNode from an activity diagram
to the IfemFlow on an internal block diagram. ItemFlow is discussed in Clause 9, “Ports and Flows.”

Pin to Hort allocation is not addressed in this release of SysML.

Structutfe allocation is associated with the concept of separate “logical” and “physical” representations of a system. It is
often ngcessary to construct separate depictions of a system and define mappings between them. Bor'example, a complete
system hierarchy may be built and maintained at an abstract level. In turn, it shall then be mapped to another cpmplete
assembly hierarchy at a more concrete level. The set of models supporting complex systems-development may fnclude
many of these levels of abstraction. This International Standard will not define “logical¥‘or “physical” in this cpntext,
except fo acknowledge the stated need to capture allocation relationships between separate system representations.

Constraints
[1] Thg Allocate stereotype shall only be applied to abstractions.

[2] A s|ngle «allocate» dependency shall have only one client (from) and one supplier (to).

[3] Ifspbtypes of the «allocate» dependency are introduced to represeht/more specialized forms of allocation, then they shall
have constraints applied to supplier and client as appropriate.

Operatipns

[1] Thg query getAllocatedFrom() gives all the elements.that are clients (“from” end of the concrete syntax) of an qallocate»
relgtionships whose supplier is the element in parameter. This is a static query.
Allocate: :getAllocatedFrom(ref : NamedElement) : Set (NamedElement) {query, static}
gef]AllocatedFrom = Allocate.alllnstances () ->select(to = ref) .from

[2] Thq query getAllocatedTo() gives all the elements that are suppliers (“to” end of the concrete syntax) of an «allpcate»
reldtionships whose client is the element in parameter. This is a static query.
Allocate: :getAllocatedTo(ref : NamedElement) : Set (NamedElement) {query, static}
gef]AllocatedTo = Allocate.allInstances()->select (from = self) .to

15.3.2.2 AllocateActivityRartition(from Allocations)

Descrigtion

Allocat¢ActivityRartition is used to depict an «allocate» relationship on an Activity diagram. The
Allocat¢ActivityPartition is a standard UML:: ActivityPartition, with modified constraints as stated below.

Constraints

[17] An Action appearing in an “AllocateActivityPartition” shall be the /client (from) end of an “allocate” dependency. The
element that represents the “AllocateActivityPartition shall be the /supplier (to) end of the same “allocate” dependency.
In the «AllocateActivityPartition» name field, Properties are designated by the use of a fully qualified name (including
colon, e.g., “part name:Block Name”), and Classifiers are designated by a simple name (no colons, e.g., “Block Name”).

[2] The «AllocateActivityPartition» shall maintain the constraints, but not the semantics, of the UML::ActivityPartition.
Classifiers or Properties represented by an «AllocateActivityPartition» do not have any direct responsibility for invoking
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behavior depicted within the partition boundaries. To depict this kind of direct responsibility, the modeler is directed to the
UML 2 standard, sub clause 12.3.10, “ActivityPartition,” Semantics topic.

15.4 Usage Examples

The following examples depict allocation relationships as property callout boxes (basic), property compartment of a
Block (basic), and property compartments of Activities and Parts (advanced). Figure 15.3 shows generic allocation for

Blocks.
dllocatedFrom
qelementType»Element2 Block1
dllocatedTo
delementType»Element3 allocatedFrom
4

e
’
7’

Bjock1

Figure

15.4.1

«elementType» Element2

allocatedTo

«elementType»Element3

5.3 - Generic Allocation, including /from and /to association ends

Behavior Allocation of Actions to Parts and:Activities to Blocks

Specifid behavior allocation of Actions to Parts are depicted in Figure 15.4. Note that the AllocateActivityPartifion, if
used in [this manner, is unambiguously associated with behaviorrallocation. The allocation to Activity6 comes ffom a
nested part, and uses the attributes of DirectedRelationshipPtopertyPath to specify the path of properties to reagh that

part. The sourceContext of the allocation is Block4 and the sourcePropertyPath is (Part5).

allodatedFrom
«eleentType»Element2

allocatedFrom
«activity»Activityé

7

allodatedTo «bllocr: allocatedTo allocatedTo
«elefentType»Element3 Blo¢ «part»Block4.Part5.Part7 «part»Part2:Blockl
e 7
s S
Part5 ’
Block1 / «activity» Actionl
block «allocate»
« »
Part2:Block1
Blockl Block4 _ :
«activity» Actionl
aflocatedFrom Activity6
Parts llocatedT Actionl
«elemenfType»Element2 allocatedTo allocatedTo ction
Part7 rParBloekd

trocatedTo

«elementType»Element3

allocatedFrom
«activity»Activityé

zpartsBtockdPart5Part?

Figure 15.4 - Behavior allocation
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Figure 15.5 shows flow allocation of ObjectFlow to a Connector, or alternatively to an ItemFlow. Allocation of
ControlFlow is not shown as an example, but it is not prohibited in SysML.

ibd [block] Block0 [Examplely

act ActivityO [Examplel] J

«block»
Blockb

ObjectFlow3
Actionl | F-——--—-+= ] Action2

allocatedTo
«connector»Connector8

)

allocatedFrom
«objectFlow»ObjectFlow3

\
\
\
\

\
\

Connector8

Part6

RPart7

Figure 15.5 - Example of flow allocation from ObjectFlow to Connector

act AgtivityO [Examplezy

allocatedTo
«itemFlow»ltemFloWw9

ibd [block] Block0 [ExampIeZy

«block»
Block5

allocatedFrom
«objectFlow»ObjectFlow3

|

\

\
\
\
\

ItemFlow9

Part6

Part7

Figure 15.6 - Example of flow allocation from ObjectFlow to ltemFlow
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act ActivityO [Examplesj) bdd [block] BlockO [Exampleay ook
«DIOCK»
- «block» Block 10
ObJeCtNOdE4 Block5 allocatedFrom
allocatedTo «objectNode» ObjectNode4
«block»Block10 ’

=
«block» «block»
Actionl X y Action2 X Black§ Block7
llocatedTo allocatedTo out:Block10 = in:Block10
«blogk» Blocké «block» Block7 allocatedFrom allocatedFrom

«activity» Activity 1 «activity» Activity 2

i

Figure 15.7 - Example of flow allocation from ObjectNode to FlowProperty

15.4.2.1 Allocating Structure

Systemg engineers have frequent need to allocate structural model elements (e.g., blocks; parts, or connectors) fo other
structurpl elements. For example, if a particular user model includes an abstract logical structure, it may be imgortant to
show hgw these model elements are allocated to a more concrete physical structure. The need also arise, when pdding
detail tq a structural model, to allocate a connector (at a more abstract level) to a part (at a more concrete level).

hd [package] Blockl [Abstract to Concrete Structural
Allocation]

«block» «block»
AbstractExample ConcreteExample

—«allocate» —[

cktrA
Part2
__«allocate»
_
— — «allocate»<%
«allocate»
Part3 -

—«allocate»

Figure 15.8 - Example-of Structural Allocation

15.4.2.2 Autemotive Example

Examplp:consider the functions required to portion and deliver power for a hybrid SUV. The activities for proyiding
power are allocated to blocks within the Hybrid SUYV, as shown in Figure D.38.

Figure D.39 shows an internal block diagram showing allocation for the HybridSUV Accelerate example.
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The table shown in Figure D.40 is provided as a specific example of how the «allocate» dependency may be depicted in
tabular form, consistent with the automotive example above.

The allocation table can also be shown using a sparse matrix style as in the following example shown in Figure 15.9.

matrix-factivity- RrovideRower-pocation-Troe-for-Rrovide-Rower-Astivities—.
Sourfe Target
PowerControlUnit | Internal ElectricalPower Electrical | I1:Eletric
Combustion Controller Motor Current
Engine Generator
Al:BroportionPower allocate
A2:BrovideGasPower allocate
A3:(ontrolElectricPower allocate
A4:BrovideElectricPower allocate
drivdCurrent allocate
Figure 15.9 - Allocation Matrix showing Allocation for Hybrid SUV Accelerate Example

© ISO/IEC 2017 - All rights reserved

155


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

156 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

16

16.1

ISO/IEC 19514

Requirements

Overview

:2017(E)

A requirement specifies a capability or condition that must (or should) be satisfied. A requirement may specify a function
that a system must perform or a performance condition a system must achieve. SysML provides modeling constructs to

d in this

represef
clause d
diagrani
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well as

A comp
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an depict the requirements in graphical, tabular, or tree structure format. A requirement can also appear

a bridge between traditional requirements management tools and the other SysML models.

es to specify its unique identifier and text requirement. Additional properties such as verification status
d by the user.

osite requirement can contain subrequirements in terms of a requirendents hierarchy, specified using the
hce containment mechanism. This relationship enables a complex)requirement to be decomposed into its

contain
decom

entire specification can be decomposed into children requirements) which can be further decomposed into their

to defi

There i§ a real need for requirement reuse across product families and projects. Typical scenarios are regulatory,
or contfactual requirements that are applicable across-products and/or projects and requirements that are reused|

product]
set in

The use
context
importal

requirenent whose text property-is a’read-only copy of the text property of a master requirement. The text prope

slave reg
relation

The “dd
analysig
general
acceler3

ng child requirements. A composite requirement may state thatthe system shall do A and B and C, whi

on other

s to show its relationship to other modeling elements. The requirements modeling constructs are intendgd to

rement is defined as a stereotype of UML Class subject to a set of constraints. A standapd\fequirement includes

can be

requirements relationships are specified that enable the modeler to relate requirements to other requirerhents as
Lo other model elements. These include relationships for defining a requirements hierarchy, deriving requjrements,
satisfyifg requirements, verifying requirements, and refining requirements.

UML

h can be

sed into the child requirements that the system shall do A jxhe system shall do B, and the system shall o C. An

the requirements hierarchy.

families (versions/variants). In these cases, one would like to be able to reference a requirement, or req
ultiple contexts with updates to the original requirements propagated to the reused requirement(s).

of namespace containment to specify requirements hierarchies precludes reusing requirements in differ
since a given model element ¢an‘only exist in one namespace. Since the concept of requirements reusg
nt in many applications, SysML introduces the concept of a slave requirement. A slave requirement is 4

quirement is constrained-to be the same as the text property of the related master requirement. The mas
Ghip is indicated by the use of the copy relationship.

rive requiremént’relationship relates a derived requirement to its source requirement. This typically inj
to determing the multiple derived requirements that support a source requirement. The derived requirer
y correspond to requirements at the next level of the system hierarchy. A simple example may be a veh|
tion requirement that is analyzed to derive requirements for engine power, vehicle weight, and body dr3

children

statutory,
across
uirement

ent
is very

rty of the
ter/slave

olves
nents
icle
1S

The sat

sfy-relationship describes how a design or implementation model satisfies one or more requirements. A

system

modeler specifies the system design elements that are intended to satisfy the requirement. In the example above, the
engine design satisfies the engine power requirement.
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The verify relationship defines how a test case or other model element verifies a requirement. In SysML, a test case or
other named element can be used as a general mechanism to represent any of the standard verification methods for
inspection, analysis, demonstration, or test. Additional subclasses can be defined by the user if required to represent the
different verification methods. A verdict property of a test case can be used to represent the verification result. The
SysML test case is defined consistent with the UML testing profile to facilitate integration between the two profiles.

The refine requirement relationship can be used to describe how a model element or set of elements can be used to further
refine a requirement. For example, a use case or activity diagram may be used to refine a text-based functional

. - Al - 1 b 1 h 1 1 - Vi | 1 - el 1.1 1 " hd b
requireiprent. ZxIteImatIvery, 1t 1idy 0T ustd (U SIHOW TOW d (CXt-0ascU TCUUITCHICIIT TCIIITS d TodcT CICHIent: T 1S case,

some elpborated text could be used to refine a less fine-grained model element.

A genetlic trace requirement relationship provides a general-purpose relationship between a requirement and any other
model dlement. The semantics of trace include no real constraints and therefore are quite weak. Asja vesult, it i§
recommjended that the trace relationship not be used in conjunction with the other requirements #¢lationships dgscribed
above.

The ratipnale construct that is defined in Clause 7, “Model Elements” is quite useful in support of requirements. ]t enables
the modeler to attach a rationale to any requirements relationship or to the requirement-itself. For example, a ratipnale can
be attached to a satisfy relationship that refers to an analysis report or trade study. thaf provides the supporting fationale
for why| the particular design satisfies the requirement. Similarly, this can be used with the other relationships such as the
derive relationship. It also provides an alternative mechanism to capture the yerify relationship by attaching a rafionale to
a satisfy relationship that references a test case.

Modelefs can customize requirements taxonomies by defining additional subclasses of the Requirement stereotype. For
exampl¢, a modeler may want to define requirements categories to‘tepresent operational, functional, interface,
performance, physical, storage, activation/deactivation, design.¢enstraints, and other specialized requirements syich as
reliabilify and maintainability, or to represent a high level stakeholder need. The stereotype enables the modeleg to add
constraints that restrict the types of model elements that may be assigned to satisfy the requirement. For example, a
functiorjal requirement may be constrained so that it can\only be satisfied by a SysML behavior such as an actiyity, state
maching, or interaction. Some potential Requirement'subclasses are defined in Annex E, “Non-normative Extensions.”
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16.2 Diagram Elements

16.2.1 Requirement Diagram

Table 16.1 - Graphical nodes included in Requirement diagrams

Node Name Concrete Syntax Abstract Syntax Reference

Requiperment SysMtRequiTaments]

Diagram , Requirement, SysM\L :}
req ReqDiagram , M odel Elements,:Package

Requifement SysML::Requirements:
Requirement

«requirement>
Requirement name

text="The system shall do’
1d="62j32."

TestCase SysML::Requirements:
TestCase

«testCase»
TestCaseName
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Table 16.2 - Graphical paths included in Requirement diagrams

Path Type Concrete Syntax Abstract Syntax
Reference
Requirement UML4SysML::
containment NestedClassifier
relationship «requirement>»
Parent
«requirement» «requirement»
Child1l Child2
Copy SysML::Requirements::
Deperfdency Copy
«equirement» | «requirement»
Slave «copy> > Master
Mastg Callout SysML::Requirements::
Copy
Master :
«requirement» Master |~~~ ] «regyiirement» Slave
Derive SysML::Requirements::
Deperldency DeriveReqt
«requirement» | _ . oo __ - «requirement»
Client «deriveReqt» — — == Supplier
DeriveCallout SysML::Requirements::
N DeriveReqt
«eqdirement» | | Derived
RegA «requirement» ReqB
DerivedFrom | «requirement»
«requirement» RegA ReqB
Satisfy SysML::Requirements::
Dependency Satisfy
NamedElement -———-— «satisfy» ———=> «requirement>
Supplier
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Path Type Concrete Syntax Abstract Syntax
Reference
SatisfyCallout SysML::Requirements::
N Satisfy
N dEl t Satisfies
e «requirement» RegA
SatisfiedaBy | «requirement»
NamedElement | RegA
Verifyl SysML::Requirements::
Deper{dency _ Verify
NamedElement +-—-- wverify»————=>| «regﬁggz?:rm»
VerifyiCallout SysML::Requirements::
Verif
Verifies = ’
NamedElement - ———————~~~—1 «requirement» RegA
VerifiedBYy | AN «requirement»
NamedElement RegA
Refing UML4SysML ::Refine
Deperjdency _
NamedElement -———-— «refine»— ———=>f «req(t;:ni'g?tent»
RefingCallout UML4SysML ::Refine
Refines 5
NamedElement  -—--—--—1 «requirement» RegA
. AN ,
RefinedBy «reguirement»
NamedElement RegA

© ISO/IEC 2017 - All rights reserved

161


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

Table 16.2 - Graphical paths included in Requirement diagrams

Path Type Concrete Syntax Abstract Syntax
Reference
Trace UMLA4SysML::Trace
Dependency
«requirement» «requirement»

qClient 777777 «race»-— - Supplier

Trace{allout UML4SysML} Trace
AN

TracedFrom

NamedElement |- ------- «requirement» RegA

TracedTo «requirement»

NamedElement RegA

16.3 | UML Extensions

16.3.] Diagram Extensions

16.3.1.1 Requirement Diagram

The Requirement Diagram can only display requiements, packages, other classifiers, test cases, and rationale. The
relationphips for containment, deriveReqt, satisfy;’verify, refine, copy, and trace can be shown on a requirement [diagram.
The callout notation can also be used to reflect the relationship of other model elements to a requirement.

16.3.1.2 Requirement Notation

The requirement is represented as shown in Table 16.1. The «requirement» compartment label for the stereotyp
properties compartment (e.g.£idand text) can be elided.

w

16.3.1.8 Requirement.Property Callout Format

A callogit notation-canbe used to represent derive, satisfy, verify, refine, copy, and trace relationships as indicafed in
Table 16.2. For.brevity, the «elementType» may be elided.

16.3.1.4 Requirements on Other Diagrams

Requirements can also be represented on other diagrams to show their relationship to other model elements. The
compartment and callout notation described in 16.3.1.2, Requirement Notation and 16.3.1.3, Requirement Property
Callout Format can be used. The callouts represent the requirement that is attached to another model element such as a
design element.
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The tabular format is used to represent the requirements, their properties and relationships, and may include:

Requirements with their properties in columns.

A column that includes the supplier for any of the dependency relationships (Derive, Verify, Refine, Trace).

A column that includes the model elements that satisfy the requirement.

« A column that represents the rationale for any of the above relationships, including reference to analysis repgrts for
race rationale, trade studies for design rationale, or test procedures for verification rationale.
The reldtionships between requirements and other objects can also be shown using a sparse matrix styl¢ that is gimilar to
the tablg used for allocations (15.4.3, Tabular Representation). The table should include the source and target elements
names (land optionally kinds) and the requirement dependency kind.
table [requirement] Performance [Decomposition of Performance Requirementy
id [name text
The Hybrid SUV shall have the braking, acceleration, and off-
road capability of a typical SUV,but have dramatically better
2|Performance fuel economy.
The Hybrid SUV shall have:the braking capability of a typical
2.1|Braking SUV.
The Hybrid SUV shall‘have dramatically better fuel economy
2.2|FuelEconomy than a typical SUV.
The Hybrid SWV shall have the off-road capability of a
2.3| OffRoadCapability  |typical SUV.
The Hybrid SUV shall have the acceleration of a typical
2.4|Acceleration SUW
table [requirement] Performance [Tree of-Rerformance Requirements] )
id| |[name relation id |name relation |id [name
2.1 |Braking deriveReqt |d.1 |RegenerativeBraking
2.2 |FuelEconomy deriveReqt |d.1 |RegenerativeBraking
7y deriveReqt |d.2 |Range
4.P |FuelCapacity deriveReqt |d.2 |Range
2.8 |OffRoadCapability  |deriveReqt |d.4 |Power deriveReqt |d.2  |PowerSourceManagement
2.4 |AcGeleration deriveReqt [d.4 |Power deriveReqt [d.2 |PowerSourceManagement
4.1 (CargoCapacity deriveReqt |d.4 |Power deriveReqt [d.2 |PowerSourceManagement
Figure 16.1 - Non-normative Examples of Tabular Representations of Requirements
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16.3.2 Stereotypes

Package Requirements

«stereotype»
UMIi(jtSerg\)/lt{P'eT);ace DirectedRelationship
Y ; PropertyPath
| \
«stereotype»
Trace
«gtereotype» «stereotype» «stereotype» «stereetype»
DQeriveReqt Verify Copy Satisfy
«metaclass» «metaclass» «metaclass» «enumeration»
UNMIL4SysML::Class UML4SysML::Operation UML4SysML::Behavior VerdictKind
pass
fail
inconclusive
error
«stereotype»
Requirement «sTf;?gggg»
text: Strjng
id: Strinp
/derived: Requirement [*]
/derivedFrom: Requirement [*] «stereotype» «stereot;
(of ype»
/satisfiegBy: NamedElement [*] UMLZSysML : :Refi f ) p
refinedpy: NamedElement [ ysML::Refine DirectedRelationshipPropertyPath
/tracedTo: NamedElement [*]
/verifiedBy: NamedElement [*]
/master] Requirement [0..1]
«stereotype»
Refine
Figure 16.2 - Abstract Syntax-for Requirements Stereotypes
16.3.2.1 Copy
Descrigtion
A Copy| relationship is a dependency between a supplier requirement and a client requirement that specifies thaf the text
of the cliént requirement is a read-only copy of the text of the supplier requirement.

A Copy dependency created between two requirements maintains a master/slave relationship between the two elements
for the purpose of requirements re-use in different contexts. When a Copy dependency exists between two requirements,
the requirement text of the client requirement is a read-only copy of the requirement text of the requirement at the
supplier end of the dependency.
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Constraints

[11 A Copy dependency may only be created between two classes that have the “requirement” stereotype, or a subtype of the
“requirement” stereotype applied.

[2] The text property of the client requirement is constrained to be a read-only copy of the text property of the supplier
requirement.

[3] Constraint [2] is applied recursively to all subrequirements.

16.3.2.pDeriveReqt

Descrigtion

A DeriveReqt relationship is a dependency between two requirements in which a client requirement, can‘be derijed from
the supplier requirement. For example, a system requirement may be derived from a business need; or lower-leyel

requiretnents may be derived from a system requirement. As with other dependencies, the arrow:, direction points|from the
derived|(client) requirement to the (supplier) requirement from which it is derived.

Constraints

[1] Thq supplier shall be an element stereotyped by «requirement» or one of «requirenient» subtypes.

[2] Thg client shall be an element stereotyped by «requirement» or one of «requir€iient» subtypes.
16.3.2.8 Refine

Descrigtion

The Refine stereotype specializes UML4SysML Refine and DirectedRelationshipPropertyPath to enable refinements to
identify| their sources and targets by a multi-level path of acoessible properties from context blocks for the sourfes and
targets.

Constraints
[1] Thq Refine stereotype shall only be applied to"dependencies.

[2] Dependencies with a Refine stereotype orone of its specializations applied shall have exactly one client and ong¢ supplier.

Operatipns

[1] Thq query getRefines() gives all the requirements that are suppliers (“to” end of the concrete syntax) of a «Refifie»
reldtionships whose client is'the'element in parameter. This is a static query.
Refline: :getRefines(ref :NamedElement) : Set (Requirement ) {query, static}
gefRefines=ref.cl¥entDependency->select (d | not d.extension Refine.
¢clIsUndefinedy()) .supplier

16.3.2.44 Requirement

Descridtion

A requi Lement Qppr‘iﬁpo a napa]—\ilify orcondition that must (nv ehnn]d) be satisfied A rpqniw:mpnf mas cppr\iﬁr function

that a system must perform or a performance condition that a system must satisfy. Requirements are used to establish a
contract between the customer (or other stakeholder) and those responsible for designing and implementing the system.

A requirement is a stereotype of Class. Compound requirements can be created by using the nesting capability of the class
definition mechanism. The default interpretation of a compound requirement, unless stated differently by the compound
requirement itself, is that all its subrequirements shall be satisfied for the compound requirement to be satisfied.
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Subrequirements shall be accessed through the “nestedClassifier” property of a class. When a requirement has nested
requirements, all the nested requirements apply as part of the container requirement. Deleting the container requirement
deleted the nested requirements, a functionality inherited from UML.

Attributes

e text: String
The textual representation or a reference to the textual representation of the requirement.

* id: ;t1i115
The unique id of the requirement.

* /satjsfiedBy: NamedElement [*]
Derived from all elements that are the client of a «satisfy» relationship for which this requirementds a supplier.

*  /vetifiedBy: NamedElement [*]
Derived from all elements that are the client of a «verify» relationship for which this requirement is a supplier.

e /trafedTo: NamedElement [*]
Derived from all elements that are the supplier of a «trace» relationship for whigh\this requirement is a cliept.

e /detived: Requirement [*]
Derived from all requirements that are the client of a «deriveReqt» relationship for which this requirement fis a
supplier.

*  /detivedFrom: Requirement [*]
Derived from all requirements that are the supplier of a «derivéReqt» relationship for which this requiremeht is a
client.

*  /reflnedBy: NamedElement [*]
Derived from all elements that are the client of a «refine» relationship for which this requirement is a supplier.

*  /master: Requirement [0..1
This is a derived property that lists the master@equirement for this slave requirement. The master attribute
derived from the supplier of the Copy dependency that has this requirement as the slave.

w2

Constraints

[1] Thq property “ownedOperation” shall\be empty.
[2] Thd property “ownedAttribute”,shall be empty.
[3] Clapses stereotyped by «requirement» shall not participate in associations.

[4] Cla[ses stereotyped by «requirement» shall not participate in generalizations.

[5] A nfested classifier,of.a/class stereotyped by «requirement» shall also be stereotyped by «requirement».

[6] Clapses stereotyped by «requirement» shall not be used to type any other model element.

Operatipns
[1] Reduirement::getSatisfiedBy : Set(NamedElement)

t ticfiadRa — C Q B S aal vs Q aa—arnnlicar—calf
getbSatisfedBy—-Satisf-atHnstaneesO—seleet(base—elass-suppher—setH-

base Abstraction.client

[2] Requirement::getVerifiedBy : Set (NamedElement)
getVerifiedBy = Verify.allInstances()->select (base Abstraction.supplier=self).
base class.client
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[3] Requirement: :getTracedTo() : Set (NamedElement)
getTracedTo =Trace.allInstances () ->select (base Abstraction.client=self).
base class.supplier

[4] Requirement::getDerived() : Set (Requirement)
getDerived = DeriveReqgt.allInstances()->select (base Abstraction.supplier=self).
base class.client

[5] Requirement: :getDerivedFrom() : Set (Requirement)
getDerivedFrom = DeriveRegt.allInstances()->select (base Abstraction.client=self).
Base class.supplier

[6] Requirement::getRefinedBy: Set (NamedElement)
geflRefinedBy = Refine.alllInstances()->select (base Abstraction.supplier=self) !
Base class.client

[7] Requirement::getMaster () : Requirement
gefiMaster = Copy.allInstances()->select (base Abstraction.client=self) 'base class.sypplier

16.3.2.p TestCase

Descrigdtion

A test gase is a method for verifying a requirement is satisfied.

Constraints

[1] Thd type of return parameter of the stereotyped model element shall:be VerdictKind. (note this is consistent with|the UML
Tesfing Profile).

16.3.2.6 Satisfy

Descrigtion

A Satisty relationship is a dependency between a requirement and a model element that fulfills the requirement| As with
other d¢pendencies, the arrow direction points,front the satisfying (client) model element to the (supplier) requirement
that is satisfied.

Constraints
[1] Thg supplier shall be an element-stereotyped by «requirement» or one of «requirement» subtypes.

Operatipns

[1] Thg query getSatisfies()-gives all the requirements that are suppliers (“to” end of the concrete syntax) of a «Satisfy»
reldtionships whose elient is the element in parameter. This is a static query.
Saflisfy::getSatisfies (ref : NamedElement): Set (Requirement ) {query, static}
gef§Satisfi€ssref.clientDependency->select (d | not d.extension Satisfy.

¢clIsUndefined()) .supplier

16.3.2.Y (Trace

Description

The Trace stereotype specializes UML4SysML Trace and DirectedRelationshipPropertyPath to enable traces to identify
their sources and targets by a multi-level path of accessible properties from context blocks for the sources and targets.
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Constraints
[1] The Trace stereotype shall only be applied to dependencies.

[2] Dependencies with a Trace stereotype or one of its specializations applied shall have exactly one client and one supplier.

Operations
[1] The query getTracedFrom() gives all the requirements that are clients (“from” end of the concrete syntax) of a «Trace»
relationship whose supplier is the element in parameter. This is a static query.

. 3 2\ [ PR R |
Trgee—gecTracedbromtref —Namedbtement ) ——Set{Reguirement —(ouery—statiecy

geflTracedFrom=Requirement .AllInstances () ->select (traceTo->includes (ref))

16.3.2.8 Verify

Descrigtion

A Verify relationship is a dependency between a requirement and a test case or other model-element that can d¢termine
whether] a system fulfills the requirement. As with other dependencies, the arrow direction,peints from the (client)
element to the (supplier) requirement.

Constraints
[1] Thq supplier shall be an element stereotyped by «requirement» or one of «requirement» subtypes.

Operatipns

[1] Thd query getVerifies() gives all the requirements that are suppliers\(<to” end of the concrete syntax) of a «Verify»
relationships whose client is the element in parameter. This is a static query.

Velify::getVerifies (ref :NamedElement) : Set (Regirirement ) {query, static}
gefVerifies=ref.clientDependency->select (d |, mot d.extension Verify.
qclIsUndefined()) .supplier

16.4 | Usage Examples

All the pxamples in this clause are based on(a g€t of publicly available (on-line) requirement specifications from the
Nationdl Highway Traffic Safety Administration (NHTSA.) Excerpts of the original requirement text used to crepte the
models fare shown in Figure 16.3. The ‘hame and ID of these requirements are referred to in the SysML usage egamples
that follow. See NHTSA specification-49CFR571.135 for the complete text from which these examples are takef.

16.4.1] Requirement Decomposition and Traceability

The diagram in Figure 16.3 shows an example of a compound requirement decomposed into multiple subrequirgments.
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req Safety test J
wrequiraments
Adhesion utilization
“requirementss id = "Sh?-‘_"
ASTM R1337-90 wrequiramenis et ="
Pavement friction
id = ‘.F': 24241 wrequirements
taxl = “This tast mathod cowvears id="S86.2.1" Vehicle conditions
the measurement of paak text = “The road test
braking coefficient of paved surface praducas 2 peak id = "57.4.2
surfaces using a standard e friction coefficient {PFC) of text =",
" = DO when mezsured using
refergpertestiretSRTTras e an American Soclely for .
described in Specification «darivafleql» Testing and Materials T «requirements
E113f that represents current *~._ | (ASTM) E1136 standard | ederiveReqts | o ed nditi u
technplogy passenger car = | reference test tire, In S est and procedure conditions
radiallties.” accordance with ASTM “Jid="s7.4.3"
- Method E 1337-90, © s .

text = "(a) IBT: 265 “C (149 “F), =100

°C (212 °F).

i) Test surface: PFC of at least 0.8

Figure 16.3 - Requirements Derivation

16.4.2 Requirements and Design Elements

The diapram in Figure 16.4 shows derived requirements and refers to the design eletents that satisfy them. The(rationale
is also ghown as a basis for the design solution.
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req MasterCylinderSafety /

Decelerate Car

BrpkeSystem::m

«rationale» N «block»
- body = “This design of the brake
e o BrakeSystem
7 «refine» assembly satisfies the federal safety
2 ICHUIICIIICIILQ. f. FrontBrake
Lrequirement» / r: Rear Brake
Master Cylinder Efficacy / 11: BrakeLine
/ ____-{12: BrakeLine
il = “s5.4.1” / «satisfy» 77 m: MasterCylinder
text ="A master cylinder shall have a reservoir T
gompartment for each service brake = activatéBrake()
qubsystem serviced by the master cylinder. releaSeBrake()
Loss of fluid from one compartment
ghall not result in a complete loss of
Hrake fluid from another compartment.”
7 TS
«deriveReqt» «deriveReqt>» «rationale»
’ T~ body = “The best-practice
- ] solution consists in assigning
«requirement>» «requirement> one reservoir per brakeline.”
LossOfFluid Reservoir
\\(\/
id f “S5.4.1a” id = “S5.4.1b” ~o
text ="Prevent complete loss of fluid” text = "Separate reservoir compartment” SatisfiedBy
; BrakeSystem::|1
~——_ BrakeSystem::I2
/ Tt «rationale®
L 71 body = “The best-practice
sdtisfiedBy solution consist$ in using a set of

springs and pistons to confine the
loss to a single compartment”

Figure

16.4 - Links between requirements and design
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m: MasterCylinder

f: FrontBrake r: RearBrake
AN
] ] Satisfies
I E «requirement» MasterCylinderSafety::Reservoir
L] L =t -
11: BrakeLine —"’/I’Z: BrakeLine ///
[ ] —
5 T

| «requirement»

Safisfies

MasterCylinderSafety::LossOf Fluid

irements

Figure 16.5 - Requirement satisfaction in an internal block diagram
16.4.3 Requirements Reuse
Figure 16.6 illustrates the use of the Copy dependency to allow a single requirement to be reused in several requ
hierarchlies. The master tag provides a textual reference to-the reused requirement.
req Safety Reuse)
«requirement» «requirement»
Hybrid Engine A type Hybrid Engine B type
Krequirement>» srequirement» «requirement» «requirement»
Safdty Requirements Shared Safety Shared Safety Safety Requirements

for type A

Requirements

master=NHTSASafety
Requirements

~
~

~~_ Keopy»

~

Requirements

for type B

master=NHTSASafety
Requirements

-
~
-
-

«copy» _-
-

-

-
~
~
~

N

NETSASafatyRacivar ant
P4 ]

«requirement»

text =

id = “157.135"

Figure 16.6 - Use of the copy dependency to facilitate reuse
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16.4.4 Verification Procedure (Test Case)

The example in Figure 16.7 is taken from the automotive safety domain, and shows a Burnish requirement contained in
the NHTSASafetyRequirements requirement. Note that the text of the Burnish requirement indicates a specific sequence
of steps and transition criteria. The Burnish requirement is shown as having a Verify relationship to the BurnishTest test
case using callout notation on the diagram, indicating that the Burnish requirement is verified by the BurnishTest test

6.8 1s a state machine Hiagram of the BurnishTest test case, which CXPLESSEs the textual sequence and criteria of

hish requirement in state machine form. The Verify relationship is shown on Figure 16.8 using callout\nl
d to the diagram frame, which indicates that the BurnishTest test case verifies the Burnish requirément.

otation

case.
Figure
the Bur
anchore
req BymishSafety )
atrefuirameants
MHTSASafetyRequirements
M " VerifiedBy
I[gi ;..5?'135 atestCasesBurnishTest Il\}
B ¥
\ | ~
% wrequirements
"-‘o:deri\.ﬂeﬁeqtn Burnish
5 id = "S7.1°
" text ="(a) IBT: =100 °C {212
5 "Fl. () Test speed: 80 km'h
wrequirements (49.7 mph). (c} Pedal force:
RoadTestSequence Adjust as necessary to
id =|*gg.1" maintain specified constEpt
text="" deceleration rate”
Figure 16.7 - Linkage of a Test Case to a requitement:
This figure shows the Requirement Diagram
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stm «testCase» BurnishTest )
T

Verifies
«requirement» Burnish

Accelerate

[Speed=80]

ISO/IEC 19514:2017(E)

[count < 200]

Initial

condition

[count=200]

Adjust brake

1B 1T=100 or
d >= 2 km]

Brake

Figure 16.8 - Linkage of a Test Case to a requirement:

This figure shows the Test Case as a State Diagram
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Profiles & Model Libraries

Overview

:2017(E)

The Profiles package contains mechanisms that allow metaclasses from existing metamodels to be extended to adapt them
for different purposes. This includes the ability to tailor the UML metamodel for different domains. The profiles

mechan

sm is consistent with the OMG Meta Obiject Facility (MOF). SysMI. has added some notational extens

ons to

represent stereotype properties in compartments as well as notes.

The ste

extendifg a metaclass, and then have them applied to the applicable model elements in the user modelxA stereo

require

Extensipns.” This would allow specific properties and constraints to be created for a functional gequirement. For
a functipnal requirement may be constrained such that it must be satisfied by an operation or behavior. When tl
stereotyjpe is applied to a requirement, then the requirement would include the notation «fdnctionalRequirement

additior
creating

The Us

In addifjion, the examples provide guidance on the use of model libraries. A fmodel library is a library of model

includin
to furth

eotype is the primary mechanism used to create profiles to extend the metamodel. Stereotypes ane-defin

ent could be extended to create a «functionalRequirement» as described in Annex E, “Ndn-normative

to the name of the particular functional requirement. Extending the metaclasssequirement is different
a subclass of requirement called functionalRequirement.

ge Examples sub clause provides guidance both on how to use existing profiles and how to create new

g class and other type definitions that are considered reusable for’a given domain. These guidelines can b
br customize SysML for domain specific applications such asiautomotive, military, or space systems.

ed by
type of a

example,
e

b 1n
from

profiles.
clements
e applied
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17.2 Diagram Elements

17.2.1 Profile Definition in Package Diagram

Table 17.1 - Graphical nodes used in profile definition

Node Name Concrete Syntax Abstract Syntax Reference
Sereqgtype OMTASysMtT-Stereotype
«stereotype»
StereotypeName
M etadass UML4SysML«.Class
«metaclass»
MetaClassName
Profile UMLA4SysML::Profile
«profile»
ProfileName
Model Library UML::SandardProfile
«modelLibrary»
LibraryName
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Table 17.2 - Graphical paths used in profile definition

ISO/IEC 19514:2017(E)

Path Name Concrete Syntax Abstract Syntax Reference
Extension UML4SysML::Extension
«metaclass»
MetaClassName
T{required}
«stereotype»
StereotypeName
Generfalization UML4SysML::Generalization
«stereotype»
StereotypeName
«stereotype»
StereotypeName
ProfileApplication UML4SysML::ProfileApplication
«apply»{strict
«apply»{strict}
M etaodel Reference UML4SysML ::Packagel mport;
UML4SysML::Elementlmport
 «eference»
Unidifectional UML4SysML::Association
Assoctatton
propertyName

NOTE: In the above table, boolean properties can be displayed alternatively as BooleanPropertyName=[True|False].
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17.2.1.1 Extension

In Figure 17.1, a simple stereotype Clock is defined to be applicable at will (dynamically) to instances of the metaclass
Class and describes a clock software component for an embedded software system. It has description of the operating
system version supported, an indication of whether it is compliant to the POSIX operating system standard and a
reference to the operation that starts the clock.

«metaclass»

Class

«stereotype»
Clock

Figure 17.1 - Defining a stereotype

17.2.2

OSVersion:String
startOperation:Operation
POSIXCompliant:Boolean

Stereotypes Used On Diagrams

Table 1.3 - Notations for Stereotype Use

SeregtypeNote

«stereotypeName»
PropertyName=ValueString

BooleanPropertyName

MultiPropertyName=ValueString, \alueString

Element

Name PathName

Element
Name

UML4SysML::Element

SeregtypeNote

«stereotypeName»
PropertyName=ValueString

BooleanPropertyName

MultiRrepertyName=ValueString, ValueString

Element
Name

UML4SysML::Element
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Table 17.4 - Notations for Stereotype Use (continued)

Node Name Concrete Syntax Abstract Syntax Reference
Sereotypel nNode UML4SysML::Element
«stereotypeName»
{PropertyName=ValueString:
BooleanPropertyName}
NodeName
Seregtypel nCompartment UML4SysN. - Element
Elemant
NodeName
«stereotypeNamex»{PropertyName=ValueString}ElementName
«stereotypeName»{PropertyName=ValueString;
BooleanPropertyName}
ElementName
SereqgtypeOnEdge UML4SysML::Element
Element
Name
«stereotypeName»
{PropertyName=ValueString;
BooleanPropertyNamg}PathName
Element
Name
Seredgtype UML4SysML::Element
Compartment «stereotypeName»
NodeName
«stereotypeName»
PropertyName=ValueString
MultiPropertyName=ValueString,
ValueString
BooleanPropertyName
17.2.2.1 StereotypelnNode
Figure 17.2 shows how the stereotype Clock, as defined in Figure 17.1, is applied to a class called AlarmClock

{POSIXCompliant}
AlarmClock

Start()

Figure 17.2 - Using a stereotype
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17.2.2.2 StereotypelnComment

When two stereotypes, Clock and Creator, are applied to the same model element, as is shown in Figure 17.3, the attribute
values of each of the applied stereotypes can be shown in a comment symbol attached to the model element.

«clock»
«clock,creator» OSVersion=25 AN
StopWatch . | startOperation=Click
i name="Jones"
Click ) date="04-04-04"

Figure 17.3 - Using stereotypes and showing values

17.2.2.8 StereotypelnCompartment

Finally, the compartment form is shown.

AlarmClock

Start(

«clock»
OSV¢rsion="3.4"
start@peration=Start
POSIXCompliant=True

Figure 17.4 - Other notational forms for showing values

In this ¢ase, AlarmClock is valid for OS version 3.4, is POSIX-compliant and has a starting operation called Sthrt. Note
that mulftiple stereotypes can be shown using multiple compartments.

17.3 | UML Extensions

None.

17.4 | Usage Examples

17.4.1 Defining a Profile
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pachags SE Tookat [Figure 17 5 Dehintinn of a ;::«::v;_“]
PrimitiveTypes
T
Iﬂémpuﬂn
|
wimpeorts sprafien
umML — — — — | StandardProfile
3 - L2
, -, Himparts wimports
5 = :
o,
. - i
\ wprofiles e wappiyn
\ SysML PrimitiveValueTypes
* T
A"
wimports s ajimports N,
hY
™
, wprofilen
_—— SE Toolkit

Figure 17.5 - Definition of a profile

In this ¢xample, the modeler has created a new profile called SE Toolkit, which imports the SysML profile, so t
build upon the stereotypes it contains. The set of metaclasses available to users of the SysML profile is identifi
referende to a metamodel, in this case a subset of UML speeific to SysML. The SE Toolkit can extend those md

from UML that the SysML profile references.

17.4.

N

Adding Stereotypes to a Profile

pkg 9 ETooIk'rt/

«metaclass» «metaclass» «stereotype»
NamedElement DirectedRelationship Block

? ? isEncapsulated: Boolean

«stereotype» ‘

Configurationltem «stereotype»
alther : String System

«stereotype»
Context

version: String
lastChanged : Date

«stereotype»
Requirement

«stereotype»
Functional
Requirement

function

hat it can
ed by a
taclasses

«metaclass»
Behavior

Figure 17.6 - Profile Contents
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In SE Toolkit, both the mechanisms for adding new stereotypes are used. The first, exemplified by configurationltem, is
called an extension, shown by a line with a filled triangle; this relates a stereotype to a reference (called base) class or
classes, in this case NamedElement and DirectedRelationship from UML and adds new properties that every
NamedElement or DirectedRelationship stereotyped by configurationltem must have. NamedElement and
DirectedRelationship are abstract classes in UML so it is their subclasses that can have the stereotype applied. The second
mechanism is demonstrated by the system and context stereotypes which are sub-stereotypes of an existing SysML
stereotype, Block; sub-stereotypes inherit any properties of their super-stereotype and also extend the same base class or
classes. Note that TypedElements whose type is extended by «system» do not display the «system» stereotype; this also
applies fo InstanceSpecifications. Any notational conventions of this have to be explicitly specified in a diagrarh
extensiqn.

There i also an example of how stereotypes (in this case FunctionalRequirement) can have unidirectipnial’assocfations to
metaclapses in the reference metamodel (in this case Behavior).

17.4.3 Defining a Model Library that Uses a Profile

pkg [profile] SETooIkit)

«modelLibrary»
Sl Definitions

A

«modelLibrary» «import»
Sl Value Types

|
|
|
|
|
I
1
|

«modelLibrary»
«valueType» .
Real Physical

«block»
PhysicalObject

density: SIDensity

«import» volume: SIVolume
< supplier: String
SIVolume SIDensity SiLength modelNumber: String
serialNumber: String
«valueType» «valugType» «valueType» lotNumber: String
unit= CubicMeter unit = KilogramPerCubicMeter unit = Meter

Figure 17.7 - Two mogdel libraries

The mofel library»SI Value Types imports a model library called SI Definitions, so it can use model elements fijom them
in its own definition. It defines value types having specific units which can be used when property values are mepsured in
SI units] ShDefinitions is a separately published model library, containing definitions of standard SI units and quantity
kinds such as shown in Annex D, sub clause D.4. A further model library, Physical, imports SI value lypes so it can
define properties that have those types. One model element, PhysicalObject, is shown, a block that can be used as a
supertype for a physical object.
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17.4.4 Guidance on Whether to Use a Stereotype or Class

This sub clause provides guidance on when to use stereotypes. Stereotypes can be applied to any model element.
Stereotyping a model element allows the model element to be identified with the «guillemet» notation. In addition, the

stereotyped model element can have stereotype properties, and the stereotype can specify constraints on the mo
element.

del

The modeler must decide when to create a stereotype of a class versus when to specialize (subclass) the class. One reason

istobe o-lden he 2 A hthe Q eme pnotation p_add on he ereo pe_prope e are-d c

propertifes of classes. Stereotype properties represent properties of the class that are not instantiated and therefo
have a yinique value for each instance of the class, although a class thus stereotyped can have a separate §alue
property.

SE Toolkit::functionalRequirement, which extends Class through its superstereotype, Requirement{s an exampl
stereotylpe is appropriate because every modeling element stereotyped by SE Toolkit::functionalRequirement ha
referende to another modeling element. In another example, SE Toolkit::configurationltem defined above, whic
to classps among other concepts, is a stereotype because its properties characterize the auther, version, and last
date of the modeling element themselves. One test of this is whether the new properties are inheritable; in this
author, fersion, and last-changed date are not, because it is only those classes undérconfiguration control that 1
properties. To summarize, in the following circumstances a stereotype is approptiate:

here the model concept to be extended is not a class or class-basedx
here the extensions include properties that reference other model elements.
here the extensions include properties that describe modeling data, not system data.

An example where a class is more appropriate is PhysicalObject from Figure 17.7. In this case, the properties de
volume] and the component numbers, have distinct values-for each system element described by the class, and
inheritefl by every subclass of PhysicalObject.

17.4.9 Using a Profile

pkg MpdelingDomain [Establishing HSUV Model])

nt from
re do not
for the

b where a
S a

h applies
changed
Case
need the

nsity and
hre

|
«profile»
SysML V
/s «apply» {strict}
\\‘ «apply» N .
{strict}
I ]
RITodettibrarys HRpett
Sl Definitions HSUVModel

Figure 17.8 - A model with applied profile and imported model library
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The HSUVModel is a systems engineering model that needs to use stereotypes from SysML. It therefore needs to have
the SysML profile applied to it. In order to use the predefined SI units, it also needs to import the SI Definitions model
library. Having done this, elements in HSUVModel can be extended by SysML stereotypes and types like SIVolume can
be used to type properties. Both the SI Definitions model library and HSUVModel have applied the profile strictly, which
means that only those metaclasses directly referenced by SysML can be used in those models.

17.4.6 Using a Stereotype

req HSUVRequirementy

«functionalRequirement»
«configurationltem»

StoppingDistance

texi

id=
fun

«functionalRequirement»
="The car shall stop within

10Q feet from 20 mph"

102.1"
Ftion=StopCar

«configurationltem»
author="Jones"
version="1.2"
date="04-04-04"

Figure
Stoppin

The mo
compar

17.4.7

bdd

Physicy

«block»
PhysicalObject

dg
VO

sg
lo

nsity: SIDensity
lume: SIVolume
pplier: String
deIlNumber: String
rialNumber: Striag
Number: Stting

«block»

7.9 - Using two stereotypes on a model element
pDistance has two stereotypes applied:
functionalRequirement, which identifies it as a requirement/that is satisfied by a function, and

Configurationltem, which allows it to have configuration management properties.

Using a Model Library Element

deler has provided values for all the newly available properties; those for criticalRequirement are shown in a
ment in the node symbol for StoppingDistance; those for configurationltem are shown in a separate notg.

Shot

circ

umference: SlLength

Figure 17.10 - Using model library elements
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Model library elements can be used just like any other model element of the same type. In this case, Shot is a
specialization of PhysicalObject from the Physical model library. It adds a new property, circumference, of type SILength
to measure the circumference of the (spherical) shot.
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Annex A: Diagrams

(informative)

Overview

SysML [diagrams contain diagram elements (mostly nodes connected by paths) that represent model elementsyif]
SysML [model, such as activities, blocks, and associations. The diagram elements are referred to as the concCretd

The Syj
diagrani

into a cptegory called Specification Diagrams.

SysML [reuses many of the major diagram types of UML. In some cases, the UML diagranis are strictly reused

use casg

consistgnt with SysML extensions. For example, the block definition diagram and internal block diagram are si
the UML class diagram and composite structure diagram respectively, but includes¢xtensions as described in Cl

“Blocks
allocati

SysML

overvief diagram, timing diagram, deployment diagram, and profile dtagram. This is consistent with the appro

SysML

represefited in the SysML internal block diagram. In the case ofnteraction overview and communication diagrar

felt that
that the

these dipgram types. In the case of the profile diagram, profile definitions can be captured on a package diagran
paramefric diagram.

ML diagram taxonomy is shown in Figure A.1. This taxonomy is one example of how to organiz¢ the
s. Other categories could also be defined, such as a grouping of the use case diagram and the'requiremen

, sequence, state machine, and package diagrams, whereas in other cases they ar¢‘modified so that they]

.’ Activity diagrams have also been modified via the activity extensions: Tabular representations, such
n table, are used in SysML but are not considered part of the diagrdm taxonomy.

does not use all of the UML diagram types such as the object didgram, communication diagram, interad
represents a subset of UML. In the case of deployment diagrams, the deployment of software to hardwa

the SysML internal block diagram. In the case of interaction overview and communication diagrams, it
SysML behavior diagrams provided adequate coverage for representing behavior without the need to in

:2017(E)

the
syntax.

BysML
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such as
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SysML Diagram

. 1
'
Behavior 1 Requirement Structure
Diagram : Diagram Diagram
)
Agtivity Sequence State Machine Use Case Block Definition Internal Block .
A A : I . X Package Diagram
Diggram Diagram Diagram Diagram Diagram Diagram
|:| Same as UML 2 ' )
] Parametric
N Diagram
[ Modified from UML 2 N
[, ]
:___] New diagram type
Figure A.1 - SysML Diagram Taxonomy

The req|
based rq

The par
blocks.
perform

Althoug
careful

element
diagram

pirement diagram is a new SysML diagram type. A requirement/diagram provides a modeling construct

for text-

quirements, and the relationship between requirements and other model elements that satisfy or verify them.

hmetric diagram is a new SysML diagram type that describes the constraints among the properties associ
This diagram is used to integrate behavior and structuréunodels with engineering analysis models such
ance, reliability, and mass property models.

h the taxonomy provides a logical organization for the various major kinds of diagrams, it does not pre

mixing of different kinds of diagram types, 4s-one might do when one combines structural and behaviosal

5 (e.g., showing a state machine nested inside a compartment of a block). However, it is critical that thg
elements that can appear on a parti¢ular diagram kind be constrained and well-specified. The diagram

tables il each clause describe what symbols can appear in the diagram, but do not specify the different combin

symbols

The pag
a broad
package
provide
particul
block d
other m|
“Profilg
how the

that can be used.

kage diagram and the callout/notation are two mechanisms that SysML provides for adding flexibility to
range of diagram elements on diagrams. The package diagram can be used quite flexibly to organize the
s and views. As such, @’package diagram can include a wide array of packageable elements. The callout
b a mechanism ferrepresenting relationships between model elements that appear on different diagram |
hr, they are us€d-to represent allocations and requirements, such as the allocation of an activity to a blo
pfinition diagram, or showing a part that satisfies a particular requirement on an internal block diagram. ]
cchanisms, for representing this including the compartment notation that is generally described in Clausq
s & Model Libraries,” Clause 16, “Requirements,” and Clause 15, “Allocations” provide specific guida
se_notations are used.

hted with
ns

Clude the

types of
clements
itions of

represent
model in
notation
kinds. In
k on a
[here are
17,
ice on

The model elements and corresponding concrete syntax that are represented in each of the nine SysML diagram kinds are
described in the SysML clauses as indicated below.

.

190

activity diagram - Activities (Clause 11)

block definition diagram - Blocks (Clause 8), Ports and Flows (Clause 9)

© ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514

internal block diagram - Blocks (Clause 8), Ports and Flows (Clause 9)
package diagram - Model Elements (Clause 7)

parametric diagram - Constraint Blocks (Clause 10)

requirement diagram - Requirements (Clause 16)

state machine diagram - State Machines (Clause 13)

Each Sy

Head er Reference;
,/ _~7" | (User defined fields)

sequence diagram - Interactions (Clause 12)

use case diagram - Use Cases (Clause 14)

sML diagram has a frame, with a contents area, a heading, and a Diagram Description (seepFigure A.2).

Diagram Description

Version:
Description:
Completion status:

-

«diagramUsage»
diggramKind [modelElementType] modelElementName [diagramName]

Figure A.2 - Diagram Frame

The frame is a rectangle that is required for SysML diagrams (Note: the frame is optional in UML). The frame

designa

for the nodel element within the frame shall be provided if it is not contained within default namespace associ
the franje. The following are some of the desighated model elements associated with the different diagram kind

Contents

e a model element that is the default namespace for the model elements enclosed in the frame. A qualif]

activity diagram - activity

block definition diagram - block, package, or constraint block
internal block diagram < block or constraint block

package diagram {package or model

parametric diagram - block or constraint block

requirement diagram - package or requirement

sequence diagram - interaction

:2017(E)

shall

ied name
hited with
S.

1 1 P
SLALC TITACIITIC dIdgldlll = SdlC HIdCIITIC

use case diagram - package

The frame may include border elements associated with the designated model element, like

ports for blocks,
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«  entry/exit points on statemachines,

«  gates on interactions,

«  parameters for activities, and

»  constraint parameters for constraint blocks.

The frame may sometimes be defined by the border of the diagram area provided by a tool.

The diagram contents area contains the graphical symbols. The diagram type and usage defines the type of ptinhary
graphicgl symbols that are supported, e.g., a block definition diagram is a diagram where the primary symbols |n the
contentg area are blocks and association symbols along with their adornments.

The heading name is a string contained in a name tag (rectangle with cutoff corner) in the upper leftmost cornef of the
rectangle, with the following syntax:

<diagramKind> [modelElementType] <modelElementName> [diagramName]

A spacd separates each of these entries. The diagramKind is bolded. The modelEleméntType and diagramName| are in
bracket§. The heading name should always contain the diagram kind and model element name, and include the model
element] type and additional information to remove ambiguity. Ambiguity can occur if there is more than one mlodel
element type for a given diagram kind, or where there is more than one diagtam for the same model element. If a model
element] type has a stereotype applied to the base model element, such as*modelLibrary” applied to a package or
“contro]Operator” applied to an activity, then either the stereotype name*or the base model element may be usefl as the
name fdr the model element type. In either case, the initial character-0f the name is shown in lower case. For a sfereotype
name, guillemet characters (« and ») are not shown. If more thancene stereotype has been applied to the base miodel
element, either the name of one of the applied stereotypes or a‘comma-separated list of any or all of the applied sfereotype
names 1hay be shown. If a base model element name is used;‘this element is either a UML metaclass which Sy§ML uses
directly] such as package or activity, or a stereotype which-SysML defines on a UML metaclass, such as block pr view.

SysML |diagram kinds should have the following names or (abbreviations) as part of the heading:

+ | activity diagram (act)

+ | block definition diagram (bdd)
| internal block diagram (ibd)

+ | package diagram (pkg)

+ | parametric diagram (pat)

+ | requirement diagrain' (req)

+ | sequence diagram (sd)

+ | state machine diagram (stm)

» | usecase'diagram (uc)

The diagram description can be defined by a comment attached to a diagram frame as indicated in Figure A.2 that
includes version, description, references to related information, a completeness field that describes the extent to which the
modeler asserts the diagram is complete, and other user defined fields. In addition, the diagram description may identify
the view associated with the diagram, and the corresponding viewpoint that identifies the stakeholders and their concerns
(refer to Model Elements clause). The diagram description can be made more explicit by the tool implementation.
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SysML also introduces the concept of a diagram usage. This represents a unique usage of a particular diagram type, such
as a context diagram as a usage of a block definition diagram, internal block diagram, or use case diagram. The diagram
usage can be identified in the header above the diagramKind as «diagramUsage». An example of a diagram usage
extension is shown in Figure A.3. For this example, the header in Figure A.2 would replace diagram kind with “uc” and
«diagramUsage» with «ContextDiagram». Applying a stereotype approach to specify a diagram usage can allow a tool
implementation to check that the diagram constraints defined by the stereotype are satisfied.

Diagram usage can be represented by creating stereotypes that extend SysMLDiagram (see Annex B).

«stereotype»
SysMLUseCaseDiagram

1

«stereotype»
Context Diagram

Figure .3 - Diagram Usages
Some typical diagram usages may include:
+ | Activity diagram usage with swim lanes - SwimLane Diagram,

| Block definition diagram usage for a block hierarchy - Block Hierarchy where block can be replaced by sysfem, item,
activity, etc.

+ | Use case diagram or internal block diagram to represent a Context Diagram.

A.2 | Guidelines

The following provides some general guidelin¢s'that apply to all diagram types.

« | Decomposition of a model elemehnt can be represented by the rake symbol. This does not always mean decoposition
in a formal sense, but rather ateference to a more elaborated diagram of the model element that includes the rake
symbol. This notation adds to the existing decomposition notations defined in UML (Composite state symbol for
States that refer to StatéMachines and rake symbol for CallBehaviorActions that refer to Activities). In SysML, the
rake on a model elemient may also include the following:

» activity diagrdam ="call behavior actions that can refer to another activity diagram.
« internal block diagram - parts that can refer to another internal block diagram.
* package.diagram - package that can refer to another package diagrams.

* parametric diagram - constraint property that can refer to another parametric diagram

requirement diagram - requirement that can refer to another requirement diagram

* sequence diagram - interaction fragments that can refer to another sequence diagram.
* state machine diagram - state that can refer to another state machine diagram.

* use case diagram - use case can that may be realized by other behavior diagrams (activity, state, interactions).
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Figure

194

The primary mechanism for linking a text label outside of a symbol to the symbol is through proximity of the label to

its symbol. This applies to ports, item flows, pins, etc.

Page connectors (on-page connectors and off-page connectors) can be used to reduce the clutter on diagrams, but
should be used sparingly since they are equivalent to go-to(s) in programming languages, and can lead to “spaghetti
diagrams.” Whenever practical, elaborate the model element designated by the frame instead of using a page
connector. A page connector is depicted as a circle with a label inside (often a letter). The circle is shown at both ends

of a line break and means that the two line end connect at the circle.

When two lines cross, the crossing optionally may be shown with a small semicircular jog to indicate thatith|
not intersect (as in electrical circuit diagrams), as shown in Figure A.4.

\.4 - Optional Form of Line Crossing

geographic map to provide a spatial context for the symbols.

SysML provides the capability to represent a document using the UML/2 standard stereotype «documenty
the artifact model element. Properties of the artifact can capture information about the document. Use a «tr:
abstraction to relate the document to model elements. The document can represent text that is contained in t
model elements.

SysML diagrams including the enhancements describedinthis sub clause are intended to conform to diagr
definition and interchange standards to facilitate exchange of diagram and layout information.

Tabular and matrix representation is an optional-alternative notation that can be used in conjunction with thj

representations are often used in systems eagineering to represent detailed information and other views of

such as interface definitions, requirements-traceability, and allocation relationships between various types d
elements. They also can be convenient-mechanisms to represent property values for selected properties, an
relationships such as function an@inputs/outputs in N2 charts. UML contains a tabular representation of a §
diagram in an interaction matfix (refer to UML Annex with interaction matrix). The implementations of ta
matrix representations are defined by the tool implementations and are not standardized in SysML at this ti
However, tabular or mafrix representations may be included in a frame with the heading designator «table»
«matrix» in bold.

Graph and tree fepresentations are also optional, alternative notations that can be used in conjunction with

symbols as long as the information is consistent with the underlying metamodel. These representations can
for describing complex series of relationships that represent other views of the model. One example is the t
window-in many tools that depicts a hierarchical view of the model. The implementations of graphs and trd
defined by the tool implementations and are not standardized in SysML at this time. However, graph and tr
fepresentations may be included in a frame with the heading designator «graph» or «tree» in bold.

graphical symbols as long as the information.is consistent with the underlying metamodel. Tabular and marx

e lines do

Diagram overlays are diagram elements that may be used on any diagram kind.-An example of an overlay ay be a

pplied to
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Annex B: SysML Diagram Interchange

B.1 Overview

(informative)

This anpex provides information regarding the exchange of SysML diagrams. It is an extension of the UML Dipgram
Interchgnge (DI) to support the graphical notation specific to SysML. A first part presents stereotypes that ‘extend the

UML DJI. A second part presents modifications in the use of UML DI in SysML diagrams.

M3
Abstract syntax Diagram syntax
DI I
M2 S UML UML DI:C
SysML £ \\S\ySML DI
’ B
M1 - Model Diagram

”””” » Ihstantiates D DD Spec  DD: Diagram Definition
——>/ Specializes | = UML Spec DI: Diagram Interchange
-~ ™ References D SysML Spec

— P Extends

Figure B.1 - SysML DI architecture
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B.2 Stereotypes

«metaclass»
UMLDiagramElement

A

«stereotype»
SvyeMl DiaaramElamant
J J
isDecom positionSymbolShown: Boolean = false
Figure B.2 - Abstract Syntax Extension for SysMLDiagramElement
«stereotype»
SysMLDiagramElement
isDecompositionSymbolShown: Boolean = false
«stereotype»
; taclass»
SysMLDiagram p ME
UMLCDiagram
defaultNamespace : Namespace
isLineJogShown : Boolean = false
«stereotype» . «metaclass»
SysMLDiagramWithAsso ciations UMLDiagramWithAsso ciations
«stereotypey «metaclass»
SysMLStructureDiagram UML StructureDiagram
«stereotype» «Stereotype» «stereotype»
SysMLRequirementDiagram SysMLBlockDefinition Diagram SysMLPackageDiagram
«metaelass» «stereotype» «metaclass»
UMLClassDiagram SysMLInternalBlockDiagram UMLPackageDiagram
v I
«metaclass» «stereotype»
UMLCompositeStructureDiagram SysMLParametricDiagram
isConstraintPropertyRounded: Boolean = false

Figure B.3 - Abstract syntax extensions for SysML diagrams (1)

196 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

«stereotype»
SysMLDiagram

i

«metaclass» «stereotype» «stereotype»
UMLBehaviorDiagram SysMLB ehaviorDiagram SysMLDiagramWithAssociations
4 VAN
[ I ]
\ \ \
«stereotype» «stereotype» «stereotype»
SysMLActivity Diagram SysML StateMachineDiagram SysMLUseCaseDiagram
isContrplFlowDashed: Boolean = false * *
«metaclass» «metaclass»
«stereotype» UML StateMachineDiagram UMLUSeCaseDiagram
SysMLInteractionDiagram
«mletaclass»
UMLAGtivity Diagram *

«metaclass»
UMLInteractionDiagram

Figure B.4 - Abstract syntax extensions for SysML diagrams (2)

B.2.1| SysMLActivityDiagram

Descrigtion

A SysMLActivityDiagram represents an activity diagram. It.extends UMLActivityDiagram.

Attribufes

» isCpntrolFlowDashed : Boolean [1] = false
Specifies whether the control flows in the.activity diagram are dashed (isControlFlowDashed=true) or not
(isControlFlowDashed=false).

Constraints
[11 A SysMLActivityDiagram shall have as a defaultNamespace an Activity.

[2] SygMLActivityDiagram shall.only be applied to a UMLActivityDiagram.The principal of an applied AdjunctPrdoperty
shall be a Connector, CallAction, ObjectNode, Variable, Parameter, submachine State, or InteractionUse.

B.2.2| SysMLBeélraviorDiagram

Descrigtion

SysMLBehaviorDiagram is an abstract stereotype for all SysML behavior diagrams. It extends UMLBehaviorDjagram.

Constraints
[1] SysMLBehaviorDiagram shall only be applied to a UMLBehaviorDiagram.

[2] SysMLActivityDiagram shall only be applied to a UMLActivityDiagram.The principal of an applied AdjunctProperty
shall be a Connector, CallAction, ObjectNode, Variable, Parameter, submachine State, or InteractionUse.
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B.2.3 SysMLBIlockDefinitionDiagram

Description

A SysMLBIlockDefinitionDiagram represents a block definition diagram. It extends UMLPackageDiagram.

Constraints
[1] A SysMLBlockDefinitionDiagram shall have as a defaultNamespace a Class with a Block stereotype or one of its

aalizatioac ol d e o Dool o
Speetattzattons-appreaor-aracKage:

[2] SysMLBlockDefinitionDiagram shall only be applied to a UMLClassDiagram.

B.2.4| SysMLDiagram

Descrigtion

SysMLDiagram is an abstract stereotype for all SysML diagrams. It extends UMLDiagram.

Attributes

»  defpultNamespace : Namespace [1]
Specifies the default namespace of the SysML diagram.

» isLineJogShown : Boolean [1] = false

Show semi-circular jogs in the stereotyped diagram when two lines are crossing (see Annex A).

Constraints
[1] A UMLDiagram stereotyped by a specialization of SysMLDiagram shall have isFrame=true.

[2] A UMLDiagram stereotyped by a specialization of SysMEDiagram shall have a heading.

[3] A SysMLDiagram that stereotypes a UMLDiagram with a modelElement shall have this modelElement as
defaultNamespace.

[4] SysMLDiagram shall only be applied to a UMDLDiagram.

B.2.5| SysMLDiagramElement

Descrigtion

SysMLDiagramElement is an-abstract generalization of all the other SysML DI stereotypes.

Attributes

* isDpcompositionSymbolShown : Boolean [1]
Display adgcomposition symbol in a diagram element to indicate the corresponding model element is decothposed in
anothefdiagram. Diagram elements that may have a decomposition symbol are listed in Annex A.

B.2.6 | SysMLDiagramWithAssociations

Description

SysMLDiagramWithAssociations is an abstract stereotype for all SysML diagrams with associations. It extends
UMLDiagramWithAssociations.
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Constraints
[1] A UMLDiagramWithAssociations stereotyped by a specialization of SysMLDiagramWithAssociations shall have
isAssociationDotShown=false.

[2] A UMLDiagramWithAssociations stereotyped by a specialization of SysMLDiagramWithAssociations shall have
navigabilityNotation=oneWay.

[3] A UMLDiagramWithAssociations stereotyped by a specialization of SysMLDiagramWithAssociations shall have
nonNavigabilityNotation=never.

[4] SygMLDiagramWithAssociations shall only be applied to a UMLDiagramWithAssociations.

B.2.7| SysMLInteractionDiagram

Descrigdtion

A SysMLInteractionDiagram represents an interaction diagram. It extends UMLInteractionDiagram.

Constraints
[1T A SysMLInteractionDiagram shall have as a defaultNamespace an Interaction.

[2] A UMLInteractionDiagram stereotyped by SysMLInteractionDiagram shall have kind=sequence.
[3] SygMLlInteractionDiagram shall only be applied to a UMLInteractionDiagram.

B.2.8| SysMLInternalBlockDiagram

Descrigtion

A SysMLInternalBlockDiagram represents an internal blockidiagram. It extends UMLCompositeStructureDiagrhm.

Constraints

[1] A SysMLInternalBlockDiagram shall have as aidefaultNamespace a Class with a Block stereotype or one of its
spefializations applied.

[2] SygMLInternalBlockDiagram shall only be“applied to a UMLCompositeStructureDiagram.

B.2.9| SysMLPackageDiagram

Descrigtion

A SysMLPackageDiagran-represents a package diagram. It extends UMLPackageDiagram.

Constraints
[11 A YysMLPackageDiagram shall have as a defaultNamespace a Package.

[2] SygMLPagkageDiagram shall only be applied to a UMLPackageDiagram.

B.2.10 SysMLParametricDiagram

Description

A SysMLParametricDiagram represents a parametric diagram. It is a specialization of
SysMLInternalBlockDiagram.
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Attributes

»  isConstraintPropertyRounded: Boolean = false
Specifies whether the constraint properties in the parametric diagram have rounded corners
(isConstraintPropertyRounded=true) or not (isConstraintPropertyRounded=false).

Constraints

[1] A SysMLParametricDiagram shall have as a defaultNamespace a Class with a Block stereotype or one of its
specializations applied.

[2] SysMLParametricDiagram shall only be applied to a UMLCompositeStructureDiagram.

B.2.11 SysMLRequirementDiagram

Descrigtion

A SysMLRequirementDiagram represents a requirement diagram. It is based on the UML class diagram.

Constraints

[1] A SysMLRequirementDiagram shall have as a defaultNamespace a Package or a\Class with a Requirement sterfotype or
ong|of its specializations applied.

[2] SysMLRequirementDiagram shall only be applied to a UMLClassDiagranis

B.2.12 SysML StateMachineDiagram

Descrigtion

A SysMLStateMachineDiagram represents a state machine.diagram. It extends UMLStateMachineDiagram.

Constraints
[1] A SysMLStateMachineDiagram shall have as aidefaultNamespace a StateMachine.

[2] SysMLStateMachineDiagram shall only be applied to a UMLStateMachineDiagram.

B.2.13 SysMLUseCaseDiagram

Descrigtion

A SysMLUseCaseDiagram réptesents a use case diagram. It extends UMLUseCaseDiagram.

Constraints
[1] A SysMLUseCaseDiagram shall have as a defaultNamespace a Package.

[2] SysMLUse€aséDiagram shall only be applied to a UMLUseCaseDiagram.

B.3 LSysMI DIl usage notes

This clause provides additional notes on how the SysML notation is modeled.

A UMLEdge with a Connector as modelElement may be the source or the target of a UMLEdge with no modelElement.
The target or the source of the latter UMLEdge is a UMLShape with a Property stereotyped by ConnectorProperty or one
of its specializations as modelElement. This UMLEdge is rendered as a dotted line.
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Property names with property-specific types (in square brackets) are modeled with UMLTypedElementLabels.

UMLCompartmentableShapes that have a modelElement stereotyped by Allocated or one of its specializations may have
a compartment titled “allocatedFrom” and a compartment titled “allocatedTo.” These compartments contain UMLLabels
with modelElements that are the values of the allocatedFrom and allocatedTo properties, respectively, of the Allocated
stereotype.

A UMLShape with a modelElement stereotyped by Allocated or one of its specializations may be the source or the target
of a UMLEdge with no modelElements. The target or the source of this UMI.Edge is a UMI.Shape with no
modelElement. This UMLShape may contain UMLLabels with text “allocatedFrom” and “allocatedTo,” each\b¢ing
followefl by UMLLabels with modelElements that are the values of the allocatedFrom properties of the Aloeated
stereotylpe or the values of the allocatedTo properties, respectively, of the Allocated stereotype.

SysML [callout notation (MasterCallout, DeriveCallout, SatisfyCallout, VerifyCallout, RefineCallout; TraceCalloyt) can be
modeledl by a UMLShape with no modelElement. This UMLShape contains a UMLLabel with.text specified byf the
callout potation, followed by a UMLLabel with modelElement that is the element with text shown by the callouf notation.

B.4 | SysML Notation and DI Representation

This sub clause summarizes Annex B by showing how SysML-specific notations'shall be modeled using UML fand
SysML [UML DI. It does not cover all of Annex B or all notations in previou§.Clauses. The left column shows an example
of SysML notation. The middle column shows UML DI and SysML DLelements corresponding to the notation| These
elements are presented in a containment hierarchy. Elements with the same container are ordered according to thg notation
shown in the left column, read from left to right, top to bottom. For'each element, the type of diagram element|is given,
followefl by the type of modelElement and sometimes other consftaints that apply to the diagram element, put between
parenthgses. The type of modelElement is followed by a '+' whien multiple modelElements of this type can be asgigned to
one diagram element. A '+' sign between a metaclass and a-Stereotype corresponds to an element that instantiat¢s the
metaclags and that has the stereotype applied. The right ‘¢olumn references “Notation” clauses and figures wherg the
notatior] is defined.

Table B.1 - SysML Diagram Elements

Notatipn Diagram Elements Ref|

UMLEdge (ControlFlow, isControlFlowDashed=false) 11.3.1.3.1
UMLEdge+SysMLControlFlowEdge (ControlFlow,
isControlFlowDashed=true)

UMLClassifierShape (Property+ConstraintProperty, 10.31.2.1

isConstraintPropertyRounded =false)

- UMLLabel (Stereotype)

- UMI TypedFElementl.abel (Property)
UMLClassifierShape (Property+ConstraintProperty,
isConstraintPropertyRounded=true)

- UMLLabel (Stereotype)

- UMLTypedElementLabel (Property)

«cgnstraint»
anstraintl

«constraint»
Constraintl
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Table B.1 - SysML Diagram Elements

Notation

Diagram Elements

Ref.

Block1

UMLClassifierShape (Class+Block)
- UMLNameLabel (Class)

- UMLShape+SysMLPort (Port, in flows, islcon=true)
- UMLShape+SysMLPort (Port, out flows, islcon=true)
- UMLShape+SysMLPort (Port, inout flows, islcon=true)

9.3.1.6

pl.pl pl
plp
plpp

=

Block1

UMLClassifierShape (Class+Block)
- UMLNameLabel (Class)
- UMLShape (Port)
- UMLNameLabel (Port)
- UMLShape (Port)
- UMLNameLabel (Port)
- UMLShape (Port)
- UMLNameLabel (Poxf)
- UMLShape (Port)
- UMLNameLabel, (Port)

9.3.1.6

Block1

Connector1:Typed

Property1:Type1

Properta Ty

Property2. Type2

UMLClassifierShape (Class)
- UMLNaimeLabel (Class)

- UMLCompartment

--- UMLShape (Property)

----- UMLTypedElementLabel (Property)

:-- UMLEdge (Connector)

————— UMLTypedElementLabel (Property)

--- UMLShape (Property)

————— UMLTypedElementLabel (Property)

--- UMLEdge
--- UMLShape (Property)
————— UMLTypedElementLabel

8.3.2.3
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Notation

Diagram Elements

Ref.

Block1

allocatedFrom
Element1

UMLClassifierShape (Class)
- UMLNameLabel (Class)

- UMLCompartment

--- UMLLabel

--- UMLLabel (Element)

= UMT.Compartment

15.3.13

Ijlm:atet:iTo
Element2

--- UMLLabel
--- UMLLabel (Element)

allocatedFrom
Element1
allocatedTo
Element2

UMLClassifierShape (Class)
- UMLNameLabel (Class)
UMLEdge

UMLShape

- UMLLabel

- UMLLabel (Element)

- UMLLabel

- UMLLabel (Element)

15.3.1.4

. Elempnt1

Callout name

1 Element2 —

UMLShape (Element)

- UMLNameLabel{Element)
UMLEdge

UMLShape

- UMLLabel

- UMDLabel (Element)

16.3.1.3
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Annex C: Deprecated Elements
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UML 2

rt and Flow Specification are deprecated in this version of SysML and are defined for backward compj
hex contains the definition of these concepts as they are defined by SysML 1.2. In addition it provides §
es on how to convert FlowPort to ports in this version of SysML. This annex includes guidelinies”on ho
Views, Viewpoints, Units, and QuantityKinds in this version of SysML, but these elements 'in"earlier vd
are not deprecated, they are changed in this version.

Flow Ports

port specifies the input and output items that may flow between a block angd-its/environment. Flow port
on points through which data, material, or energy can enter or leave the owning block. The specificatiof
v is achieved by typing the flow port with a specification of things thatlow. This can include typing a
rt with a single type representing the items that flow in or out, or typing a nonatomic flow port with a f
ption which lists multiple items that flow. A block representing @i ‘aitomatic transmission in a car could
Flow port that specifies “Torque” as an input and another atomige, flow port that specifies “Torque” as an
mplex flow port could specify a set of signals and/or propettics that flow in and out of the flow port. In
rts are intended to be used for asynchronous, broadcast,-0t’send-and-forget interactions. Flow ports extd
ports.
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C.2 Diagram Elements

C.2.1 Block Definition Diagram

Table C.1 - Graphical nodes defined in block definition diagrams

Abstract Syntax Reference

Node Name Concrete Syntax
FlowRort SysvtPorts& Frows - FrowRPor t
p: ITransmission
élj Transmission |
Flow Port
p: ~ITransmission
Transmission
Conjugated Flow Port
netw orkType: ElectricNetw orkType
ac: ACVoltage dc: DCVoltage
Transformer
Atomic Flow Ports
FlowHort SysML::Ports& Flows::FlowPort
(Compartment —
| Transmission
Notation)
flow ports

p: [Transmission

Flow Port

Transmission

flew ports
p: ~ITrahsmission

Conjugated Flow Port

Transmission

flow ports
in ac: ACVoltage
out dc: DCVoltage
inout netw orkType: ElectricNetw orkType

Atomic Flow Ports

FlowSpecification

«flow Specification»

SysML::Ports& Flows::
FlowSpecification

NATT T

flowProperties
in gearSelect: Gear
in engineTorque: Torque
out w heelsTorque: Torque
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C.2.2 Internal Block Diagram

Table C.2 - Graphical nodes defined in internal block diagrams

ISO/IEC 19514:2017(E)

Node Name

Concrete Syntax

Abstract Syntax Reference

FlowPort

p: [Transmission
IJ_?I t: Transmission

SysML::Ports& Flows::FlowPort

Flow Port

p: ~ITransmission
Transmission

Conjugated Flow Port

netw orkType: ElectricNetw orkType

tr: Transformer

ac: ACVoItage# &3 #dc: DCVoltage

Atomic Flow Ports

IltemHow

eng: Engine

p:Torgue

Torque
p:Torque

=

trns A\ Transmission

ltemFlow

eng: Engine
1

p:Torque

torque:Torque
p:Torque

trns: Transmission

Item Flow with an ltem Property

SysML::Ports& Flows::ItemKlow
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C.3

C3.1

C3.11

UML Extensions

Diagram Extensions

FlowPort

A FlowPorts is an interaction point through which input and/or output of items such as data, material, or energy may flow.
The notation of flow port is a square on the boundary of the owning block or its usage. The label of the flow port is in the

format portName: portType. Atomic flow ports have an arrow inside them indicating the direction of the port with respect

to the opning Block. A nonatomic flow port has two open arrow heads facing away from each other (i.e.,.<>)
color off the square is white and the line and text colors are black.

In additjon, flow ports can be listed in a special compartment labeled “flow ports.” The format of.each line is:

in | out | inout portName:portType [{conjugated}]

C.3.1.24FlowSpecification
A FlowPpecification specifies inputs and outputs as a set of flow properties. It hasa *“flowProperties” compartr]
lists thel flow properties.
C.3.2| Stereotypes
C.3.2.1 Package Ports&Flows

«metaclass» «metaclass»

UML4SysML::Port UML4SysML::Interfacé
«stereotype» «stereotype»
FlowPort FlowSpécification

directiq

f/isAtonpic: Boolean

n: FlowDirection

Figure

C.3.2.2

Descrip

A Flow
This en
through

C.1 - Deprecated Stereotypes

FlowPort
tion
Port is andfitéraction point through which input and/or output of items such as data, material, or energy 1

hbles the-owning block to declare which items it may exchange with its environment and the interaction
which(the exchange is made.

The fill

hent that

hay flow.
points

We dist

reh-hat £ +atl 4 = | £ rafl 4 A4 +afl e 1 14 ot 1
TS OTST OCTW CCTatoOTHTC IO VW pOT T anta noTIatOTCTTO VW POTT 7 rtOTHTICTTTIO W PDOTTSTOTA Y TCCTIS—orat aro-oras

sified by

a single Block, ValueType, or Signal classifier. A nonatomic flow port relays items of several types as specified by a
FlowSpecification.

The distinction between atomic and nonatomic flow ports is made according to the flow port’s type: If a flow port is typed
by a flow specification, then it is nonatomic; if a flow port is typed by a Block, ValueType, or Signal classifier, then it is

atomic.
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Flow ports and associated flow specifications define “what can flow” between the block and its environment, whereas
item flows specify “what does flow” in a specific usage context.

Flow ports relay items to their owning block or to a connector that connects them with their owner’s internal parts

(internal connector).

The isBehavior attribute inherited from UML port is interpreted in the following way: if isBehavior is set to true, then the
items are relayed to/from the owning block. More specifically, every flow property within the flow port is bound to a
7 owned by the port’s owning block or to a parameter of its behavior, If isBehavior is set to false, then the flow

property

port shd
mainly

The isC
items o
propert)
directio
opposit
default,
attributg

In case
Recepti
of the f]
port’s o

The iter

end of the connector: the source of the item flow should be the port that has an outbound/bidirectional flow proj

matches
property

If a floy
all conn

C.3.2.3

The bin|
point. (

betweelthe ports properties and behavior parameters or block properties.

Attribu
e /isA

o dirg

11 be connected to an internal connector, which in turn related the items via the port. The need for isBehavior is

fo allow specification of internal parts relaying items to their containing part via flow ports.

onjugated attribute inherited from the UML Port metaclass is interpreted as follows: It indicates-if the flows of
a nonatomic flow port maintain the directions specified in the flow specification or if the direction of eyery flow

i specified in the flow specification is reversed (IN becomes OUT and vice versa). If setto True, then all the

hs of the flow properties specified by the flow specification that types a nonatomic flow port are relayeql in the
b direction (i.e., an “in” flow property is treated as an “out” flow property by theflow port and vice-verga). By
the value is False. This attribute applies only to nonatomic flow ports since atomic flow ports have a d|rection

signifying the direction of the flow.

of flow properties or atomic flow ports of type Signal, inbound propertics or atomic flow port are mapyed to a
bn of the signal type (or a subtype) of the flow property’s type. Outbound flow properties only declare the ability
ow port to relay the signal over external connectors attached todp and are not mapped to a property of the flow

wning block.

h flows specified as flowing on a connector between flow ports shall match the flow properties of the por}s at each

perty that

the item flow’s type and the target of the item flowishould be the port that has an inbound/bidirectiongl flow

that matches the type of the item flow.

v port is connected to multiple external and/ot-internal connectors, then the items are propagated (broaddast) over

ectors that have matching properties at th¢ other end.

Semantic Variation Points

ding of the flow properties o the ports to behavior parameters and/or block properties is a semantic vafiation
ne approach is to perform(name and type matching. Another approach is to explicitly use binding relationships

S

Ltomic : Boolean.(derived)

This is a detived attribute (derived from the flow port’s type). For a flow port typed by a flow specification|the

value of\this attribute is False, otherwise the value is True.

ctiofi ;(FlowDirection

Indicates the direction in which an atomic flow port relays its items. If the direction is set to “in,” then the items

arc relayed ITom an external connector via the 1low port into the 10w port s owner (or one ol 1ts parts). 1T the
direction is set to “out,” then the items are relayed from the flow port’s owner, via the flow port, through an

external connector attached to the flow port. If the direction is set to “inout,” then items can flow both ways. By

default, the value is inout.
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Constraints

[1] A FlowPort shall be typed by a FlowSpecification, Block, Signal, or ValueType.

[2] Ifthe FlowPort is atomic (by its type), then isAtomic=True, the direction shall be specified (has a value), and
isConjugated is not specified (has no value).

[3] Ifthe FlowPort is nonatomic, and the FlowSpecification typing the port has flow properties with direction “in,” the
FlowPort direction shall be “in” (or “out” if isConjugated=true). If the flow properties are all out, the FlowPort direction
shall be out (or in if isConjugated=true). If flow properties are both in and out, the direction shall be inout.

[4] A FlowPort can be connected (via connectors) to one or more flow ports that have matching flow properties. The
of flow properties shall be done in the following steps:

1.
2.

Type Matching: The type being sent shall be the same type or a subtype of the type being receivéd.

of the flow ports, then the direction shall be the same or at least one of the ends shall be-inout.

(ill-formed).

[5] If alflow port is not connected to an internal part, then isBehavior shall be-sét to true.

C.3.2.4FlowSpecification

Description

A Flow
specify

what items can flow via the port.

Constrgints

[1] Flo

v specifications shall not own operations orireceptions (they can only own FlowProperties).

[2] Evdry “ownedAttribute” of a FlowSpecification shall be a FlowProperty.

C.3.2.5ItemFlow (deprecated compatibility rule)

ItemFlo

Wws are not deprecated, but when used with atomic flows ports, have a deprecated modification of item flow

compatibility rules that treats typesyof source and target atomic ports as if they were types of flow properties on type

ports.

C4

Transitioning SysML 1.2 Flow Ports to SysML 1.3 Ports
(inforxmative)

To convert/a, SysML 1.2 flow port to ports in this version of SysML it is recommended to use the following gu

L.
2.
3.

210

matching

Direction Matching: If the connector connects two parts that are external to one another, thefithe direction of the flow
properties shall be opposite, or at least one of the ends should be inout. If the connector is internal to the owmer of one

Name Matching: In case there is type and direction match to several flow properfics‘at the other end, the property that
has the same name at the other end shall be selected. If there is no such property, then the connection is ampiguous

Specification specifies inputs and outputs as a set of flow properties. A flow specification is used by flow ports to

5 of those

delines:

DCLidC lf L‘llC POIl thuiL‘l bC COIIVCI LCd L0 d PIOAy pPOUIL, d fuﬁ POIL, O dll UllblClCUlyPCd POIL.
Based on the decision in step 1, create a block (for proxy ports, it shall be an interface block specifically).

If the original flow port is non-atomic:
a. Copy all the flow properties owned by the flow port’s type, a flow specification, to the block created in s
(meaning the flow properties will be owned by the newly created block).

tep 2
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b. Replace the type of the port with the block created in step 2.

c. Remove the flow port stereotype from the port.

d. Based on the decision in step 1, apply the ProxyPort or FullPort stereotype, or do nothing if the decision
use either one.

e. If the proxy stereotype is applied in step 3d, and there is a single connector from the port to a part, the
BindingConnector may be applied to the connector.

f. If the flow specification is not referenced by other model elements, delete it.

1f the original flow: pr\rf 1s-atomic:
<}

1S not to

C.5

Refacto
mechan|

C.6

Changij
of elem|

a. On the block created in step 2, specify a flow property typed by the same type as the flow port and with
same direction as the original flow port.
b. Do steps b to d from step 3 about non-atomic flow ports.

Transitioning SysML 1.3 Viewpoint and View to SysML“1:4
(informative)

ring a view model build from the SysML 1.3 defined viewpoint, view, confogms, and the UML packagg
ism could be performed as follows:

Conform

* Replace v1.3 Conform with v1.4 Conform. The conform target irt.1)3 becomes the general classifier in 1
View

* Replace 1.3 View package with 1.4 View class
Viewpoint

* For each Stakeholder string, create a stakeholdet&with the string as the name

* Update the stakeholder property on the new(viewpoint with the created stakeholder

* For each method string of the 1.3 viewpoint, create the operation «create» View() and append the string tq
of a comment that annotates the operation.

Element and package import

* Replace each package and'elément import with an expose relationship.

Transitioning>SysML 1.3 Units and QuantityKinds to SysML 1.4
(informative)

12 units and.quantity kinds from SysML 1.3 to SysML 1.4 can be accomplished as follows, depending on
ent being'changed:

An TnstanceSpecification stereotyped by SysML 1.3 Unit:

he

import

the body

the kind

~Umapply the SysMt13Umitstereotype:

* Classify the instance specification by SysML::Libraries::UnitAndQuantityKind::Unit.

* Set the values of SysML 1.4 Unit properties (symbol, description, definitionURI) to the values of the Unit

stereotype properties of the same name (symbol, description, definitionURI).

An InstanceSpecification stereotyped by SysML 1.3 QuantityKind:
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* Unapply the SysML 1.3 QuantityKind stereotype.
* Classifying the instance specification by SysML::Libraries::UnitAndQuantityKind::QuantityKind.

* Set the values of SysML 1.4 QuantityKind properties (symbol, description, definitionURI) to the values of the

QuantityKind stereotype properties of the same name (symbol, description, definitionURI).

An InstanceSpecification classified by SysML 1.3 QUDV::Unit or one of its specializations:

» If the instance specification has no value for the SysML 1.3 QUDV::Unit::name property, no further changes are

1
IICCUCU.

« If the instance specification has a value for the SysML 1.3 QUDV::Unit::name property and the instance
specification has no name, then set its name to the value of the SysML 1.3 QUDV::Unit::name property

« If the instance specification has a value for the SysML 1.3 QUDV::Unit::name property andithe instance
specification has a name, then choose whether to keep the same name for the instance speeifi¢ation or use
of the SysML 1.3 QUDV::Unit::name property.

An InstanceSpecification classified SysML 1.3 QUDV::QuantityKind or one of its specializations:

the value

» If the instance specification has no value for the SysML 1.3 property QUDV:{QuantityKind::name, then fo further

changes are needed.

« If the instance specification has a value for the SysML 1.3 property QUDV::QuantityKind::name and thg
specification has no name, then set the name of the instance specification to the value of the SysML 1.3
QUDV::QuantityKind::name property.

« If the instance specification has a value for the SysML 1.3, property QUDV::QuantityKind::name and thq
specification has a name, then choose whether to keep the same name for the instance specification or use
of the SysML 1.3 QUDV::QuantityKind::name propgrty.

instance

instance
the value

An InstanceSpecification classified by SysML 1.3 QUDV::Scale. Each SysML 1.3 QUDV::ScaleValueDefjinition

becomes an EnumerationLiteral such that:

* The numeric value of SysML 1.3 QUDV::SealeValueDefinition::value becomes a specification of the
corresponding EnumerationLiteral.

* The string value of SysML 1.3 QUDV::ScaleValueDefinition::description becomes a comment on the
corresponding EnumerationLiteral.

Blocks defined as specializations of SysML 1.3 QUDV::Unit do not require changes in SysML 1.4.

Blocks defined as specializations of SysML 1.3 QUDV::QuantityKind do not require changes in SysML 1.
for the following:

* Blocks definéd specializations of QUDV::SpecializedQuantityKind in SysML 1.3 become correspondin,
defined as specializations of QUDV::QuantityKind in SysML 1.4.

» Usages.of SysML 1.3 QUDV::SpecializedQuantityKind::general property become corresponding usages
QUDV::QuantityKind::general in SysML 1.4.

 except

b Blocks

of
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Annex D: Sample Problem

(informative)

Purpose

The pu
some of

D.2

The sco
simplifi]
possiblg
all of th
languag]
intende
specific

D.3

The samiple problem describes the use of SysML as it applies, to-the development of an automobile, in particular

gas/eled

requiretnents, viz. desire for fuel efficiency, but also desire for large cargo carrying capacity and off-road capab

Technic
focuses
analyse

This an
first sul
boundai
top levd
of SysM
illustrat
of vario
clause.
context

pose of this annex is to illustrate how SysML can support the specification, analysis, and design of a;syst
the basic features of the language.

Scope

pe of this example is to provide at least one diagram for each SysML diagram type( The intent is to sel
cd fragments of the problem to illustrate how the diagrams can be applied, and td«demonstrate some of
inter-relationships among the model elements in the different diagrams. TheSample problem does not
e features of the language. The reader should refer to the individual clause$-for more detailed features

. The diagrams selected for representing a particular aspect of the model, and the ordering of the diag
| to be representative of applying a typical systems engineering procéss, but this will vary depending of]
process and methodology that is used.

Problem Summary

tric powered Sport Utility Vehicle (SUV). This problém is interesting in that it has inherently conflictin

al accuracy and the feasibility of the actual solution proposed were not high priorities. This sample prol
on design decisions surrounding the powet.subsystem of the hybrid SUV; the requirements, performang
, structure, and behavior.

hex is structured to show each diagram in the context of how it might be used on such an example prob

clause shows SysML diagrams<as they might be used to establish the system context; establishing syst|
ies, and top level use cases” The next sub clause is provided to show how SysML diagrams can be used t
| system behavior, using sequence diagrams and state machine diagrams. The following sub clause focus
[L diagrams for capturing and deriving requirements, using diagrams and tables. A sub clause is provid
e how SysML is used to depict system structure, including block hierarchy and part relationships. The rel
us system paramieters, performance constraints, analyses, and timing diagrams are illustrated in the nexf

The finaksub clause focuses on detailed behavior modeling, functional and flow allocation.

:2017(E)

em using

bct

the
highlight
f the
ams are
the

a Hybrid
2
ility.
lem
e

lem. The
em

b analyze
es on use
ed to
ationship
sub

A sub clauseyisithen dedicated to illustrating definition and depiction of interfaces and flows in a structyral
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D.4 Diagrams

D.4.1 Package Overview (Structure of the Sample Model)

D.4.1.1 Package Diagram - Applying the SysML Profile

As shown in Figure D.1, the HSUVModel is a package that represents the user model. The SysML Profile shall be applied
to this package in order to include stereotypes from the profile. The HSUVModel may also require model libraries, such
as the JI Units Types model library. The model libraries shall be imported into the user model as indicated.

pkg MddelingDomain [Establishing HSUV Modely

\
«profile»
SysML AN
A\\ \\\\«apply» {strict}
\ «apply» \\\
\{strict} B
B E—
m ILibrar «import»
«modelLibrary» e 2 HSUVModel
S| Definitions

Figure D.1 - Establishing the User Model by Importing and
Applying SysML Profile & Model Library (Package Diagram)

Figure .2 details the specification of units and valueTypes employed in this sample problem.

214 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

pkg ModelingDomain [Values and Unitsy

vaiueType»

«valueType»

«valueType»

«modelLibrary»

Sl Definitions
«modelLibrary» «import» /?:\
Automotive Value Types 'i

«valueType»
Real
‘ ‘ Automotive Units
Horsepwr Accel Weight

«unit»

«unit»

«unit»

unif = hp unit=g unit = Ib {quantityKind=Acceleration} {quantityKind=Velocity} {quantityKind=Power}
] mph hp
Time Vel Dist «unit» «unity «unit»
{quantityKind=Temperature} {quantityKind=Distance} {quantityKind=Time}
valueType» «valueType» «valueType» °F ft sec
unif = sec unit = mph unit = ft
«unit» «uRity «unit»
{quantityKind=Pressure} {quantityKind=Volume} {quantityKind=Mass}
psi ftr3 Ib
Temp Press Vol
«valueType» «valueType» «valueType»
un = °F unit = psi unit = ftA3

Figure D.2 - Defining valueTypes and units to be Used in the*Sample Problem

D.4.1.2

The pad
are con
The rel3
express
changeq

Package Diagram - Showing Package Structure of the Model

kage diagram (Figure D.3) shows the structure of the model used to evaluate the sample problem. Model
ained in packages, and relationships between packages (or specific model elements) are shown on this
tionship between the views (OperatiprialView and PerformanceView) and the rest of the user model are
pd using the «import» relationship. Note that the «view» models contain no model elements of their own
to the model in other packages are automatically updated in the Operational and Performance Views.

clements
liagram.

pxplicitly
and that
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pkg HSUV Model )
HSUV Use
. HSUV
HSUV Behavior HSUV Structure ; Cases
Requirements
&
«requirement»
Deliver Power «block» Performance HSUV.Analysi
Behavior Automotive Domain HSUV Interfaces
N - "HSuUV HSUV Viewpoint .
HPUV Views Viewpoints Methods Automotive
ValueTypes
. «viewpoint» «activity»
«View» . .
X . Operational Requirements
Operational View . g
Viewpoint Query
. «viewpoint»
wiew» Performance
Performance View . ]
Viewpoint

Figure ID.3 - Establishing Structure of the User Model using Packages and Views (Package Diagram)

D.4.2| Setting the Context (Boundaries and Use Cases)

D.4.2.1 Internal Block Diagram - Setting-Context

The terpn “context diagram,” in Figure<b\4, refers to a user-defined usage of an internal block diagram, which depicts
some of the top-level entities in the-oyerall enterprise and their relationships. The diagram usage enables the mpdeler or
methodglogist to specify a unique usage of a SysML diagram type using the extension mechanism described in Annex A,
s.” The entities are coneeptual in nature during the initial phase of development, but will be refined a$ part of
the devglopment process. Fhe.&system» and «external» stereotypes are user defined, not specified in SysML, buf help the
modelef to identify the §ystem of interest relative to its environment. Each model element depicted may includg a
graphicgl icon to help‘¢onvey its intended meaning. The spatial relationship of the entities on the diagram somgtimes
conveyq understanding as well, although this is not specifically captured in the semantics. Also, a background quch as a
map can be included to provide additional context. The associations among the classes may represent abstract cgnceptual
relationphips_among the entities, which would be refined in subsequent diagrams. Note how the relationships in| this
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«ContextDiag

ram»
ibd [block] AutomotiveDomain

«system»
HSUV:
HybridSUV

Maintainer:

«external»

Driver:
X2:

Passenger

7

x3:

x4:

arivingLonartuons. Enviromnimerit

«external»
weather:Weather

«external»
vehicleCargo:
Baggage

versi
desc]
refer

exte

pbn="0.1"

hal interfaces.”

«diagramDescription»

iption="Initial concept to identify top level domain entities"
ence="0Ops Concept Description”
completeness="partial. Does not include gas pump and other

«externaly
object:ExternalObject

1.

«external»
road:Road

1.*

&

Figure

D.4.2.2

The use
(Hybrid
case.

Use Case Diagram - Top Level Use Cases

D.4 - Establishing the Context of the Hybrid SUV Systemsing a User-Defined Context Diagram.
(Internal Block Diagram) Completeness of Diagram Noted in Diagram Description

case diagram for “Drive Vehicle” in Figure D5 depicts the drive vehicle usage of the vehicle system. Th
SUV) and the actors (Driver, Registered Owner, Maintainer, Insurance Company, DMV) interact to realiZ
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uc HSUVUseCases [TopLeveIUseCasesy

HybridSUV
%\m
VETIICTE
Driver
Insure the
- —] vehicle
InsuranceCompany
Registered

Qwner
Register the —
vehicle
Department
Maintain the
vehicle

Of Motor
Vehicles
hintainer

<

Figure D.5 - Establishing Top Level Use Cases for the Hybrid SUV (Use Case Diagram)

D.4.2.3 Use Case Diagram - Operational Use Cases

Goal-leyel Use Cases associated with “Operate the Vehicle” are depicted in the following diagram. These use cpses help
flesh oyt the specific kind(of,'goals associated with driving and parking the vehicle. Maintenance, registration, gnd
insurange of the vehicle\would be covered under a separate set of goal-oriented use cases.
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uc HSUVUseCases [Operational Use Casesy

HybridSUV

Start the vehicle
-

Qriver

Figure .6 - Establishing Operational Use Cases’for “Drive the Vehicle” (Use Case Diagram)

D.4.3| Elaborating Behavior(Sequence and State Machine Diagrams)

D.4.3.1] Sequence Diagram - Drive Black Box

Figure P.7 shows the interactiens between driver and vehicle that are necessary for the “Drive the Vehicle” Us¢ Case.
This diggram represents thie-"DriveBlackBox” interaction, with is owned by the AutomotiveDomain block. “BlgckBox”
for the purpose of this example, refers to how the subject system (HybridSUV block) interacts only with outside ¢glements,
without|revealing any, interior detail.

The cor]ditions<fox'€ach alternative in the alt controlSpeed sub clause are expressed in OCL, and relate to the stafes of the
Hybrid$UVeblock, as shown in Figure D.8.
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sd DriveBlackBox )

| driver:Driver vehiclelnContext:HybridSUWV

ref StartVehicleBlackBox

par )

alt controlS eecy

[self.oclinStite(idle))

ref Idie

[self.oclinState{acedlerating/cruising))

re

N

Accelerate/Cruise

[self.oclinState(praking)]

ref Brake
ref / Steer

ref Park/ShutdownVehicle

Figure D.7 - Elaborating Black Box Behavior for the “Drive the Vehicle” Use Case (Sequence Diagram)

D.4.3.2 State Machine Diagram-"HSUV Operational States

Figure ID.8 depicts the operational states of the HSUV block, via a State Machine named “HSUVOperationalStatgs.” Note
that thid state machine was-developed in conjunction with the DriveBlackBox interaction in Figure D.7. Also nfte that
this state machine refines the requirement “PowerSourceManagment,” which will be elaborated in the requirempnts sub
clause gf this sample-problem. This diagram expresses only the nominal states. Exception states, like “acceleratofFailure,”
are not pxpressedon this diagram.
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stm HSUVOperationaIStates)

Refines
«requirement»
PowerSource

\

orf keyOff>@ Management
start shutOff
Nominal
//
Operate \
accelerate stopped
releaseBrake
Accellerating/ Braking

Cruising

Figure

D.4.3.3
Figure ]

the lifelines within the context of the HybridSUWblock.

D.8 - Finite State Machine Associated with “Drive the Mehicle” (State Machine Diagram)

Sequence Diagram - Start Vehicle Black BaX'& White Box
D.9 shows a “black box” interaction, but references “StartVehicleWhiteBox” (Figure D.10), which will dd

sd St

art\.-’ehicleBlacchx)

driver:Driver

turnlgnitionFoStart

1: StartVehicle

vehiclelnContext:Hybrid SUW
ref StartVehicleWhiteBox

Figure D.9 - Black Box Interaction for “ StartVehicle,” referencing White Box Interaction (Sequence Diagram)
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The lifelines on Figure D.10 (“whitebox” sequence diagram) need to come from the Power System decomposition. This
now begins to consider parts contained in the HybridSUV block.

sd StartVehicleWhiteBox )

ecu:PowerContrallUnit

1: StartVehicle

.

epc:ElectricalPowerController

1.1: Enable

T
|
|
|
|
|
|
|
|

1.2:ready

Figure .10 - White Box Interaction for “ StartVehicle” (Sequence Diagram)

D.4.4| Establishing Requirements (Reguirements Diagrams and Tables)

D.4.4.1] Requirement Diagram - HSUV Reguirement Hierarchy

The veljicle system specification containg many text based requirements. A few requirements are highlighted in| Figure

D.11, irfcluding the requirement for the'vehicle to pass emissions standards, which is expanded for illustration purposes.
The cortainment (cross hair) relationship, for purposes of this example, refers to the practice of decomposing alcomplex
requiretpent into simpler, singlerequirements.

222
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req [package] HSUVRequirements [HSUV Specificationy

HSUVSpecification

D

S O 9 9P

«requirement»

«reqiirements «requirement» «requirement» «requirement» Capacit
Eco-Ffiendliness Performance Ergonomics Qualification paclty

o & - ef 5 R

—

«requirement» «requirement» «requirement» «requirement» «requirement» «requitepient» «requirementp
Braking FuelEconomy OffRoadCapability Acceleration SafetyTest CargoCapacity PassengerCapdcity
«requirement» «requirement»
Emissions FuelCapacity

id =“R1§2.1"
text = “Thhe vehicle shall meet Ultra-Low
Emissiops Vehicle standards.”

Figure .11 - Establishing HSUV Requirements Hierarchy (containment) - (Requirements Diagram)

D.4.4.2 Requirement Diagram - Derived Requirements

Figure D.12 shows a set of requirements derived from the Towest tier requirements in the HSUV specification. Derived
requirenents, for the purpose of this example, express)the concepts of requirements in the HSUVSpecification |n a
manner [that specifically relates them to the HSUV,_system. Various other model elements may be necessary to lielp
develop| a derived requirement, and these model.element may be related by a «refinedBy» relationship. Note hqw
PowerSpurceManagement is “RefinedBy” the-HSUV OperationalStates model (Figure D.8). Note also that rationdle can be
attached to the «deriveReqt» relationshipy In this case, rationale is provided by a referenced document “Hybrid [Design
Guidange.”
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UVOperationalStates

Figure

D.4.4.3

Figure 1

\

\
\
\
\

Power needed for acceleration, oﬁ-roaP
performance & cargo capacity conflicts

with fuel economy
\

\

«requirement»
PowerSourceManagement

(Requirements Diagram)

req [package] HSUVRequirements [Requirement Derivationy
«requirement» «requirement» «requirement» «requirement» «requirement» «requirement»
Braking FuelEconomy FuelCapacity OffRoadCapability Acceleration CargoCapacity
'\ AN N B 7
" T \ \\ N deriveReqt \\ \ //
«dpriveReqt»  «deriveReqt» | \ «deriveReqt» « enve\ eqt» ~ \ P
\ 7 N AN \ ./
‘\ \\ \\\ \\ \ «deriveReqt» «deriveReqt» «deriveReqt»
\ N \ s
\\ \ \\ \\\ \ ///
\ N «requirement» " «‘ -
«requirement» \ AN Range N \ .
RegenerativeBraking \ N N L
\ \
«deriveReqt» N
‘\ «problem»
\
\
Ré¢finedBy \
UVStructure::HSUV.

s

/

«requirement
Power

«rationale»

Power delivery shall happen by coordin.

control of gas and electric motors. See
“Hybrid Design Guidance”

hted

“refine’
case. Tl
Acceler]

relation, introduced in Figure D.12, shows-how the Acceleration requirement is refined by a similarly n.
htion requirement.

le Power requirement is satisfied by the;.PowerSubsystem, and a Max Acceleration test case verifies the

Requirement Diagram - Acceleration Requirement Relationships

D.12 - Establishing Derived Requirements and Rationalefrom Lowest Tier of Requirements Hierarchy

D.13 focuses on the Acceleration requirement,.and relates it to other requirements and model elements.

The

hmed use
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req [package] HSUVRequirements [Acceleration Requirement Refinement and Verification])

«requirement»
Acceleration

BUVUseCases:
:Accelerate

T

«testCase»
Max Acceleration

«requirement»
Power

7]
4
s

«satisfy»
7

/
/

«block»
PowerSubsystem

Figure D.13 - Acceleration Requirement Relationships (Requirethents Diagram)

D.4.4.4 Table - Requirements Table

Figure D.14 contains two diagrams that show requirement containment (decomposition), and requirements deriyation in
tabular form. This is a more compact representation‘than the requirements diagrams shown previously.
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table [requirement] Performance [Decomposition of Performance Requirement])

id [name text
The Hybrid SUV shall have the braking, acceleration, and off-
road capability of a typical SUV, but have dramatically better

2|Performance fuel economy.
The Rybrid SUV shall have the braking capability of a typical
2|1|Braking SUV.
The Hybrid SUV shall have dramatically better fuel economy
2|2|FuelEconomy than a typical SUV.

The Hybrid SUV shall have the off-road capability of a

2[3| OffRoadCapability |typical SUV.
The Hybrid SUV shall have the acceleration of a typical

2|4|Acceleration SUV.

tabl¢ [requirement] Performance [Tree of Performance Requirements])
id[ |name relation id |name relation id name
2.1 |Braking deriveReqt |d.1 |RegenerativeBraking
2.2 [FuelEconomy deriveReqt [d.1 |RegenerativeBraking
deriveReqt [d.2 |Range
4.2 |FuelCapacity deriveReqt |d.2 |Range
2.8 |OffRoadCapability deriveReqt [d.4 |Power deriveReqt |d.2 |PowerSourceManagement
2.4 |Acceleration deriveReqt [d.4 |Power deriveReqt |d.2 |PowerSourceManagement
4.1 |CargoCapacity deriveReqt |d.4 |Power deriveReqt |d.2 |PowerSourceManagement

Figure D.14 - Requirements Relationships Expressed in Tabular Format (Table)

D.4.5| Breaking Down the Pieces (Block Definition Diagrams, Internal Block
Diagrams)

D.4.5.1 Block Definitiop-Diagram - Automotive Domain

Figure D.15 provides définition for the concepts previously shown in the context diagram. Note that the interactions
DriveBlackBox andsStac4rtVehicleBlackBox (described in D.4.3, Elaborating Behavior (Sequence and State Mdchine
Diagrams)) are dépicted as owned by the AutomotiveDomain block.
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bdd [package] HSUV Structure [Automotive Domain Breakdowny

«domain»
AutomotiveDomain

DriveBlackBox

interactions

StartVehicleBlackBox

[

drivingConditiohs

HSUV vehicleCargo
«system» «external» «external»
HybridSUv Baggage Environment
Drivgr Maintainer Passenger 0
weather 1..* | object 1.% ropd
«external» «external» «externalp
Weather ExternalObject Road
Figure D.15 - Defining the Automotive Domain (compare with Figure'D.4 ) - (Block Definition Diagram)

D.4.5.2

Block Definition Diagram - Hybrid SUV

Figure P.17 defines components of the HybridSUV block. Note that the BrakePedal and WheelHubAssembly are used
by, but pot contained in, the PowerSubsystem block.
bdd [biock] AutomotiveDomain [Hybrd SUV Breakdnwny
usystemn
HybfidSDV
P bk b i ! 8
W W ' \
PowprSubsystem BfakeSdbsystem BodySubsystem InteriorSubsystem LightingSubsystem ChassisSubsytem
{
Al
\| B v \ 2] |4
[wrationales AN
Braweredar 7 wheel drive & the only way D get WitesTHUTASSEmbly
acoeptable fus economy, even though it
limis off-road capabilty
Figure D.16 - Defining Structure of the Hybrid SUV System (Block Definition Diagram)
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D.4.5.3 Internal Block Diagram - Hybrid SUV

Figure D.17 shows how the top level model elements in the above diagram are connected together in the HybridSUV

block.

ibd [block] Hybridsuy

b-RodySubsystem

i~ InteriorSubsystem

(2]

:phassisSubsytem

b-I:

c-bk:
br:BrakeSubsystem

bk-I:

p-bk:

fPowerSubsystem

o

I:LightingSubsystem

Figure D.17 - Internal Structure of Hybrid SUV (Internal Block Diagram)

D.4.5.4 Block Definition Diagram - Power Subsystem

Figure ID.18 defines the next level of decomposition, pamely the components of the PowerSubsystem block. Not¢ how the

use of white diamond (shared aggregation) on FrontWheel, BrakePedal, and others denotes the same “use-not-
composjtion” kind of relationship previously shéwn in Figure D.17.
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bdd [Package] HSUV Structure [Power Subsystem Breakdown] )

o PowerSubsystem| 0..1 WheelHubAssembly
) 0.1

bkp [1 bp pcu epc fw |1 rfw |1

BraKkePeaar Bateryrack Powercontrolonit ETectricalP owercontroner Frontwneel
ac| ft J/ icel emg dif
Accglerator FuelTankAssembly InternalCombustionE ngine ElectricMotorGenerator Differential
—YO.J
fp fi |4 trsm
Fuel FuelPump Fuellnjector Transmission

Figure ID.18 - Defining Structure of Power Subsystem (Block Definition Diagram)

D.4.5.§ Internal Block Diagram for the “Power Subsystem”
Figure D.19 shows how the parts of the PowerSubsystem block, as defined in the diagram above, are used. It shows
connectprs between parts, ports, and connectors with item flows. The dashed borders on FrontWheel and BrakgPedal
denote the “use-not-composition” relationship depicted elsewhete in Figure D.17 and Figure D.18. The dashed bprders on
Fuel depote a store, which keeps track of the amount and mass of fuel in the FuelTankAssy. This is also depictgd in
Figure D.18.
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ibd [block] PowerSubsystem [Alternative 1 - Combined Motor Generatoru
. bp-epc: | epc:ElectricalPower emg:ElectricMotor
bp:BatteryPack Controller Generator
ctrl i2:Electric i1:Electric
Current Current
|_IEPCData I_IEPCCPOW |\ . FTTTT=====-=
acl:accelerator |_TRSMCmd rfw:ChassisSubsytem -
c3: spline .FrontWheel T
] 3 z
3
4 |_TRSMData A S
9 |_EPCCmd | I_IEPCData o torquein g
q ’ g rightHalfShaft
o —_
|_TRSMData S =
epC  trsm| : y o
ecfi:PowerControlUnit o 3
. torqueOut s
ice
|_TRSMCmd
B ice:InternalCombustionEngine
i.' |_ICECmds | |_ICEData |_ICEData 7
e . ctrl
9 j_ ct: O/L] fi:Fuellnjector
bkp:BrakeSubsystem |_ICECmds 4 L
.BraljePedal fdist | N\ B
L 1 _ {0 Ifw:ChassisSubsytem L
Port:ICEFuelFitting FrontWheel r
ft:FuelTankAssy
Port:~FuelTankFitting fuelDelivery
fp:FuelPump — > ¢
fuelSupply:Fuel fuelReturn:Fuel
Figure ID.19 - Internal Structure of the Power Subsystem (laternal Block Diagram)

bdd [Hlock] PowerSubsystem [ICE Port Type Definitions] )

ICE

operations
setThrottle(throttlePdsition:Real):void
setMixture(mixturejReal):void

yalue'properties
rpm : Integer
Temperature : Real
isknecking : Boolean
teqd isControlOn : Boolean

Figure D.20 - Blocks Typing Ports in the Power Subsystem (Block Definition Diagram)

Figure D.20 provides definition of the block that types the ports linked by connector c1 in Figure D.19.
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D.4.6 Defining Ports and Flows

D.4.6.1 Block Definition Diagram - ICE Flow Properties

For purposes of example, the ports, flows, and related point-to-point connectors in Figure D.19 are being refined into a
common bus architecture. For this example, ports with flow properties have been used to model the bus architecture.
Figure D.21 is an incomplete first step in the refinement of this bus architecture, as it begins to specify the flow properties
for InternalCombustionEngine, the Transmission, and the ElectricalPowerController.

bdd CAN Bus Flow Properties /
FS_ICE «signal»
ICEData
flow properties
out engineData: ICEData rpm: Integer
in mixture: Real temperature: Real
in throttlePosition: Real isKnocking: Boolean

To be specified — What is

FS_TRSM being exchanged over the
_| bus to/from the
flow properties ——==""""| transmission.
FS_EPC To be specified — Whatds

being exchanged over the
Py : _ | bus to/from the elegtronic
low properties -
power controller;

Figure .21 - Initially Defining Port Types with Flow Properties for the CAN Bus (Block Definition Diagram)

D.4.6.9 Internal Block Diagranm™,€ANbus

Figure D.22 continues the refinement of this Controller Area Network (CAN) bus architecture using ports. The[explicit
structurpl allocation between\the original connectors of Figure D.19 and this new bus architecture is shown in Kigure

D.39.
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ibd [Block] PowerSubsystem [CAN Bus Description ] )
«block» «block» «block»
epc : ElectricalPowerController trsm : Transmission ice : InternalCombustionE ngine
H F {3}
fp : FS_EPC fp : FS_TRSM fp : FS_ICE
«block»
: CAN_Bus
eepc : ~IFS_EPC etrsm : ~IFS_TRSM eice : ~IFS_ICE
H ?

«block»

pcu : PowerControlUnit

Figure D.22 - Consolidating Connectors into the CAN Bus. (Internal Block Diagram)

D.4.6.3 Block Definition Diagram - Fuel Flow Properties

The pogts on the FuelTankAssembly and InternalCombustionEngine (as Shown in Figure D.19) are defined in Fligure
D.23.

bdd [blogck] HSUV [PowerSubsystem Fuel Flow Definitiony

Fuel

temperature:Temp

PowerSubsystem
pressure:Press

i
| ¢

FuelfankAssembly InternalCombustionEngine
ICEFuelFitting:FuelFiow
B! s
«flowPropertiesy £ " ©l «flowProperties»
in fuel$upply:Fuel FuelTankFitting:~Faelflow out fuelSupply:Fuel

out fugReturn:Fuel in fuelReturn:Fuel

«flowSpecification»
FuelFlow

«flowProperties»
out fuelSupply:Fuel
in fuelReturn:Fuel

Figure D.23'- Elaborating Definition of Fuel Flow. (Block Definition Diagram)

D.4.6.4 Parametric Diagram - Fuel Flow

Figure D.24 is a parametric diagram showing how fuel flowrate is related to FuelDemand and FuelPressure value
properties.
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par [BIock]PowerSubsystem)

ice.fi.FuelDemand:Real

ice[ft.FuelFlowRate:Real

injectorDemand:Real

L]
fuelflow:FuelFlow

flowrate:Real constraints
{flowrate=press/(4*injectorDemand)}

ice.fr.fuel.FuelPressure:;Real

press:Real

Figure D.24 - Defining Fuel Flow Constraints (Parametric Diagram)

D.4.6.5 Internal Block Diagram - Fuel Distribution

Figure D.25 shows how the connectors fuelDelivery and fdist on Figure D.19 have been expanded to include d¢sign
detail. The fuelDelivery connector is actually two connectors, onecarrying fuelSupply and the other carrying fuplReturn.
The fdigt connector inside the InternalCombustionEngine block\has been expanded into the fuel regulator and fliel rail
parts. These more detailed design elements are related to th& original connectors using the allocation relationship. The
Fuel stqre represents a quantity of fuel in the FuelTankAssy, which is drawn by the FuelPump for use in the engine, and
is refreghed, to some degree, by fuel returning to theKuelTankAssy via the FuelReturnLine.

© ISO/IEC 2017 - All rights reserved 233


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

ibd [block] PowerSubsystem [Fuel Distribution Detail]

/

ice:InternalCombustionEngine

Jj fil:Fuellnjector

allocatedFrom T
«connector»fdist:

allocatedFrom
«connector»fuelDelivery:
<
N

S~
N
~
SO~

fi2:Fuellnjector

fi3:Fuellnjector

i
T
-
1
-

fi4:Fuellnjector

fre:FuelRegulator

~

ft:FuelTankAssy \: ~o

pl: Fuel\ AN
‘\

<
fuelFitting:Fuel

~~_fuelSupplyLine:

Fuel fp:FuelPump %rj

I fuelSupply: FUEL fuelReturnLine:

‘ ‘ L‘JpZ.FueI

‘
fuelReturn:Fuel

Figure .25 - Detailed Internal Structure of Fuel Delivery Subsystem (Internal Block Diagram)

D.4.7| Analyze Performance (Constraint Diagrams, Timing Diagrams, Views)

D.4.7.1

Figure 1
the con

Block Definition Diagram_-JAnalysis Context

D.26 defines the variouymodel elements that will be used to conduct analysis in this example. It depicty each of
traint blocks/equations-that will be used for the analysis, and key relationships between them.
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bdd [package] HSUVAnalysis [Analysis Context] /

0.1 delta-t .
CapacityContext UnitCostContext EconomyContext ’——1> GlobalTime
ex
0.1 1
0.1
’ 0.1 ’ t /F !
ad 1 0.1 0.1 '
1 ad 1
. ad )
«domain» «testCase,Interaction»
HSUVStructure:: MaxAcceleration
AutomotiveDomain
\
«verify»
Cap rdrag fe dyn ; y
\j
«fonstraint» «constraint» «constraint» «constraint» «requirement»
r > . . FuelEfficency StraightLine i
CappcityEquation Ronéggell:trig:rt]lon Equation VehicleDymamics Acceleratiop
constraints
{pcap = Sum(Vi)}
pl w adrag rb
parameters
V1:vpl ) ) ) «constraint»
V2:vpl «constraint» «constraint» «constraint» RegenBrake
Vv3:vbl PayloadEquation TotalWeight AeroDragEquation EfficiencyEqation
Figure D.26 - Defining Analyses for Hybrid SUV Engineeting Development (Block Definition Diagram)

D.4.7.2

Figure ]
Perform

Package Diagram - Performance View Definition

D.27 shows the user-defined Performance Viewpoint, and the elements that populate the HSUV specific
anceView. The PerformanceView itselfimay contain a number of diagrams depicting the elements it contains.
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pkg [package] HSUVViews [Performance View]/

«view»
SUV Functional View

Hybrid SUV Model

«view»
Iviewpoint=Functional

Driver regtrement
Performance

«stakeholder»
Customer

«stakeholder»
condern="Will the system
perfgrm adequately?" id="2"
Text = "The Hybrid"SUV
shall have the braking,
«viewpoint» :V""llée Type» acceleration, and:off-road
Performance Viewpoint uel=conomy capability,of a‘typical SUV,
but haye\dramatically better

«viewpoint» ) «views» fuel économy.”
stakeholder=Customer Hybrid SUV Performance «Value Type»
pufpose="... ; uarterMileTime )
corjcern="Will the system perform Q\ «iew» — A «constraint»
adipuately?” «conforms Iviewpoint=Performance expose UnitCostEquation
i H « »
lanpuage="SysML" Viewpoint p
Imgthod=PerformanceQuery Istakeholder=Customer «Value WS
preentation="BDD High-lelvel A Zero60Time «constraint»
styfesheet in slide format” HSUV Functions:SUV CapacityEquation
K Functional View
«crpate»View()
«Value Type» wraint
; «constraint»
CargoCapacity EconomyEquation

«Value Type» «testCase»
CostEffectiveness EPAFuel
EconomyTest

Figure .27 - Establishing a Performance View of thezsUser Model (Package Diagram)

D.4.7.3 Package Diagram - Viewpoint Defifition

Figure D.28 shows the Requirements and YnV viewpoint definitions with relationships to stakeholders, concerrs and
views. The stakeholder and viewpoint share the same concern via comments that are shown textually as values |of the
concern| property. The comments could)be shown graphically with annotation relationships to stakeholders and
viewpolnts, if needed. Note that the value of the stakeholder property is an instance of the stereotype not the clpss to
which the stereotype is applied!
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pkg [package] HSUVViews [Viewpoints] )

«stakeholder»
Customer

«viewpoint»
Requirements

«view»
Hybrid SUV Requirements

«stakeholder»
/concern="What are the system
requirements?” "Will the system perform

«viewpoint»
stakeholder=Customer
nurnose="Describe the system

«view»
Iviewpoint=Requirements

adequately?”

requirements."”

/concern="What are the system
requirements?”
language="SysML"

/method= Requirements Query
presentation="Requirements table
report style-sheet in slide format”

Latalkakhokd "
4_// ROt HStORet

«conform»

«create»View()

«viewpoint»
vnVv

«view»
Hybrid SUV Verificatio
and Validation Plan

«viewpoint»
stakeholder=Customer
purpose="Describe the VnV "
/concern="Will the system perform
adequately?”
language="SysML"
/method=VnVQuery
presentation="VnV repoxt
stylesheet in slide format”

«view»
Iviewpoint=VnV

4_/ /stakeholder=Customer

«conform»

«create»View()

Figure ID.28 - Defining Requirements and VnV.viewpoints (Package Diagram)

D.4.7.4 Package Diagram - View Definition

Figure D.29 shows the Requirements-and VnV views and the model elements they expose. Note that the expos¢
relationphip relies on the viewpoint method to identify the entire set of elements that appear in the view.
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pkg [package] HSUV Views [HSUV Views] /

Hybrid SUV Model

«Vview»
Hybrid SUV Requirements

= Drive Car
«view» ===

Niewpoint=Requirements
/4takeholder=Customer

Driver
k<l «expose»
A} \\\\
N T «requirement»
\ Sl Performance
‘\\ T S d non
S~ id =
Y «expose» ~Si .
N P NN Text = "The Hybrid SUV
AN shall have the braking,
A .
\ acceleration, and off-road
\ capability of a typical SUV,
\ .
\ ;77| but have dramatically bettep
kY ,~* | fuel economy."
4
\
\\ I,,
Ay
\ ,’
«exphse» «testCase»
JaN = EPAFuel
0N e EconomyTest
. \ -
. «View» . Vid \ad
Hybrid SUV Verification o~ «eXposeN
i A g \
and Validation Plan ol - \
«VieW» ,’/ "’,r \‘
e «expose» . .
MNiewpoint=vnV L P ‘\\ Hybrid SUV Constraints
e
/4takeholder=Customer b N

«constraint»

«constraint»
UnitCostEquation

CapacityEquation

«constraint»
EconomyEquation

Figure .29 - Requirements_ and VnV views exposing elements from the model (Package Diagram)
D.4.7.9 Package Diagram - View Hierarchy
Figure 1

D.30 showss the Requirements and VnV views and the supporting views that complete the description of]
Require

ments.and"VnV respectively for the Hybrid SUV.
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pkg [package] HSUVViews [HSUV Views] /

«view»

Hybrid SUV Requirements

«views»
Hybrid SUV Verification and Validation Plan

«View»

Iviewpoint=Requirements

stakeholder=Customer

«View»
Iviewpoint=VnV

Istakeholder=Customer

System Requirements:Hybrid SUV Requirements

Performance Model:Hybrid SUV Performance Requirements Test Trace:Hybrid SUV Requirements VnV Trace
Functional Model:Hybrid SUV Functional View
Hybrid SUV Requirements Rationale

«View»
Hybrid SUV Performance

i
/st

«view»
Ewpoint=Performance Viewpoint
pkeholder=Customer

«view» «views
Hybrid SUV Requirements _ Hybrid'SUV
Rationale Requirements VnV Trace
«view» LKview»
Iviewpoint=Requirements Analysis Iviewpoint=VnV Analysis
/stakeholder=Customer Jstakeholder=Customer

‘Hybrid SUV Tests

«views»
Hybrid SUV Functional View

— o~

«View»
iewpoint=Functional Viewpoint
takeholder=Customer

«view»
Hybrid SUV Tests

«View»
Iviewpoint=Systems Test
I/stakeholder=Customer

Figure

D.4.7.6

Measur
be evalu
reused t

b evaluate other dlternatives.

D.30 - The Requirements and Vin\Aviews with supporting views (Package Diagram)

Parametric Diagram - Measures of Effectiveness

of Effectiveness is a user-defined stereotype. Figure D.31 shows how the overall cost effectiveness of the H
ated. It shows the particular measures of effectiveness for one particular alternative for the HSUV design, a

SUV will
hd can be
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par [block] MeasuresOfEffectiveness [HSUV MOEs])

[ :EconomyEquation

t

«moe»

HSUValtl.CostEffectiveness

«moe»

«moe»
HSUValtl.Zero60Time

HSUValtl.FuelEconomy CE:
Py =
P, «objectiveFunction»
«moe» 2° H . . . .
HSUValtl.QuarterMileTime p.: .MyOb]ect|veFulncF|on
E q: 3 {CE = Sum(Wi*Pi)}
:MaxAcceleration i
Analysis [l Ll
P, ps:

[ CapacityEquation

Ve

«moe»
HSUValtl.CargoCapacity

{ UnitCostEquation

uc

[

«moe»
HSUValtl.UnitCost

Figure .31 - Defining Measures of Effectiveness and Key Relationships (Parametric Diagram)

D.4.7.7] Parametric Diagram - Economy

Since oyerall fuel economy is a key requirement on the HSUWV design, this example applies significant detail in pssessing

it. Figute D.32 shows the constraint blocks and properti¢s' necessary to evaluate fuel economy.
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par [block] EconomyContext)
delta-t
ad.HSUV.PayloadCapacity incline: rb:RegenBrake ?gtgﬁg\égn%v&rt?ggégﬁg
EfficiencyEquation ICEEfficiency
adrag:Aero
volume: DragEquation 5
acc: ebpwr:
Cd:
pcay: volume: Ca:| dt: ebpwr: n_ice;
| t U U E acc: acc: U U] _
pl:PayloadEquation ad.drivingConditions. L dyn:StraightLineE vel: vel: jfe:FueIEfficiency7mpg'
' road.incline incline: VehicleDynamics whipwr: whipwr: Edquation u
[ [ [1 [1 [] Q 2] [1
psgrwjt: cgowt: tw: | cf: X n_eg: n_em:
cgoWwt:
ad.HSUV.position
psgrwt: w:TotalWeight
M M ' tw: | Cf:
. . ad.HSUV.PowerSybsystem.
vaw: fw: U u ElectricMotorGenerator.
rdrag:Rolling GeneratorEfficiency
4d.HSUV.VehicleDryWeight FrictionEquation
ad.HSUV.PowerSybsystem.
ElectricMotorGenerator.
MotorEfficiency
ad.HSUV.PowerSubsystem.
FuelTank.FuelWeight
ad.HSUV.mpg

Figure ID.32 - Establishing Mathematical Relationships fot/Fuel Economy Calculations (Parametric Diagram)

D.4.7.4 Parametric Diagram - Dynamics

The StraightLineVehicleDynamics constraint bloek from Figure D.32 has been expanded in Figure D.33. ConstrgintNotes
are used, which identify each constraint using.curly brackets {}. In addition, Rationale has been used to explain the
meaning of each constraint maintained.
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par [constraintBlock] StraightLineVehicleDynamics /
tw: «rationale»
D’\ a(g) = F/m = P*t/m
Cf:
1 {a = (550/32)*tp(hp)*delta-t*tw}
Cd: .
j ! 7
whipwr: / 7
j . ,
whlpwr: | Cd: | Cf: | tw tw: e
1,7
L0 o L]
incline: . : delta-t:
— ) . acc:Accelleration
[ i:’b pwr:PowerEquation Equation
[1 []
/,’// . a: ac
«rafionale» ' H
tp (hp) = wheel power - drag - friction a
! :
I L]
. d
{tp = whipwr - (Cd*v) - (CPtw*v)} delta-t:
P P vel:VelocityEquation b
: —-m T []
«rafionale» -7 v vel:
v(ntl) (mph) = v(n) + delta-v = v(n) + a*delta-t |-~ ' [~
{v(n+1) = v(n) + a(g)*32*3600/5280*de|ta-t)% Vi
0J
delta-t:
«rationale» pos:PostionEquation
x(nt1) (ft) = x(n) + delta-x = x(n) + v*delta-t ““‘i::::’ .
Sy X: N
x(n+1) = x(n) + v(mph)*5280/3600*de|ta—t}% !
L
Figure ID.33 - Straight Line Vehicle'Dynamics Mathematical Model (Parametric Diagram)
The corfstraints and parameters'in/ Figure D.33 are detailed in Figure D.34 in Block Definition Diagram format.
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bdd [package] HSUVAnalysis [Definition of Dynamics])

«constraint»
StraightLine
VehicleDynamics

Cd:Real
Cf:Real

parameters
whlpowr:Horsepwr

vel:Vel

tw:Weight
acc:Accel

incline:Real

pwr

pos

vel

acc

«constraint»
PowerEquation

«constraint»
PositionEquation

«constraint»
VelocityEquation

«constraint»|
AccelerationEqudgtion

constraints
{tp =|whlpowr - (Cd*v) -
(Ctyw*v)}

constraints
{X(n+1) = x(n)+v*5280/3600*dt}

constraints
{v(n+1{=w(n)+a*32*3600/5280*dt}

constraints
{a = (550/32)*tp(hp)*dt*tw}

parameters
whippwr:Horsepwr
Cd:Real

Cf:Real

tw:Weight
tp:HQrsepwr

v:Ve
i:Redl

parameters
delta-t:Time
v:Vel
x:Dist

parameters
delta-t:Time
v:Vel
a:Accel

parameters
tw:Weight
delta-t: Time
tp:Horsepwr
a:Accel

Figure ID.34 - Defining Straight-Line Vehicle Dynamics Mathematical Constraints (Block Definition Diagram)

Note thg use of valueTypes originally-defined in Figure D.2.

D.4.7.9 (Non-Normative) Timing Diagram - 100hp Acceleration

Timing [diagrams, while included in UML 2, are not directly supported by SysML. For illustration purposes, how
interactjon shown in Figufe D.35 was generated based on the constraints and parameters of the
StraighfLineVehicleDynamics constraintBlock, as described in the Figure D.33. It assumes a constant 100hp at

wheels,|40001b_gross vehicle weight, and constant values for Cd and Cf.
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tim MaxAcceleration [100 Wheel Horsepower] } _______

Satisfies
«requirement»Acceleration

0.5
0.45

Accelleration (g)
o
N
[6)]

«diagramDescriptiom{\
version="0.1"
description="Constant
100 wheel horsepower,
4000 Ib vehicle weight,
simple drag"
reference="Equations of
Motion”
completeness="assumes
perfect tire traction”

N
\
\
\

Velocity (mph)

15 \\\ 20

Distance (ft)

0 Q’ 10 15 20
&)v Time (sec)

Figure

©

N
).SK?ésults of Maximum Acceleration Analysis (Timing Diagram)
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D.4.8 Defining, Decomposing, and Allocating Activities

D.4.8.1 Activity Diagram - Acceleration (top level)

Figure D.36 shows the top level behavior of an activity representing acceleration of the HSUV. It is the intent of the
systems engineer in this example to allocate this behavior to parts of the PowerSubsystem. It is quickly found, however,
that the behavior as depicted cannot be allocated, and must be further decomposed. The stercotypes on the object nodes

between actions in the figure apply to parameters of the behaviors or operations called by the actions (see the notation for
object nedes—deseribed-in 11314, ObjectNode, Variables,—and Parameters)-

act Adcelerate ) - Comment:
Can't allocate
, these activities to
| PwrSubSystem
\
! | «continuous»
: - } drivePower
| «continuous» |
: accelPosition ‘
| |
l |
|
v
: transModeCmd
PughAccelerator !
|
|
‘ i
1 | N 1
: } «continuous» 1
| | vehCond |
| |
y ‘ :

Figure D.36 - Behavior Model for “Accelerate” Function, (Activity Diagram)

D.4.8.2 Block Definition Diagram - Acceleration

Figure D.37 defines a decomposition of the activities and objectFlows from the activity diagram in Figure D.34.
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bdd [Activity] Accelerate [Activity and Object Flow Breakdown] )
«activity»
Provide Power
«activity»
MeasureVehicleConditions
a3
al
) ] vy «actlvnv-»
. ControlE lectricPower,
ProportionPower
a2 drivePower a4
mvel mbat
— — «activity» «block» «activity»
«activity» «activity» ProvideGasP N ProvideE lecirie)
MeasureVehicleVelocity MeasureBatteryConditions rovidebas Fower ower rovidetleqeywe
gasDrivePovk‘ / D\ AcDrivePower
«block» «hlocks
GasPower ElecPower

Figure .37 - Decomposition of “Accelerate” Function (Block Definitiofy/diagram)

D.4.8.3 Activity Diagram (EFFBD) - Acceleration (detail)

Figure D.38 shows the ProvidePower activity, which includes,Actions invoking the decomposed Activities and
ObjectNodes from Figure D.37. It also uses AllocateActivityPartitions and an allocation callout to explicitly allpcate
activitigs and an object flow to parts in the PowerSubsystem block.

Note that the incoming and outgoing object flows for'the ProvidePower activity have been decomposed. This was done to
distinguish the flow of electrically generated mechanical power and gas generated mechanical power, and to provide
further Insight into the specific vehicle conditions being monitored.
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«SwimLaneDiagram»

act [activity] ProvidePower [Figure B.35 Detailed Behavior Model for "Provide Power"] J

«allocate»
pcu : PowerControlUnit

«allocate»
ice : InternalC

«allocate»

epc:

ontroller

«allocate»
emg : ElectricMotorGenerator

a2:
ProvideGasPower

«continuous»

«continuous»
vehCorjd

«continuous»
accelPosti

«continuous»

rottle

\

{aJ : ControlEIectricPowerj

[ad. : ProvideEIeclricPowej

«continuous»
eThrottle

driveC

«continuous»
urrent

\

DrivePower

«dontinuous»
firivePower

«continuous»
elecDrivePowery|

gnsModeCmd

Figure

D.4.8.4

Figure ID.39 depicts a subset of the PowerSubsystem, specifically showing the allocation relationships generated

D.38.

D.38 - Detailed Behavior Model for “Provide Power” (Activity-Diagram)
Note hierarchical consistency with Figure D.36.

Internal Block Diagram - Power Subsystem Behavioral and Flow Allocation

© ISO/IEC 2017 - All rights reserved

in Figure

247


https://standardsiso.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

ibd [Block] PowerSubsystem [Figure D.39 Flow Allocation to Power Subsystem]) -
«diagramDescription»

{completeness = "partial. Power subsystem elements that have no
allocation yet have been elided",

allocatedFrom gfsz:fetiro: ;;‘a;lg:ni:ion of behavior and connectors to elements
«objectFlow»currentFlow P S
reference = "null",
~ version = "0.1"}
~N
~N
~
~N
«block» i2: EIectricCuRent i1: EIectricCurrel'Ifl:| «block»
[€>] (<>
epc : ElectricalPowerController pwrConnector emg : ElectricMotorGenerator
allocatedFrom allocatedFrom
«agtion» a3 : ControIEIectricP?ﬂ?r «action» a4 : ProvideElectricPower
A
v
fp: FS_EPC
«block» o FS TRSM <blockn
can: CAN_Bus o <> ice
trsm : Transmiss ion
eepc : ~IFS_EPC | eice : ~IFS_ICE etrsm : ~IFS_TRSM fp: FS_ICE
_[A A A A
v I L] Ll v
«block» «block»
pcu : PowerControlUnit ice % InternalCombustionEngine
allocatedFrom allocatedFrom
«pction» a1 : ProportionPower waction» a2 : ProvidePower

Figure ID.39 - Flow Allocation to Power Subsystem (Intermal Block Diagram)

D.4.8.5 Table - Acceleration Allocation

Figure ID.40 shows the same allocation relatioriships shown in Figure D.39, but in a more compact tabular representation.

bdd [pgckage] HSUV Behavior [Figure B.37 Tabular Representation of Allocation from"Accelerate" Behavior Model to Power Subsystem] )
Typg Name End Relation End Type Name
actipn al : ProportionPower from allocate to part ecu : PowerControlUnit
actipn a2 : ProvideGasPower from allocate to part ice : InternalCombustionEngine
actipn a3 : ControlElectricPower  |from allocate to part epc : ElectricPowerController
actipn a4 : ProvideElectricPower _|from allocate to part emg : ElectricMotorGenerator
objgctFlow |06 from allocate to connector epc-emg.1
Figure b- able)

D.4.8.6 Internal Block Diagram: Property Specific Values - EPA Fuel Economy Test

Figure D.41 shows a particular Hybrid SUV (VIN number) satisfying the EPA fuel economy test. Serial numbers of
specific relevant parts are indicated.
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ibd [block] SUV_EPA_Fuel_Economy_Test [Test Results] )
Satisfies Verifies o
«requirment» Emissions «requirement» Emissions «testCase»
~ Tl testRun060401:
AN S~a EPAFuelEconomyTest
N\
AN
AN
N
TestVehiclel: HybridSUV

b: BodySubsystem b-i: i: Interior
initialValues initialValues

sn: ID = b12345 sn: ID =i23456

b-c:
¢: ChassisSubsystem cbk: bk: BrakeSubsystem bk: I: LightingSubsystem
initialValues initialValues initialValues
sn: ID = c34567 sn: ID = bk45678 sn: ID = [t56789
c-p: bk-p:
p: PowerSubsystem
t: Transmission )
em-t: ice-t:
initialValues
em: ElectricalMotor ice: Internal
sn: (D j25n89012 CombustionEngine
initialValues
initialValues
sn: ID =sn90123 .
sn: ID = eid78901
initialValues
sn: ID = p67890
initialValues
IN = G12345

Figure D.41 - Special Case of Internal Block Diagram Showing Reference to Specific Properties (serial numbers)
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Annex E: Non-normative Extensions

(informative)

Overview

This an
version

Non-no
with ho
tabular
specifie

E.2

E.2.1

Two no

More in
2.0 Sup

Enginegring, 2006].

E.2.2

Enhanc
behavio
does no
regions

Table E

hex describes useful non-normative extensions to SysML that may be considered for standardization in
of the language.

'mative extensions consist of stereotypes and model libraries and are organized by major diagram type, g
W the main body of this International Standard is organized. Stereotypes in this sub claus¢/are specified
format, consistent with how non-normative stereotypes are specified in the UML 2 standard. Model libr
d using the guidelines provided in the Profiles & Model Libraries clause of this International Standard.

Activity Diagram Extensions

Overview

h-normative extensions to activities are described for:

Enhanced Functional Flow Block Diagrams.

Streaming activities that accept inputs and/or provide outputs while they are active.

formation on these extensions and the standard SysML extensions is available at [Bock. C., “SysML an
port for Activity Modeling,” vol. 9, no. 2, pp. 160-186, Journal of the International Council of Systems

Stereotypes

pd Functional Flow Block Diagrams (EFFBD) are a widely-used systems engineering diagram, also call
r diagram. Most of its functionadlity is a constrained use of UML activities, as described below. This exf
t address replication, resourees, or kill branches. Kill branches can be translated to activities using inter
and join specifications,

.1 - Addition stereotypes for EFFBDs

:2017(E)

future

onsistent
using a
aries are

d UML

ed a
ension
ruptible

Stere|

ptype Base class Properties Constraints | Description

«effbd>

UML4SysML::Activity (or subtype N/A See below. Specifies that the ag
of «nonStreaming» below) conforms to the con
necessary for EFFB

tivity
btraints
D.

When t

Fte TR . 11 LI - 11l £ 1 £11 . .
IC CCIIUU»? SICICOLYPU IS appPHCU U dIl aCLIVILY, 115 CUOLILCIILS SHdll COILTOIIT TU UIC TOITUOWIITE COIISU allIts.

[1T (On Activity) Activities shall not have partitions.

[2] (On Activity) All decisions, merges, joins, and forks shall be well-nested. In particular, each decision and merge shall be
matched one-to-one, as are forks and joins, accounting for the output parameter sets acting as decisions, and input
parameters and control acting as a join.
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[3] (On Action) All actions shall have exactly one control edge coming into them, and exactly one control edge coming out,
except when using parameter sets.

[4] (Execution constraint) All control shall be enabling.
5] (On ControlFlow) All control flows into an action target a pin on the action that shall have isControl = true.
6] (On ObjectNode) Ordering shall be first-in first out, ordering = FIFO.

71 (On ObjectNode) Object flow shall be never used for control, isControl Type = false, except for pins of parameters in
par meter sets

[8] (Or Parameter) Parameters shall take and produce no more than one item, multiplicity.upper =1.

[9] (Or] Parameter) Output parameters shall produce exactly one value, multiplicity.lower = 1. The «optional)y ster¢otype
canhot be applied to parameters.

[10](Or] Parameter) Parameters shall not be streaming or exception.
[11](O1] ParameterSet) Parameter sets shall only apply to output parameters.

[12](Or1] ParameterSet) Parameter sets shall only apply to control. Parameters in parameter'séts shall have pins with
isCpntrol Type = true.

[13](Or] ParameterSet) Parameter sets shall have exactly one parameter, and it shall notbe shared with other paramgter sets.\

[14](Or] ParameterSet) If one output parameter is in a parameter set, then all outputparameters of the behavior or
opefation shall be in parameter sets.

[15](O1 ActivityEdge) Edges shall not have time constraints.

[16] Thq following SysML stereotypes shall not be applied: «rate», «controlOperator», «<noBuffer», «overwrite».
A secorld extension distinguishes activities based on whether they can accept inputs or provide outputs after they|start and
before they finish (streaming), or only accept inputs when they start and provide outputs when they are finished

(nonstrgaming). EFFBD activities are nonstreaming. Streaming activities are often terminated by other activitie$, while
nonstregming activities usually terminate themselvest

Table E 2 - Streaming options for activities

Stereptype Base Class Properties Constraints Description
«streanmiing» UML4SysML#=Activity N/A The activity has at least Used for activities that gan
one streaming accept inputs or providg outputs
parameter. after they start and befdre they
finish.
«nonStfeaming» WUMLASysML::Activity N/A The activity has no Used for activities that gccept
streaming parameters. inputs only when they sjart, and
provide outputs only when they
finish.

E.2.3| Stereotype Examples

Figure E.l-shows an example activity diagram with the «eftbd» stereotype applied, translated from [Long. J.,
“Relationships between common graphical representations in system engineering,” 2002]. The stercotype applies the
constraints specified in E.2.2, Stereotypes, for example, that the data outputs on all functions are required and that
queuing is FIF.
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«effbd»
act

2.4 Function in
Multi-exit
Construct

«optional»

2.2 Multi-exit
Function

ltem1

[T
T T

[ before third time ]

External
Input

Figure .1 - Example activity with «effbd» stereotype applied

Figure E.2 shows an example activity diagram with the «s§tréaming» and «nonStreaming» stereotypes applied, 4
from [MathWorks, “Using Simulink,” 2004]. It is a numerical solution for the differential equation X'(t) = -2x(t

2.1 Serial «optional» [ after External
Function third Output
2.5 Function in time ]
an lterate
Iltem 3
N «optional»

2.6 Output
Function

2.3 Function in

Concurrency «optional»

ltem 4

dapted
+ u(t).

Item types are omitted brevity. The «streaming» andwamonStreaming» stereotypes indicate which subactivities take inputs

and profluce outputs while they are executing. They are simpler to use than the {stream} notation on streaming it
outputs

The exqmple assumes a default of zerq for the lower input to Add, and that the entire activity is executed with
token flow, to ensure that actions with ' multiple inputs receive as many of them as possible before proceeding.
article neferenced in E.2.1, Overview.

act

@ | Generate

«nonStreaming»

«streaming»

u(t)

«streaming» I «streaming»
| Integrate [ Displa @
Over Time |y Py

«nonStreaming»

puts and

clocked
See the

Multinly

Figure E.2 - Example activity with «streaming» and «nonStreaming» stereotypes applied to subactivities
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E.3

E3.1

Requirements Diagram Extensions

Overview

This sub clause describes an example of a non-normative extension for a requirements profile.

E.3.2

Stereotypes

This no
adapted|
examplg
As shoy
include
they cai
functioy

h-normative extension includes stereotypes for a simplified requirements taxonomy that is intended to|, b
as required to support the particular needs of the application or organization. The requirements cat¢gori
include functional, interface, performance, physical requirements, and design constraints as shown in Tj
n in the table, each category is represented as a stereotype of the generic SysML «requirement». The t
a brief description of the category. The table does not include any stereotype properties-Oriconstraints,
I be added as deemed appropriate for the application. For example, a constraint that could’be applied to

e further
es in this
able E.3.
ible also
although
a

al requirement is that only SysML activities and operations can satisfy this category of requirement. Other

examplg¢s of requirements categories may include operational, specialized requirements forpeliability and maintdinability,
store refjuirements, activation, deactivation, and a high level category for stakeholder{ngeds.
Some ggneral guidance for applying a requirements profile is as follows:

» | The categories should be adapted for the specific application or organization and reflected in the table. Thig includes
agreement on the categories and their associated descriptions, stereotype properties, and constraints. Additional
categories can be added by further subclassing the categories inithe table below, or adding additional categoties at the
pier level of these categories.

| The default requirement category should be the generio{requirement».

« | Apply the more specialized requirement stereotype-(functional, interface, performance, physical, design cohstraint)
as applicable and ensure consistency with the description, stereotype properties, and constraints.

+ | A specific text requirement can include thejapplication of more than one requirement category, in which cage, each
stereotype should be shown in guillemets.

Table H.3 - Additional Requirement Stereotypes
Stereptype Base Class Properties Constraints | Description
«extendedRequirement» «requirement» source: String N/A A mix-in stereotype that cpntains
risk: RiskKind generally useful attributeq for
verifyMethod: requirements.
VerifyMethodKind

«functignalRequirementy «extendedrequirement» N/A satisfied by an Requirement that specifies an
operation or operation or behavior tha{ a
behavior system, or part of a systefn, must

perform.

«interfaceRequirement» «extendedrequirement» N/A satisfied by a Requirement that specifigs the
port, connector, ports for connecting systgms and
tem-flow,and/ system-parts-and-the-optibnally
or constraint may include the item flows across
property the connector and/or Interface

constraints.

«performanceRequirement» | «extendedrequirement» N/A satisfied by a Requirement that quantitatively
value property measures the extent to which a

system, or a system part, satisfies
a required capability or condition.
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Table E.3 - Additional Requirement Stereotypes

:2017(E)

Stereotype Base Class Properties Constraints | Description
«physicalRequirement» «extendedrequirement» N/A satisfied by a Requirement that specifies
structural physical characteristics and/or
element. physical constraints of the system,
or a system part.
«designConstraint» «extendedrequirement» N/A satisfied by a Requirement that specifies a
block or part constraint on the implementation of
the-systerrorsystermpary, such as

off the shelf component.

the system must use a commercial

Table E}4 provides the definition of the non-normative enumerations that are used to type properties of
“extendedRequirement” stercotype of Figure E.3.

Table H4 - Requirement property enumeration types

Enumeration

Enumeration
Literals

Example Description

RiskKind

High

High indicates an unacceptable level of risk.

Medium

Medium indicates an acceptable levelof risk

Low

Low indicates a minimal level of €isk ‘'©r no risk

VerificgtionMethodKind

Analysis

Analysis indicates that verification will be performed by technical evaluation usir
mathematical representations, charts, graphs, circuit diagrams, data reduction,
representative data. Analysis also includes the verification of requirements undg
conditions, which are simulated or modeled; where the results are derived from
analysis of the results produced by the model.

= Q

-
the

Demonstration

Demonstration‘indicates that verification will be performed by operation, movem
adjustment.of the item under specific conditions to perform the design functions
recording of quantitative data.. Demonstration is typically considered the least r¢
of {hewerification types.

lent or
without
strictive

Inspection

InSpection indicates that verification will be performed by examination of the iter
reviewing descriptive documentation, and comparing the appropriate characteri
a predetermined standard to determine conformance to requirements without th
special laboratory equipment or procedures.

n,
tics with
P use of

Test

Test indicates that verification will be performed through systematic exercising o
applicable item under appropriate conditions with instrumentation to measure re
parameters and the collection, analysis, and evaluation of quantitative data to sij
measured parameters equal or exceed specified requirements.

f the
quired
ow that

E.3.3| Stereatype Examples

Figure E.3/shows the use of several subtypes of requirements extended to include the properties risk:RiskKind,

verifyM
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Requirement Diagram Top-Level User Requirementy
«requirement»
HybridSUV
5]
functionaRequirement ]
< Loag g «performanceRequirement> «performanceRequirement> «requirenjent»
Eco-Friendliness Performance Ergonorpics

_ «functinalRequirement»
id ="URL T - «performanceRequirement> «performanceRequirement»
source = “Marketing id ="URL.2" id="URL.3"
text= “Load” o source = “Marketing” source = “Marketing”
V.e[:fi’!}/leth?d =Test text = “Eco-Friendliness’ text = *Performance”
risk ="Low verifyMethod = "Analysis” verifyMethod ="Test

risk = "High” risk ="Medium”

[S2] T
«requirement» «requirement» «requiremeft»
Acceleration Brakin
«requirement» «requirement> g Power
Passengers Cargo
«performanceRequirement» :
Emissions KM encerequirements cwequirement»
y Range
«performanceRequirement» «performanceRequirement»
id="UR12.1" id="“UR1.3.1"
- source = “Marketing” source = “Marketing”
«equirement» text = “The car shall meet 2010 Kyoto text = “Users shall obtain fuel
FuelCapacity Accord emissions standards .” economy better than that provided
verifyMethod ="Test” by 95% of cars built in 2004.”
risk ="Medium” verifyMethod =“Test”
risk = “High”

Figure E.3 - Example extensions to Requirement
E.4 | Parametric Diagram Extensions for Trade Studies

E.4.1| Overview

This sub clause describes.a’nion-normative extension of a parametric diagram (refer to the Constraint Blocks clguse) to
support|trade studies and\analysis, which are an essential aspect of any systems engineering effort. In particulat, a trade
study islused to evaluate a set of alternatives based on a defined set of criteria. The criteria may have a weighting to
reflect their relative/importance. An objective function (aka optimization or cost function) can be used to repregent the
weighted criteria-and determine the overall value of each alternative. The objective function can be more complgx than a
simple linearweighting of the criteria and can include probability distribution functions and utility functions aspociated
with eath efiteria However for this Pynmplp we will agssnime the qimplpr case

A measure of effectiveness (moe) represents a parameter whose value is critical for achieving the desired mission cost
effectiveness. It will also be assumed that the overall mission cost effectiveness can be determined by applying an
objective function to a set of criteria, each of which is represented by a measure of effectiveness.

This non-normative extension includes stereotypes for an objective function and a measure of effectiveness. The objective
function is a stereotype of a ConstraintBlock and the measure of effectiveness is a stereotype of a block property.
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E.4.2 Stereotypes

Table E.5 - Stereotypes for Measures of Effectiveness

Stereotype Base Class Properties Constraints | Description

«objectiveFunction» | «ConstraintBlock» N/A N/A An objective function (aka
optimization or cost function) is used
to determine the overall value of an
alternafive in terms of wejghted

criteria and/or moe’s.

«moe UML4SysML::Property N/A N/A A measure of effectiveness [moe)
represents a parameter whoge value
is critical for aehieving the dgesired
mission costeffectiveness.

E.4.3| Stereotype Examples

In this gxample, operational availability, mission response time, and security effectiveness each represent moes along with
life cycle cost. The overall cost effectiveness for each alternative may be defined‘by an objective function that rppresents
a weighted sum of their moe values. For each moe, there is a separate paranietric model to estimate the value of
operatignal availability, mission response time, security effectiveness, and\lif¢ cycle cost to determine an overall cost
effectivpness for each alternative. It is assumed that the moes refer to.the values for system alternative j (sj).

par Effectiveness Model [System Alternati\w

. imeModell 1-----—--- «moe» |
[.Re;ponseTlmeMode@]n sj.responseTime |
moe L2 «objectiveFunction» .
. e « » P2 . N N R « 5
{ Aval|abl|ltyM0de|@-; ______ sj.availability N\~ o -“/l)é%bj_e;tl:\%aw:lg:}on 1 §j.costEfeotveness
: ityModel [ «moe» | J P
{ :SecurityModel Dj& sirsOsirity
{ :CostModel @ ............ «moe»
c sj.cost

Figure .4 - ExampleParametric Diagram using Stereotypes for Measures of Effectiveness

E.5 | Model Library for Quantities, Units, Dimensions, and Values (QUDV)

E.5.1 Overview

For any system model, a solid foundation of well-defined quantities, units, and dimensions system is very important.
Properties that describe many aspects of a system depend on it. At the same time, such a foundation should be a shareable
resource that can be reused in many models within and across organizations and projects.
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The most widely accepted, scrutinized, and globally used system of quantities and system of units are the International
System of Quantities (ISQ) and the International System of Units (SI). They are formally standardized through [ISO31]
and [IEC60027]. The harmonization of these two sets of standards into one new set [[SO/IEC80000] has been published
by ISO in 2009 and 2010. The present QUDV model in SysML is based on ISO/IEC 80000-1:2009, which refers
normatively to the ISO/IEC Guide 99:2007. The ISO/IEC 80000-1:2009 document is also the baseline for the 2010
revision of the IEEE/ASTM American National Standards for Metric Practice SI-10. All the relevant concepts underlying
ISQ and SI are publicly available in [VIM]. See E.5.3, References for references to these documents.

At a mipmmum-SysvEshoutdprovide-themreamstosupport the et termatromat-stamdard HHSOAEE86960]. In

additior], many other systems of quantities and units are still in use for particular applications and for histogical|reasons.
A prim¢ example is the system based on UK Imperial units, which is still widely used in North America,\SysMIL should
provide|the means to support all such specific systems of quantities and units, including precise definitions of the
relationphips between different systems of units, and with explicit and unambiguous unit conversions.to and from SI as
well as pther systems.

To provjide a solid and stable foundation, the model for defining quantities, units, dimensions,) and values in Sy$ML is
explicit]y based on the concepts defined in [VIM], which have been written by the authoritative Working Grouyj 2 of the
Joint C¢mmittee for Guides in Metrology (JCGM/WG 2), in which the JCGM member Jorganizations are represpnted:
BIPM, IEC, IFCC, ILAC, ISO, IUPAC, IUPAP, and OIML. At the same time, the model library is designed in such a way
that extgnsions to the ISQ and SI can be represented, as well as any alternativesystems of quantities and units.

The mogel library can be used to support SysML user models in various Ways. A simple approach is to define and
document libraries of reusable systems of units and quantities for reuse“across multiple projects, and to link units and
quantity kinds from these libraries to Unit and QuantityKind stereotypes defined in SysML user models. The ngme of a
Unit or QuantityKind stereotype, its definitionURI, or other means,nay be used to link it with definitions made ysing this
library. [nstances of blocks conforming to this model library mag be created by instance specifications, as shown(in E.5.4,
Usage Examples, or by other means.

Even thpugh this model library is specified in terms ofSysML blocks, its contents could equally be specified by UML
classes pithout dependencies on any SysML extensions. This annex specifies the model library using SysML bJocks to
maintaip compatibility with the SysML standard~UML and other forms of this same conceptual model are important and
useful tp align different standards with each ether and with those of [VIM].

Separat¢ forms of this model library, including a UML class model generated as a simple transformation from the model
library $pecified in this annex, together with additional mappings and resources, example applications, and refefence
librarieq of systems of units and q@antities built using this model, are expected to be published via the SysML Project
Portal wiki at http://www.omgwiki:org/OMGSysML/.

E.5.2 | Abstract Sy#fitax
Figures|E.5 - E.7 présent the QUDV model library in a series of block definition diagrams.

The QUDV Cotncepts diagram in Figure E.S presents the core concepts of System of Units, Unit, SystemOfQuantjities, and
QuantityKind.XThe QUDV concepts of Unit and QuantityKind are specialized by restriction from their respective SysML
conceptp shown in gray in Figure E.5. The QUDV concepts form the basis of the QUDV subset of the Vocabulary of
International Metrology (VIM) from ISO 80000-1 and JCGM 200:2012. In SysML, a value property typed by a given
ValueType, with stereotype properties that refer to a SysML Unit and/or QuantityKind, defines a quantity in the sense of
ISO 80000-1, Sub clause 3.1. If specified, the unit of the ValueType designates the measurement unit assumed for the
numerical value of such a quantity.
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