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9514:2017(E)

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
with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest.
Other international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work. In the

The procedu
IEC Directiyj

noted. This
(see www.is

field of information technology, ISO and IEC have established a joint technical committeeAIS

res used to develop this document and those intended for its further maintenance are described
es, Part 1. In particular the different approval criteria needed for the different types\of 'docum
document was drafted in accordance with the editorial rules of the ISO/IEC Directives, Part 2
.org/directives).

Attention is
and IEC sha
during the d
(see www.is

drawn to the possibility that some of the elements of this document may,be the subject of pate
1 not be held responsible for identifying any or all such patent rights. \Details of any patent rig
tvelopment of the document will be in the Introduction and/or on thé ISO list of patent declaral
.org/patents).

Any trade ng
endorsement

For an expla
conformity g
in the Techn

This documg
Joint Techni

ISO and IEQ.

This documg

me used in this document is information given for the convenience of users and does not con

nation on the voluntary nature of standards, the meaning of ISO specific terms and expression
ssessment, as well as information about ISO’s adlierence to the World Trade Organization (W
cal Barriers to Trade (TBT) see the following-URL: www.iso.org/iso/foreword.html.

nt was prepared by the Object Managemeiit Group (OMG) and was adopted, under the PAS p
tal Committee ISO/IEC JTC 1, Information technology, in parallel with its approval by nation

nt is related to:

ITU-T Recommendation X.902 (1995) | ISO/IEC 10746-2:1995, Information Technology - Open
Processing - Reference Model: Foundations

ITU-T Recommendation X.903 (1995) | ISO/IEC 10746-3:1995, Information Technology - Open
Processing - Reference Model: Architecture

ITU-T Recommendation X.920 (1997) | ISO/IEC 14750:1997, Information Technology - Open D
Processing - Interface Definition Language

Apart from

iS&Eoreword, the text of this document is identical with that for the OMG specification for Sy

O/IEC JTC 1.
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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 distributed

systems. Thd
of cases, the
identical (e.g
with appropi|

RM-ODP P4
foundational
3 of the RM
specification|

This Internaf
ODP system
system, spec
roles of diffq

This Internaf
Systems Mo
referred to a

SysML supp|
These systen

It is common practice for engineers to use awide range of modeling languages, tools, and techniques on 14

projects. Sys
variety of di

SysML reusq
SE. SysML {
specify the ¢
Any use of t
general and

Since SysMI|
with UML 2

scopes and objectives of the RM-ODP Part 2 and the UML, while related, are not the same.an
RM-ODP Part 2 and the UML specification use the same term for concepts which are related
., interface). Nevertheless, a specification using the Part 2 modeling concepts can be éxpresse
iate extensions (using stereotypes, tags, and constraints).

rt 3 (ISO/IEC 10746-3) specifies a generic architecture of open distributed systéins, expressed
concepts and framework defined in Part 2. Given the relation between UMLE as a modeling lang
ODP standard, it is easy to show that UML is suitable as a notation for/the“individual viewpg
5 defined by the RM-ODP.

ional Standard for OMG Systems Modeling Language is a standard/for the technology specifi

It defines a technology to provide the infrastructure requiredcto support functional distributio
ifying functions required to manage physical distribution, é@mmunications, processing and sto
rent technology objects in supporting those functions.

ional Standard defines a general-purpose language.for'systems engineering applications, calle
Heling Language (OMG SysML™). Throughout-the rest of this International Standard the lang
5 SysML.

prts the specification, analysis, design,. verification, and validation of a broad range of comple
1s may include hardware, software, information, processes, personnel, and facilities.

ML is intended to unify diverse-modeling languages used by systems engineers and can be use
bcipline- and domain-specific’ modeling languages.

s a subset of UML 2. 5-and provides additional extensions needed to address the requirements|
ises the UML 2.5extension mechanisms as further elaborated in Clause 17 as the primary me
xtensions to UML2.5. This revision of SysML relies on several new features incorporated inf
he term “UNMLN2” or “UML” in this International Standard, unless otherwise noted, will refer ]
he UML(2.5 specification in particular.

L uses WML 2.5 as its foundation, systems engineers modeling with SysML and software engin|
S\will be able to collaborate on models of software-intensive systems. This will improve com|

1, in a number
but not
d using UML

using the
uage and Part
int

cation of an
n of an ODP
rage, and the

i the OMG
ruage will be

X systems.

)rge systems
d with a wide

in UML for
chanism to

o UML 2.5.

o UML 2.5 in

cers modeling
munication

among the various stakeholders who participate in the systems development process and promote interoperability among
modeling tools. It is anticipated that SysML will be customized to model domain-specific applications, such as
automotive, aerospace, communication, and information systems.
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INTERNATIONAL STANDARD

ISO/IEC 19514:2017(E)

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

1.1 G

The purpose

modeling lafguage for systems engineering. Its intent is to specify the language so that systems engineerin

may learn to
feedback to
IEC/IEEE 1]

SysML reus
International
extensions t
specifies the
International
language carj

SysML is de
problems. It
properties to|
structured, o]
diagram kin
Systems Eng
be addressed

The followir
systems eng
Standard.” T|

additional infformation to aid in(understanding and implementation of this International Standard.

2 N

of this International Standard is to specify the Systems Modeling Language (SysML), & gener;

apply and use SysML; modeling tool vendors may implement and support SysME; and both
mprove future versions. Note that a definition of “system” and “systems engineering” can be
288.

s a subset of UML 2 and provides additional extensions to satisfy therequirements of the lan
Standard documents the language architecture in terms of the parts(off UML 2 that are reused
UML 2. The International Standard includes the concrete syntax-(fiotation) for the complete
extensions to UML 2. The reusable portion of the UML 2 standard is not included directly in
Standard but is included by reference. The International Sfandard also provides examples of |
be used to solve common systems engineering problenis.

signed to provide simple but powerful constructs forsmodeling a wide range of systems engin
is particularly effective in specifying requirements, structure, behavior, allocations, and constra

bject-oriented, and others, but each methodelogy may impose additional constraints on how a
| may be used. This version of the langu@ge supports most, but not all, of the requirements of
ineering RFP, as shown in the Requiréments Traceability referenced by Annex F. These gaps a
in future versions of SysML as iridicated in the matrix.

g sub clauses provide background information about this International Standard. Instructions 1
neers and tool vendors who-read this International Standard are provided in “How to Read thi
he main body of this International Standard describes the normative technical content. The an

ormative References

al-purpose
g modelers
an provide

found in ISO/

puage. This
and the
anguage and
the

low the

pering
nts on system

support engineering analysis. The language.is intended to support multiple processes and methods such as

construct or
the UML for
re intended to

for both
International
hexes include

The followin

a normative-documents-contain-provdsions—ahich throuch referencein-this text constitute bro
o r > t=) K r

isions of this

International

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

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/)

OMG Specification formal/2015-06-01, Diagram Definition, V1.1

(http://www.omg.org/spec/DD/1.1/)

OM(
(http:

OM(
(http;

VIM
(VIM

[Dyb

quantity’”, Metrologia 47, (2010) 127-143

3 A

3.1 R

SysML is dg
standard.

SysML is in
interchange
engineering

SysML supp
OMG MDA

3.2 Ha

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

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

Edition 3 (VIM3), “International vocabulary of metrology - Basic and general concepts and assoc
)”, JCGM 200:2012 (JCGM 200:2008 with minor corrections)

kaer-2010] Rene Dybkaer, “ISO terminological analysis of the VIM3.concepts of ‘quantity’ and ‘}

dditional Information

plationships to Other Standards

fined as an extension of the OMG UML/2 standard. See Clause 2 for the current version of th

ended to be supported by two evelving interoperatility standards including the OMG XMI 2 1
tandard for UML 2 modeling.tools and the ISO 10303 STEP AP233 data interchange standar
ools. Overviews of the approach to model interchange and relevant references are included in|

prts the OMG’s Model'\Driven Architecture (MDA) initiative by its reuse of UML and related
Guide rev 2.0.

bw to Read this International Standard

This Intern
modeling to

a(lional Standard is intended to be read by systems engineers so they may learn and apply SysM

ated terms

ind-of-

e UML 2

hodel
1 for systems
Annex G.

tandards. See

L, and by

I"vendors so they may implement and support SysML.

Systems engineers should read the Overview, Diagram Elements, and Usage Examples sub clauses in each clause, 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.

2
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3.2.1 Organization

This International Standard is organized as follows:

FOREWORD

INTRODUC
1 Scope

2 Normative

TION

References

3 Additional
Acknowledg

4 Language

Information - includes Relationships to Other Standards, How to Read this International Stan
ments

Architecture - General Information, Design Principles, Architecture, and SsyML Diagrams

5 Conformarce - General Information and Conformance Types

6 Language

Level

Claus|

Conv
STRUCTUR

7 Model Elg
capabilities 1

8 Blocks - R
for describin
value proper

9 Ports and ]
across conne

10 Constrain
a network of
properties ar

BEHAVIOR

11 Activities
sequence, an

Formalism -

5 of Formalism

e Structure

entions and Typography
AL CONSTRUCTS

or model management.

euses and extends structured classes fromyUML 2 composite structures to provide the fundame
o system decomposition and interconnection, and to define different types of system propertie
ties with optional units of measure.

Flows - Provides the semanti¢s\for defining how blocks and parts interact through ports and h
ctors.

t Blocks - Defines hdwiblocks are extended to be used on parametric diagrams. Parametric di
alysis.
AL CONSTRUCTS

- Defines the extensions to UML 2 activities, which represent the basic unit of behavior that is u
1 state machine diagrams. The activity diagram is used to describe the slow of control and flow

lard, and

ments - Refactors the kernel package from UML,2"and includes some extensions to provide some foundation

ntal capability
5 including

w items flow

horams model

constraints on system properties to support engineering analysis, such as performance, reliability, and mass

bed in activity,
of inputs and

Outputs among FeHONS:

12 Interactions - Defines the constructs for describing message based behavior used in sequence diagrams.

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.
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CROSSCUTTING CONSTRUCTS

15 Allocations

16 Requirements

17 Profiles & Model Libraries

ANNEXES

Annex A - Diagrams

Annex B - S
Annex C - [

Annex D - §

ysML Diagram Interchange
eprecated Elements

ample Problem

Annex E - Non-normative Extensions
Annex F - Requirements Traceability
Annex G - Model Interchange
Annex H - IJegal Information
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4.1 General
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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 reused and the extensions to UML 2. This clause explains design principles and how they are applied to define

the SysML language architecture.

To visualize [the relationship between the UML and SysML languages, consider the Venn diagram showf, i
where the sets of language constructs that comprise the UML and SysML languages are shown as thecircl
“UML” and [‘SysML,” respectively. The intersection of the two circles, shown by the region marked“UM
SysML,” indicates the UML modeling constructs that SysML reuses, called the UML4SysML subset. The 1
“SysML ext¢nsions to UML” in Figure 4.1 indicates the new modeling constructs defined for SysML that
counterparts|in UML, or which replace UML constructs. Note that there is also a part of UML 2 that is no
implement SysML, which is shown by the region marked “UML not required by SysML}”

SysML

UML

reused by- &,
UML SysML ~\°
notlrequired (UML4$;@L)
by SysML

(UML —|UuML4SysML)

Figure 4.1-

oF
O\\C)

-
-

verview of SysML/UML Interrelationship

extensions

$’\.

n Figure 4.1,
es marked

[ reused by
egion marked
have no

t required to
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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,
OperationTemplateParameter, ProtocolConformance, ProtocolStateMachine, ProtocolTransition, QualifierValue,
ReadLink jertPndﬂlln]iﬁPrAvtinn RPdeﬁnzhlPTemp]mPQignzher Qtringpypreqcinn TPmp]mPRinding
TemplatePdrameter, TemplateParameterSubstitution, TemplateSignature, UMLActivityDiagram,
UMLAssodjiationEndLabel, UMLAssociationOrConnectorOrLinkShape,
UMLAssodiationOrConnectorOrLinkShapeKind, UMLBehaviorDiagram, UMLClassDiagram, UMLClassifi¢rShape,
UMLCompgartment, UMLCompartmentableShape, UMLComponentDiagram, UMLCompositeStruetureDiagtam,
UMLDeploymentDiagram, UMLDiagram, UMLDiagramElement, UMLDiagramWithAssociations, UMLEdge,
UMLInteragtionDiagram, UMLInteractionDiagramKind, UMLInteractionTableLabel, UMILKeywordLabel, UMLLabel,
UMLMultiplicityLabel, UMLNameLabel, UMLNavigabilityNotationKind, UMLObjectDiagram, UMLPackageDiagram,
UMLProfilgDiagram, UMLRedefinesLabel, UMLShape, UMLStateMachineDiagram,;{UMLStateShape,
UMLSteredtypeProperty ValueLabel, UMLStructureDiagram, UMLStyle, UMLTypedElementLabel,
UMLUseCgseDiagram

8 © ISO/IEC 2017 - All rights reserved
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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,
Conncctor, ConnectorEnd—Connecctorkind—Considerls aormen strad et 2
ControlNode, CreateLinkAction, CreateLinkObjectAction, CreateObjectAction, DataStoreNode, DataType}
DecisionNgde, Dependency, DeployedArtifact, DeploymentTarget, DestroyLinkAction, DestroyObjectActiol
DestructionOccurrenceSpecification, DirectedRelationship, Duration, DurationConstraint, Durationlnterval,
DurationOlservation, Element, ElementImport, EncapsulatedClassifier, Enumeration, Enumeratienliteral, Eyent,
ExecutableNode, ExecutionOccurrenceSpecification, ExecutionSpecification, Expression, Extenid, Extension
ExtensionEpd, ExtensionPoint, Feature, FinalNode, FinalState, FlowFinalNode, ForkNode, FunctionBehaviof, Gate,
GeneralOrdering, Generalization, GeneralizationSet, Image, Include, InformationFlow, Informationltem, InitjalNode,
InputPin, IgstanceSpecification, InstanceValue, Interaction, InteractionConstraint, IntefactionFragment,
Interaction(Pperand, InteractionOperatorKind, InteractionUse, Interface, InterfaceReglization, InterruptibleActivityRegion,
Interval, InfervalConstraint, InvocationAction, JoinNode, Lifeline, LinkAction, EinkEndCreationData, LinkEndData,
LinkEndDdgstructionData, LiteralBoolean, Literallnteger, LiteralNull, LiteralReal, LiteralSpecification, Literal String,
LiteralUnlimitedNatural, LoopNode, MergeNode, Message, MessageEnd, MéessageEvent, MessageKind,
MessageOdgcurrenceSpecification, MessageSort, Model, MultiplicityElement, NamedElement, Namespace, ObjectFlow,
ObjectNod¢, ObjectNodeOrderingKind, Observation, OccurrenceSpecification, OpaqueAction, OpaqueBehayior,
OpaqueExpression, Operation, OutputPin, Package, Packagelmpott, PackageMerge, PackageableElement, Parameter,
ParameterDirectionKind, ParameterEffectKind, ParameterSet, ParameterableElement, PartDecomposition, Pih, Port,
PrimitiveType, PrimitiveTypes::Boolean, PrimitiveTypes::lnteger, PrimitiveTypes::Real, PrimitiveTypes::Stijing,
PrimitiveTypes::UnlimitedNatural, PrimitiveValueTypes;:Boolean, Profile, ProfileApplication, Property, Psepdostate,
PseudostatdKind, RaiseExceptionAction, ReadExtentAction, ReadIsClassifiedObjectAction, ReadLinkAction,
ReadLinkOpbjectEndAction, ReadSelfAction, ReadStructuralFeatureAction, ReadVariableAction, Realizationl, Reception,
Reclassify(bjectAction, RedefinableElement, ReduceAction, Region, Relationship,
RemoveStrpcturalFeatureValueAction, RemoveVariableValueAction, ReplyAction, SendObjectAction,
SendSignallAction, SequenceNode, SigmalxSignalEvent, Slot, StartClassifierBehaviorAction, StartObjectBehgviorAction,
State, State[nvariant, StateMachine, Stereotype, StructuralFeature, StructuralFeatureAction, StructuredActivifyNode,
Structured(lassifier, SubstitutiongTestIdentityAction, TimeConstraint, TimeEvent, TimeExpression, Timelnferval,
TimeObseryation, Transition, TransitionKind, Type, TypedElement, UnmarshallAction, Usage, UseCase, V3luePin,
ValueSpeciEcation, ValueSpecificationAction, Variable,VariableAction, Vertex, VisibilityKind, WriteLinkAftion,
WriteStrucquralFeature A¢tion, WriteVariableAction

I=d

>
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Table 4.3 - SysML stereotypes, blocks, valuetypes, and datatypes

SysML stereotypes, blocks, valuetypes, and datatypes

PrimitiveV:
Rationale, J
Verify, Vie

\eﬁne Requrrement Satlsfy, Stakeholder TestCase Trace TrrggerOnNestedPort ValueType Ve
v, Viewpoint

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,
PrrmrtrveValueTypes Complex PrlmltrveValueTypes Integer PrlmltrveValueTypes Number

Port, Rate,
rdictKind,

4.2 Ds

The fundamg

Requ|

UML
are ¢
SysM

UMI|
mech

modd
Laye

Inter
by th
SysML prov

* Prim
Unit

Cont

4.3 Al

jrements-driven - SysML is intended to satisfy the requirements of the UMI< for SE RFP.

Partitioning - The package is the basic unit of partitioning in this International Standard. The packages

psign Principles

ntal design principles for SysML are:

reuse - SysML reuses UML wherever practical to satisfy the requiréments of the RFP, and when
quired, they are done in a manner that strives to minimize changes, to the underlying language. Cd
L is intended to be relatively easy to implement for vendors who-support UML 2.

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

| elements into logical groupings that minimize circular dependencies among them.
ing - SysML packages are specified as aniextension layer to the UML metamodel.

perability - SysML inherits the XMI(interchange capability from UML. SysML is also intended t
p ISO 10303-233 data interchange(standard to support interoperability among other engineering to

des three model libraries:
tiveValueTypes, see 8.3\3.1.
AndQuantityKind{sec” 8.3.3.2.
olValues, see) IN3.3.

chitecture

modifications
nsequently,

extension

b

2
ES.

bartition the

be supported
ols.

N2 FINAL D2

The relationst

L Q
llllJ UULW\/\/JI L))’DlVlLJ auu UIVIL 415 DllUWll 1Ir 1 15u1u 'f L bei\’ll_z UALULLUD UIVIL 495 ol.auuarux I

ofile (see

Clause 22 in the UML 2.5 specification) whose Trace and Refine stercotypes provide the basis for Requirement
traceability in SysML (see Clause 16, “Requirements” in this International Standard).

10
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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.

[ ]
N | _ «mporb ' PrimitiveTypes
4 ~ «import»
| >
|
«import» «profile»
™ StandardProfile

=7

. -
| «import»

7
—| 7 /=
«profile» «apply» «Mo.deILib.rary»
SysML < - = - Libraries

anY
N7

Figure 4.2 - BysML Extension of UML
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Figure 4.3 -

«profile»
SysML
1 —
Blocks P _|
Activities ModelElements
Allocations
. 7 N «import»
«import» , \
Ir / T T I
ConsfraintBlock Ports&Flows Requirements DeprecatedElements
D N
I«apply»
| !
«ModelLibrary»
Libraries
«ModelLibrary» «ModelLibrary» «ModelLibrary»
PrimitiveValueTypes ControlValues UnitAndQuantityKind

BysML Package Structure

As previously stated, the design approach for SysML is to reus¢-a subset of UML and create extensions to|support the
specific congepts needed to satisfy the requirements in the UML for SE RFP. The SysML package structune shown in

Figure 4.3 ¢

The SysML

« SysML::Model Elements refactors and extends UML classes.

« SysML::Blocks reuses structured classés from composite structures.

« SysML::ConstraintBlocks extends-Blocks to support parametric modeling.

« SysML::Ports and Flows extends UML ports, UML information flows, and SysML Blocks.
«  SysML::Activities extefids'UML activities.

« SysML::Allocations.extends UML dependencies.

« SysML::Requirements extends UML classes and dependencies.

+  SysML::DeprecatedElements extends UML ports, UML interfaces, and SysML Item Flows.

Figure 4.4 s}
QUDV and 1

12

ntains a set of packages that correspond to,concept areas in SysML that have been extended.

packages extend UML as follows:

j0wWs non-normative packages in this International Standard that depend on SysML and UML.|Note that the
SO-80000 libraries are described in non-normative annexes to this specification.

© ISO/IEC 2017 - All rights reserved
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[ 1 [ 1]
DI UML
N N N
| «importy «import» | «import»
| | — |
l «plrofile»
UMLDI Syshl e _«applyy
] |
() 7 0
| «ifmport» P - l«apply» l
/«irrport» | !
«profile» «ModelLibrary» «import» «ModelLibrary»
SysMLDI QuDvV - - - 1SO-80000
Figure 4.4 - Non-normative Package Structure
4.4 Extension Mechanisms
This Internafional Standard uses the following mechanisms to define the-SysML extensions:
+ UM stereotypes
«  UML diagram extensions

Modg

SysML stere
constraints.

UML 2. Sys
normative €3

The SysML
profile, and
Model Libraj

SysML.
45 Sy
The SysML

1 libraries

otypes define new modeling constructs bytextending existing UML 2 constructs with new pro
BysML diagram extensions define new diagram notations that supplement diagram notations rg
ML model libraries describe specialized model elements that are available for reuse. Addition
tensions are included in Annex E “Non-normative Extensions.”

user model is created by instantiating its metamodel and applying the stereotypes specified in
ptionally referencing or subclassing the model elements in the SysML model library. Clause 1
ries” describes how prefiles and model libraries are applied and how they can be used to furth

/sML Diagrams

Hiagranmitaxonomy is shown in Figure A.1 in Annex A. The concrete syntax (notation) for the d

with the cor

describes gehera HEFA ek
interchange is in SysML Diagram Interchange Annex (Annex B).

perties and
used from
1l non-

the SysML
7, “Profiles &
er extend

lagrams along
ex (Annex A)

esponding specification of the UML extensions is described in Parts

At a —strehas-thetrframesand-headines—A—moede
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5 Conformance

5.1 Overview

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

supported to

52 Cq

An impleme
of SysML ¢

+ Abstn
that ¢
meta
valid

« Cong
that ¢
notat

Interpational Standard. Note that a conforming tool may providg\the ability to create, read, update, and

addit

- Modd! interchange conformance. A tool demonstrating-model interchange conformance can import and

confd
interd

fully conform to SysML. Conformance does not include DeprecatedElements.

pnformance Types

htation of SysML shall comply with both the subset of UML4SysML and the SysML .extensio
nformance extend corresponding types in UML as follows:

act syntax conformance. A tool demonstrating abstract syntax conformance provides a user interf:
nables instances of concrete SysML stereotypes (which are applications of stereotypes to instance
lasses) and model library elements to be created, read, updated, and deleteds The tool shall also pr
hte the well-formedness of models that corresponds to the constraints defined in SysML.

F ete syntax conformance. A tool demonstrating concrete syntax conferrance provides a user interf}
nables instances of SysML notation to be created, read, updated(and deleted. This includes confo
on defined in the “Diagram Elements” tables and diagrams.¢xtension sub clauses in each clause o

onal diagrams and notational elements that are not defined in SysML.

rmant XMI for all valid SysML models, includinig models with profiles defined and/or applied. M
hange conformance implies abstract syntax conformance. See more information in Annex G.

ns. The types

ce and/or API
s of UML
pvide a way to

hce and/or API
'mance to the
f this

delete

export
odel
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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 clauses
reusable por

hre organized according to the SysML packages as described in the language architecture-and
ions of UML 2 packages. This sub clause provides information about how each clause’ is orga

6.2.1 Overview

This sub clapise provides an overview of the SysML modeling constructs defined in‘the subject package, w
usually asso¢iated with one or more SysML diagram types.

ipgram Elements

se provides tables that summarize the concrete syntax (fiotation) and abstract syntax referenc
graphic nodgs and paths associated with the relevant diagram types«The diagram elements tables are inten
all of the diagrammatic constructs used in SysML. However, they.do not represent all the different combina]
they can be fised. The reader should refer to the usage examples in the clauses and the sample problem (A
typical usaggs of the concrete syntax. General diagram information on the use of diagram frames and head
found in Anfex A.

The diagram| elements tables and the additional usage examples fill an important role in defining the scope
described in|Clause 4, “Language Architecturey .SysML imports many entire packages from the UML met3
it then reusep and extends. Only a subset of'the entire UML metamodel, however, is required to support th
included in $ysML.

Unless a typg of diagram element is\shown in some form in one of the SysML diagram elements tables, of

selected
nized.

hich are

bs for the

led to include
ions in which
hnex D) for
ings can be

bf SysML. As
model, which
e notations

in a usage

example in qne of the normative"SySML clauses, it is not considered to be part of the subset of UML inclyded within

SysML, even if the UML metamodel packages support additional constructs. For example, SysML imports
Dependencigs package from\UML, but it includes diagram elements for only a subset of the dependency ty

the entire
pes defined in

ensions.

Diagram extensions are included when the concrete syntax uses notation other than the standard stereotype notation as

defined in the Profiles & Model Libraries clause. Semantic extensions consist of stereotype and model libra

ry 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.

© ISO/IEC 2017 - All rights reserved
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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

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

18

Conventions and Typography

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

apped
Nov

r in the model are used.

sibilities are presented in the diagrams, since all elements are public.

If a spib clause is not applicable, it is not included, except for the top-level sub clauses outlined in “Clayse Structure”
on page 17.

Stereptype, metaclass, and metaassociation names: initial embedded capitals are used (e.g., “ModelElement,”
“ElerhentReference”).

Bool

Enun

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

leration types: always end with “Kind” (e.g., “DependencyKind’);
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Model Elements

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),
constraints, and comments. The package diagram defined in this clause is used to organize the model by partitioning
model elements into packageable elements and establishing dependencies between the packages and/or model elements

within the p
can be impo
naming of th

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

Constraints 3
several SysN
branch, or a
“Constraint

Comments ¢
model. SysM

decisions. The rationale may be attached to any entity, such as a systemr element (block), or to any relatio

the satisfy rd
for the desig
addition, Sy§
element.

7.1.1 Vi

The concept

constructs atle consistent with the 1ISO-42010 staridard. Typical examples may include an operational, many

security viey

Systems eng|
the time whg
of the inforn
model, whic

The viewpoi
viewpoint an
rules for con
this viewpoi

ckageTie package defines @ mamespace for tie packageabic clenmentsviode etenentsfrom
'ted and/or accessed by another package. This organizational principle is intended to helpestal
e model elements and avoid overloading a particular model element name. Packages can_also

(L diagrams. The constraint can represent a logical constraint such as an XOR, 2 condition on
nathematical expression. The constraint has been significantly enhanced in SysML as specified
Blocks™ to enable it to be reused and parameterized to support engineetring analysis.

hn be associated with any model element and are quite useful as danjinformal means of docum
[L has introduced an extension to a comment called rationale to. facilitate the system modeler

lationship between a design element and a requirement, In‘the latter case, it may be used to caj
n decision and may reference an analysis report or trad¢ study for further elaboration of the d
ML includes an extension of a comment to reflect a‘problem or issue that can be attached to an

ew and Viewpoint

of viewpoint and view are articulated™in 1SO-42010 (formerly IEEE-1471). SysML viewpoin

point and view.

neers use SysML to make models of systems-the result is the system model, which is what we
n we speak of “the model.” Along with that model, systems engineers may also use SysML to
hation to be presented)to the stakeholders to address their concerns. The result is the viewpoin|
h helps systems engineers assure that stakeholders get the understanding they need from the sy

ht and view.model can also be thought of as a description model, which augments a system m
d view model exposes elements of one or more system models. In particular, a viewpoint is a sj
structing a view to address a set of stakeholder concerns. The view is intended to represent th
nt.\This enables stakeholders to specify aspects of the system model that are important to then

one package
blish unique
be shown on

re used to capture simple constraints associated with one or more model elements§_and can be fepresented on

a decision
in Clause 10,

enting the

n capturing
ship, such as
bture the basis
bcision. In

y other model

t and view
ifacturing, or

mean most of
make a model
| and view
ystem model.

odel. A
becification of
b system from
1 from their

viewpoint, a

41 s | - L4l - - bl -
TG UICIT TUPTUSUIIL HIUSL  daSPUULS UL LIT S y SIUHT T d SPUUITIU VIUW.

The viewpoint describes the point of view of a set of stakeholders by framing the concerns of the stakeholders along 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.

© ISO/IEC 2017 - All rights reserved
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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.  What kind of information the view should contain.

2.  How the information should be expressed, i.e., what modeling language is required for the model that will appear in
the yiew. (Note: This is not to be confiised with the language used for specifying the viewpoint method).

3. The|presentation format that specifies how the information should be presented in an artifact, e.g. $pecifying that data
valyes should be plotted on a graph or a particular tabular style, or that both English and Spanish-text ghould be pro-
viddd, or that photographs be shown in color with minimum dimensions of 100 millimeters|square.

4. Thelfile format of the artifacts that are generated from the view (e.g., set of slides in ppt,-a PDF, a Wotd document, a

web

It is importa
generated fr:
An artifact s
represents th
and view mo
is the subjec

7.2 Di

Many of the
dependencie
diagram typq

viewable format, ...).

ht to understand that while the view is a SysML construct that exists withih a SysML model,
m views potentially live outside of the modeling environment as the means to satisfy stakeho
ich as a movie or a PDF document is not directly incorporated ina/SysML model, while the 3
e artifact does reside in the model as a specification of that artifact. The relationship between
del and the corresponding artifact is similar to the relationship between the system model and t
of the model.

agram Elements

diagram elements defined in this clause, specifically comments, constraints, problem, rational
, including the dependency subtypes Conform, Realization, and Refine, may be shown on all
s, in addition to the diagram elements-that are specific to each diagram type.

irtifacts

der concerns.
iew which

the viewpoint
he system that

e, and

SysML

Table 7.1 - Graphical nodes defined by MedelElements package
Element Name Concrete)Syntax Example Abstract Syntax Referenge
Comment UML4SysML::Comment
\ .
\\ ////
\ -
Comment text. 5
ConstraintNote UML4SysML::Constraint
\ .
\\ ///
{C1: {L1} E1.x > E2.y} Iﬁ
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Element Name

Concrete Syntax Example

Abstract Syntax Reference

ConstraintTextualNote

Element1
(any graphical node)

{constraint text}

{constraint text}

(any graphical path)

UML4SysML::Constraint

ElementGroup

SysML::ModelElements#Element-

«elementGroup» Group

{name=MyGroup, size=3} -~ Elementl

Group criterion description

Element3
M odel UML4SysML::Model

1
Model
PackageDipgram UML4SysML::Package
pkg Name J —
1 ///7 Subpackage2
Subpackagel /«Tmport»
Packagew|th UML4SysML ::Package
NamelnTap Packagel
—
- S7 Subpackage2
Subpackagel //«/import»
Packagel
TUrENTLp.//WWW. abc.conymodels/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 SysML::ModelElements::Problem

«problem»
The problem is that ...

Rationale SysML::ModelElements::Rationale

AN

«rationale»
Description of rationale

Sakeholder SysML::ModelElements:: Spkeholder

«stakeholder»
Name

«stakeholder»
concernList=,,,
/concern="...")"...""

View SysML::ModelElements:: View

«View»
Name

«view»
Iviewpoint=Name
/stakeholder=Namel,Name2

propertyl:Viewl

Viewpoint SysML::ModelElements:: Viewpoint

«viewpoint»
Name

«viewpoint»
stakeholder=Name
concernList=,,,
/concern="...","...","
/method=Name
presentation="...","..."

«create»View()

Table 7.2 - Graphical paths defined by ModelElements package

Element Name Concrete Syntax Example Abstract Syntax Reference
Conform SysML::ModelElements::Conform
«conform» [
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Element Name Concrete Syntax Example Abstract Syntax Reference

Expose SysML::ModelElements::Expose
o _exposer

Dependency UML4SysML ::Dependency

«stereotypel»
_____ dependeney! >
PublicPackagel mport UML4SysML ::Packagel mport with
oo visibility = public

______ oY >

PrivatePadkagel mport UML4SysML::Packagel mport with

caccesos visibility = private

>

PackageCqgntainment UML4SysML::Package::

ownedElement

o——

Realizatio UML4SysML::Realization
_________ >

Refine UML4SysML::Refine
L L

7.3 UML Extensions
7.3.1 Dibagram Extensions

7.3.1.1 UML Diagram Elements not Included in SysML

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.
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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

«metaclass» «metaclass» «metaclass» «metaclass»
UML4SysML:: UMLCZSYySML:: UMLCZSySML: UML4Sy|sML::
Generaligation Class Class Classi|fier

«stereofype» «stereotype» «stereotype»

Confdrm View Viewpoint ‘éit,j(rgﬁ e
. o . ] N
/viewpoint: Viewpoint stakeholder..StakehoIder ! concernList:Chmment[]
/stakeholder: Stakeholder [*] purpose: String D
] /concern: String [*]
metaclass concernList:Comment[*]

« » . H
UMLA4SysML :: /concern: Stn_ng [*1

Dependency language: String:[¥]

/method: Behavior [*]
T presentation; \String [*]

«stereofype» «

metaclass
Expose UMLA4SySML::
Comment
A
«stereotype» «stereotype» «stereotype»
Rationale Problem ElementGroup
name: String
[criterion: String
[size: Integer
/member: Element [*]
orderedMember: Element [*]
Figure 7.1 - Htereotypes defined in package ModelElements
7.3.2.1 Colnform

Description

A Conform relationship is a generalization between a view and a viewpoint. The view conforms to the 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 ElementGroup

Description

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 design. The semantics of ElementGroup is modeler-defined. In particular, the body text is not restricted. It can

describe the

Element gro
body of the

group applie

ElementGroyps appear in diagrams as comments, and properties of the stereotype appear jin-the notation fq

properties.
several impl

Elem|

The 4

Elem|
mem

Elements rel
particular, ell
properties, r

Grouped ele
particular, el
properties. H
elements ouf
then respons|

¢ A grg
body

propg
A gr

any ifstances-of those Blocks are produced in a foreign country. This body text does not address the Blod

is not

grouped—ctements—as—wetasclementsor-vatues retated-to-thegrouped-—ctements——

ips are named using the name property. The criterion for membership in an element group.is sy
fomment the stereotype is applied to. By grouping elements, the modeler asserts that the critet
5 to the member. Optionally, members of an element group can be ordered using its.orderedMe

rouped elements are the annotated elements of the comment to which thesstereotype is applie
cations:

ent groups do not own their elements and thus an element can participate’/in an unlimited number
lements in a group are identified by the modeler, as opposed to being the result of a query, as in v

ent groups can be members of other element groups, but thisxdoes not imply that members of the
bers of the second.

pted to the grouped elements are not included in thegroup, even though the body text can add
ement groups annotating deeply nested properti€$ or properties with bindings are grouping on
ither than their nesting or their bound properties.

ments are also limited to elements of models, rather than instances of values of those model e
ement groups annotating blocks or properties are not grouping the instances of the blocks or thg
owever, since the semantics of ElementGroup is left to the modeler, the body text can refer td
side the group, such as instanc€s and values of the grouped elements, or to bound properties. T
ible for writing body text thatexplains the implications for the related elements. For instance:

up with the criterion: <Authored by John” could annotate any model element added in the model
text does not address any related elements. For example, if the annotated element is a property bo
rty, the group would not imply authorship of the second property.

up with theleriterion: “Instances are manufactured in a foreign country” could annotate Blocks to

necessarily “manufactured” in a foreign country.

ecified by the
ion of the
mber property.

I stereotype
1. This has

f groups.
ews.

first are

ress them. In
y the

ements. In
values of the
related

he modeler is

by John. This
und to another

indicate that
k itself, which

A gr

up.with criterion: “Values are manufactured in a foreign country’ could annotate properties, incluf

ding part

properties, to indicate the values of the property are produced in a foreign country. This body text does not address the
property itself, which is not necessarily “manufactured” in a foreign country. Since the text is about values of the

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

Attributes

name: String

Name of the element group
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/eriterion[0..1]: String

Specifies the rationale for being member of the group. Adding an element to the group asserts that the criterion

appl

ies to this element.

Derived from Comment::body.

/size: Integer

Number of members in the group. Derived.

/member: Element[0..*]

Set specifying the members of the group.
Derived from Comment::annotatedElement.

orderedN
Org

Operations

[1] The quet
criter
body:

[2] The quet

size ()
body:

[3] The quet
member

body:

[4] The quet
allGro
body: 1}
7.3.2.3 Ex

Description

The expose 1
the query. T1
method desc

Constraints
[1] The cliet

7.3.2.4 Prpblem

Description

ember: Element[0..*] {ordered, subsets member}
hinize member according to an arbitrary order. Optional.

y criterion() returns the text describing the criterion defining the group.
lon () : String[0..1] {query}
el f .base Comment .body

y size() returns the number of elements which are members of the group.
Integer[1l..1] {query}
elf .base Comment.annotatedElement->size ()

'y member() returns the set of all the members of the group.
) : Set (Element) [0..*] {query}
el f .base Comment.annotatedElement

y AllGroups() returns the set of all the groups an elenient is member of.
ps(e:Element) : Set (ElementGroup) [0..#»] {query, static}
FlementGroup.allInstances () ->select(member->includes (e))

pose

elationship relates a view towone or more model elements. Each model element is an access p
le view and the model elements related to the view are passed to the constructor when it is in
ribes how the exposed elements are navigated to extract the desired information.

it shall be an element stereotyped by View.

int to initiate
yoked. The

A Problem documents a deficiency, limitation, or failure of one or more model elements to satisfy a requirement or need,
or other undesired outcome. It may be used to capture problems identified during analysis, design, verification, or

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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7.3.2.5 Rationale

Description

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

Description

A stakeholdd

Attributes

concernl
The

/concern
The

7.3.2.7 Vid

Description

A View is a
result of que
in terms of t

It is sometin
may include
views is refl

The informa
tables, plots,|

Attributes

/viewpo
The

/stakeho
The

Constraints

r represents a role, group, or individual who has concerns that will be addressed by the View

List: Comment [*]
interests of this stakeholder.

- String [*]
interests of this stakeholder displayed as the body of the comments from/concernList.

W

model element that represents a real world artifact that can be presented to stakeholders. The
rying one or more models that are defined by a viewpoint method. The view shall conform to
he viewpoint stakeholders, concerns, methodydanguage, and presentation requirements.

les desirable to construct views from otherswiews, and to establish an order for presenting the
one or more views as properties, each'\0f which conforms to their viewpoint. The order of the
pcted in the property order.

ion may be presented to the stakeholder in any format specified by the viewpoint, which may i
entire documents, presentation slides, or video.

nt: Viewpoint
viewpoint for.this' View is derived from the conform relationship.

der: Stakeholder [*]
list of stakeholders is derived from the viewpoint the view conforms to.

of the model.

view is the
the viewpoint

views. Views
referenced

clude figures,

[1] A view shall only conform to a single viewpoint.

[2] The derived value of the viewpoint shall be the classifier stereotyped 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.
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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
physical architecture, and security test cases.

Attributes

stakehol
Set

purpose;
The

concernl]
The

/concern|
The

languagg
The
speqd

/method
The

presenta
The

Constraints
[1] The deri
Create st

[2] The prop

Her: Stakeholder [*]
bt stakeholders whose concerns are to be addressed by the viewpoint.

String
purpose addresses the stakeholder concerns.

List: Comment [*]
interests of the stakeholders addressed by this viewpoint.

String [*]
interest of the stakeholders displayed as the body of the comments.from concernList.

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

Behavior [*]
behavior is derived from the method of the operation with the Create stereotype.

ion: String [*]
specifications prescribed for formatting andstyling the view.

ed values of the method attributefshall be the names of the methods of the operations stereotyped|
lereotype on the classifier stereotyped by Viewpoint.

erty ownedOperation shall include at least one operation named “View” with the UML Create ster|

sage Examples

.27 in Annex.D for a View/Viewpoint example.

language

by the UML

botype applied.

7.4  Us
See Figure
30
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Figure 7.2 shows examples of Rationale and Problem elements.

bdd Master Cylinder requirementy

«requirement»
Loss of Fluid Q‘\~\«satisfy»

S~

«block»
Brake System

ISO/IEC 19514:2017(E)

«requirement» ke-——om—m== =
Reservoir

«ral
Thd

ionale»
best-practice solution

A & il
- —vrasSte Ty rrore

«problem»
The master cylinder in the

corfsists in assigning one ! .
resprvoir per brakeline. previous version leaked.
Seg¢ "automotive_d32_hdb.doc"

Figure 7.2 - Rationale and Problem examples
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locks

Overview

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

de a general-purpose cnpnhili‘rv to model systems as trees of modular components The specif]

jc kinds of

components,|
all be selectg
system speci
logical or ph
these system
inputs and o

The Block D)
generalizatig
relationships
the internal

to specify itg
types of inte
class of prop
notations foi

A property g
definition. Al
defining blo
a wheel can
definition. S
usage, such

Blocks may
clause deals
relations bet
between blo
blocks to spq

SysML blocl
classes, suchi
SysML bloc
a particular

the kinds of connections between them, and the way these elements combine to define the’tof
d according to the goals of a particular system model. SysML blocks can be used throughout
[fication and design, and can be applied to many different kinds of systems. These include/mode
ysical decomposition of a system, and the specification of software, hardware, or human elem
s may interact by many different means, such as software operations, discrete stdte transitions
itputs, or continuous interactions.

efinition Diagram in SysML defines features of blocks and relationshipsétween blocks such a
ns, and dependencies. It captures the definition of blocks in terms of properties and operation
such as a system hierarchy or a system classification tree. The Internal Block Diagram in Sy{
tructure of a block in terms of properties and connectors between properties. A block can incl
values, parts, and references to other blocks. Ports are a special class of property used to spe
actions between blocks, and are described in Clause 9, “Ports and Flows.” Constraint Propertie
erty used to constrain other properties of blocks, and are described in Clause 10 “Constraint Bl
properties are available to distinguish these specialized kinds of properties on an internal blo

an represent a role or usage in the context ofiits“énclosing block. A property has a type that s
part belonging to a block, for example, may be typed by another block. The part defines a loc
k within the specific context to which the part belongs. For example, a block that represents th
be used in different ways. The front wheel and rear wheel can represent different usages of th|
ysML also allows each usage to define context-specific values and constraints associated with
hs 25 psi for the front tires and-30-psi for the rear tires.

also specify operations or other features that describe the behavior of a system. Except for op
strictly with the definition of properties to describe the state of a system at any given point in t
veen elements thatdefine its structure. Clause 9, “Ports and Flows” specifies specific forms o
ks, and the Behdyvioral Constructs including activities, interactions, and state machines can bg
cify their behavior. Clause 15, “Allocations” describes ways to allocate behavior to parts and

ks are based)on UML classes as extended by UML composite structures. Some capabilities avai
as more¢ specialized forms of associations, have been excluded from SysML blocks to simplify
ks always include an ability to define internal connectors, regardless of whether this capability

loek SvsMT. Blocks also extend the (‘ﬂpﬂhi“ﬁPQ of TIMT . classes and connectors with rensabl

al system can
all phases of
ling either the
ents. Parts in
flows of

5 associations,
, and

ML captures

hde properties
cify allowable
s are a special
cks.” Various
bk diagram.

ipplies its

nl usage of its
e definition of
e same wheel
the individual

brations, this
me, including
f interactions
applied to
blocks.

able for UML
the language.
is needed for
e forms of

constraints, multi-level nesting of connector ends, participant properties for composite association classes, and connector

properties. S

ysML blocks include several notational extensions as specified in this clause.
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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

BlockDefinition
Diagram

bdd l\|ameclnnr‘n1 J

SysML::Blocks::Block
UML 4SysML ::Package

partl

Blockl |@————- Block2

1 0.*

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::propertyd}
prop3: Block3 {redefines property0}

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

values
property7: Integer =99 {readOnly}
property8: Real = 10.0
prop9: Booleap{redefines property00}

property5; Block3 ~ Properties
" property6:Block4

SysML ::BlockskBlock

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}

properties

propertyl: Type3

property?- Typed {subsets property O}

SysML::Blocks::ValueType

prop3: Type5 {redefines BlockO::property00}
/prop6: Type 6 {union}
prop7: Type 7

classifier behavior
«stateMachine» MySML1 ()

aviaad-b haui L.

«valueType»
unit = UnitName
Enumeratipn UML4SysML::Endmeration
«enumeration»
Enumerationl
literalNamel1
literalName2
AbstractDgfinition UML4SysML::Classifier with
Name isAbstract equal true
{abstract}
Name
Name
{abstract}
StereotypeProperty UMLA4SysML::Sereotype
Compartment «stereotypel»
Block1
«stereotypel»
propertyl = value
Behavior SysML::Blocks::Block
Compartmrjent Blockl

MySM2 (pl: P2)
«activity» myActivity_1 (in x : Integer)
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Element Name Concrete Syntax Example Abstract syntax Reference
Namespace SysML::Blocks::Block
Compartment Block 1
namespace
partl
Block2 01—0* Block3
Structure SYySMIT - BIOCKS. - BTOCK
Compartment Blockl
structure
. cl: 1 p2:
pl: Typel el| Type
BoundRefgrence SysML::Blocks::Block,
wblocks SysML ::Blocks::BoundReferenge,
Blockl SysMLi::Blocks::EndPathM ultiglicity
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 }
property11 [*] { redefines\property11 }
Unit UML4SysML::InstanceSpecificgtion
unitl: Unit unit2: Unit
symbol=".." symbol="..”
description="..."” description="...”
definitionURI="...." definitionURI="...."
guantityKind=gk1,gk2
QuantityKjnd UML4SysML::InstanceSpecification
gkl: QuantityKind
symbol=".."
description="..."
dermitonurRI=....
I nstanceSpecification UML4SysML::InstanceSpecification
. Al
Ll Typel s 2.Type2
p
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Element Name Concrete Syntax Example Abstract syntax Reference

I nstanceSpecification UML4SysML::InstanceSpecification

instancel: Typel

valuel

I nstanceSpecification UML4SysML ::InstanceSpecification

instancel: Typel

propertyl =10
property2 = "value"

I nstanceSgecification UM L 4SysM LI nstanceSpecification
cTypel

instancel / propertyl: Type2

instance? / property?:
Type3

propertyl =10
property2 = "value"

Table 8.2 - Graphical paths defined by in Block Dgfinition diagrams

Element Name Concrete Syntax‘Example Abstract syntax Reference
Dependengy UML4SysML::Dependency
«stereotypel»
d d 1
e Gependenoyt
ReferenceAssociation 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}
Preperty2———assoc Tatior—<¢ propertyt
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

associationl propertyl

L 2
0.1 {ordered} 1.*
property2 associationl propertyl
1 {ordered, 0.*

subsets BlockO::property0}

UML4SysML::Association and
UML4SysML::Property with
aggregationKind = composite

property arssoCtationt propeTty+

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

SharedAsspciation

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
UMLA4SysML::Propérty with
aggregationKind=yshared

Multibrang¢hPart

UML4SysML::Association and

Associatiof property3 _ associationl property1 UML::Kernel::Property with
! o0& agoregationKind = composite
property2
0“*
Multibran¢hShared UML4SysML::Association and
Associatior property3 _ associationt propertyl UML::Kernel::Property with
! 0.r aggregationKind = shared
property2
o
Generalizgtion UML4SysML::Generalization
>
Multibran¢h UMLA4SysML:Generalization
Generalizgtion %
GeneralizationSet UMLA4SysML::
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

ParticipantProperty

UML 4SysM L :: Property

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
BIOReRY 1] Block1
{oxdered} 0.*

| Associatianl

1’z

UML4SysML:: AssociationClas

Connector Property

Block1

«conneetor» cl: Associationl
«connector» 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

pi: clial 1 p2:
Typel

p3

Property UMLA4SysML::Rcoperty

o] :
pl: Typel } rl: Type2 :
[ I

X: Integer = 4
"y:Real=4.2

“p4: Type4d

pl: Typel O

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::PartPropefty typed by
UMLA4SysML::Actor

«actor»
ActorName

/ N\
ActorName
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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

pl: [Typel]
values
«normal» {mean=2,stdDeviation=0.1} x Real

p2

SysML::Blocks::PropertySpecifcType

values

y: Integer =5

BoundRefgrence

pl: Typel

structure

«boundReference» 6.8; «equal» ] 2.8
p2BR : Subtype2 p2: Type2

SysM L ::Blocks:; BoundReférence

Table 8.4 - Graphical paths defined in Internal Block diagrams

Element Name Concrete Syntax Example Abstract Syntax Reference
Dependengy UML4SysML ::Dependéncy
«stereotypel»
,,,,,,, dependel_____ -
BindingConnector UML4SysML::Connector
1 0.*
«equal»
1
Bidirectiorfal Connector UML4SysML::Connector
pl cl: associationl p2
0.1 0.
Unidirectignal Connector UML4SysML::Connector
cl: associationl pl
0.1 0.*
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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 BJ
defines valug
composite st
types are des

8.3.1.1.2 Dg

If no stereoty
compartmen
before the n3

8.3.1.1.3 L4

SysML alloy
compartmen
SysML itself
SysML defin
rather than t

8.3.1.1.4 Be

A compartm
the classifieq
of behavior.

Behaviors re
<name> ‘(’
where:

ock defines a collection of features to describe a system or other element of interest. A SysM
s that may be used within a model. SysML blocks are based on UML classes, as extended\by
fuctures. SysML value types are based on UML data types. Diagram extensions for SysME blqg
cribed by other subheadings of this sub clause.

fault «block» stereotype on unlabeled box

'pe keyword appears within a definition box on a block definition diagram (inicluding any stere
s), then the definition is assumed to be a SysML block, exactly as if the«block» keyword ha
me in the top compartment of the definition.

beled compartments

s blocks to have multiple compartments, each optionally identified with its own compartment
s may partition the features shown according to variouSccriteria. Some standard compartments
, and others can be defined by the user using tool-specific facilities. Compartments may appea
es two additional compartments, namespace and_structure compartments, which may contain gt
bxtual constraint or feature definitions. See sgparate sub clauses for a description of these com

havior compartment

ent with the label “classifier behavior” or “owned behaviors” may appear as part of a block de
behavior or owned behaviors, respéctively. This compartment may contain text representation

presented in this compartment are shown as a text string of the form:
<parameter-list>] )~ [<return-type-list> ] ] [ <behavior-constraint>]

<n

<ret
<ret

is the name:of the Behavior.
er-list>’is a list of Parameters of the Behavior in the format defined in UML.

n-Aype-list> is list of types, multiplicities, and other properties of parameters with return directio
. [ < *

. ValueType
UML
cks and value

type property
appeared

name. The
hre defined by
" in any order.
aphical nodes
partments.

finition to list
s of any kind

<return-type-mult-prop> :=

<return-type> [‘[* <multiplicity-range> ‘]’] [*{* <param-prop-list> ‘}’] ]
(see UML for definition of <multiplicity-range>)

<param-prop-list> ::= <param-prop> [‘,” <param-prop>]*
<param-prop> ::= ‘ordered’ | ‘unordered’ | ‘unique’ | ‘nonunique’ | ‘seq’ | ‘ sequence’

<beh
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avior-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 optional. The note-based notation, with a constraint shown in a note box outside the block and linked to it by a dashed

line, may also be used to show a constraint owned by a block.

A constraint;
property is aj
constraint pr
them to othe

8.3.1.1.6 Neé

A compartm
namespace d
diagram. All
block.

Because this
may be usefi
compartmen
structure cof]
within a con

8.3.1.1.7 St

A compartm|
structure ele
block diagra

Because this
may be usef
compartmen
structure cof]
within a con

8.3.1.1.8 Bq

A compartm|

compartment may also contain declarations of constraint properties owned by the block. A\c
property of the block that is typed by a ConstraintBlock, as defined in Clause 10. Only the dec
pperty may be shown within the compartment, not the details of its parameters or binding/conng
I properties.

Imespace compartment

ent with the label “namespace” may appear as part of a block definition torshow blocks that are
f a containing block. This compartment may contain any of the graphical elements of a block
blocks or other named elements defined in this compartment belongto the namespace of the

compartment contains graphical elements, a wider compartinent than typically used for featur
i1. Since the same block can appear more than once in/the/same diagram, it may be useful to

as part of a separate definition box than a box that\shows only feature compartments. Both n
hpartments, which may both need a wide compartment to hold graphical elements, could also
mon definition box.

fucture compartment

ent with the label “structure” may appear as part of a block definition to show connectors and
ments for the block being defined. This compartment may contain any of the graphical elements
n.

compartment contains graphical elements, a wider compartment than typically used for featur
il. Since the same black\can appear more than once in the same diagram, it may be useful to

as part of a separdte Jdefinition box than a box that shows only feature compartments. Both n
hpartments, whichanay both need a wide compartment to hold graphical elements, could also
mon definitidonbox.

undReference compartment

ent with the label “bound references” may appear as part of a block definition to show proper

bnstraint
laration of the
ctors that link

defined in the
definition
containing

¢ definitions
how this
amespace and
be shown

other internal
of an internal

e definitions
how this
pmespace and
be shown

ies with the

BoundReferd

113 il

«boundReferencey’

nce stereotvne annlied. The nroperties omit the prefix
7 rr r r r

8.3.1.1.9 Default multiplicities

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 than 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

Internal Block Diagram

ns as defined

An internal
by SysML.

8.3.1.2.1 Pr

Four general
constraint prj
shown on an
consistent w
and Flows.”
Blocks.”

8.3.1.2.2 BI

The diagram
the diagram
of a diagram
inside the in

8.3.1.2.3 Cqg

SysML pernj
These comps
within these
type, these ¢
unlabeled co
and content
label “classif

types the pait which will then appear as specified in 8.3.1.1.4, Behavior compartment.

The label of
shown with
would appea

1 Je—ds M d tlha TINAL 14 +: 4 s 4] faaa ot | £ 3
TOURKUTa ST ariT IS~ UdSUU U U~ O TV CUTITPUSTIC ST O TOT U UTAa ST AT v TUT TUSTITOTTUTTES  dITa CUATCOTT ST

pperty types

categories of properties of blocks are recognized in SysML: parts, references, valu¢ propertie
pperties. (See Block on page 51, for definitions of these property types.) A partior value props
internal block diagram with a solid-outline box. A reference property is shown by a dashed-o
th UML. Ports are special cases of properties, and have a variety of nofatiens as defined in C]
Constraint properties and their parameters also have their own notatjons as defined in Clause 1

bck reference in diagram frame

heading name for an internal block diagram (the string'contained in the tab in the upper-left-J
frame) shall identify the name of a SysML block as dits modelElementName. (See Annex A for
heading name including the modelElementName‘¢omponent.) All the properties and connectg
ernal block diagram belong to the block that is@amed in the diagram heading name.

mpartments on internal properties

its any property shown on an internal block diagram to also show compartments within the pi

compartments shall match those;of the block or value type that types the property. For a prop
pmpartments may be used (0 specify redefined or additional features of the locally defined typ
mpartment on an internal property box is by default a structure compartment. A behavior comj
hall match the correspending behavior compartment of the block that types the part. A compar
ier behavior” or Yewned behaviors” may contain the classifier behavior or owned behaviors of]

any compattment shown on the property box that displays contents belonging to the type of tl
W coloncharacter (“:”) preceding the compartment label. The compartment name is otherwise
I on the 'type on a block definition diagram.

5, and

rty is always
utline box,
ause 9, “Ports
D, “Constraint

and corner of
the definition
rs that appear

operty box.

rtments may be given standard oruser-customized labels just as on block definitions. All featuires shown

prty-specific
e. An
partment label
ment with the
the block that

le property is
he same as it

8.3.1.24C

TTPartments o a diagranT frante

SysML permits compartments to be shown across the entire width of the diagram frame on an internal block 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 th

44

e top level of the diagram frame.

© ISO/IEC 2017 - All

rights reserved


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

ISO/IEC 19514:2017(E)

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 notation is purely a notational shorthand for a property that could otherwise be shown within a structure of nested
property boxes;withrthremames T thedotted-strimgtakemrfronr themmanme-that-woutdappearatcachtevetof nesting. In
other words,|the internal property shown with a path name in the left-hand side of Figure 8.1 is equivalent| to the

innermost ngsted box shown at the right.

P1: Blockl P1: Blockl

Namel:

Name 2:

Nampl.Name2.Name3: :
Name3:

Figure 8.1 - Nested property reference
8.3.1.2.6 Ng¢sted connector end

Connectors may be drawn that cross the boundaries of siested properties to connect to properties within th¢m. The

connector is fowned by the most immediate block thattowns both ends of the connector. A NestedConnectorfnd stereotype
of a UML CpnnectorEnd is automatically applied to any connector end that is nested more than one level fleep within a
containing cpntext.

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

connector lije may cross. The need for nested connector ends can be avoided if additional properties can bg added to the
block at eaclj containing level. Nestéd connector ends are available for cases where the introduction of thesg intermediate
properties is|not feasible or apptopriate.

The ability tp connect to nested properties within a containing block requires that multiple levels of deconposition be
shown on thg same diagram.

8.3.1.2.7 Property<Specific type

Enclosing the'type name of an internal property in square brackets specifies that the type is a local specialjzation 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. 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 Ini

tial 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 same as may

be shown fo
InstanceSpeq
how values Y

8.3.1.2.9 De

SysML defin
on a diagranj

8.3.1.3 UM

The supportg
teaching, lea)
for n-ary ass
large open d
Qualified ass
a specialized
capability, W
support of sy
case of arroy
end. An “X”
the use of a

The use of a
UML DataTy
value type it

8.3.1.4 UM

The UML C
SysML clau

Vd‘lqu Witllill i.llC UTVIL illb‘LallL/C prLifiL,a‘LiUll llUtatiUll, 1L)l.ali. illib ib Al.}l(; Ull‘l_y C‘lClllCll‘L Uf UTVIL
ification notation that may be shown in an initial values compartment. See Block on page.51
wvithin initialValues compartments are represented in the SysML metamodel.

fault multiplicities

es default multiplicities of 1 on each end of a connector. These multiplicitiesunidy be assumed
. To avoid confusion, any multiplicity other than the default should always be shown on a dia

L Diagram Elements not Included in SysML Block Definition Diagrams

d variety of notations for associations and association annotations‘lias been reduced to simplify

beiations and qualified associations has been excluded fromi<SysML. N-ary associations, shown
amond with multiple branches, can be modeled by andntermediate block with no loss in expr
ociations, shown in SysML by an open box at the erid of an association path with a property nal
feature of UML that specifies how a property value’ can represent an identifier of an associatg
hile useful for data modeling, does not seem-essential to accomplish any of the SysML requir
stems engineering. The use of navigation arrowheads on an association has been simplified by
heads on both ends, and requiring that such an association always be shown without arrowhe
on a single end of an association to indicate that an end is not navigable has similarly been dj
small filled dot at the end of an asseciation to indicate that the end is owned by the associated

«primitive» keyword on a value’type definition (which in UML specifies the PrimitiveType sp
pe) is not supported. Whethet or not a value type definition has internal structure can be detern
belf.

L Diagram Elements not Included in SysML Internal Block Diagrams

bmposite Structure diagram has many notations not included in the subset defined in this clau
es add s@nie’ of these notations into the supported contents of an internal block diagram.

for details of

if not shown
loram.

the burden of

Ining, and interpreting SysML diagrams for the systems enginééring user. Notational and metamodel support

in UML by a
BSsive power.
me inside, are
d target. This
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excluding the
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ined from the

e. Other

46

© ISO/IEC 2017 - All

rights reserved


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

8.3.2 Stereotypes

Package Blocks

«metaclass»
UMLA4SysML::
Class

ISO/IEC 19514:2017(E)

?

«stergotype»
Blpck

isEncapsuldted: Boolean

Figure 8.2 - Abstract syntax extensions for SysML blocks

«metaclass»

DistributgdProperty

UML4SysML::
Property
A
«stereotype» «stereotype»
«stereptype» ParticipantProperty ConnectorProperty

end: Property [1]

connector: Connector [1]

Figure 8.3 - Abstract syntax extensions for SysML pfoperties

«Metaclass»
DataType

«stereotype
ValueType (0..*

unit | 0.1

«Metaclass»

InstanceSpecification

auantitKind 01
<t Y

0.

Figure 8.4 - Abstract syntax extensions for SysML value types

© ISO/IEC 2017 - All rights reserved

47


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

ISO/IEC 19514:2017(E)

«metaclass»
UML4SysML::Element

T

«stereotype»
ElementPropertyPath

*

1.%

propertyPath
{ordered, nonunique}

«metaclass»
UML4SysML::Property

«metaclass»
UML4SysML::

DirgctedRelationship

*

= Bl
SUUTLTT TUPTTLy T Aatlt

0.7 0.7

" L0 R = P
gttt ropertyrat

{ordered, nonunique}

«stereotype»

DirectedRe¢lationshipPropertyPath

{ordered, nonunique}

* 0.1

sourceContext
* 0.1

targetContext

Figure 8.5 -

«metaclass»
UML4SysMLs Classifier

\bstract syntax extensions for SysML property/paths

«metaflass»
UML4SysML::
Conngctor

«metaclass»
UML4SysML::
ConnectorEnd

«stereotype»
ElementPropertyPath

«stereptype»
BindingGonnector

Figure 8.6 -

«metaflass»
UML4SysML::

T

«stereotype»

NestedConnectorEnd

\bstract syntax extensions for SysML connector ends

Classifier

A

«stereotype»
PropertySpecificType

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

#

«stereotype»
EndPathMultiplicity

lower : Integer [0..1] =0
upper : UnlimitedNatural [0..1] = unlimited

1

«stereotype»
BoundReference

boundEnd : [ConnectorEnd
/bindingPatH : Property [1..*] {ordered, nonunique}

Figure 8.8 - Abstract syntax extensions for SysML bound references

«metgclass»
UML4SysML::Property

ﬁ

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

«stereotype»
ClassifierBehaviorProperty

Figure 8.9 - Abstract syntax extensions-far SysML adjunct properties and classifier behavior properties

8.3.2.1 AdjunctProperty

Description

The AdjunctProperty stereotype can be applied to properties to constrain their values to the values of conpectors typed
by associatign blocks{ call actions, object nodes, variables, parameters, interaction uses, and submachine sfates. The
values of cofnectors-typed by association blocks are the instances of the association block typing a connect¢r in the block
having the stereotyped property. The values of call actions are the executions of behaV10rs invoked by the bdhavior having
). The values
of object nodes are the values of tokens in the object nodes of the behavior having the sterecotyped property (see
11.3.1.4.1, Notation for more about this use of the stereotype). The values of variables are those assigned by executions
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, variable,
or parameter.

Constraints

[1]

submachine State, or InteractionUse.

Properties to which AdjunctProperty applied shall have the same name as the principal.

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

Propertid
Propertid

that elenjent's specializations.

[5] Propertig

have the
Connect

Adjunctl
connectd

[6]
[7]

[8] Propertig
behavio

generalij

[9] Propertig

an uppe
[10]Propertig
same as
than the

[11]Propertig
and be ty
generalij

8.3.2.2 Bimpding Connector

Description

A Binding (
If the proper|
the propertig
properties at

s with AdjunctProperty applied that have a Connector or CallAction as principal shall be compos

s with AdjunctProperty applied shall be owned by an element that owns the principal, at least indir

s with AdjunctProperty applied that have as principal a Connector, ObjectNode, Vatiable, or Para
same type as the principal or one of that type’s generalizations.

rs that are principals of an applied AdjunctProperty shall have associationblocks as types.

roperty and ConnectorProperty applied to the same property shall have-the same values for princi
r, respectively.

s with AdjunctProperty applied that have a CallAction as principal shall be composite and be typs
invoked by the call action or one of that behavior’s generalizations (for CallOperationActions, th

s with AdjunctProperty applied that have an ObjectNode as principal shall have a lower multiplic
multiplicity the same as or higher than the upperBound of the ObjectNode.

s with AdjunctProperty applied that have a Variable or Parameter applied shall have a lower mult
br lower than the lower multiplicity of thecVariable or Parameter, and an upper multiplicity the san
upper multiplicity of the Variable or Parameter.

s with AdjunctProperty applied that'have an InteractionUse or submachine State as principal shal
ped by the interaction or state-niachine invoked by the interaction use or submachine State or one
ations.

onnector ista~connector which specifies that the properties at both ends of the connector have
ies at the.ends of a binding connector are typed by a ValueType, the connector specifies that th
5 shall hold equal values, recursively through any nested properties within the connected prop
the/ends of a binding connector are typed by a Block, the connector specifies that the instanc

te.

bctly, or one of

meter shall

pal and

d by the
s shall

e all behaviors that might be dispatched), and an upper multiplicity of one if the CallAction invoKes a
nonreentrant behavior.

ity of zero and

plicity the
he as or higher

be composite
of their

equal values.
e instances of
erties. If the
bs of the

nl

properties s
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connector 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

of a binding

[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 without types do not restrict the instances that can be values of the properties, as if they had the
most general type possible. A block may include a structure of connectors between its properties to indicate how its parts
or other properties relate to one another.

SysML bloc
represent a s
describe not
information

SysML does
description t
descriptions,
between part

Connectors

containing b
or other proj
when used t
types do not
Connectors 1
structure spg
item flow be
item flow, ol

SysML excli

ks provide a general-purpose capability to describe the architecture of a system. They provide
ystem hierarchy, in which a system at one level is composed of systems at a more basic level|
only the connectivity relationships between the systems at any level, but also quantitatiye vali
hbout a system.

not restrict the kind of system or system element that may be described by ablock. Any reus
hat may be applied to a system or a set of system characteristics may be deScribed by a block.
for example, may be applied to purely conceptual aspects of a system design, such as relationg
s or properties of a system.

wned by SysML blocks may be used to define relationships betweéen parts or other properties
ock. Connectors can be typed by associations, which can spe€ify more detail about the links 1
erties of a system, along with the types of the connected-pfoperties. Associations can also be

type connectors give relationships their own interconfiected parts and other properties. Conn
restrict the way the connected properties are linkedtegether, as if they had the most general t
lave both structural and behavioral functions, which’can be used together or separately. Conng
cify links between parts or other properties ofra%ystem. Connectors as behavior specify comn]
tween parts or other properties. Connected properties can be linked without specifying commy

ides variations of associations in UML in which navigable ends can be owned directly by the

SysML, navigation is equivalent to a named-property owned directly by a block. The only form of an assoc

SysML alloy
property. Th
a unidirectio
equivalence
metamodel.

SysML estah
a SysML BI
property. Co,
property, as

s an association to own directly is an unnamed end used to carry an inverse multiplicity of a
s unnamed end provides a ‘metamodel element to record an inverse multiplicity, to cover the sj

pf navigation and ownership by means of constraints that the block stereotype enforces on the

lishes four basic classifications of properties belonging to a SysML Block or ValueType. A pro
ck that las)composite aggregation is classified as a part property, except for the special case

hstrainfproperties are further defined in Clause 10, “Constraint Blocks.” A port is another cat
further’defined in Clause 9, “Ports and Flows.” A property typed by a Block that does not hay

aggregation

can specify communication and item flow* without specifying a particular kind of link, or both.

the ability to
They can
les or other

ble form of
Such reusable
hips that hold

of the same
etween parts
blocks, and
bctors without
ype possible.
ctors as
unication and
nication and

1ssociation. In
ation end that
reference

ecific case of

nal reference that defines no named property for navigation in the inverse direction. SysML enforces its

existing UML

berty typed by
f a constraint
pgory of

e composite

s classified as a reference property A property typed by a SysMT, ValneType is classified as a

alue property,

and always has composite aggregation. Part, reference, value, and constraint properties may be shown in block definition

compartments with the labels “parts,

be shown in

ERINT3 ERINT3

references,
a “properties” compartment or in additional compartments with user-defined labels.

values,” and “constraints” respectively. Properties of any type may

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, SysML defines no specific semantics or constraints for properties with shared aggregation, but particular models or

tools may in

In addition t
<value-speci
specification|
page 44). A1
properties as

Context-speq
ValueSpecifi
values show

If a property|
the default v|
InstanceSpeq
instance spe
which the in

Selected slof]
specified in

its own initig
InstanceValu
specification|
referencing i

terpret them in specific ways.

[fication> string following the rest of a property definition), SysML supports an additional) for
for properties using initial Value compartments on an internal block diagram (see Intetnal Blo

entire tree of context-specific values can be specified on a containing block to earry values o
shown on an internal block diagram.

ific values are represented in the SysML metamodel by means of the InstanceValue subtype o
cation. Selected slots of UML instance specifications referenced by thesetinstance values carry
1 in initialValue compartments.

belonging to a block has a specification of initial values for any,_ of the properties belonging to
plue of that property shall be a UML InstanceValue element, This element shall reference a U
ification element created to hold the initial values of the{individual properties within its usaggd
ification shall be unnamed and owned by the same paekage that owns the outermost containif
tial values are being specified.

5 of the referenced instance specification shall.contain value specifications for the individual p
h corresponding initialValues compartment. If*a value of a property is shown by a nested prop
IValues compartment, then the slot of the instance specification for the containing property sh
e element. Selected slots of the instance'specification referenced by this value shall contain v3
5 for any nested initial values, recursively through any number of levels of nesting. A tree of if
nstance specifications, each of which may in turn hold slots carrying instance values, shall ex

contained vallue specifications are reached\at the leaf level.

Attributes

» isEncapg
If tr]

port

ulated: Boolean [0-.1]
he, then the blogk is’treated as a black box; a part typed by this black box can only be connected v
5 or directly toNits outer boundary. If false, or if a value is not present, then connections can be est3

elements of itsinternal structure via deep-nested connector ends.

Constraints

[1] Forana

the form of default value specifications that SysML supports on properties of a block (with ‘an optiona

1 64:”
of value
Diagram on
nested

f UML
the individual

its type, then
ML

context. The
1g block for

foperty values
brty box with
i1l hold a new
lue

istance values
st until self-

aits
blished to

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

[2] The number of ends of a connector owned by a block shall be exactly two. (In SysML, a binding connector is not typed by

an assoc

[3]

iation, so this constraint is not implied entirely by the preceding constraint.)

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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In the 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 s

(3]

o there is always a metamodel element to record the inverse multiplicity of the reference.)

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]

attribute

Within a

of the property shall be “composite.”

instance of a SysMI, Block, the values of any property with composite aggregation (aggregatio

shall not|
of prope
composi
(8]
[9]

Any clag

The foll
held in §|

8.3.2.4 Bdund Reference

Description

The BoundR
constraining
opposite the
path of the b

The type of
stereotyped |
by navigatio
constrained,

Properties wj
according to
non-unique,

Attributes

+ /binding]
Giv
bou

boundEr
Giv

contain the block in any of its own properties that also have composite aggregation, or within any
'ties that all have composite aggregation. (Within an instance of a SysML Block, the instanees of |
e aggregation shall form an acyclic graph.)

sifier that specializes a Block shall also have the Block stereotype or one of its specializations app

wing constraint under 9.3.7, “ConnectorEnd” in the UML 2 standard is removed*by SysML: “[3]
e1f.partWithPort must not be a Port.”

eference stereotype can be applied to properties that have binding connectors, to highlight the
other properties. The bound end of the stereotype is a connector end of one of the binding co
stereotyped property. The binding path includes the property at the bound end, and before tha
ound end, if it is a nested connector end.

stereotyped property constrains the type of the values of the bound properties. The multiplicity
roperty constrains the number of values of the bound properties, which is the total number of ¥
h through property paths of nested connéctor ends, if any. The multiplicities at the end of path
because bound references are end path*multiplicities (see 8.3.2.10, EndPathMultiplicity).

ith BoundReference applied and\upper multiplicity greater than one are ordered, with values o
when they are reached in navigating the binding path (and how they are ordered within their
to support paths that lead to-Or pass through the same object.

Path : Property [1.+#] {ordered, nonunique}
s the propertyPath of the NestedConnectorEnd applied, if any, to the boundEnd, appended to the
ndEnd.

1d : ConnectorEnd [1]

property that anPY‘QH7PQ the efprpnfvppr] one 'rhrnngh redefinition

Constraints

ps @.connector end of a binding connector opposite to the end linked to the stereotyped property, o

If a property owned by a SysML Block or SysML ValueType is typed by a SysML ValueType, then the aggregation

= composite)
nbroken chain

properties with

lied.
The property

ir usage as
hnectors,
, the property

of the
alues reached
can be

rdered
blocks), and

role of the

I linked to a

[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 identi

fied 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
related to by redefinition.

[4]

NestedConnectorEnd applied to boundEnd, if any.

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

BoundReferences shall not be applied to properties that are related by redefinition to other properties with

BoundR

The bind
redefinit

(8]

8.3.2.5 ClassifierBehaviorProperty

The Classifi

classifier belhaviors. The value of properties with ClassifierBehaviorProperty applied’are’the executions of’

behaviors in

Constraints
[1] Classifig

[2] Propertig

[3] Propertig
generalij

8.3.2.6 Coj

Description

Connectors ¢
on page 57).
owns the cor
referred to b

A connector
a rectangle 1
stereotyped |

Attributes

connectq

pference appiicd.

rBehaviorProperty shall only be applied to properties owned (not.inherited) by blocks that have cl
behaviors.

y the connector propetty:

ing connector identified in constraint 1 shall not have the same property on both ends, or prepertis
on.

rBehaviorProperty stereotype can be applied to properties to constrain their values to be the

oked by instantiation of the block that owns the stereotyped property ‘ot "one of its specializat

s to which ClassifierBehaviorProperty applied shall be cemposite.

s to which ClassifierBehaviorProperty applied shallbe/'typed by the classifier behavior of their ow
ation of the classifier behavior.

nnectorProperty

an be typed by association classes that are stereotyped by Block (association blocks, see Partid
These connectors specify instances of the association block created within the instances of th
nector. The values of a conniector property are instances of the association block created due to

property can optionally be shown in an internal block diagram with a dotted line from the cor
otating the cennector property. The keyword «connector» before a property name indicates th
y ConnectorProperty.

. Connector

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

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

bs related by

xecutions of
classifier
ons.

assifier

hing block or a

ipantProperty
e block that
the connector

nector line to
b property is

A connector of the block owning the property on which the stereofype 1s applied.

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 DirectedRelationshipPropertyPath stereotype based on UML DirectedRelationship enables directed relationships to
identify their sources and targets by a multi-level path of properties accessible from context blocks for the sources and

targets. Cont
the owner toj

Attributes

A sq
sou
ofe
the

app

targetPr
A s4
targ
eacl
targ
mot]

sourceC
Giv

targetCo
Giv

Constraints
[1] sourceC

(2]
(3]

targetCo

The proy
generali

The proy
generalij

The proy

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

ext blocks are typically the owner of the first property in the path of properties, but can be spe
limit the scope of the relationship.

ries of properties that identifies the source of the directed relationship in the context of the block §
ceContext property. The ordering of properties is from a property of the sourceContext block, thrg
hch intermediate block that types the preceding property, ending in a propérty - with a type that owr
ource of the directed relationship. The source is not included in the propertyPath list. The same p
par more than once because a block can own a property with the sanfe-or specialized block as a typ

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

ries of properties that identifies the target of the directed reldtionship in the context of the block s
etContext property. The ordering of properties is from a property of the targetContext block, throug
intermediate block that types the preceding property,.ending in a property with a type that owns
et of the directed relationship. The target is not incladed in the propertyPath list. The same propert
e than once because a block can own a property with the same or specialized block as a type.

ntext: Classifier [0.1]
s the context for sourcePropertyPath to.begin from.

ntext: Classifier [0.1]
ps the context for targetPropertyPath'to begin from.

ntext shall have a value.when sourcePropertyPath has a value.
ntext shall have a vdlue when targetPropertyPath has a value.

erty in the firsttposition of the sourcePropertyPath list, if any, shall be owned by the sourceConte}
ations.

erty in the-first position of the targetPropertyPath list, if any, shall be owned by the targetContext
ations.

erty7at each successive position of the sourcePropertyPath and targetPropertyPath, following the {

cializations of

pecified by the
ugh a property
s or inherits
operty might
e.

pecified by the
h a property of
1 inherits the

y might appear

(t or one of its

or one of its

lirst position,

shall be owned by the Block or ValueType that types the property at the immediately preceding position, or a
generalization of the Block or ValueType.

stereotyped directed relationship.

(7]

directed

relationship.

© ISO/IEC 2017 - All rights reserved
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The type of the property at the last position of the targetPropertyPath list shall own or inherit the target of the stereotyped
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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 applied to value properties is given in E.7.

Constraints

[1] The DistributedProperty stereotype shall only be applied to properties of classifiers stereotyped by Block or ValueType.

8.3.2.9 Ele

Description

mentPropertyPath

The ElementPropertyPath stereotype based on UML Element enables elements to identify othenelements by

path of prop
ElementProp

Attributes

property|
A s

erties accessible from a context block. The context block is described in specialiZations of
ertyPath.

Path: Property [1..*] {ordered, nonunique}
ries of properties that identifies elements in the context of a block described in specializations of

ElementPropertyPath. The ordering of properties is from a property of the context block, through a pr

inte
nest
the
mig
Constraints
[1] The prog

Block o
ValueTy;

8.3.2.10 En

Description

The EndPath
BoundReferg
values, respg
along its bin

Attributes

.

low:

'mediate block that types the preceding property, ending in aptoperty with a type that owns or inh
ed property. The fully nested property is not included in the‘propertyPath list, but is given by the el
ElementPropertyPath is applied in a way described in specializations of ElementPropertyPath. The
ht appear more than once because a block can own a‘property with the same or specialized block 3

erty at each successive position of the propertyPath attribute, following the first position, shall be
ValueType that types the property at the\immediately preceding position, or a generalization of th
he.

dPathMultiplicity

Multiplicity stereotype can be applied to properties that are related by redefinition to properti
nce applied. The\lower and upper properties of the stereotype give the minimum and maximu
ctively, of théiproperty at the bound end of the related bound reference, for each object reached
ing pathe

a multi-level

perty of each
erits the fully
pment to which
same property
s a type.

owned by the
e Block or

bs that have
m number of
by navigation

br s Jnteger [0..11=0

Gives the minimum number of values of the property at the end of the related bindingPath, for each object reached by
navigation along the bindingPath from an instance of the block owning the property to which EndPathMultiplicity is
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 reached by
navigation along the bindingPath from an instance of the block owning the property to which EndPathMultiplicity is
applied.
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[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 Ne

Description

stedConnectorEnd

The NestedConnectorEnd stereotype of UML ConnectorEnd extends a UML ConnectorEnd so that the connected property

may be iden
inherited fro
block that oy
a property o
inherits the {
end). The pr

Constraints

[1] The first
generali

[2] The typd

connectq

[3] NestedC

8.3.2.12 P4

Description

The Block s
These are in
block. Each

To refer to 1
which (parti
The value of
link corresp

Participant p
of multiple
a property n
elided if des

ified by a multi-level path of accessible properties from the block that owns the connector. Fhg
m ElementPropertyPath gives a series of properties that identifies the connected property in‘the
ns the connector. The ordering of properties is from a property of the block that owns the-conn)

roperty that is the role of the connector end (the property that the connector graphically attac
bperty that is the role of the connector end is not included in the propertyPath list.

property in propertyPath shall be owned by the block that owns the cannector, or one of the blocK
ations.

r end.

pnnectorEnd shall only be applied to connector ends.

FticipantProperty

ereotype extends Class, so it can be applied to any specialization of Class, including Associat
formally called “association blocks.~An association block can own properties and connectors,
instance of an association block carr link together instances of the end classifiers of the associ

nked objects and values of-anninstance of an association block, it is necessary for the modeler
ipant) properties of the association block identify the instances being linked at which end of th|
a participant property~@n an instance (link) of the association block is the value or object at t!
nding to this end-of_the association.

roperties can be the ends of connectors owned by an association block. The association block ¢
ther connectors to reuse the same internal structure for all the connectors. The keyword «parti
nme indicates the property is stereotyped by ParticipantProperty. The types of participant prop
red.(They are always the same as the corresponding association end type.

propertyPath
context of the
ector, through

[ each intermediate block that types the preceding property, ending in a property withxa type that owns or

hes to at that

of the property at the last position of the propertyPath list shall oW or inherit the role property of the stereotyped

on Classes.
like any other
htion.

to specify
e association.
he end of the

an be the type
ipant» before
erties can be

Attributes

end : Property

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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[4]
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The aggregation of a property stereotyped by ParticipantProperty shall be none.

which the stereotype is applied.

[5]
[6]

The property referred to by end shall have a multiplicity of 1.

8.3.2.13 PropertySpecificType

The end attribute of the applied stereotype shall refer to a member end of the association block owning the property on

A property stereotyped by ParticipantProperty shall have the same type as the property referred to by the end attribute.

The PropertySpecificType stereotype is automatically applied to the classifier that types a property with a property-

specific type

referenced b

Classifiers w

specific type
classifier of

the starting

relationship

Constraints

This classifier can contain definitions of new or redefined features that extend the originalc
y the property-specific type.

ith the PropertySpecificType stereotype are owned by the block that owns the property that ha

A classifier with this stereotype shall specialize at most a single classifier that was seferenced
he property-specific type. If there is no starting classifier (which occurs if no €xisting name i
ype of a property-specific type), then a classifier with the stereotype applied has no specializa
from any other classifier.

[1] A classifier to which the PropertySpecificType stereotype is applied shall be referenced as the type of one

property

[2] The nam
NamedH

8.3.2.14 Va

Description

A ValueTypg

the target of

a model is i1

Value types

defines Valu
given a conc
real number,

expresses thi
process, sucl

SysML Valu
is a kind of

value. A uni

e of a classifier to which a PropertySpecificType is applied.shall be missing. (The “name” attribu|
lement metaclass shall be empty.)

JlueType

defines types of values that may be used to express information about a system, but cannot b
any reference. Since a value cannot(be identified except by means of the value itself, each sucl
dependent of any other, unless-other forms of constraints are imposed.

may be used to type properties, operation parameters, or potentially other elements within Sys
e Type as a stereotype of UML DataType to establish a more neutral term for system values that]
rete data representation:For example, the SysML “Real” ValueType expresses the mathematicd
but does not impose-any restrictions on the precision or scale of a fixed or floating-point reprg
s concept. More, specific value types can define the concrete data representations that a digital
I as conventional Float, Integer, or String types.

bType adds an ability to carry a unit of measure and quantity kind associated with the value. A
juantity that may be stated in terms of defined units, but does not restrict the selection of a un
ista’particular value in terms of which a quantity of the same quantity kind may be expresse

assifier

5 the property-
as the starting
specified as
tion

hnd only one

te of the

b 1dentified as
1 value within

ML. SysML

may never be
1 concept of a
sentation that
computer can

quantity kind
it to state the
il. A SysML

ValueType and its quantityKind establishes, via UML typing, the associative relationship between a particular “quantity”
[VIM3-1.1] (modeled as a SysML value property typed by a ValueType) and a “kind of quantity” [VIM3-1.2] (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

quantity

ISO/IEC 1

Kind: InstanceSpecification [0..1]

9514:2017(E)

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: Ins

tanceSpecification [0..1]

A quantity, represented by an InstanceSpecification classified by a kind of SysML Unit, in terms of which the
magnitudes of other quantities that have the same quantity kind can be stated.

Kind block in

Constraints
[1] Any clagsifier that specializes a ValueType shall also have the ValueType stereotype applied.
[2] The unitjof a ValueType, if any, shall be an InstanceSpecification classified by SysML’s Unit block in the
UnitAndQuantityKind model library or a specialization of it.
inv: upit->notEmpty() and unit.classifier->notEmpty()implies unit.classifier->
forAlfl (¢ | c.oclIsKindOf (Unit))
[3] The quantityKind of a ValueType, if any, shall be an InstanceSpecification classified by’SysML’s Quantity
the UnitAndQuantityKind model library or a specialization of it.
inv: glantityKind->notEmpty () and quantityKind.classifier~snotEmpty () implies
quantfityKind.classifier->forAll(c | c.oclIsKindOf (QuantityKind))
8.3.3 Model Libraries
8.3.3.1 Parkage PrimitiveValueTypes
bdd [modellibrary] PrimitiveValueTypes [PrimitiveValueTypes library] /
«valueType» «valueType» «valueType»
Number String Boolean
«valueflype» «valteType» «valueType»
Integer Real Complex
realPart: Real
imaginaryPart: Real
Figure 8.10 - Model library for primitive value types

8.3.3.1.1 Boolean

A Boolean v.

alue type consists of the predefined values true and false.

© ISO/IEC 2017 - All rights reserved
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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 14

imaginat
A 1d

8.3.3.1.3In

An Integer v

type values that hold negative or positive integer quantities, without committing to &’specific representatio

binary or de

8.3.3.1.4 Nu

Number is a
specialized.

8.3.3.1.5 Re

A Real valug
that hold cof
restrictions g

8.3.3.1.6 Stfi

A String val
Roman alph3

8.3.3.2 Pa

al number used to express the real part of a complex number.

yPart: Real
al number used to express the imaginary part of a complex number.

eger

alue type represents the mathematical concept of an integer number. An Integer value type mg

imal digits with fixed precision or scale.

mber

h abstract value type from which other value types that exptess’concepts of mathematical num

al

type represents the mathematical concept of areal number. A Real value type may be used t
tinuous quantities, without committing to a specific representation such as a floating point da
n precision and scale.

ng

he type consists of a sequence of‘characters in some suitable character set. Character sets may
bets and characters.

ckage UnitAndQuantityKind

bdd [ Unf and QuantifyKind Library ]J

quantityKind

Unit QuantityKind

0.x

y be used to
h such as a

bers are

type values
a type with

include non-

symbd

| :\Stfing [0..1] symbol : String [0..1]

description : String [0..1]
definitionURI : String [0..1]

description : String [0..1]
definitionURI : String [0..1]

Figure 8.11 -

60

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
a number and a reference” [VIM3-1.1]. Modelers specialize QuantityKind as done in SysML’s QUDV model library or in

a similar manner in other model libraries.

The definitig
quantity” [V}
“kind-of-qug
QuantityKin

See the non-
quantity kin
other means

model library.

Attributes

symbol:
Sho|

descripti
Tex

definitio
URI

8.3.3.2.2 Uy

A Unit is a ¢
A unit often
be specified
express som

Unit is defin
specializatio
scalar quanti

express the fatio of the-two quantities as a number” [VIM3-1.9], where a SysML value property is underst

correspond t
property has

nURI of an InstanceSpecification classified by a kind of QuantityKind identifies the particula)
[M3-1.2] that the InstanceSpecification represents. Two such InstanceSpecifications represent
ntity” if and only if their definitionURIs have values and their values are equal. The only vali
{ instance is to be referenced by the quantityKind property of a ValueType or Unit:

normative model library in E.5 for an optional way to specify more comprehensive definitions
Is as part of systems of units and systems of quantities. The name of a QuantityKind, its defin
may be used to link individual quantity kinds to additional sources ofidoetimentation such as

String [0..1]
[t symbolic name of the quantity kind.

on: String [0..1]
ual description of the quantity kind.

nhURI: String [0..1]
that references an external definition of the'quantity kind.

it
uantity in terms of which the magnitudes of other quantities that have the same quantity kind
relies on precise and reproducible ways to measure the unit. For example, a unit of length such
as a multiple of a particularwavelength of light. A unit may also specify less stable or precisg
e value, such as a cost.expressed in some currency, or a severity rating measured by a numerid

ed as a non-abstract SysML Block defined in the SysML UnitAndQuantityKind model library|
h of it, classifiessan InstanceSpecification to define a particular “measurement unit” in the sen|
ty, defined anid adopted by convention, with which any other quantity of the same kind can be

b the VIIM concept of “quantity” defined as a “property of a phenomenon, body or substance,
amagnitude that can be expressed as a number and a reference” [VIM3-1.1]. Modelers specis

done in Sysl

e s QUDVmode tHibrary or i & Simitar anmer (T other modet {ibraries.

r
the same
d use of a

“kind-of-

of units and
itionURI, or

this optional

can be stated.
as meter may
b ways to
al scale.

Unit, or a
ke of a “real
compared to
ood to
where the
ilize Unit as

The definitionURI of an InstanceSpecification classified by a kind of Unit identifies the particular “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.

Tex

quantity

AU
uni
ref]l
san|
san|

of |

kin

8.4

841 W

In Figure 8.1

LugBoltJoin

Examples of]

NestedConn

going to parf

definitio
URI

U:s

description: String [0..1]

tual description of the unit.

hURI: String [0..1]
that references an external definition of the unit.

Kind: QuantityKind [0..*]
nit may be associated to several QuantityKinds. This one-to-many association capability between
e quantity dimension may be designated by the same name and symbol evén ‘when the quantities

eat capacity and a measurement unit of entropy, which are generallynotconsidered to be quantiti
1"’

sage Examples

neel Hub Assembly

2 a block definition diagram shows the blocks.that comprise elements of a Wheel. The block

such distributions can be found in E.5\\Connectors from the lugBoltJoints part go to nested p

property patl is (wheel, w). Similarly, the.connector between the rim and bead parts has property paths (w

ends.
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s” [VIM3-1.9] (represented as Units) and “kind-of-quantities” [VIM3-1.2] (represented as Quanti
ects a subtle but important note in [VIM3-1.9, NOTE2] which states that “measurément units of q

e kind. For example, joule per kelvin and J/K are respectively the name.and’symbol of both a me:

.torque has a specialization of DistributedRroperty applied to describe the uniform distribution

ctorEnd to specify the path of properties to reach those parts. For the threadedHole end of thq
h, the property path is (hub). Eor the mountingHole end of the connector going to mountingH

“measurement
tyKinds)
hantities of the
hre not of the
surement unit
bs of the same

property

of its values.
hrts, and use
connector
[oles, the

and (t) on its
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bdd WbeelPackagﬂ
WheelHubAssembly
Tire
t : bead
’0"1 - operations 0.1 TireBead
1 mountTire() 2
WheelAssembly values
whee -
‘0 - tireSpecification:String 1
1 values - PressureSeat
inflationPressure:psi )
Wheel .
w 0.1 rnm ? . .
values o 5 TireMountinjgRim
1 | diametermm
width:mm
1
V .
BandMount InflationVplve
1
WirelessTire ight
PressureMonitor weig BalanceWleight
0..6
operations
transmijtPressure()
mountingHole LugBol|t
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}orquefft-Ib
threadSize:mm boltTension:lb

Figure 8.12 - Block diagram for the Wheel Package

© ISO/IEC 2017 - All rights reserved

63


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

ISO/IEC 19514:2017(E)

ibd WheelHubAssembly )

wheel: WheelAssembly

hub: Hub w: Wheel t: Tire
5 2 .
) 5 mountingHoles: rim: Tilroeeggéd
h: LugBoltMountingHole TireMountingRim
tgBeHFh+eadedHeod
1 | threadedHole 1| mountingHole
: PresstreSeat

0.5
0.1 lugBoltJoints: 0.1

LugBoltJoint

Figure 8.13 {Internal Block Diagram for WheelHubAssembly

In Figure 8.13 an internal block diagram (ibd) shows how the blocks defined in the Wheel package are usg¢d. This ibd is
a partial viey that focuses on particular parts of interest and omits others from the diagram, such as the “v” [nflationValve
and “weight] BalanceWeight, which are also parts of a Wiieel.

8.4.2 EXample Value Type Definitions

In Figure 8.14, several value types that use standard units of measure from the International System of Unjts (SI) are
defined to b¢ available in the Example Value Type Definitions package. The value types in this package cquld be
imported intp other contexts for typing properties of SysML Blocks. Because a SysML Unit can already ideptify a type of
quantity, or QuantityKind, that the unit measures, a value type only needs to identify the unit to identify a|quantity kind
as well. The [value types in this example refer to units that are assumed to be defined in an imported package, such as the
Model Libray defined in E.6,

bdd [package] Example/Value Type Definitions/

«valueType»

Real
\ 1 1 1
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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8.4.3 Design Configuration for SUV EPA Fuel Economy Test

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 unique identity for the configuration, and utilizes parts and initial value
compartments to express property design values within the specification of a particular system configuration. Such a

context bloc]
specific valy
structures, W
following ex

844 W

Association
be ports, as

8.45 Cq

Figure 8.15
decompositi
ends, becaus

K May Contain a set of parts That Tepresent The block instances in This SysStem ConTiguration, ¢a
es for each property. This technique also provides for configurations that reflect hierarchical's
here nested parts or other properties are assigned design values using initial value compantme
ample illustrates the approach.

ater Delivery

blocks can be decomposed into connectors between properties of the assOeiated blocks. These
n the water delivery example in 9.4.5, Association and Port Decompasition.

nstraining Decomposition

shows an example decomposition for vehicles in a block definition diagram. Figure 8.16 show
n in an internal block diagram that includes bound references. The binding connectors have ne
e they link inside the parts of the vehicle.

h containing
lystem
hts. The

properties can

s the same
ted connector

bdd [package] Vehicle Decomposition /
eng cyl
Cylinder
1 4.8
Vehicle
chs ; b
AChasskl)sl RollBar
1 ssembly 01
Light Heavy
Rollbar RollBar
W=\r4
Ib
Wheel LugBolt
6..10
Figure 8.15 —Vehictedecomposition
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ibd [block] Vehicle /
. ; 1
eng: Engine
structure
«boundReference» % «equak . . 4.8
cylinderBR: Cylinder cyl - Cylinder

«boundReference» *! «equal»

1

rollBarBR chs - ChassisAssembly
«boundReference» 6.8 structure
lugBolBR tb : RollBar
w : Wheel 4
structure
cequa Ib : LugBolt 5-%°

Figure 8.16 { Vehicle internal structure

Figure 8.17 $hows specializations for vehicles that restrict aspects of{nested parts by redefining bound refdrences. Paths
for bound references are based on the property paths of the correspending binding connectors. The general block on the
top does not|restrict the bound properties, except the total number of lug bolts is required to be between 24 and 32, rather
than 24 and B0 as the associations in Figure 8.15 allow. The specialization on the lower left restricts the nfimber of
cylinders to four, requires a light roll bar, and a total of 24 lug bolts over all the wheels. The specialization on the lower
right restricty the number of cylinders to between six and eight, rules out any roll bar, and limits lug bolts [per wheel to

between 6 and 7, by giving the end path upper and:léwer values.

bdd [package] Vehical Specialization)

Vehicle

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

T

Vehicle Model 1 Vehicle Model 2
cylinderBR : Cylinder [4] { redefines cylinderBR } cylinderBR : Cylinder [6..8] { redefines cylinderBR }
roliBarBR : LightRolIBar [1] { redefines rollIBarBR } roliBarBR [0] { redefines rollBarBR }
lugBoltBR [24] { redefines lugBoltBR } «endPathMultiplicity» { lower = 6 ; upper =7}
lugBoltBR [*] { redefines lugBoltBR }

Figure 8.17 - Vehicle specialization
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8.4.6 Units and Quantity Kinds

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

pkg [ Unit, QuantityKind and ValueType example JJ

|
Model 1
quantityKind
[ metrerunit Tength —Quantity Kird
definitignURI = "http://www.bipm.org/en/si/base_units/metre.html" definitionURI="..."
quantityKind = length
«valueType»
Length
{quantityKind = length,
unit = metre}

«apply» _l

1+ — — — 3| «profile»
SysML

Figure 8.18 { Example of Unit, QuantityKind and ValueType definitions

In terms of the UML4SysML metamodel and of the SysML profile, the following figure shows a partial a¢count of the
instance-levgl representation of the above example. This instance<level representation is important for modgl interchange,
particularly across different implementations of SysML.
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pkg [ Instance-level view of the Unit, QuantityKind and ValueType deﬁnitions/ﬂ

«modelLibrary»
UnitAndQuantityKind

|

memberEnd ownedEnd

association

A_quantityKind,

ementUnit : A

memberEnd

: Property

name = "measurementUnit"

: Property

name = "quantityKind"

extension_Blofk

base_Class : Class

type

ownedAttribute

[{Biock

name = "Unit"

classifier

: Property

name = "definitionURI"

definingFeature

base_Class

extension_Block name = "QuantityKind"
@ classifier

type

: Class

ownedAttribute - Propdrty

name ="definjtionURI"

definingFeature

Model 1 |

: A_quantityKind_measurementUnit
quanmyKindl
Inst Specification slot@ : Inst Specification. A@Q
name = "metre" name = "lengtht
unit value quantityKind value |
L Stri [ Literalbtri
value = "http:/www.bipm.org/en/si/base_units/metre.html" value =.."

extension_ValueType

: DataType

base_DataType

name = "Length"

Figure 8.19 -

The followin
QuantityKin

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

g example shows a minimal example of the'semantics of Unit equivalence (A similar exampls
] is omitted).

for

pkg [ Exampl

e of equivalent Unit representations JJ

Model

1

Model 2

metr:

ni

m

re : Uni

definition|

quantityKipd

RI = "http://www.bipmnorg/en/si/base_units/metre.html"
=length

definitionURI = "http://www.bipm.org/en/si/base_units/metre.html"

—

«protne»
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 -
ﬂ_ ~Block
base_Class

implies that these two representations correspond fo
the same unit because they have the same definitionURI

dAttribute
- ownedAttribute, -
name = "Unit" name = "definitionURI"
classifier definingEsature
Model 1 | Model 2 |
lot, slot
! { ]
value vaIueJ,
Li Stri Li Stri
value = "http:/www.bipm.org/en/si/lbase_units/metre.htm|" value = "Httpf/www.bipm.org/en/si/base_units/metre.html"
1 Specificati ) Specificati
name 9 "'metre" name¢& ‘metre"
\ T
\ |
\ N 1
\ . ) . /
~— For model interchange purposes, the semantics of Unit L

Figure 8.21 { Instance-level representation of equivalent Unit definitions
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orts and Flows

Overview

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. Ports can
be typed by blocks that support operations, receptions, and properties as in UML. SysML defines a specialized form of

Block (Inter
features of tl
Default com
association h
variety of in{
as software,
flows for spq

9.1.1 Pd

Ports are points at which external entities can connect to and interact with a block in different or more limi

connecting d
entities via d
well as oper:

9.1.2 Fl

SysML extends blocks to support flow properties and provided and required features. Blocks with ports ca

ports (nested
whether it is
block specif}
property for
a block supp
might provid
it might reqy
blocks. The
torque flows

9.1.3 Pr

SysML iden
(proxy ports

faceBtock)tiat Tam beused to-support ested ports. - SysME tdemntifies two kimdsof ports; o1e
e owning block or its internal parts (proxy ports), and another that supports its own features
batibility rules are defined for connecting block usages, such as parts and ports. These can be oy
locks specifying connections. These additional capabilities in SysML enable modelers.to speg
erconnectable components, which can be implemented through many engineering-and social teg
electrical or mechanical components, and human organizations. This clause al§oyextends UML
cifying item flows across connectors and associations.

rts

irectly to the block itself. They are properties with a type that_specifies features available to t}
onnectors to the ports. The features might be properties, in€luding flow properties and associd
htions and receptions. The remaining overview sub clagses’ introduce other aspects of ports an

pw Properties, Provided and Required Features, and Nested Ports

ports). Flow properties specify the kindsof items that might flow between a block and its en
data, material, or energy. The kind of.ifems that flow is specified by typing flow properties. H
ing a car’s automatic transmission could have a flow property for Torque as an input, and an
Torque as an output. Required and provided features are operations, receptions, and non-flow |
prts for other blocks to use,-orxequires other blocks to support for its own use, or both. For ex:
e particular services to otherblocks as operations, or have a particular geometry accessible to

ire services and geometries of other blocks. Ports nest other ports in the same way that block:
ype of the port is a(block (or one of its specializations) that also has ports. For example, the po
in the transmission’ example might have nested ports for physical links to the engine or the dj

oxy Parts and Full Ports

ifies(two usage patterns for ports, one where ports act as proxies for their owning blocks or its
,\and another where ports specify separate elements of the system (full ports). Both are ways d

hat exposes
full ports).
yerridden with
ify a wide
hniques, such
information

ted ways than
he external
tion ends, as
i flows.

n type other
vironment,
or example, a
ther flow
broperties that
mple, a block
ther block, or
nest other
rts supporting
iveshaft.

internal parts
f defining the

boundary of

owners. Port

the owning block as feafures available through external connectors to ports. Proxy ports define the boundary
by specifying 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

s 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.

9.1.4 Item Flows

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

properties specify what “can” flow in or out of a block, item flows specify what “does” flow between block
in a particulg is i istinction ¢ s inte in di 3

of tanks, “gasoline” flows across a connector into a tank, and in another use of tanks, “water” flowscacros
into a tank. The item flow in each case specifies what “does” flow on the connector in the particular,usagd
water) and thle flow property specifies what can flow (e.g., fluid). This enables type matching between the i
between flow properties to assist in interface compatibility analysis.

Item flows mpay be allocated from object nodes in activity diagrams or signals sent from state machines ac
connector. Flow allocation is described in Clause 15, “Allocations,” and can be used fo’ help ensure consiste
different parfs of the model.

9.1.5 Deprecation of Flow Ports and Flow Specifications

Flow ports ahd flow specifications are included in SysML, but are deprecated. Annex C defines them, alo
transition gujdelines to non-deprecated elements. In particular, the €unctionality of non-atomic flow ports i
with proxy gorts typed by interface blocks owning flow properties: Flow properties are not deprecated.

s and/or parts
ys depending
particular use
a connector
(e.g., gas,
em flows and

foss a
hcy across the

g with

5 supported
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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 UMLA4SysML::Port
o1 |
" [E Transmission
pl:~T1
Transmission
Conjugated Ports
pl o +p3
p2 Transmission
Ports with Flow Properties
Port UML4SysML::Port
(Compartment
Notation) Transmission

ports

pl: ITransCmd

Port (with Compart-
ment)

pl: Typed

values,
x:Integet

flow properties Transmission
in live : Electricity

structure

UML4SysML::Port

Port
(Nested)

1.1

UML4SysML::Port

P T
pl.2 L
pL3 Transmission
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Table 9.1 - Graphical nodes defined in Block Definition diagrams

Node Name Concrete Syntax Abstract Syntax Reference

ProxyPort SysML::Ports& Flows::ProxyPort

«proxy»
pl Transmission

ProxyPort (Compart- SysML::Ports& Flows::ProxyPort
ment Notafion)

Transmission

proxy ports
pl: ITransCmd

FullPort SysML::Parts& Flows::FullPort

«full»
pl Transmission

FullPort (Qompartment SysML::Ports& Flows:: FullPort
Notation)

Transmission

full ports

pl: ITransCmd

FlowPropgrty SysML::Ports& Flows::
FlowProperty

Transmission

flow ‘properties
in gearSelect: Gear
in engineTorque: Torque
outwheelsTorque: Torque

Required gnd Provided SysML::Ports& Flows::

Features DirectedFeature
Transmission

operations

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

properties
prov temperature : Integer
reqd geometry : Spline

I nter faceBlock SysML::Ports& Flows::
I nter faceBlock

«interfaceBlock»
ISpeedObserver

operations

notifySpeedChange()
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Table 9.1 - Graphical nodes defined in Block Definition diagrams
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«interface»
ISpeedObserver

notifySpeedChange(): void

Interface

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
—Forque
|
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
Interface UML4SysML::Interfaces::

Required gnd Provided
I nterfaces

ITransCmd

pl
Transmission

ITransData

ITransCmd
Q

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
1
P %] t: Transmission
pl:~T1
t: Transmission
Conjugated Ports
PL g . p3
p2 t . Transmission
Ports with Flow Properties
Port UMLA4SysML::Port
(Nested)
pl.1, pl
p1.2 -
pL3 t: Transmission
Port (with Compart- UML4SysML::Port
ment)
pl: Typel

values
x:Integer

flow/properties t:Transmission

in live : Electricity

structure

ProxyPort

«Proxy» ’L
pl +—F1

SysML ::Ports& Flows:: FroxyPort

ProxyPort (isBehavior
=true)

«Proxy»
pl t:Transmission

SysML ::Ports& Flows:: ProxyPort

76

© ISO/IEC 2017 - All rights reserved


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

ISO/IEC 19514:2017(E)

t: Transmission

ITransData

FullPort SysML::Ports& Flows::FullPort
«full»
pl t: Transmission
ItemFlow SysML::Ports& Flows::ItemFlow
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
|
1
cl: Association-1
«participant»{end=ep} epInLink : EP [1]
«participant»{end=tp} etinLink : TP [1]
structure
Vibration
ep.1 { Jtp-1
epinLink : EP ep.2 [ ] [ 1tp.2 tpinLink : TP
ep.3 [ [ tp3
Required gnd Provided UML4SysML::Interface
Interfaces TrahsCmd
pl
t: Transmission
ITransData
ITransCmd
Q
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9.3

UML Extensions

9.3.1 Diagram Extensions

9.3.1.1 Dir

ectedFeature

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
“providedrequired,” respectively. Directed features can appear in compartments for the various kinds of properties and

behavioral fe

9.3.1.2 Flg

A FlowPropq

with a directfion prefix (in | out | inout). Flow properties are listed in a compartment labeled flow properti€

9.3.1.3 Fu

Full ports cal
indicate the

9.3.1.4 Iny

The nested p)
invocation a
end.

9.3.1.5 lte

An ItemFlov
arrowhead o
property, the
labeled with
represented,

4
atarcsT

wProperty

rty signifies a single flow element to/from a block. A flow property has the same notation as a

IPort

n appear in block compartments labeled full ports. The keyword «fully, before a property nam
broperty is stereotyped by FullPort.

ocationOnNestedPortAction

tion. It shows the values of the onNestedPort property in order, and the value of the onPort p

mFlow

describes the flow of items across a conector or an association. The notation of an item flo
h the connector or association. The arrowhead is towards the target element. For an item flow
label shows the name and type of'the item property (in name: type format). Otherwise the ite
the name of the classifier of the,conveyed items. When several item flows having the same dji
only one triangle is shown{ and the list of item flows, separated by a comma is presented.

9.3.1.6 Po

Ports are notpted by rectangles.overlapping the boundary of their owning blocks or properties (parts or ports
owning block. Port labels‘appear in the same format as properties on the end of an association. Port labels
inside port r¢ctangles ANeésted ports that are not on proxy ports can appear anywhere on the boundary of th
rectangle that does.not-overlap the boundary of the rectangle the owning port overlaps.

Port rectanglestean have port rectangles overlapping their boundaries, to notate a port type that has ports (

t

Property only
3

e can also

prt path is notated with a string “‘via’ <port-name> [‘,’ <port-name>]+" in the name string of the icon for the

roperty at the

v is a black
with an item
m flow is
rection are

typed by the
can appear
e owning port

hested ports).

Ports with types that have flow properties all in the same direction, either all in or all out, can have an arrow inside them
indicating the direction of the properties with respect to the owning block. (See FlowProperty on page 84 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,

EEINTS

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

All ports and.nested ports (i.e., proxy, full, and ports with no stereotype applied), and their type definitions

the same format as other association ends, on the end opposite the owning block.

e.g., interface

blocks, blocl
way as other

9.3.1.7 Pr

Proxy ports
indicate the
of the ownin

9.3.1.8 Tri

The nested f
)’ in the ng

(s) can include compartments with textual and graphical representations to display their featur
properties and types, including rectangles used to display properties in structure compartmen

hxyPort

an appear in block compartments labeled proxy ports. The keyword «proxy» before a property
broperty is stereotyped by ProxyPort. Nested ports on proxy ports can appear on the portion of
g port rectangle that is outside the rectangle the owning port overlaps.

ggerOnNestedPort

133

ort path is notated following a trigger signature with a string {“«from» (* <port-name> [*,” <p
me string of the icon for the trigger. It shows the values of'the onNestedPort property in order,

ts in the same
S.

name can also
the boundary

prt-name>]+
and the value

of the port pfoperty at the end.
9.3.2 Stereotypes
Package Ports&Flows
«metaclass» «metaclass»
= UML4SysML::
UMLA4SysML::Port Property
«stereotype» «stereotype»
ProxyPprt FulTPort «stereotype»
FlowProperty
direction : FlowDirection
«stereotype»
BysML::Blocks::Block
«enumeration»
FlowDirection
«stereotype» in
InterfaceBlock out
inout
Figure 9.1 - Port Stereotypes
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«metaclass» «metaclass»

L. tereotype» .
UML4SysML:: «S UML4SysML::
InvocationAction ElementPropertyPath

Trigger
*
invocationOnNested | LY ametadassy ] rigeoreoypey
- Tri rOnN Por
PortAction onNesteQPort UMLASysML.:Port onNestedPort lggerOnNestedPort
{ordered, nonunigue, {ordered, nonunique
redefine propertyPath} redefine propertyPath}
Figure 9.2 - Htereotypes for Actions on Nested Ports
«metgclass» «metaclass»
UML4gysML:: UML4SysML::
ChangeEvent AcceptEventAction
«stereofype» 1 «metaclass» «stereotype»
ChangeStructural UML4SysML::Structural AcceptChange
FeatureEvent structuralFeature Feature StructuralFeature
EventAction

Figure 9.3 - $tereotypes for Property Value Change Events

«metaclass» «enumeration»
UMLASysML:: FeatureDirection
Feature provided
f réquired
providedrequired
«stereotype»

DjrectedFeature

featureDirectjon: 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.*
* | represented «metaclass» «metaclass»
UML4SysML:InformationFlow UML4SysML::NamedElement
representation | * * 1.* | target

<

metaclass»

UML4SysML:Informationltem
«stereotype»
Iltem Flow
itemProperty: Property [0..1]
Figure 9.5 - ltemFlow Stereotype

9.3.2.1 Ac

Description

Accept chan
The actions

values chang
structural feg
not owned b

Constraints
[1] The acti

[2] The acti

trigger ¢

The stru
action. (
UML 2 §

Visibility

The con

ceptChangeStructuralFeatureEventAction

be structural feature event actions handle change structural feature events (see DirectedFeaturg
have exactly two output pins. The first output pif holds the values of the structural feature jus
ed, while the second pin holds the values just-before the values changed. The action only accd
tures on the blocks owning the behavior;¢ontaining the action, or on the behavior itself, if the
y a block.

n has exactly one trigger, the event of which shall be a change structural feature event.

n has two result pins with type and ordering the same as the type and ordering of the structural fe
vent, and multiplicity-compatible with the multiplicity of the structural feature.

Ctural feature of the frigger event shall be owned by or inherited by the context of the behavior cox
[he context ofia\behavior is either its owning block or itself if it is not owned by a block. See defis
tandard.)

" of thesstructural feature of the trigger event shall allow access to the object performing the actior].

on page 82).
t after the
pts events for
behavior is

hture of the

taining the
hition in the

the trigger

events at

AcceptChangeStructuralFeatureEventAction applied.

traintunder 11.3.2, “AcceptEventAction” in the UML 2 standard, “[2] There are no output pins if
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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 conjugated nested

ports, the ne
nested ports.

9.3.2.3 Ch

Description

A ChangeStfucturalFeatureEvent models changes in values of structural features.

Attributes

The

Constraints
[1] The stru

[2] The stru
9.3.2.4 Di

Description

A DirectedF
other blocks
type of the b
means to rea|
and written
behavioral fg
external blog

Blocks owni
of the block.
provided the

structurdlFeature : StructuralFeature

3 1l e : PR —C1 1 P I AA .
bLCU PDOTILS DCIIAVE a5 11 UICY WCIT TIOL COIIJUEdLICU. HIOUKS 100S5CII UIVIL COLSUAIIILS OII COIICCLO

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

angeStructuralFeatureEvent

event models occurrences of changes to values of this structural feature.

tural feature shall not be static.

tural feature shall have exactly one featuringClassifier.

ectedFeature

pature indicates whether the featurelis supported by the owning block (provided), or is to be s
for the owning block to use (required), or both (the owning block for features on types of pro;
lock usage the proxy port iS standing in for, which might be an internal part). Using non-flow
d or write them, and using behavioral features means to invoke them. Provided non-flow prop
n the owning block, while required non-flow properties are read or written on an external blg
atures are invoked ‘with the owning block as target, while required behavioral features are invj
k as target (required).

hg or inheriting required behavioral features can have behaviors invoking the behavioral featurg
This senhds’invocations out along connectors from usages of the block in internal structures of
behavioral features match on the other end of the connectors.

Invocations

S to support

hpported by
Ky ports is the
properties
prties are read
ck. Provided
oked with an

S on instances
other blocks,

faraxndod bobhasioral foatirac Ao t0 ronieod hobasxziaeal footireac onn ol ocone swhaon tha £o
+ S5 S5

htures match.

OO oIy ToTOT oSt O- T ot SO Oy oo Co Oty O CouT— v ot oo

A single provided behavioral feature shall match each required one according to the following conditions:

Provi

82

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.

ded parameter types for parameters with:
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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.

*in

out 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.

narrower ones.

Provi
parar]

Provi

Provi

If correspon
specification
is used for o

Reading or ¥
match. Matc
uniqueness,

flow propert
behavioral fq
ordering sha
specification|
reading.

Attributes
Spe

supj
(fea]

Constraints

[1] DirectedFeature shallenly be applied to behavioral features, or to properties that do not have FlowPropert]

includin

[2] A non-p

featureDlirection : FeatureDirection

ded parameter uniqueness (of each parameter separately) has the same condition as type, where n
heters are “more general” than unique ones.

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

ling parameters in provided and required behavioral features both havédefaults, the default v3
of the required feature is used for in parameters, and the default ydlue specification of the pr
ut and return parameters.

vriting provided non-flow properties due to required non-flow properties can only occur when
hing non-flow properties shall have the same name. For r€ading non-flow properties, the types,
hind ordering shall match in the same way as out paraméters for behavioral features above. For
es, the types, multiplicities, uniqueness, and ordering shall match in the same way as in paran
atures above. For both reading and writing non-~flow properties, the types, multiplicities, uniq
1 be the same. If provided and required nonsflow properties both have defaults, the default va
of the required feature is used for writingsand the default specification of the provided featur

tifies whether the feature is'supported by the owning block (featureDirection="provided”), or is td
ported by other blocks for the owning block to use (featureDirection="required”), or both
ureDirection="providedrequired”). The meaning of the direction is reversed for conjugated ports.

b on subsetted or redefined features.

ovided)operation shall not be associated with a behavior as its method.

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

Provided parameter order (of each parameter separately) has the same condition as type, where unordered parameters
are “fore general” than ordered ones.

n-unique

PNES.

lue
vided feature

the features
multiplicities,
writing non-
heters for
leness, and
ue

b is used for

be

applied,

9.3.25 Fe

Description

aturebirection

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 value

S 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 meanings of the “required” and “provided” literals are switched for conjugated ports. In these cases the actual use is
in the opposite direction than the one specified by the enumeration literal.

9.3.2.6 Flg

Description

FlowDirecti
a block. Floy
(See 9.3.2.7,

Literal Valug
e in:
Indicate

out:
Indicates

inout:
Indicate:

The meaning
opposite dirg

9.3.2.7 Flg

Description

A FlowProp

received from or transmitted to another block. An “in” flow property value cannot be modified by its ownir

block, or blg
or realizing |
flow propert
in the intern
different lev
of a block is

wDirection

n is an enumeration type that defines literals used for specifying the direction thatiitems can fl

FlowProperty for definition of owning block of proxy ports in this case.)

S arc:

that items of the flow property can flow into the owning block.

that items of the flow property can flow out of the ownifig block.

that items of the flow property can flow into or out of the owning block.

s of the “in” and “out” literals are switched for conjugated ports. In these cases the actual flo
ction than the one specified by the enumeration literal.

wProperty

rty signifies a single kind of flow element that can flow to/from a block. A flow property’s va

cks contained byits-ewning or realizing block. An “out” flow property can only be modified
lock, or blocks\contained by its owning or realizing block. An “inout” flow property can be u|
y or an “out”)flow property. (The owning block of a proxy port in this case depends on how the
11 structutes) of blocks, because the block directly owning the port might be used to type ports
Is ofalesting in multiple blocks, or the same block. The owning block of a proxy port in the int
the block typing the innermost full port or part under which the port is nested.) The meaning o

ow to or from

vDirection is used by flow properties to indicate the direction that its items can-flow to or from its owner.

v is in the

ues are either
g or realizing
by its owning
ed as an “in”
port is nested
or parts at

brnal structure
f the direction

is reversed fi

r eonjugated ports (UM, isConjugated = trne). In the description below, flow property directi

n refers to the

direction after 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
when values are written to out/in flow properties typed by Signal (implementations might choose to do this, but it is not
required). This paragraph does not apply to internal connectors of proxy ports, see next paragraph.

Items going
9.3.2.2, Blod
(UML isBeh|
proxy ports)
internal part
items to flov

The flow pr
multiple con|

The binding
approach is
ports properf

Attributes

direction]
Spe
(dir

Constraints
[1] A FlowH

9.3.28 Fu

Description

Full ports sp
internal part:
cannot be bg
the owning 4
does not negj

to or from behavioral ports (UML isBehavior = true) are actually going to or from the owning
k for definition of owning block of proxy ports in this case.) Items going to or from nen-behg
pvior = false) are actually going to the port itself (for full ports) or to internal parts cennécted t

Because of this, flow properties of a proxy port are the same as flow properties on the owni
, so the flow property directions shall be the same on the proxy port and owning-block or intg
. See 9.3.2.12, ProxyPort for the definition of internal connectors and the,semantics of proxy

perty semantics above applies to each connector of a block usage, includinhg when the block
hectors.

of flow properties on ports to behavior parameters can be achieved in ways not dictated by Sy
o perform name and type matching. Another approach is te explicitly use binding relationship
ies and behavior parameters or block properties.

: FlowDirection
Lifies if the property value is received from ansexternal block (direction="in"), transmitted to an e
bction="out”) or both (direction="inout”). The meaning of the direction is reversed for conjugated

roperty shall be typed by a ValueType, Block, or Signal.

IPort

ecify a separate element of the system from the owning block or its internal parts. They might |
, and behaviers to support interaction with the owning block, its internal parts, or external bld
havioral ports; or linked to internal parts by binding connectors, because these constructs imply
lock or ‘internal parts. However, full ports can be linked to non-full ports by binding connector
essarily imply identity with other parts of the system. Full ports also cannot be conjugated, be

types can haj

e behaviors and can be reused on non-conjugated ports. This would require the same behavid

block. (See
vioral ports
p the port (for
hg block or
rnal parts for
ports.

sage has

'SML. One
s between the

(ternal Block
ports.

ave their own
cks. They

r identity with
, because this
cause their

rs to use the

directed features and IIow propertics il opposite directions at the same ume.

Constraints
(1]
(2]

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

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 ports shall not be behavioral (isBehavior=false).

[4] Full ports shall not be conjugated (isConjugated=false).

9.3.2.9

Description

InterfaceBlock

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

Constraints

[1] Interfacq
[2] Interface
[3] Ports ow

9.3.2.10 In\

Description

This extends
port by a my
invocation a;
objects. Invq

port. Invocations intended to go directly to a target object are sent tolthat object on a port of that object.

Attributes

.

onNeste
Giv
invd
typa
invd
onc

Constraints
[1] The onP

[2] The port

target pif of the invocation.attion, or one of the block’s generalizations.

[3] The first

[4] The type

invocati

Invocati

[5]

blocks shall not have composite properties that are not ports.

ned by interface blocks shall only be typed by interface blocks.

ocationOnNestedPortAction

the capabilities of UML’s onPort property of InvocationAction to support nested ports. It iden|
Iti-level path of ports from the block that executes the action. LikeZUML’s onPort property, th
tions to send invocations out of ports of objects executing the-actions, or to ports of those ob]
cations intended to go out of the object executing the actiofi, shall be sent to the executing objg

IPort : Port [1..*] {ordered, nonunique, redefines pyopertyPath}

s a series of ports that identifies the port receiving the invocation in the context of the target obje
cation. The ordering of ports is from a port.of the target object, through a port of each intermediat
s the preceding port, ending in a port with.@'type that owns or inherits the port given by the onPort
cation action. The onPort port is not included in the onNestedPort list. The same port might apped
 because a block can own a port with the same block as a type, or another block that has the same

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

at the first position in the onNestedPort list shall be owned (directly or via inheritance) by a block

constraint of)EleémentPropertyPath shall apply to onNestedPort.

of the portat the last position of the onNestedPort list shall own or inherit the onPort port of the s
n action.

nOnNestedPortAction shall only be applied to invocation actions.

blocks shall not own or inherit behaviors, have classifier behaviors, or methods for their behayiotal features.

tifies a nested
Iis extends

ects or other
ct on a proxy

t of the

e block that
property of the
r more than

property.

that types the

tereotyped

9.3.2.11 ItemFlow

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 direction of the item flow shall be compatible wit the direction of flow specified by the flow properties. (See
9.3.2.6, FlowDirection and 9.3.2.7, FlowProperty about flow property direction.) Each classifier of conveyed items on an

item flow sh
the connecte
blocks). The
source flow

property typ

Attributes

* itemProj
An
is af
real

Constraints
[1] A Conng

InformationFlow.

[2] An Item
(3]
[4]

(3]

itemProf

itemProy

property
[6]

9.3.2.12 Pr

Description

Proxy ports

connectors t
Actions on ff
parts the por

If an ItemFlow has an itemProperty, one of the'classifiers of conveyed items shall be the same as the type

If an ItemFlow has an itemProperty, (itsyname shall be the same as the name of the item flow.

all be the same as, a specialization of, or a generalization of at least one flow property typejo1
d block usages (or their accessible nested block usages recursively, see 8.3.2.3, Block about ¢
target flow property type shall be the same as, or a generalization of, a classifier of the item
property type, whichever is more specialized. (See 9.3.2.7, FlowProperty for tighter \constraint
Ps across connectors without item flows.)

erty: Property [0..1]

ptional property that relates the flowing item to the instances of the cgnnector’s enclosing block.
plicable only for item flows realized by connectors. The itemPropertyJattribute has no values if th
zed by an Association.

ctor or an Association, or an inherited Association shall éxist between the source and the target of

Flow itemProperty shall be typed by a ValueTypeidBlock, or Signal.
erty shall be a property of the common (possibly indirect) owner of the source and the target.

erty shall not have a value if the item flow-is realized by an Association.

hxyPort

dentify features of the owning block or its internal parts that are available to external blocks thi

the posts./They do not specify a separate element of the system from the owning block or in
patures of a proxy port have the same effect as if they were acting on features of the owning bl
t stands in for, and changes to features of the owning block or internal parts that the proxy po

h each end of
hcapsulated
[low or the

5 on flow

This property
e item flow is

the

f the item

ough external
ernal parts.
ck or internal
rt makes

available to
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features; for

required features, see 9.3.2.4, DirectedFeature.) Proxy ports do not specify their own behaviors or internal parts, and 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
proxy port is connected to multiple internal parts, the connectors have the same semantics as a single binding connector
to an aggregate of those parts, supporting all their features, and treating flows and invocations from outside the aggregate

as if they wg
aggregate is
port. Interna

Constraints
[1] Proxy pd

re to those parts, and flows and invocations it receives from those parts as if they were to the
not a separate element of the system, and only groups the internal parts for purposes of bindin
connectors to proxy ports can be typed by association blocks, including when the connector

rts shall not also be full ports. This applies even if some of the stereotypes are on subsetted or red|

outside. This
b to the proxy
s binding.

efined ports.

[2] Proxy pd
[3] Ports ow

rts shall only be typed by interface blocks.
ned by the type of a proxy port shall be proxy ports.

9.3.2.13 TriggerOnNestedPort

Description

This extends
receiving thg

trigger to support nested ports. It identifies a nested port by a multi-level path of ports from the object
triggering events. It is not applicable to full ports.

Attributes

.

onNeste
Giv
trigg
that
of tl
becd

IPort : Port [1..*] {ordered, nonunique, redefines propertyPath}

s a series of ports that identifies a port oh:which the event is occurring, in the context of a block i
er is used. The ordering of ports is from a port of the receiving object, through a port of each inte
types the preceding port, ending.in a‘property with a type that owns or inherits the port given by th
e trigger. The port property is:net included in the onNestedPort list. The same port might appear 1
use a block can own a port with the same block as a type, or another block that has the same prop

h which the
rmediate block
€ port property
hore than once
erty.

Constraints
[1] The port
[2] The valu

[3] The port
block’s g

The first

—

property of the st€reotyped trigger shall have exactly one value, and the value cannot be a full pot
es of the onN@stedPort property shall not be full ports.

at the first position in the onNestedPort list shall be owned by a block in which the trigger is used} or one of the

eneralizations.
(4]
(5]

constraint of ElementPropertyPath shall apply to onNestedPort.

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
port port of.

[6]

the stereotyped invocation action the stereotyped invocation action.
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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, as shown

in Figure D.
conjugated g
InternalCom
required by

ecu:PowerC
ecu:PowerC
port, across

PowerContr
properties of
knocking. In
connector to

:G. Tllib ‘UlU\.«l\ Lypca LllC blli PUII. Uf IlllClllalculllbUbLiUllEllgillC aud lilC ibC pUlL Uf FUWUICUIIL
n the ice port. This means the provided features of ICE are provided by the ctrl port of

bustionEngine, and required by the ice port of PowerControlUnit, while the required features
he ctrl port of InternalCombustionEngine, and provided by the ice port of PowerControlUnit.
ntrolUnit part and ice:InternalCombustionEngine part are connected via these ports, the

ntrolUnit part may invoke setThrottle and setMixture on the ice:InternalCombustionEngine p3
he connector to the ctrl port of ice:InternalCombustionEngine. By invoking these operations,
1Unit can set the throttle and mixture of the InternalCombustionEngine. The/PowerControlUni
the InternalCombustionEngine across the connector to find out the its\tpm, temperature, and
versely, the InternalCombustionEngine can read the isControlOn property of the PowerControl{
determine if the unit is still operating, and possibly shut downeiftit'is not.

ibd [block] P

bwerSubsystem [Provided and Required Features] )

epc : ~EP(

epc : ElectricalPower
Controller

it
tsrm : Transmission
ctrl; TSRM
c2:

c3:

ecu : Pow

Lk

erControlUnit

ctrl : EPC
tsrm : ~TSRM

Il

ice : ~ICE

ctrl : ICE . . .
ice : InternalCombustionEngine

Figure 9.6 -

Jsage example of ports with provided and required features

olUnit, but is

bf ICE are
Since the

irt via its ice
he

can also read
whether it is
Init across the

9.4.2 Flow Ports and Item 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 characterized by broadcast asynchronous communications, ports with flow properties are used to connect the parts to
the CAN bus. To specify the flow between the ports, we need to specify flow properties as done in Figure D.21. Here

FS_ICE has
Real. This al
the CAN bu
temperature,
throttle of th|

944 Pr

Modelers ha
of their own
rather than u
knowing the
connectors. |

The ProxyPd
general bloc
redefinition
inherit. Figu
general bloc
plug designe
parts expose
internal part:
same.

Modelers ca
constraints a
stereotyped {
did not care
connectors t

Unstereotyps
the stereotyp

l!hree flow properties: an “out” flow property of type signal (ICEData) and two “in” flow prop

ows the InternalCombustionEngine to transmit an ICEData signal via its fp port that will-beutrg
to the ice port of PowerControlUnit (a conjugated port typed by FS ICE). This single signa
rpm, and knockSensor information of the engine. In addition, the PowerControlUnit\¢an set th
e InternalCombustionEngine via the mixture and throttlePosition flow propertiesvof FS ICE.

pxy and Full Ports

e the option of applying stereotypes for proxy and full ports to indicate'\whether ports are speci
brs and internal parts (proxy), or for themselves separately (full). Fhis is a concern when defin
sing existing blocks with ports already defined on them. Using*existing blocks with ports only
port types, because they define the features available for lihking or communication with thosg
[he stereotypes of proxy and full ports might be elided it these cases to simplify diagrams.

rt and FullPort stereotypes can be applied at any level in a block taxonomy, whether on ports
ks, the most specialized, or at intermediate levels ‘0f “generalization. Ports can be specialized th
ind subsetting if desired, as long they are not\proxy and full at the same time, including the stg
e 9.7 shows an example of a general block\for an electrical plug specialized into two other bl
x can be contained in its own package,. for; export to users of electrical plugs. The specialized

rs. This example has two designs, one-using proxy ports and the other full. The proxy design

1 by the ports. The full design redefines the ports with specialized types. The same type is usg
of the proxy design and the redefined ports of the full design. The net result for the systems a|

h apply stereotypes for‘proxy and full ports at any stage of model development, or not all if th

re not needed. Figure\9.7 happens to use unstereotyped ports on a general block distributed to
orts on its specializations for implementation, but the modelers might have not used stereotype

whether the model met those constraints (such as no behaviors on proxy ports, or no internal
full ports):

d ports\do not commit to whether they are proxy or full, and do not prevent or dictate future
es{ except for ports that violate constraints of the stereotypes. For example, if the port types o

erties of type
nsmitted over
carries the

e mixture and

fying features
ing ports,
requires
ports via

of the most
rough
reotypes they
ocks. The
blocks are for
hdds internal
d for the
5-built are the

¢ stereotype
users, and

5 at all, if they
binding

hpplication of
n the general

block in Figt

o0 7 had behaviors dpﬁnpﬂ’ then the PLOXY Qppr\ia]i7aﬁr\n would be invalid Ifthe gpnpra] por

s had binding

connectors to internal parts, then the full specialization would be invalid. If the general ports had both behaviors and
internal binding connectors, then both specializations would be invalid. Unstereotyped ports have the basic functionality
of stereotyped ones, including flow properties and nested ports, so they can be used as long as the modeler is not

concerned w

90

ith the distinction between proxy and full, and the constraints they impose.
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«block»
Plug

] values
isOutdoor : Boolean

pl:P1
p2: P2

p3:P3
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«block»
g Design 1

E

«Proxy»
pl:P1
{redefines p1}
«Proxy»

p2: P2
{redefines p2}
«Proxy»
p3:P3

{redefines p3}

«full»

«block» pl: P;|_5
Plug Design 2 {redefines p1}

«full»

«full»

«block»
=]
flow properties
in p : Electricity
references
sp : Surface

p2:P2S
{redefines p2}

p3:P3S
{redefines p3}

«interfadeBlock»
Pl

P2

«interfaceBlock»

«interfaceBlocK»
P3

flow prpperties
in live : Eledtricity

flow properties

in neutral : Electricity

flow properties
in groundh)\Electricity

refergnces
sp : SurfacdP1+1%
{redefines|sp}

references
sp : SurfaceP2+1%
{redefines sp}

references
spw.SurfaceP3+1%
{redefines sp}

\
«bldck» «block»
P1s pP2s

refergnces
sp : SurfaqeP1+0.5%
{redefinep sp}

references

{redefines sp}

sp : SurfaceR2+0.5%

pdrts
material : teel

parts
material : Steel

«block»
P3S

references
sp : SurfaceP3+0.5%
{redefines sp}

parts
material : Steel

Figure 9.7 Usage example-of proxy and full ports

9.4.5 Agsociation and Port Decomposition

Figure 9.8 shows/an association block Water Delivery between a bank of spigots and a faucet. The «port» |keyword

indicates which association ends arc ports (associations use propertics as ends, which can be ports). Figure 9.9 shows the
internal structure of Water Delivery defining connectors between the spigots in the bank and inlets on the faucet. 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» «port»
sbank faucet
Sp| ot SUDDlLedBV deliveredTo
Faucet
Bank 1 1
«port» «port» «port» «port»
hot/ 1 |1 cold hot) 1 1 cold
from to
Spigot Faucet
1 1 Inlet
Figure 9.8 - Yater Delivery association block
ibd Wdter Delivery /

«participant»
{end=slippliedBy}
suppliegByInLInk:

«participant»
{end=deliveredTo}
deliveredTolnLink:

SpigptBank Faucet
Figure 9.9 - Internal structure of Water Delivery association block
Figure 9.10
“decompose

subconnecto

92

hows two views of a block House with a connector of type Water Delivery. The connector in|the top view
” into the subconnectors in.the lower view according to the internal structure of Water Delivelry. The
s relate the nested ports_of :WaterSupply to the nested ports of :WaterClient.
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ibd House /

waterDelivery
: WaterSupply sbank - - faucet
suppliedBy deliveredTo

. WaterClient

ibd House /

ISO/IEC 19514:2017(E)

: WaterQupply

. WaterClient

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

The top portjon of Figure 9.11 shows specializations of the block WaterClient inte,Bath, Sink, and Shower. These are
used as part ftypes in the internal structure of the block House 2 shown in the [oweT portion of the figure. The composite
connector fop Water Delivery is reused three times to establish connections¢between spigots on the water sppply and the

inlets of faug¢ets on the bath, sink, and shower.

bdd Water Client )

Water
Client

T

Bath Sink

Shower

ibd House 2 /

waterDelivery
. WaterSuypply E;E”i faucet : Bath
waterDelivery
faucet . Sink

waterbelivery

faucet : Shower

Figure 9.11 - Specializations of Water Client in house example

© ISO/IEC 2017 - All rights reserved

93


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

ISO/IEC 19514:2017(E)

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
Plumbing
_ from 0] Faucet
Spigot 1 Inlet
1
Figure 9.12 {Plumbing association block
ib¢l Plumbing )
% 4participant» «participant»
t  [lend=from} T - i {end=to}
" frominLink: sf: Fitting pp: Pipe ff:Gitting —— tolnLink:
| Spigot Faucetinlet

Figure 9.13 { Internal structure of Plumbing association‘hlock

Figure 9.14 modifies Figure 9.9 to use Plumbing as.a&connector type within the Water Delivery association block. The
lower conne¢tor shows its connector property explicitly, enabling the pipe it contains to be connected to a [mounting
bracket (the pdditional part and connector definitions are omitted for brevity).

ibd Whter Delivery /

«pgrticipant»
{endgsuppliedBy}
suppliedByInLInk:

«participant»
{end=deliveredTo}
deliveredTolnLink:

Sp|gotBank Faucet
«connector»
p2: Plumbing
- Maoiatino
“Pi T - g
PP : Pipe Bracket

Figure 9.14 - Water Delivery association block with internal Plumbing connector
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m Flow Decomposition

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 produces distilled water, but the item flow is for any kind of fluid. The connection to the water heater is
compatible because it accepts any kind of water, including distilled. The item flow does not require the heater to accept

any kind of

Connectors Y
between an i
of item flow]
required. In
decompositi
the kinds of
the items floj
nested ports,
properties fo
separate, for

fem flow and those in the association block is determined by the modeler. Figures 9.116,and 9.17

Fluid, because the source of flow is still producing water, regardless of the generality of the“itg

vith item flows can be decomposed by association blocks that have additional item flows.) Thd

decomposition that modelers might choose, but they are not the only possible decompositiong
Figure 9.16, the item flow classifier (EnginePart) is a supertype of the classifiers of the item f]
n. The flow properties are all in the types of the nested ports, while the eomposing item flow
items flowing by generalization. In Figure 9.17, the item flow classifier{(Engine) composes thg
ws in the decomposition from Figure 9.16. The port types have an additional flow property th3
These are for the flow of the engine, as opposed to its parts. ConStraints can be added betweq
r the engine and those for the parts, to indicate the flowing parts are inside the flowing enging
example as spare parts.

ibd Contex )
Distilled
: Radigtor Water
L1 Distiller
bdd Port Types )
qblock» «blocks Fluid
P1 P20
flow|properties flow properties ZF
in p1f : DiptilledWater out p2fo : Water Water
4block» «block» Z}
P2i P3 DistilledWater
flow|properties flow properties
in p2fi: Whtep out p3f : DistilledWater

m flow.

relationship
are examples
and are not

lows in the
; summarizes

classifiers of
t is not in the
n the flow

, OI are

Figure 9.15 -

Usage example of item flows in internal block diagrams
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ibd Context

ibd Context )
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«participant»{end=e1} elinLink : P1 [1] Cam
«participant»{end=e2} e2InLink : P2 [1]
structure
Piston
pl.l [ ] [ ]p21
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Figure 9.16 {Usage example of item flow decompositign
ibd Context )
br: [ pripr  ENGINEJ po.po| pp.
4 i
ct: Al
bdd Conngction Specification)
«block»| «block» .
Engine
P1 P2 9
flow properfies Al flow properties ew 0
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Figure 9.17 - Usage example of item flow decomposition
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onstraint Blocks

10.1 Overview

Constraint blocks provide a mechanism for integrating engineering analysis such as performance and reliability models
with other SysML models. Constraint blocks can be used to specify a network of constraints that represent mathematical
expressions such as {F=m*a} and {a=dv/dt}, which constrain the physical properties of a system. Such constraints can
also be used to identify critical performance parameters and their relationships to other parameters, which can be tracked

throughout t

A constraint
Constraint b
Newton’s L4
be specified
constraints ¢
constraint to

Parametric diagrams include usages of constraint blocks to constrain the properti€s 'of another block. The 1

constraint bi
provide valu
types that m.
to nested prd
deeply neste
containing I
in a paramet

Time can be
local or globj

TC SyStenT 1ife Tycle:

block includes the constraint, such as {F=m®*a} and the parameters of the constraint such as ¥,

ocks define generic forms of constraints that can be used in multiple contexts. For example, aj
ws may be used to specify these constraints in many different contexts. Reusable constraint dg
on block definition diagrams and packaged into general-purpose or domain-specific model lib
an be arbitrarily complex mathematical or logical expressions. The constraintsican be nested t
be defined in terms of more basic constraints such as primitive mathematical operators.

hds the parameters of the constraint, such as F, m, and a, to specific-properties of a block, such
es for the parameters. The constrained properties, such as mass ‘or tesponse time, typically havy
hy also carry units, quantity kinds, or probability distributigns."A pathname dot notation can bq
perties within a block hierarchy. This allows a value prepeérty (such as an engine displacemen
1 within a containing hierarchy (such as vehicle, power(system, engine) to be referenced at th
vel (such as vehicle-level equations). The context forthe usages of constraint blocks shall als
[ic diagram to maintain the proper namespace for the nested properties.

modeled as a property that other properties may be dependent on. A time reference can be es
al clock that produces a continuous or diserete time value property. Other values of time can bg

this clock, b
be derived fi
more specia

A state of th
temperature
results in a
on the value

Parametric d
compare altg
weighting o
could be ass
the objectiva

introducing delays and/or skew into-the value of time. Discrete values of time as well as calg

ized descriptions of time that may-also apply to specific needs.

system can be specified m._terms of the values of some of its properties. For example, when
s below 0 degrees Celsius, it may change from liquid to solid state. In this example, the chan
ifferent set of constraint equations. This can be accommodated by specifying constraints that a
of the state property.

jagrams can be used to support trade-off analysis. A constraint block can define an objective 1
native solutions. The objective function can constrain measures of effectiveness or merit and
utility functions associated with various criteria used to evaluate the alternatives. These criterid,
c1ated with system performance cost or de51red phys1cal characteristics. Propemes bound to

m, and a.
definition for
finitions may
raries. Such

b enable a

1sage of a

1S a mass, that
simple value
used to refer
) that may be
t outer

b be specified

ablished by a
derived from
ndar time can

om this global time property. SysML-includes the time model from UML, but other UML speciffications offer

water
oe in state
e conditioned

unction to

may include a
for example,

parameters of

xpected or

probabilistic measures of the system. The use of an objective function and measures of effectiveness in parametric
diagrams are included in Annex E: “Non-normative Extensions.”

SysML identifies and names constraint blocks, but does not specify a computer interpretable language for them. The
interpretation of a given constraint block (e.g., a mathematical relation between its parameter values) shall be provided.
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
of constraint blocks along with the properties they constrain within a context.

10.2 Diagram Elements

10.2.1 Blpck Definition Diagram

The diagram| elements described in this sub clause are additions to the Block Definition Diagram described in Clause 8,
“Blocks.”

Table 10.1 -|Graphical nodes defined in Block Definition diagrams

Element Name Concrete Syntax Example Metamodel Reference

ConstraintBlock SysML::ConstraintBlocks::
ConstraintBlock

«constraint»
ConstraintBlock1

constraints

{L1} x>y}

nested: ConstraintBlock2
parameters

x: Real

y: Real

10.2.2 Pgrametric Diagram

The diagram|elements described in.this sub clause are additions to the Internal Block Diagram described in [Clause 8. The
Parametric D}iagram includes all of the notations of an Internal Block Diagram, subject only to the restrictijons described
in 10.3.1.2, Parametric Diagram/.
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Element Name

Concrete Syntax Example

Metamodel Reference

ParametricDiagram

SysML::ConstraintBlocks:: ConstraintBlock

par Blockl SysML::Blocks::Block
length: Real q—w
] ]
C1: Constraintl
width: Real
O—
Constraint|Property UML4SysM k; Property typed Ry
Real N SysML::ConstraintBlocks:: CongtraintBlock
X: Rea
C1: Constraintl
y: Real
J
«constraint»
C1: Constraintl
| ]x: Real
[ 1y: Real

10.3 UML Extensions

10.3.1 Dipgram Extensions

10.3.1.1 Blgck Definition Diagram

10.3.1.1.1 donstraintdlock definition

The «constrdint» keyword on a block definition states that the block is a constraint block. An expression thdt specifies the
constraint mpy appear in the constraints compartment of the block definition, using either formal statements in some
language, or|informal statements using text. This expression can include a formal reference to a language in braces as

indicated in Table 10.1. Parameters of the constraint may be shown in a compartment with the predefined compartment

label “parameters.”

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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rametric 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
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constraint» keyword notation for constraint property
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keyword preceding its name. Parameters are shown within a constraint propérty using the stan
roperties.

mall square box notation for an internal property

erty may optionally be shown by a small square box, withithe name and other specifications

pse to the square box. The text string for such a value property may include all the elements f
used to declare the property in a compartment of a block, including an optional default value.
shown with one edge flush with the boundary of.a containing property. Placement of propert
tational convenience, for example to enable simpler connection from the outside, and has no

If a connector is drawn to a region where an internal property box is shown flush with the bd
Foperty, the connector is always assumed toiconnect to the innermost property.

ereotypes
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Figure 10.1 -
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Stereotypes defined in SysML ConstraintBlocks package
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Description
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nstraintBlock

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
constraint bl
block that cd

Constraints

[1T A constr
parametg
nested ¢
pose mo

(2]
(3]

Any clag
Any pro

INV Blog
self.own

10.4 Ut

10.4.1 Dg

Constraint b
«constrainty
constraints,
are specified
compartmen

10.4.2 Ug

Figure D.32
property refq
to refer to m

property is a property of any block that is typed by a constraint block. It holds a localizeds3
bck. Binding connectors may be used to bind the parameters of this constraint block to other'pr
ntains the usage.

hint block shall not own any structural or behavioral elements beyond the properties that define its

nstraint parameters, constraint expressions that define an interpretation forthe constraint block, ai
el management and crosscutting elements.

sifier that specializes a ConstraintBlock shall also have the ConstraintBlock stereotype applied.
berty of a block that is typed by a ConstraintBlock shall have.composite aggregation.

K;
pdAttribute->forAll(p | p.type.oclisKindOf(ConstraintBlock) implies p.aggregation = #composite)

sage Examples

pfinition of Constraint Blocksion a Block Definition Diagram

ocks can only be defined on a block definition diagram or a package diagram, where they sha
keyword shown. The strings\in-braces in the compartment labeled “constraints” are ordinary |
Ising a special compartment.to hold the constraint. This is shown in Figure D.34. These particul
only in an informal lafiguage, but a more formal language such as OCL or MathML could alsg
labeled “parameters™ 'shows the parameters of this constraint, which are bound on the paramg

age of Constraint Blocks on a Parametric Diagram

rences to the properties of the parts; parametric diagrams can make use of the nested property
ultiple levels of nested property containment, as shown in this example. A parametric diagram

ge of the
bperties of the

constraint

rs, constraint properties that hold internal usages of constraint blocks, binding ¢onnectors between its internally

nd general-pur-

1l have the

UML

lar constraints
be used. The
tric diagram.

shows the.use of constraint properties on a parametric diagram. This diagram shows the use of nested

hame notation
is similar to

an internal 1

31 1 . 1 1 1 1 1 1 T
10CK dIdgldlll WILT UIC CACTPUOIL Uldl UIC Oy COIIICCLOIS Uldl ITIdy DC SHOWIL dI'T DIIUIILE COILII

ctors. The

Sample Problem in Annex D provides definitions of the containing EconomyContext block for which this parametric
diagram is shown.
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BEHAVIORAL CONSTRUCTS
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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
diagrams. For additional information, see extensions for Enhanced Functional Flow Block Diagrams in Annex E, sub

clause E.2, Activity Diagram Extensions.

11.1.1 Cgntrol 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
are already executing. This is accomplished by providing a model library with a type for control values
like data (see ControlValue in Figure 11.9).

of actions that
hat are treated

« A comtrol value is an input or output of a control operator, which is how control acts as data. A control pperator can

reprepent a complex logical operation that transforms its inputs to producg an-output that controls other
ContfolOperator in Figure 11.8).

11.1.2 Cgntinuous Systems

SysML provjdes extensions that might be very loosely grouped under the term “continuous,” but are generd
to any sort of distributed flow of information and physical iteths“through a system. These are:

+ Restijictions on the rate at which entities flow along*edges in an activity, or in and out of parameters of
Rate fn Figure 11.8). This includes both discrete-and continuous flows, either of material, energy, or inf
Discriete and continuous flows are unified undef-rate of flow, as is traditionally done in mathematical m
contifuous change, where the discrete increment of time approaches zero.

 Extersion of object nodes, including pins, with the option for newly arriving values to replace values th
in thq object nodes (see Overwrite'in'Figure 11.8). SysML also extends object nodes with the option to
if thely do not immediately flow downstream (see NoBuffer in Figure 11.8). These two extensions are ul
ensufling that the most recent.information is available to actions by indicating when old values should nj
objeqt nodes, and for preventing fast or continuously flowing values from collecting in an object node,
moddling transient values, such as electrical signals.

11.1.3 Priobability,

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

actions (see

lly applicable

behavior (see
ormation.
odels of

at are already
discard values
seful for

ot be kept in
as well as

Lilcalils dtlat 1 1 3

node will

. E t 3 £ ad s+l Lalilits L tha d Tt 2| s s
Xlenstotroreages-witnrprooashites ror e e oot mata-vartereavigme-aeetstonroac-or-oojeet

traverse 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 simple time model in UML can be used to represent timing and duration constraints on actions in an activity model.
These consttints can be notated as constraint notes in an activity diagram. Although the UML 2 timing,diggram was not
included in this version of SysML, it can complement SysML behavior diagrams to notate this informatiorf. More
sophisticated SysML modeling techniques can incorporate constraint blocks from Clause 10, “Constraint Blocks” to
specify resoyrce and related constraints on the properties of the inputs, outputs, and other system propertie. (Note: refer
to 11.3.1.4, ObjectNode, Variables, and Parameters for constraining properties of object nodés),
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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, CallBehavior Action, UMLA4SysML::Action,
AcceptEventAction, Send- UML4SysML ::CallBehavior Action

action name :

behavior name

SignalActign
Action

UML4SysML: :AcceptIEventAction
UML4SysML::SendSignal Action

e | X

TimeEvent

Signal

Activity UML4SysML::Activity

act

ActivityFingl @ UML4SysML::ActivityFinalNode
ActivityNodle See ControlNode and ObjectNode. UML4SysML::ActivityNode
ActivityParfameter Nod€ UML4SysML::ActivityParameter-
Node
act
[ -
L]
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 SysML::Activities::Control
Operator
«controlOperator»
CallBehaviorAction
dCl [COTITOIuperator]
DecisionNofle UML4SysML ::DecisianNode
[guard]
[else]
FinalNode See ActivityFinal and FlowFinal: UML4SysML ::FinalNjode
FlowFinal ® UMLA4SysML ::FlowFinalNode
ForkNode UML4SysML ::ForkNpde
ﬁ
—
InitialNode) ® UML4SysML::Initialode
JoinNode _— UMLA4SysML::JoinNgde
ﬁ =
{joinspec=...}
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Table 11.1 - Graphical nodes included in activity diagrams
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Node Name Concrete Syntax

Abstract Syntax Reference

isControl

{ control } { control }

UML4SysML::Pin.isControl

isStream

{ stream } { stream }

%
act / ‘
{stream }

LIMNAL A ML D 1
HvHASysMH—==Paramgeter.isStream

Local pre- and
postconditipns

—"localPrecendition
constrajut

Action

—’localPostcondition
constraint

UML4SysML::Action}local
Precondition,
UML4SysML::Action}local
Postcondition

M ergeNodd

UML4SysML::MergeNode

NoBuffer

SysML::Activities::NoBuffer

© ISO/IEC 2017 - All rights reserved

109


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

ISO/IEC 19514:2017(E)

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 ]
Optional SysML FActivities::Optional
«optional» «optional»
act
«gptional»
OverWrite SysML::Activities::Oyerwrite
«overwrite» «overwrite»
Parameter $et UMLA4SysML ::Paramgter Set
110 © ISO/IEC 2017 - All rights reserved
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Table 11.1 - Graphical nodes included in activity diagrams
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Object Node

Node Name Concrete Syntax Abstract Syntax Reference
Praobability SysML::Activities::Probability
{ probability =
valueSpecification }
Action
{ probability =
valueSpecification }
{ probability =
act valueSpecification }
{ probability =
valueSpecification }
Rate SysML::Activities::Rate,
SysML::Activities::Cgntinuous,
«continuous» «discréte» SysML::Activities:: Dipcrete

Object Node

{ rate = constant }

«continuous»
«discretex
Object Node

{ rate = distribution<} «rate»

Object Node

rate = constant
rate = distribution

act

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

«discrete»

{ rate = constant }

Action
{ rate = constant }

{rate = distribution J
«continuous»
«discrete»

{Tate="gfstribation
«continuous»
«discrete»
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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
m SysML::Activities::ControlFlow
ObjectFlow UML4SysML ::ObjectFlow
Probability SysML::Activities::Prpbability
{ probability = valueSpecification,}
{ probability =alueSpecification }
{ prebability = 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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Table 11.3 - Other graphical elements included in activity diagrams
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Element Name

Concrete Syntax

Abstract Syntax Reference

Association,

In Block Definition
Diagrams, Activity,

AdjunctProperty

«activity»
activity name

«activity»
activity name

¢

UMLA4SysML::Activity,

RaajaTTees <adjunco
call action object node
name name
«activity» «block»
activity name block name
«activity» «activity»
activity name activity name

«adjunct» «adjunct»

UML4SysML ::Association,
SysML::Blocks::AdjunctProperty

(Partition Name)
Action

variable parameter
name name
«block» «block»
block name block name
ActivityParftition UML4SysML::ActivitylPartition
Q
g
<
Z
(=1
.S
B
0o
(=W

I nterruptib]eActivity
Region

— >
Kreglon name

tyRegion

UML4SysML::InterrugdtibleActivi-

.t
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Table 11.3 -

Other graphical elements included in activity diagrams

Element Name

Concrete Syntax

Abstract Syntax Reference

SructuredActivityNode

FTmmmm \
I «structured» node name Node
' i
! |
e s

UMLA4SysML::SructuredActivity

11.3 U

11.3.1 Di

The followin

11.3.1.1 Ac

11.3.1.1.1 N

In UML, all
general prac
activity caus
correspondin
that it invok

Activities as
that destroyi
blocks, the t{
of the links.

Combining t
association,
activity on th
multiplicity
by the conta

Activities in
the Block st{
provides a m
hierarchies.

including ca

MIL Extensions

agram Extensions

g specify diagram extensions to the notations defined in Clause 17, “Profiles, &' Model Librar
Livity
otation

behaviors are classes, including activities, and their instances are executions of the activity. Th
ice that classes define the constraints under which the instdnces must operate. Creating an ins
bs the activity to start executing, and vice versa. Destroying an instance of an activity terminal
g execution, and vice versa. Terminating an execution ‘also terminates the execution of any ot
bd synchronously, that is, expecting a reply.

blocks can have associations between each other, including composition associations. Compo
hg an instance at the whole end destroys instances at the part end. When composition is used
rmination of execution of an activity on®he whole end will terminate executions of activities o

he two aspects above, when an ‘activity invokes other activities, they can be associated by a cq
ith the invoking activity on\thie whole end, and the invoked activity on the part end. If an ex
¢ whole end is terminated, then the executions of the activities on the part end are also terminat
n the part end restricts'the number of concurrent synchronous executions of the behavior that
ning activity. See Constraints below.

block definition.diagrams appear as regular blocks, except the «activity» keyword may be usd
reotype is 4pplied to an activity, as shown in Figure 11.1. See example in 11.4, Usage Examp)
eans for tepresenting activity decomposition in a way that is similar to classical functional de
Properties with AdjunctProperty applied, where the principal of the AdjunctProperties are call
1 behavior actions, can be used as the part end of the associations. See 8.3.2.1 for constraints

2

is follows the
ance of an
tes the

her activities

ition means
vith activity
n the part end

mposition
bcution of an
ed. The upper
an be invoked

d to indicate
les. This
composition
actions,
when

wtxz 2o voad voith oall aotione A otivitioac 10 Blool dofinition diagrasmac can aloo anmaar yath tho
ettt St SRt

same notation

AdjunctPro

Tty T Do I G o T OOt STt S Ot p pe Tt

as CallBehaviorAction, except the rake notation can be omitted, if desired. Also see use of activities in block definition
diagrams that include ObjectNodes.
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[bdd ]
«activity» «activity»
activity name activity name
diunct «adjunct» «adjunct» diunct
i <_<a junct» call action call action «a"Junf »
call action-rasmme name e eal-aetoname
«actiyity» «activity» «activity»
activitylname activity name activity name

Figure 11.1 4

Activities as
capabilities
connectors.

11.3.1.2 C4d

Stereotypes
shown in Fig

Block definition diagram with activities as blocks

f other properties, including that value properties can be bound to parameters in constraint blod

IBehaviorAction

hpplied to behaviors may appear on the notation for CallBehaviorAction when invoking those
ure 11.2.

q

A

tereotype name»

behavior name

’_H

Figure 11.2 -

CallBehavio
using the co

CallBehaviorAction notatien.with behavior stereotype

FActions in activity diagrams may optionally show the action name with the name of the invol
on notation shown (in)Figure 11.3.

action

hame. : behavior name

blocks can have properties of any kind, including value properties. Activity/block properties have all the

ks by binding

behaviors, as

ted behavior

’_H

Figure 11.3 - CallBehaviorAction notation.with action name
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11.3.1.3 Co

ntrolFlow

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.

Action

Action

Figure 11.4

Control flow notation

11.3.1.4 OhjectNode, Variables, and Parameters

11.3.1.4.1 N

See 11.3.1.1
activities an
as shown in
activity or as
parameter at
is an object
parameter ty
units, and qu
flowing the

otation

Activity with regard to activities appearing in block definition diagram§- ASsociations can be

| classifiers (blocks or value types) that are the type of object nodes,variables, or parameters 1
Figure 11.5. This supports linking the execution of the activity with,items that are flowing thr|
signed to variables or parameters, and happen to be contained by an object node or assigned t
the time the link exists. Properties with AdjunctProperty applied, where the principal of the Ad
node, variable, or parameter, can be used as the end of the\associations toward the object node
pe. Like any association end or property these can be the Subject of parametric constraints, de
antity kinds. The associations may be composition if.the intention is to delete instances of thd
ctivity when the activity is terminated. See exampl¢ in 11.4, Usage Examples.

bdd )

«activity»
activity name

«activity»
activity name

«adjunct» «adjunct» «adjunct» «adjunct»

object node objeft-node variable parameter
name name name name
block» «block» «block»
blpck name block name block name
Figure 11.5 {Block-definition diagram with activities as blocks associated with types of object nodes,

variables, arf

used between
n the activity,
bugh the

a variable or
junctProperty
, variable, or
bign values,
classifier

d'pdarameters
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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 4

Stereotypes
object node
notated by th
notated by tl

ObjectNode notation in activity diagrams

pplying to parameters can appear on object nodes in activity diagrams, as shown in Rigure 11
hotation is used as a shorthand for pins. The stereotype applies to all parameters cortespondin
e object node. Stereotype applying to object nodes can also appear in object nodessand applies
e object node.

«S|

object node name

ereotype name»

Figure 11.7 4

11.3.2 St

The followin
attributes, ar

ObjectNode notation in activity diagrams

ereotypes

g abstract syntax defines the stereotypes in-this clause and which metaclasses they extend. Thq
d constraints for each stereotype are spe€ified below.

.7, when the
b to the pins
to all the pins

b descriptions,
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Package Activities

«metaclass»
UMLA4SysML::
Parameter

«metaclass»

UML4SysML::

ActivityEdge

+

«metaclass»

UML4SysML::

ParameterSet

«stereofypes
Optiofnal

«stereotype»
Rate

" "
KolCITULypT 27

Probability

rate :InstanceSpecification

7

probability:ValueSpecification

«stereotype»
Continuous

«stereotype»
Discrete

«mdtaclass» «metaclass» «metacdlass»
UMLKSVsSML:: UML4SysML:: UMLASYysML::
Bghavior Operation ObjectNode
? | I
«stereotype» «stereotype» «stereotype»
ControlOperator NoBuffer Overwrite

Figure 11.8 {Abstract Syntax for SysML Activity Extensions

11.3.2.1 Continuous

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

signal, or coptinuous energy:flow. It is independent from UML streaming, see 11.3.2.8, Rate. A streaming farameter may
or may not dpply to confinrous 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 appfoach as close
to zero as nepdedj.for example to simulate continuous flow. There is also no restriction in UML on the kind|of values that
flow througl an‘dctivity. In particular, the value may represent as small a number as needed, for example fo simulate
continuous material or energy flow. Finally, the exact timing of token flow is not completely prescribed in UML. In
particular, token flow on different edges may be coordinated to occur in a clocked fashion, as in time march algorithms
for numerical solvers of ordinary differential equations, such as Runge-Kutta.
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ntrolOperator

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
«controlOperator» stereotype also applies to operations with the same semantics.

The control y

alue inputs do not enable or disable the control operator execution based on their value, they

based on the
value can be
indicating th|

Constraints
[1] When th
typed by
by Cont

[2] A behav
«control

11.3.2.3 Dig

Description

Discrete ratej
Examples in

Constraints
[1] The «dis

11.3.2.4 No|

Description

When the «n
outgoing edg
flowing data
the target of
offering sem
semantics arg
pins, are held

r presence as data. Pins for control parameters are regular pins, not UML control pins. This"is
passed into or out of the action and the invoked behavior, rather than control the starting, Of t
e ending of it.

e «controlOperator» stereotype is applied, the behavior or operation shall have at'least one paramg
ControlValue. If the stereotype is not applied, the behavior or operation may.nét have any paramg
ol Value.

or shall have the «controlOperator» stereotype applied if it is a method’of an operation that has
Dperatory stereotype applied.

crete

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

crete» and «continuousy stereotypes shall not be applied to the same element at the same time.

Buffer

bbuffer» stereotype is-applied to object nodes, tokens arriving at the node are discarded if they are|
s, or refused by actions for object nodes that are input pins. This is typically used with fast or cof
values, to prevent buffer overrun, or to model transient values, such as electrical signals. For object
ontinuous flows, «nobuffer» and «overwrite» have the same effect. The stereotype does not overri
intics; it just indicates what happens to the token when it is accepted. When the stereotype is not a

as in-UML, specifically, tokens arriving at an object node that are refused by outgoing edges, or 4
untilthey can leave the object node.

only enable
so the control
he action, or

ter
ter typed

the

iS a non-zero.

refused by
tinuously
nodes that are
de UML token
pplied, the
ction for input

Constraints

[1] The «nobuffer» and «overwrite» stereotypes cannot be applied to the same element at the same time.
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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 LIFO 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 take t
replaced is ¢
continuous f]
semantics, j
is as in UM

Constraints
[1] The «ov

qual to the weight of the incoming edge, which defaults to 1. For object nodes that are the tar
ows, «overwrite» and «nobuffer» have the same effect. The stereotype does not override UML
st indicates what happens to the token when it is accepted. When the stereotype is not’applied,
, specifically, tokens arriving at object nodes do not replace ones that are already there.

prwrite» and «nobuffer» stereotypes cannot be applied to the same element(at the same time.

11.3.2.6 Optional

Description

When the «d
parameter is
multiplicity

see below.

Constraints
[1] A param
multiplid

ptional» stereotype is applied to parameters, the lower multiplicity shall be equal to zero. Thi
not required to have a value for the activity or any behavior to begin or end execution. Otherw
hall be greater than zero, which is called “required»The absence of this stereotype indicates

eter with the «optionaly stereotypes appli¢d shall have multiplicity.lower equal to zero, otherwise
ity.lower shall be greater than zero.

11.3.2.7 Probability

Description

When the «p
expression fi
to one for ed

When the «p
given values
same behavi

robability» stercotyp@ s applied to edges coming out of decision nodes and object nodes, it p
r the probability(that the edge will be traversed. These shall be between zero and one inclusiy
ges with same.souirce at the time the probabilities are used.

robabilityy stereotype is applied to output parameter sets, it gives the probability the parametd
at ruatime. These shall be between zero and one inclusive, and add up to one for output paramg
brat the time the probabilities are used.

freposttions of the Temoved tokens-A ot tokemr removesattthetokensatready there-Themmber of tokens

bet of
token offering
the semantics

means the
ise, the lower
a constraint,

ovides an
e, and add up

r set will be
ter sets of the

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 at the target node. It does not refer to the rate at which a value changes over time. When the stereotype is applied
to a parametper-theparameter-shat-be-streamingand-the-stereotypegtves-thenumbe obfeets-or-vattres—that flow in or
out of the parameter per time interval while the behavior or operation is executing. Streaming is a charactefistic of UML
behavior parpmeters that supports the input and output of items while a behavior is executing, ratherthan dnly when the
behavior stafts and stops. The flow may be continuous or discrete, see the specialized rates in 11,3.271, Continuous and
11.3.2.3, Didcrete. The «rate» stereotype has a rate property of type InstanceSpecification. Thevalues of this property
shall be instgnces of classifiers stereotyped by «valueType» or «distributionDefinition», se¢ Clause 8, “Blgcks.” In
particular, 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] The rate|of a parameter shall be less than or equal to rates on edges that cofne into or go out from pins and|parameters
nodes cdrresponding to the parameter.

11.3.3 Model Libraries

11.3.3.1 Package ControlValues

The SysML model library for activities is shown in Figtire 11.9.

«modelLibrary»
bdd ControlValfies [ ControlValues library

«valueType»
ControlValue

dirlsable
enable

Figure 11.9 { Contral-values

11.3.3.1.1 dontfolValue

Description

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 11.10 shows a

simplified m|
constraint sp|
Braking. Thq
behaviors. T
as indicated
that supportg
stops). Brakg
Monitor Tra
control valug
disable cont
While the m
system. The
shown in Fig

The duration|
The Operate
seconds. Thg
the Turn Kej
constrained {

pbdel of driving and braking in a car that has an automatic braking system. lurning the Key on
pcifying that this action lasts no more than 0.1 seconds. Turning the key on starts two behawior
se behaviors execute until the key is turned off, using streaming parameters to communicate Y
he Driving behavior outputs a brake pressure continuously to the Braking behavior whil¢ both
by the «continuousy rate and streaming properties (streaming is a characteristic of UML behav
the input and output of items while a behavior is executing, rather than only, whén the behav
pressure information also flows to a control operator that outputs a contgel value to enable o
tion behavior. No pins are used on Monitor Traction, so once it is enabled,the continuously a
s from the control operator have no effect, per UML semantics. When\the brake pressure goe
ol values are emitted from the control operator. The first one disablés the monitor, and the rest |
bnitor is enabled, it outputs a modulation frequency for applying the brakes as determined by
rake notations on the control operator and Monitor Traction indicate they are further defined by
ures 11.11 and 11.12. An alternative notation for this activity decomposition is shown in Figu

constraint notation associated with the Turn Key To\On ‘action is supported by the UML Simpl
Car activity owns a duration constraint specifying that the “Turn Key To On” action lasts no
concrete UML element used in this example igc DurationConstraint owned by Operate Car ]
To On action. The DurationConstraint owns-a DurationInterval, which specifies that the acti
o last between 0 seconds and 0.1 seconds (both being Duration expressions).

has a duration
5, Driving and
vith other

hre executing,
or parameters
or starts and
- disable the
[riving enable
b to zero,

jave no effect.
the ABS

b activities, as
re 11.13.

e Time model.
more than 0.1
hat constrains
on is
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act Operate Car/
( «interruptibleRegiorn» \l
’ ) e
Turn ! Driving off
Key To On | I
/ l {stream} «continuous» I
/ l Brake I
L N 5 1
I FIcaoourc | |
{0..p.1sec }T | |
| = !
| {stream} |
| |
i Braking |
«contrelOperator»
| Enablejon Brake |
| Rressure>0 |
| «continuous» l
Modulation
| Frequency |
| ControlValue |
l { control }
| Menitor Traction l
| h |
| |
N Y e e e e /
Figure 11.10]- Continuous system example-1
The activity diagram for Monitor Traction is shown in Figure 11.11. When Monitor Traction is enabled, it bg¢gins listening
for signals cpming in from the wlieel and accelerometer, as indicated by the signal receipt symbols on the [left, which
begin listenifig automatically when the activity is enabled. A traction index is calculated every 10 ms, which is the slower
of the two sipnal rates. The accelerometer signals come in continuously, which means the input to Calculate|Traction does
not buffer vqlues. The result of Calculate Traction is filtered by a decision node for a threshold value and {Calculate
Modulation Frequency détermines 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}

Input fro «continuous»
optical
sensor

on whedq|

—=> Angular Velocity

Input frgm

Acceleration
acceler¢meter

Figure 11.11|- Continuous system example 2

The activity |diagram for the control operator Enable on Brake Pressure > 0°1s shown in Figure 11.12. The decision node
and guards determine if the brake pressure is greater than zero, and flow is directed to value specification pctions that
output an enpbling or disabling control value from the activity. The“edges coming out of the decision node|indicate the
probability df each branch being taken.

~

act |controlOperator] Enable on Brake Pressure >0 )

[Brake Pressure > 0]

{probabiity = 10%} («ValueSpeciﬁcationAction»

‘ enable

Brake

Pressure - ————= ControlValue

‘ «ValueSpecificationAction»
‘ disable
[else]

{probability = 90%}

Figure 11.12|- Continuous 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»
Operating Car

«adjunct»
enableOnBrakePressure>0

«adjunct» . i
«adjunct»/ «adjunct «adjunct»
turnKeyOn o J H < .J L > manitarTraction 0.1
0.1 ALLRAALEA®) OTaRTTY
0..1 0..1 0.1
«actyvity» «activity» «activity» «activity» «controlOperator
Turn Key Driving Braking Monitor Enable oh,Brake
to|On Traction Pressure > 0
mt
11 T
«adjunct» «adjunct»
calculateTraction calculateModulationFfequency
0.1 0.1
«activity» «activity»
; Calculate
Calculate Traction Modulation
Frequency

Figure 11.13]- Example block definition diagram for activity decomposition

Figure 11.14

shows a block definition diagram with comp@sition associations between the activity in Figure
types the object nodes in that activity, with AdjunctPreperty applied to the object node type end. In an ins

11.10 and the
ance of

Operating Car, which is one execution of it, instances of Brake Pressure and Modulation Frequency are linked to the

execution in

tance when they are in the object nodes of the activity.

bdd Name —
L «activity»
Operating Car
oc ocC
1.1 1.1
«adjumct» «adjunct»
bp mf
0.1 0.1
«valupType» «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. SysML includes the Sequence diagram only and
excludes the Interaction Overview diagram and Communication diagram, which were considered to offer significantly

overlapping furctiomatity wittrout adding sigmificamt capabitity for systenT modeing apptications. T Tinmmng diagram is

also excludefl due to concerns about its maturity and suitability for systems engineering needs.

The Sequende diagram describes the flow of control between actors and systems (blocks) or betweel parts
This diagran represents the sending and receiving of messages between the interacting entitiesscalled lifel
time is reprepented along the vertical axis. The sequence diagrams can represent highly complex interactior

constructs to represent various types of control logic, reference interactions on other sequence diagrams, and

decompositipn of lifelines into their constituent parts.

of a system.
nes, where
s with special
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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

SequenceDiagram

UMLA4SysML ::Interaction

sd Interactionl /
Lifeline UMLA4SysML::Lifeline
b1:Blockl
T
|
|
|
|
|
|
|
Execution UML4SysML ::ExecutionSpecifigation
Specificatipn
b1:Blockl
i
|
|
|
|
|
b1:Blockl
i
execSpec
i
|
|
|
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Node Name

Concrete Syntax

Abstract Syntax Reference

InteractionUse

ref
Interaction3

ref

XX.Xc=a op b(31, w:12):9

UMLA4SysML::InteractionUse

An InteractionUse with just the <interaction-

name>.

An InteractionUse with <attribute — name>,the
salue>, ete.

svalue-of araumente tho cratiien
V-2 AT —e—F

CombinedFragment

sd Interactionl )

‘bl:BIockl‘ ‘ b2:Block2 ‘ ‘ b3:Block3 ‘

I

|
alt |
|

[if x <1: 10]

Yo ]

UML4SysML ::CombinedFragm

A combined fragment is defined 4
interaction operator and corresponding

interaction{operands.

Intergetion Operators include:
seq - 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

ent

y an

Satelnvar|ant /
Continuatipns

UML4SysML::Continuation

UMLA4SysML::Satelnvariant
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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)

CreationEyent
DestructionEvent

b1:Blockl

create

b2:Block2

UML4SysM:::CreationEvent
UML4SysML ::DestructionEven

DurationCpnstr aint

UML4SysML::Interactions

Duration
Observatign User
|
} Code d=duration
T
{d..3*d},
l i CardOut {0..13}
|
|
|
|
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Node Name

Concrete Syntax

Abstract Syntax Reference

TimeConstraint
TimeObservation

CardOut {0..13} __—|

UMLA4SysML::Interactions

} t=now

OK !

(w&/ 1

| |
Sequenceliagram UML4SysML::Intefaction

(advanced) sd a_op_b(ntx, inout intw):Verdict/
Shows usagelof arguments and
‘ ‘ ‘ ‘ ‘ ‘ assignment'{o’ return value.
X w a_op_b

InteractionUse

(advanced)
sd

some_op(int X, inout intw)/

XX ‘ ‘ X \

el

xx.xc=a_opb(31, w:12):9

I | |

A A 1

UMLA4SysML::InteractionUse

Shows usage of arguments and as
attribute value upon return.

signment to

a. Tablelis compliant with UMIs2.1 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
i syncCall(param) i
|—>
. 1
[ ]
= |
|
L ost Messqdge UML4SysML::Message
Found M egsage
lost
found
GeneralOr(dering UML4SysML::GeneralOrdering
........ ». - e - = =

Table 12.3 -|Other graphical elements included in sequence diagram

Element Name Concrete Syntax Abstract Syntax Reference

In Block DEfinition UMLA4SysML::Interactions,

Diagrams, [ nterac- bdd UML4SysML::Association,
tion, Assogation, SysML::Blocks::AdjunctProperty
AdjunctPrpperty «interaction» «interaction»
interaction interaction
name name
«adjunct» «adjunct»
interaction parameter
use name name
«interaction» «block»
interaction block name
name
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12.3 UML Extensions

12.3.1 Di

agram 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

Ti

Communicaties

representatid
are also excl|

12.3.1.2 In

12.3.1.2.1 N

In UML, all
Interactions
semantics to

Notation. Similarly, associations between interactions and classifiers (blocks or* value types) have an analog

to associatio

Interactions
indicate the
applied, whg
towards the
is a paramet
AdjunctProp
definition di

ming Diagram

ns were considered to provide sufficient coverage without introducing these diagram kinds, “Tin
uded due to concerns about their maturity and suitability for systems engineering needs

eractions and Parameters

otation

behaviors are classes, including interactions, and their instances are exécutions of the interact
hs blocks and associations between interactions corresponding to interaction uses have an anal
activities as blocks and associations between activities corresponding to call actions, see 11.3

hs between activities and blocks or value types, see 11.3.1,4.15-Notation.

n block definition diagrams appear as regular blocks, €xocept the «interaction» keyword may 1
Block stereotype is applied to an interaction, as shown in Figure 12.1 Properties with Adjunct
re the principal of the AdjunctProperty is an interaction use, can be used as the end of the ass|
nteraction being used. Properties with AdjunctProperty applied, where the principal of the Ad
er of the interaction, can be used as the end, of the associations towards the parameter type. S¢
erty for constraints when AdjunctProperty;is used with interaction uses and parameters. Interag
grams can also appear with the same-notation as InteractionUses.

bdd

«interaction»
interaction
name

«adjunct»
interaction
use name

«interaction»
interaction
name

«adjunct»
interaction
use name

«adjunct» «adjunct»

nteraction parameter
use name name
«intg¢ractiofnss «interaction» «block»
int¢raction interaction block name
ame name

#pral diagram

hing diagrams

on.
ogous
1.1.1,
ous semantics

e used to
Property
pciations
junctProperty
e 8.3.2.1,
tions in block

Figure 12.1 -

Block definition diagram with interactions as blocks associated with used interactions

and types of parameters
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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
time as controlling 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 starting df the vehicle. The “hybridSUV” lifeline represents another interaction which further elaborates|what happens
inside the “hybridSUV” when the vehicle is started.

Figure D.10 phows the sequence of communication that occurs inside the HybridSUV when the vehigle.is start¢d successfully.
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13 State Machines

13.1 Overview

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 activities that are invoked during the transition, entry, and exit of the states are specified along with the
associated event and guard conditions. Activities that are invoked while in the state are specified as “do Activities,” and
can be eithef continuous or discrete. A composite state has nested states that can be sequential or concusrept.

The UML cq@ncept of protocol state machines is excluded from SysML to reduce the complexity of-the lanjguage. 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 Stpte Machine Diagram

Table 13.1 -[Graphical nodes included in state machine diagrams

Node Nanpe Concrete Syntax Abstract Syntax Referenge

SateM achjneDiagram UML4SysML::StateM achines

stm [block] ThisBlock [OwnedStateMachine])

Choice pseudo state UML4SysML ::PseudoStats

[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
N,
State2
Entry poing UMLA4ASysML ::PseudoState
again O
Exit point UML4SysML::PseudoStatg
®aborted
Final state UML4SysML::FinalSate
History, D¢ep UML4SysML::PseudoState
Pseudo staje :
History, Shjallow pseudo UML4SysML::PseudoStatg
state :
Initial pseydo-state UML4SysML::PseudoStatg
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 signal.action UMI 4SysMI - Transition
TurnOn >

Action UML4SysME?: Transition
MinorReq := Id;

Region UML4SysML::Region

S

Simple state UML4SysML::Sate

State2

entry / entryActivity|

do / doActivity
exit / exitActivity

Satelist OMASysMtE—"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

UML4SysML::SateMachine

ReadAmountSM
()
aborted
Terminatepode UML4SysML ;:PseudoStatg
Submachirne state UML4SysML::Sate
ReadAmount : b q
ReadAmountSM aborte

CompositelState with a hid- UMLA4SysML::Sate
den decomposition indica- - -
tor icon f HiddenComposite \
entry /start dialtone
exit/ stop_dial tone
o
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Path Name

Concrete Syntax

Abstract Syntax Reference

Transition

trigger[guard]/activity

Vv

UML4SysML::Transition

Alternativeentry

UML4SysML:: ConnectionPointReference

point Connection-
PointReferfence
notation

( viaagain )

ReadAmount
ReadAmountSM

Alternative exit point
ConnectionPoint
Reference hotation

ReadAmount
Read AmountSM

( via aborted )

UML4SysML:: ConnectionPoinfReference

Table 13.3 -[Other graphical elements included in state machine diagram

Element Name

Concrete.Syntax

Abstract Syntax Reference

In Block DEfinition
Diagrams,
Interaction,
Association,
AdjunctPrpperty

bdd

«statemachine» «statemachine»
state machine state machine
name name

¢

«adjunct» «adjunct»

UML4SysML::SateM achines,
UML4SysML::Association,
SysML::Blocks:: AdjunctProperty

submachine parameter
state name name
«statemachine» «block»
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 machine. State

machines as blocks and associations between state machines r‘nrreqpnnding to submachine states have an

nalogous

semantics to|activities as blocks and associations between activities corresponding to call actions, see 1113
Notation. Sifnilarly, associations between state machines and classifiers (blocks or value types) havetan ‘an
associations between activities and blocks or value types, see 11.3.1.4.1, Notation.

semantics to

State machinfes in block definition diagrams appear as regular blocks, except the «stateMachire» keyword
indicate the Block stereotype is applied to an state machine, as shown in Figure 13.1. Propetties with Adjy
applied, wherre the principal of the AdjunctProperty is a submachine state, can be used’as the end of the ag

towards the
parameter of

AdjunctPropprty for constraints when AdjunctProperty is used with submachine-states and parameters. Stat
block definifion diagrams can also appear with the same notation as submachine states.

1.1.1,

hlogous

nay be used to
nctProperty
sociations

ub state machine. Properties with AdjunctProperty applied, where the principal of the AdjunctProperty is a

the state machine, can be used as the end of the associations towards\the parameter type. See

bdd )

«statemachine»
state machine

«statemachine»
state machine

8.3.2.1,

e machines in

name name
«adjunct» «adjunct» «adjunct» «adjunct»
sybmachine submachine submachine parameter
sfate name state name state name name
«statgmachine» «statemachine» «block»
state|machine stateymachine block name
ame name
Figure 13.1 {Block definition diagram with state machines as blocks associated with submachines

and types of

13.4 Usage Examples

parameters

13.4.1 Stpte Machine Diagram

The high level states or modes of the HybridSUV including the events that trigger changes of state are illustrated in the
state machine diagram in Figure D.8.
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14 Use Cases

14.1 Overview

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/
or capabilities that are accomplished through the interaction between the subject and its actors. Use case diagrams include
the use case and actors and the associated communications between them. Actors represent classifier roles that are

external to the system that may correspond to users, systems, and or other environmental entities. They iz

either direct

or indirectly with the system. The actors are often specialized to represent a taxonomy_0f us

external systems.

The use casq diagram is a method for describing the usages of the system. The association between the actg
case represefit the communications that occur between the actors and the subject to accomplish the functio

associated
enclosed in
diagrams, an

The use casg

ith the use case. The subject of the use case can be represented via a system boundary. The use
e system boundary represent functionality that is realized by behaviors/such as activity diagry
d state machine diagrams.

99 <C:

relationships are “communication,” “include,” *

cases via communication paths, that are represented by an association relationship. The “include” relations

mechanism f{
of the actor

of not being
conditions. ]

The use casg
packages.

f the base use case to be met. The “extend” relationship-provides optional functionality (option
required to meet the goals), which extends the base use case at defined extension points unde
he “generalization” relationship provides a mechanism to specify variants of the base use cas

s are often organized into packages with the ¢orresponding dependencies between the use cas

extend,” and “generalization.” Actors are con

or factoring out common functionality that is shared among/multiple use cases, and is required

y interact
er types or

rs and the use
hality

cases that are
yms, sequence

nected to use
hip provides a
| for the goals
al in the sense
- specified

h
L.

Es in 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 Case UML4SysML::UseCase
P ———
UseCaseName
Use Case with Extension UMLA4SysML::UseCase
Points
UseCaseName
extension points
p1, p2
Actor UML4SysML::Actor
«actor»
ActorName
ActorName
Subject 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 UML 4SysML ::include
«include»
—SEEEE >
Extend UML4SysML::Extéend
< sextendr
Extend with UML4SysML ::Extend
Condition
Condition: {boolean expression}
extension point: p1, p2
< wextend» )
Generalizgtion UML4SysML::Kernel
>

14.3 UML Extensions

None.

14.4 Usage Examples

Figure D.5 i§ a top-level set of use cases for the Hybrid SUV System. Figure D.6 shows the decomposition pf the Operate

the Vehicle yselease. In this diagram, the frame represents the package that contains the lower level use cases. The
conVentiOn C'Fﬂ')m;ﬂ" f]’\P p’){‘]{ﬂﬂp ‘Xl;fl’\ fl’\ﬂ Sanme name agq f]’\F‘ fnp ]F“IP] nse case ]’1')0 ]‘\PPY\ pmp]n}rp{] TI’\;C \ractice Offers
o o

an implicit tracing 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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increments that augment an execution of the extended use case under specific conditions. The “Start the Vehicle” use case
is modeled 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
behavior of the including use case. It is also a kind of NamedElement so that it can have a name in the context of its
owning use case. The including use case may only depend on the result (value) of the included use case. This value is
obtained as a result of the execution of the included use case. This means that “Accelerate,” “Steer,” and “Brake” are all
part of the normal process of executing an instance of “Drive the Car.”

In many situptions, the use of the Include and Extend relationships is subjective and may be reversed, basg¢d on the
approach of pn individual modeler.
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CROSSCUTTING CONSTRUCTS
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[locations

15.1 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 specification, rather than a particular constrained method of system or software design. System modelers often

associate various elements in a user model in abstract, preliminary, and sometimes tentative ways. Allocations can be used

early in the
relationship
various parts

This clause

the broadest
typical exam
for an allocal
SysML modi

152 D

The diagram
diagram eler

In the follow
uniformity, t
as applicablg
«itemFlowy,

Other «elem
qualified nar

(PackageNarpe::ElementName.PropertyName).

lesign as a precursor to more detailed rigorous specifications and implementations. The allocal
can provide an effective means for navigating the model by establishing cross relationships$y.an
of the model are properly integrated.

loes not try to limit the use of the term “allocation,” but provides a basic capability. fo support
sense. It does include some specific subclasses of allocation for allocating behayier, structure
ple is the allocation of activities to blocks (e.g., functions to components). This clause specifie
tion relationship and selected subclasses of allocation, along with the notatien to represent all
el

agram Elements

elements defined in this clause may be shown on sometyall SysML diagram types, in additi
hents that are specific for each diagram type.

ing table, «elementType» is a placeholder for a keyword used to specify the kind of element i
he «elementType» displayed for the allocated-te'or allocated-from elements should be from the
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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

allocatedFrom

«elementType» FlementName

SysML::Allocation: Allocate

allocatedTo

«elementType»ElementName

Allocation derived properties dis-
played in Gomment.

allocatedFrom
«elementType»ElementName
allocatedTo
«elementType»ElementName

,
’
,

SysML.:*Allocation: Allocate

ElementName
Allocation derived properties dis- SysML::Allocation:Allocate
played in gompartment of Part on <blockn
I nternal Bllock Diagram. BlockName
PartNam e

allocatedFrom
«elementType» ElementName

Allocation derived propertiesidis-
played in gompartment of Action
on Activity| Diagram.

ActivityName

allocatedTo J

«elementType» ElementName

(5] )

SysML::Allocation: Allocate

Allocation ATTVITy Partition

«allocate»
:ElementName

SysML-Attocation: Allocate
ActivityPartition
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Table 15.1 - Extension to graphical nodes included in diagrams
Node Name Concrete Syntax Abstract Syntax Reference
Allocation (general) SysML::Allocation: Allocate
Client _—— = Supplier
«allocate»
15.3 UML Extensions
15.3.1 Dipgram Extensions
15.3.1.1 Taples

Allocation rg

the client of
supplier app

15.3.1.2 All

The “allocat
In other wor
allocation.

15.3.1.3 All

When the al
15.1. This sh
compartmen
Allocate:: gef

15.3.1.4 All

When the all
shorthand ng
«elementTyp

15.3.1.5 All

For brevity,

lationships may be depicted in tables. A separate row is provided for edch «allocate» depende
the «allocate» dependency, and “to” is the supplier. Both ElementType\and ElementName for
par in this table.

ocate Relationship Rendering

> relationship is a dashed line with an open arrow head. TPhe arrow points in the direction of
s, the directed line points “from: the element being.allocated “to” the element that is the targ

location Compartment Format

ocations of a model element are display¢d in a compartment, a shorthand notation is used as s
orthand groups and lists the elements allocated to that element together (in the “allocated fro

AllocatedFrom() and getAllocatedTo() respectively, called with that element as parameter.

location Callout Format

ocation compartment is not used, a callout notation may be used. An allocation callout notation
tation as the allocation compartment. This notation is also shown in Table 15.1. For brevity, t
e» portion of allocated-from or allocated-to elements may be elided from the diagram.

ocatedActivityPartition Label

hedkeyword used on an AllocatedActivityPartition is «allocate», rather than the stereotype naj
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15.3.2 Stereotypes

Package Al

locations

Prop

«stereotype»
DirectedRelationship

UML4SysML::Abstraction

ertyPath

!

«stereotype»
Allocate

Figure 15.1 {

Abstract syntax extensions for SysML Allocation

UML4Sys

ML::ActivityPartition

!

Allocd

stereotype»
teActivityPartition

Figure 15.2 -
15.3.2.1 All

Description

Allocate is a
different hie
activity. It is
relationship

Allocate is
depicted as 4
the “from” ¢
specializes T
path of acce

The followir

Abstract syntax expression for AllocatedActivityPartition

locate(from Allocations)

dependency based on UML::Abstraction. It is a mechanism for associating elements of differe]
archies, at an abstract level. Allecate is used for assessing user model consistency and directing
expected that an «allocatey.relationship between model elements is a precursor to a more corn
between the elements, theirsproperties, operations, attributes, or sub-classes.

stereotype of a UMLE4SysML::Abstraction that is permissible between any two NamedElemer
dependency withthe’“allocate” keyword attached to it. Allocate is directional in that one Nan
hd (no arrow), ‘and one NamedElement is the “to” end (the end with the arrow). The Allocate
irectedRelationshipPropertyPath to enable allocations to identify their sources and targets by

sible properties from context blocks for the sources and targets.

g paragraphs describe types of allocation that are typical in systems engineering.

nt types, or in
future design
crete

nts. It is
nedElement is
stereotype

h multi-level

Behavior all

cdation relates 1o ine SySstems engineering concept segregating 1orm 1rom runction. Inis conce

t requires

independent 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 Blo

cks 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 ItemFlow on an internal block diagram. ItemFlow is discussed in Clause 9, “Ports and Flows.”

Pin to Port alllocation is not addressed in this release of SysML.

Structure all
often necess
system hiera
assembly hig
many of thej
except to acl

Constraints
[1] The Allg

[2] A single

[3] If subtyp
have corn

Operations
[1] The quet
relations
Alloca
getAll

[2] The quet
relations
Alloca

getAll
15.3.2.2 All

Description

AllocateAct]
AllocateAct]

bcation is associated with the concept of separate “logical” and “physical” representations’ of 3
ry to construct separate depictions of a system and define mappings between them. For examp|
rchy may be built and maintained at an abstract level. In turn, it shall then be mépped to anotl
rarchy at a more concrete level. The set of models supporting complex systems.development
e levels of abstraction. This International Standard will not define “logical” or “physical” in t
rnowledge the stated need to capture allocation relationships between séparate system represer

cate stereotype shall only be applied to abstractions.
«allocate» dependency shall have only one client (from) and\@ne supplier (to).

es of the «allocate» dependency are introduced to represent more specialized forms of allocation,
straints applied to supplier and client as appropriate.

y getAllocatedFrom() gives all the elements, that are clients (“from” end of the concrete syntax) o
hips whose supplier is the element in parameter. This is a static query.

fe: :getAllocatedFrom(ref : NamedElement) : Set (NamedElement)
catedFrom = Allocate.allIngtances()->select (to ref) .from

{query, stat

y getAllocatedTo() gives all the(elements that are suppliers (“to” end of the concrete syntax) of an
hips whose client is the elerhent in parameter. This is a static query.

Le: :getAllocatedToref : Set (NamedElement)
catedTo Allocate.allInstances()->select (from self) .to

: NamedElement) {query, static

ocateActivityPartition(from Allocations)

vityPartition is used to depict an «allocate» relationship on an Activity diagram. The
vityPartition is a standard UML::ActivityPartition, with modified constraints as stated below.

system. It is
le, a complete
her complete
may include
his context,
itations.

then they shall

I an «allocate»
ic)

«allocate»

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.

allocajedFrom

«elemgntType»Element2

allocajedTo

«elemgntType»Element3
4

Block1

allocatedFrom

«elementType» Element2

4
7 allocatedTo

«elementType»Element3

Block ]

Figure 15.3 {Generic Allocation, including /from and /to association ends

15.4.1 Beghavior Allocation of Actions to Parts and¢Activities to Blocks

Specific behpvior allocation of Actions to Parts are depicted in Figure 15.4. Note that the AllocateActivityPartition, if
used in this manner, is unambiguously associated with behaviorallocation. The allocation to Activity6 comes from a

nested part, and uses the attributes of DirectedRelationshipRfopertyPath to specify the path of properties td reach that
part. The soyrceContext of the allocation is Block4 andithe sourcePropertyPath is (Part5).

allocatedRrom
«activity»Activityé
allocatedFfom

«elementType»Element2 /
allocatedTh «bllocr» allocatedTo allocatedTo
«elementType»Element3 Block4 ) «part»Block4.Part5.Part7 «part»Part2:Blockl

J
s

Parts | /
Blockl / «activity» Actionl

e «allocdte»
«block» Part2:Blpck1

Block1 Block4 — /—\
«activity» Actionl

allocatedHrom Activity6
Parts -
«elementType»Element2 allocatedTo allocatedTo Actionl

allocatedTo Part7 «part»Block4.Part5.Part7 \ «part»Part2:Block1 )

elementType»Element3 allocatedFrom
¢ e «activity»Activity6

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

[Examplely

ObjectFlow3

«block»
Block5

—\llr\t\atr\f\'tvnm

Action

LS )

allocatedTo
«connector»Connector8

Figure 15.5 -

«objectFlow»ObjectFlow3

\
\
\
\

Connector8

Part6

Part7

Example of flow allocation from ObjectFlow to Connector

act Activityl

[Examplezy

Action

ObjectFlow3
1 s ] Action2
|
I
I

allocatedTo
«itemFlow»ltemFlow9

Figure 15.6 -

ibd [block] Block0 [ExampIeZy

«block»
Block5

allocatedFrom
«objectFlow»ObjectFlow3

|

\
\
\
\

ItemFlow9

Part6

Part7

Exampte of flow allocation from ObjectFlow to ItemFlow
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act ActivityO [Examplesj) bdd [block] BlockO [Exampleay ook
«DIOCK»
- «block» Block 10
ObJeCtNOdE4 Block5 allocatedFrom
allocatedTo «objectNode» ObjectNode4
«block»Block10 ’

7 |
«block» «block»
Actionl Action2 Block 6 Block 7
allocatedTo ) K allocatedTo ) out:Block10 s in:Block10
«block» Black6 «block» Block?7 m "

«activity» Activity 1 «activity» Activity 2

Figure 15.7 {Example of flow allocation from ObjectNode to FlowProperty

15.4.2.1 Aljocating Structure

Systems engfneers have frequent need to allocate structural model elements (e.g., blacks; parts, or connectprs) to other
structural elgments. For example, if a particular user model includes an abstract logiedl structure, it may b¢ important to
show how these model elements are allocated to a more concrete physical strueture. The need also arise, when adding
detail to a stfuctural model, to allocate a connector (at a more abstract level) to~a part (at a more concrete Jevel).

ibd [pdckage] Blockl [Abstract to Concrete Structural
Allocation]

«block» «block»
AbsgtractExample ConcreteExample

| —«allocate»

bart2 cktrA
_«allocate». [ |
_
— — «allocaté»-
«allocatex»
Part3 I

—=wallocate» __|

Figure 15.8 {Example of Structural Allocation

15.4.2.2 Automotive Example

Example: consider the functions required to portion and deliver power for a hybrid SUV. The activities for providing
power are allocated to blocks within the Hybrid SUV, 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 [activity] ProvidePower [Allocation Tree for Provide Power Activities] )

Source Target
PowerControlUnit | Internal ElectricalPower Electrical~ | I]:Electric

Combustion Controller Maotor (Jurrent
Engine Generator

Al:ProportionPower allocate

A2:ProvideGasPower allocate

A3:ContrplElectricPower allocate

A4:ProvideElectricPower allocate

driveCurrent allocate

Figure 15.9 { Allocation Matrix showing Allocation for Hybrid SUV ACcelerate Example
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equirements

16.1 Overview

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

represent text-based requirements and relate them to other modeling elements. The requirements diagram described in this
clause can depict the requirements in graphical, tabular, or tree structure format. A requirement can also appear on other

diagrams to
provide a br

A requireme]
properties to|
specified by

Several requiirements relationships are specified that enable the modeler to relate requirements to other req

well as to otl
satisfying re

A compositg
namespace ¢
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to define the
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important in
requirement
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dge between traditional requirements management tools and the other SysML models.

ht is defined as a stereotype of UML Class subject to a set of constraints. A standard ‘requiren
specify its unique identifier and text requirement. Additional properties such as_ verification s
the user.

ner model elements. These include relationships for defining a requiremenits hierarchy, deriving
Juirements, verifying requirements, and refining requirements.

requirement can contain subrequirements in terms of a requiréments hierarchy, specified usin,
ontainment mechanism. This relationship enables a complex requirement to be decomposed in
hild requirements. A composite requirement may state thdt'the system shall do A and B and C,|
into the child requirements that the system shall do Aj\the system shall do B, and the system §
cation can be decomposed into children requirements, which can be further decomposed into
requirements hierarchy.

h1 need for requirement reuse across product families and projects. Typical scenarios are regula
1 requirements that are applicable acrosssproducts and/or projects and requirements that are re
lies (versions/variants). In these cases,\one would like to be able to reference a requirement, g
le contexts with updates to the original requirements propagated to the reused requirement(s).

amespace containment to speeify requirements hierarchies precludes reusing requirements in d
e a given model element can)only exist in one namespace. Since the concept of requirements
many applications, SysML introduces the concept of a slave requirement. A slave requiremen
whose text property-is'a read-only copy of the text property of a master requirement. The text p
ment is constrained, to be the same as the text property of the related master requirement. Thel
s indicated by the use of the copy relationship.

requiremént™ relationship relates a derived requirement to its source requirement. This typical
ctermific-the multiple derived requirements that support a source requirement. The derived reg
respond to requirements at the next level of the system hierarchy. A simple example may be

tended to

tent includes
atus, can be
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requirement that is analyzed to derive requirements for engine power, vehicle weight, and bod

y drag.

The satisfy 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 desig

n 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
requirement. Alternatively, it may be used to show how a text-based requirement refines a model element. In this case,
some elaborated text could be used to refine a less fine-grained model element.

A generic tr3
model eleme
recommende
above.

The rationald
the modeler
be attached {
for why the |
derive relati
a satisfy relq

Modelers ca
example, a n
performance
reliability an
constraints tl
functional re
machine, or

ce requirement relationship provides a general-purpose relationship between a requirement an
nt. The semantics of trace include no real constraints and therefore are quite weak. As-a.resul
d that the trace relationship not be used in conjunction with the other requirements relationshi

construct that is defined in Clause 7, “Model Elements” is quite useful in suppott of requiremg
o attach a rationale to any requirements relationship or to the requirement itself. For example, 4
o a satisfy relationship that refers to an analysis report or trade study that‘provides the suppor
particular design satisfies the requirement. Similarly, this can be used with the other relationshil
nship. It also provides an alternative mechanism to capture the verify relationship by attaching
tionship that references a test case.

I customize requirements taxonomies by defining additional* subclasses of the Requirement std
nodeler may want to define requirements categories to represent operational, functional, interf:
physical, storage, activation/deactivation, design, constraints, and other specialized requireme
d maintainability, or to represent a high level stakeholder need. The stereotype enables the mg
hat restrict the types of model elements that may be assigned to satisfy the requirement. For 3
(quirement may be constrained so that it can\only be satisfied by a SysML behavior such as an
nteraction. Some potential Requirement'subclasses are defined in Annex E, “Non-normative |

d any other
, it 18

ps described

nts. It enables
rationale can
ting rationale
ps such as the
a rationale to

reotype. For
ice,

hts such as
deler to add
cample, a
activity, state
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
Requirement SysML::Requirements::
Diagram , | Requirement, SysML::
TEH EREIATET M odel Elements.:Package
Requiremgnt SysML::Requiremgnts::
Requirement

«requirement>
Requirement name

text="The system shall do*
1d="62j32."

TestCase SysML::Requiremgnts::
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::Requirpments::
Dependengy Copy
«equirement» | «requirement»
Slave «copy> > Master
M aster Cal|out SysML::Requirpments::
Copy
Master ;
«requirement» Master |~~~ ] «requifement» Slave
Derive SysML::Requirpments::
Dependengy DeriveReqt
«requirement» | N __ - «requirement»
Client kderiveReqt» —— == Supplier
DeriveCallput SysML::Requirpments::
N DeriveReqt
&regUirement» Derived
RegA [T «requirement» ReqB
. N .
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
Verify SysML::Requirements::
Dependendy _ Verify
NamedElement +-—-- wverify»————=>| «regﬁggz?:rm»
VerifyCallput SysML::Requirpments::
Verif
Verifies = ’
NamedElement - ———————~~~—1 «requirément» RegA
VerifiedBYy |\ T | «requirement»
NamedElement RegA
Refine UML4SysML ::Refine
Dependengy _
NamedElement -———-— «refine»— ———=>f «req(t;:ni'g?tent»
RefineCallput UML4SysML ::Refine
Refines 5
NamedElement  -—--—--—1 «requirement» RegA
RefinegBy ] «requirement»
NamedElement RegA

© ISO/IEC 2017 - All rights reserved
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Table 16.2 - Graphical paths included in Requirement diagrams
Path Type Concrete Syntax Abstract Syntax
Reference
Trace UMLA4SysML::Trace
Dependency
«requirement» | « = «requirement>
Client trace = Supplier
TraceCalldut UML4SysML}: Trace
AN
NamedElement |--——————-— TracepiFrom
a «requirement» RegA
TracedTo «requirement»
NamedElement [ RegA
16.3 UML Extensions
16.3.1 Dipgram Extensions
16.3.1.1 Reguirement Diagram

The Require
relationships
The callout 1

16.3.1.2 Re

The requiren
properties cd

16.3.1.3 Re

A callout no
Table 16.2. H

ment Diagram can only display requirements, packages, other classifiers, test cases, and ration
lotation can also be used to reflect the relationship of other model elements to a requirement.

guirement Notation

hent is represented as\shown in Table 16.1. The «requirement» compartment label for the sterd
mpartment (e.g.,(idjand text) can be elided.

guirementProperty Callout Format

ation.Gan be used to represent derive, satisfy, verify, refine, copy, and trace relationships as in
orybrevity, the «elementType» may be elided.

ale. The

for containment, deriveReqt, satisfy,/verify, refine, copy, and trace can be shown on a requirement diagram.

otype

dicated in

16.3.1.4 Re

guirements 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 reports for

trace

rationale trade studies for desion rationale ortest nrocedures for verification rationale
5 t=] ¥ T

The relation

names (and

hips between requirements and other objects can also be shown using a sparse matrix stylethy
the table used for allocations (15.4.3, Tabular Representation). The table should include the source and tar
ptionally kinds) and the requirement dependency kind.

It is similar to
bet elements

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 SWV.
The Hybrid SUY shall have the off-road capability of a
2.3|OffRoadCapability  [typical SUW.
The Hyhrid SUV shall have the acceleration of a typical
2.4|Acceleration SUV.
table [reqdirement] Performance [Tree of Performance Requirements] )
id |ngme relation id |name relation id name
2.1 |Brking deriveReqt |d.1 |RegenerativeBraking
2.2 |FJelEconomy deriveReqt |d.1 |RegenerativeBraking
deriveReqt |d.2 |Range
4.2 |FJelCapacity deriveReqt |d.2 |Range
2.3 |OffRoadCapability  |deriveReqt |d.4 |Power deriveReqt |d.2 |PowerSourceManagement
2.4 Adceleration 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
Vala¥iatay
2Ad
Trace
«stereofype» «stereotype» «stereotype» «stereotype»
DeriveReqt Verify Copy Satisfy
«melfaclass» «metaclass» «metaclass» «enumeration»
UML4SysML::Class UML4SysML::Operation UML4SysML::Behavior VerdictKind
pass
fail
inconclusive
error
«stefeotype»
Reqyirement «sTf;?gggg»
text: String
id: String
/derived: Reqgirement [*]
/derivedFrom:|Requirement [*] «stereotype» «stereot;
ofi ype>»
/satisfiedBy: NamedElement [*] UMLASYSML : :Refi f ) p
refinedBy: NamedElement [ % ::Refine DirectedRelationshipPropertyPath
/tracedTo: NamedElement [*]
/verifiedBy: NgdmedElement [*]
/master: Requirement [0..1]
«stereotype»
Refine
Figure 16.2 {Abstract Syntax for Requirements Stereotypes
16.3.2.1 Cojpy
Description
A Copy relationship is a dependency between a supplicr requirement and a client requirement that specitics that the text

of the client 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.

16.3.2.2 DeriveReqt

Description

A DeriveReqt relationship is a dependency between two requirements in which a client requirement €anbd derived from
the supplier pequirement. For example, a system requirement may be derived from a business need, lor lowgr-level

requirementy may be derived from a system requirement. As with other dependencies, the arrow~direction ppints from the
derived (cliept) requirement to the (supplier) requirement from which it is derived.

Constraints

[1] The supplier shall be an element stereotyped by «requirement» or one of «requirément» subtypes.

[2] The client shall be an element stereotyped by «requirement» or one of «requitement» subtypes.
16.3.2.3 Refiine

Description

The Refine dtereotype specializes UML4SysML Refine and DircetedRelationshipPropertyPath to enable refinements to
identify theif sources and targets by a multi-level path of aceessible properties from context blocks for the|sources and
targets.

Constraints
[1] The Refine stereotype shall only be applied to-dependencies.

[2] Dependdncies with a Refine stereotype or'one of its specializations applied shall have exactly one client arjd one supplier.

Operations

[1] The quegy getRefines() gives all.the requirements that are suppliers (“to” end of the concrete syntax) of a qRefine»
relationships whose client is'the element in parameter. This is a static query.
Refine} :getRefines(ref :NamedElement) : Set (Requirement ) {query, static}
getRefines=ref.cl¥eéntDependency->select (d | not d.extension Refine.
oclI$Undefined()) .supplier

16.3.2.4 Requirement

Description

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 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.
e id: String

The unique id of the requirement.

» /satisfiedBy: NamedElement [*]
Der]ved from all elements that are the client of a «satisfy» relationship for which this requirement s a|supplier.

*  /verifiedBy: NamedElement [*]
Der}ved from all elements that are the client of a «verify» relationship for which this requitement is a pupplier.

e /tracedT9: NamedElement [*]
Derjved from all elements that are the supplier of a «trace» relationship for which this requirement is 4 client.

e /derived] Requirement [*]
Derjved from all requirements that are the client of a «deriveReqt» relationship for which this requireent is a
supplier.

*  /derivedFrom: Requirement [*]
Derjved from all requirements that are the supplier of a «derivéReqt» relationship for which this requipement is a
client.

e /refinedBy: NamedElement [*]
Derjved from all elements that are the client of a «refinie» relationship for which this requirement is a fupplier.

*  /master: Requirement [0..1
Thig is a derived property that lists the master@equirement for this slave requirement. The master attripute is
deriyed from the supplier of the Copy dependency that has this requirement as the slave.

Constraints
[1] The property “ownedOperation” shall be' empty.

[2] The property “ownedAttribute” shall be empty.

[3] Classes §tereotyped by «requirement» shall not participate in associations.

[4] Classes §tereotyped by «edquirement» shall not participate in generalizations.

[5] A nested classifier.oféaclass stereotyped by «requirement» shall also be stereotyped by «requirement».

[6] Classes §tereotyped by «requirement» shall not be used to type any other model element.

Operations

[1] Requirement::getSatisfiedBy : Set(NamedElement)
getSatisfiedBy = Satisfy.alllnstances()->select(base_class.supplier=self).
base Abstraction.client

[2] Requirement::getVerifiedBy : Set (NamedElement)
getVerifiedBy = Verify.allInstances()->select (base Abstraction.supplier=self).
base class.client
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Set (NamedElement)

getTracedTo =Trace.allInstances () ->select (base Abstraction.client=self).

base_

Requirement: :getDerived()

class.supplier

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] Requir PrTe Tt :jctRcfillchy —Set (I\Tamcdzlcmcut/
getReflnedBy = Refine.alllInstances()->select (base Abstraction.supplier=self).:
base|class.client
[7] Requir¢ment: :getMaster () Requirement
getMaster = Copy.alllInstances()->select (base Abstraction.client=self) .base clas|s.supplier
16.3.2.5 TeptCase
Description

A test case 1

Constraints
[1] The typd
Testing |

16.3.2.6 Saj

Description

A Satisfy rel
other depend
that is satisfi

Constraints
[1] The supj

Operations

[1] The quet
relations
Satisfy
getSat

oclI

5 a method for verifying a requirement is satisfied.

of return parameter of the stereotyped model element shall’be VerdictKind. (note this is consistent{with the UML

rofile).

fisfy

ment. As with
requirement

ationship is a dependency between a requirement and a model element that fulfills the require
encies, the arrow direction points from the satisfying (client) model element to the (supplier)
ed.

lier shall be an elementistereotyped by «requirement» or one of «requirement» subtypes.

y getSatisfiesQ).gives all the requirements that are suppliers (“to” end of the concrete syntax) of a
hips whose‘eltent is the element in parameter. This is a static query.

: :getSatisfies (ref NamedElement) : Set (Requirement ) {query, static}

| sfiesxsref.clientDependency->select (d | not d.extension Satisfy.
bUndefined () ) .supplier

«Satisfy»

16.3.2.7 Trace

Description

The Trace st
their sources

© ISO/IEC 2017 - All rights reserved
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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.

Trace::

getTracedFrom(ref : NamedElement) : Set(Requirement ) {query, static}

getTracedFrom=Requirement .AllInstances () ->select (traceTo->includes (ref))

16.3.2.8 Vef

Description

A Verify relg
whether a sy

element to the (supplier) requirement.

Constraints
[1] The supy

Operations
[1] The quet
relations
Verify
getVer
oclI

16.4 U:s

All the exan

National Highway Traffic Safety Administration (NHTSA.) Excerpts of the original requirement text used t

models are §
that follow.

16.4.1 Rs

The diagram

fy

tionship is a dependency between a requirement and a test case or other model €lement that c
stem fulfills the requirement. As with other dependencies, the arrow direction, points from the

lier shall be an element stereotyped by «requirement» or one of «requirement» subtypes.

y getVerifies() gives all the requirements that are suppliers\(‘to” end of the concrete syntax) of a ¢
hips whose client is the element in parameter. This is a.static query.

:getVerifies (ref:NamedElement) : Set (Reguirement ) {query, static}

| fies=ref.clientDependency->select (d }, ot d.extension Verify.
Undefined()) .supplier

sage Examples
ples in this clause are based on.a sét of publicly available (on-line) requirement specifications

hown in Figure 16.3. The narhe and ID of these requirements are referred to in the SysML us
bee NHTSA specification 49CFR571.135 for the complete text from which these examples are

guirement Decomposition and Traceability

in Figure 16-3'shows an example of a compound requirement decomposed into multiple subr

an determine
(client)

Verify»

from the

b create the
ge examples
taken.

bquirements.

168

© ISO/IEC 2017 - All

rights reserved


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

ISO/IEC 19514:2017(E)

req Safety test J

srequiramentss

ASTM R1337-90

id ="M 242417

“requiraments
Pavement friction

taxl = “This tast mathod cowvears
the measurement of paak
braking coeficient of paved
surfaces using & standard s
reference test tire (SRTT) as S
described in Specification aderiveReqts
E 1136 that represents current T

id = "56.2.17

text = “The road test
surface praducas appealc
friction coefficient (PFC) of
0.9 when measured using
an Amerncan Soclety for
Testing and Materials
(ASTM) E1135 standard

[

ederiveReqgts

wrequiraments
Adhesion utilization

id ="S7.4"
text = "7

wreguiremeants
Vehicle conditions

id = “S7.4.2"
text=",."

wrequiremeants

Test and procedure conditions  —

technology gEssermer oo

accordance with ASTM

T

radial ties.” H * id="s7.4.3"
Method E 1337-50, text = “{a) IBT: S65 °C (148 °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 diagram
is also showh as a basis for the design

solution.

in Figure 16.4 shows derived requirements and refers to the design glements that satisfy them,

The rationale
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req MasterCylinderSafety /

s
-

rd
-~ «refine»

2

Decelerate Car

«rationale»
body = “This design of the brake
assembly satisfies the federal safety
requirements.”

«requirement»

«block»
BrakeSystem

f: FrontBrake

/

r: Rear Brake

Master Cylinder Efficacy / 11: BrakeLine
/ ____-{12: BrakeLine
id = “sk.4.1" / _ «satisfy» =7~ m: MasterCylinder
text ="A master cylinder shall have a reservoir T
compartment for each service brake = activateBrake()
subsygtem serviced by the master cylinder. releaseBrake()
Loss of fluid from one compartment
shall npt result in a complete loss of
brake fluid from another compartment.”
7 T .
«deriveReqt» «deriveReqt» «rationale»
’ T~ body = “The best-practide
- solution consists in assigning
«requirement>» «requirement> one reservoir per brakeline.”
LossOfFluid Reservoir
_ ~Z.
id=*ss5l4.1a” id ="S5.4.1b" N
text ="Pfevent complete loss of fluid” text = "Separate reservair.compartment SatisfiedBy

BrakeSystem::|1

~—_ BrakeSystem::I2
ST TT—— «rationale
L 71 body = “The best-ptactice
SatisfiedBy solution consist§’in using a set of
BrakeSv¥stem::m springs and pistons to confine the
1 loss to a sifngle compartment”
Figure 16.4 {Links between requirements and design
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ibd BrakeSystem J

f: FrontBrake

[

r: RearBrake

Satisfies

«requirement» MasterCylinderSafety::Reservoir

11: H

rakeLine

-~712: BrakeLine

m: MasterCylinder

Safisfies

| «requirement»
MasterCylinderSafety::LossOf Fluid

Figure 16.5 -

16.4.3 Reg

Figure 16.6 {llustrates the use of the Copy dependency to alléw a single requirement to be reused in severa
[he master tag provides a textual reference tothe reused requirement.

hierarchies.

Requirement satisfaction in an

guirements Reuse

internal block diagram

514:2017(E)

requirements

req Safety R¢

use)

T

«requirement»
brid Engine A type

ﬁ

«requirement»
Hybrid Engine B type

%

Safety Re
for

«requifement»
uirements

«fequirement»
Shared Safety

pe A Requirements

«requirement»
Shared Safety
Requirements

Requirements

master=NHTSASafety

«requirement»
Safety Requireme
for type B

nts

master=NHTSASafety
Requirements

~
~

~~_ Keopy»

-
///
«copy» _-
-

~ -
~
~
~
~

-
-
~
—~

«requirement»
NHTSASafetyRequirements

id = “157.135”
text = "

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

case.

Figure 16.8 is a state machine diagram of the BurnishTest test case, which expresses the textual sequence and criteria of
the Burnish requirement in state machine form. The Verify relationship is shown on Figure 16.8 using callout notation

anchored to

req Bumish)

Safety )

NHTSA

ctres Uirameaniss
pSafetyReguirements

Id =*15
temt ="..

1357

VerifiedBy
stestCasesBurnishTest

n

I -

< recuirarent»
Burnish

id="57.1"
text ="(a) IBT: =100 °C {212
"Fl. () Test speed: 80 km'h

afequirements (49.7 mph}. (c)} Pedal force:
RoafiTestSagquanca Adjust as necessary to
T maintain specified constant
text ="" deceleration rate”
Figure 16.7 {Linkage of a Test Case to a requitement:

172

This figure shows the Requirement Diagram

he diagram Irame, which mdicates that the BurnishTest test case veriiies the Burnish requirement.
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stm «testCase» BurnishTest )
T

Verifies
«requirement» Burnish

[Speed=80]
[IBT=100 or
d >=2 km]

®
|
[count < 2007
In ‘_'?' )\ Brake
< condlition < >

[count=200]

Adjust 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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17 Profiles & Model Libraries

17.1 Overview

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
mechanism is consistent with the OMG Meta Object Facility (MOF). SysML has added some notational extensions to
represent stereotype properties in compartments as well as notes.

The stereotype is the primary mechanism used to create profiles to extend the metamodel. Stereotypes dte |[defined by
extending a netaclass, and then have them applied to the applicable model elements in the user modek A stereotype of a
requirement [could be extended to create a «functionalRequirement» as described in Annex E, “Noninormafive

Extensions.”]

This would allow specific properties and constraints to be created for a functional requirement] For example,

a functional frequirement may be constrained such that it must be satisfied by an operation er’behavior. When the

stereotype i

applied to a requirement, then the requirement would include the notation «functionalRequirgmenty in

addition to the name of the particular functional requirement. Extending the metaclass\requirement is diffefent from

creating a subclass of requirement called functionalRequirement.

The Usage Hxamples sub clause provides guidance both on how to use existinig-profiles and how to create(new profiles.
In addition, the examples provide guidance on the use of model libraries. Axmodel library is a library of mjodel elements
including cldss and other type definitions that are considered reusable for,a given domain. These guidelines ¢an be applied

to further cuptomize SysML for domain specific applications such as{attomotive, military, or space systenis.
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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
Sereotype UML4SysML::Sereotype
«stereotype»
StereotypeName
M etaclass UML4SysML+Class
«metaclass»
MetaClassName
Profile UMLA4SysML::Profile
«profile»
ProfileName
Model Libfary 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

«metaclass»

MetaClassName

UML4SysML::Extension

T{required}

«stereotype»
StereotypeName

Generalizgtion

«stereotype»
StereotypeName

1

UML4SysML::Generalizatipn

«stereotype»

StereotypeName

ProfileApglication UML4SysML::ProfileAppli¢ation
« ly»{strict

«apply»{strict}

M etamodeg Reference UML4SysML ::Packagel mpprt;
UML4SysML::Elementl mpprt
~ «reference»

Unidirectional
Association

propertyName

UML4SysML::Association

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» «stereotype»
- Clock
Class
OSVersion:String
startOperation:Operation
POSIXCompliant:Boolean
Figure 17.1 {Defining a stereotype

17.2.2 St

Table 17.3 -

ereotypes Used On Diagrams

Notations for Stereotype Use

Sereotypel

Note

«stereotypeName»
PropertyName=ValueString

BooleanPropertyName

MultiPropertyName=ValueString, \aldeString

Element

Name PathName

Element
Name

UML4SysML::Element

Stereotype

Note

«stereotypeName»
PropertyName=ValueString

BooleanPropertyName

MultiPrepertyName=ValueString, ValueString

Element
Name

UML4SysML::Element

178
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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
Sereotypel nCompartment UML4SysML~Element
Element
NodeName
«stereotypeNamex»{PropertyName=ValueString}ElementName
«stereotypeName»{PropertyName=ValueString;
BooleanPropertyName}
ElementName
SereotypeDnEdge UML4SysML::Element
Element
Name
«stereotypeName»
{PropertyName=ValueString;
BooleanPropertyName}PathName
Element
Name
Sereotype UML4SysML ::Element
Compartment «stereotypeName»
NodeName
«stereotypeName»
PropertyName=ValueString
MultiPropertyName=ValueString,
ValueString
BooleanPropertyName
17.2.2.1 St¢reotypelnNode
Figure 17.2 shows how the stereotype Clock, as defined in Figure 17.1, is applied to a class called Alarm(lock.

«clock»
{POSIXCompliant}
AlarmClock

Start()

Figure 17.2 - Using a stereotype

© ISO/IEC 2017 - All rights reserved 179


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

ISO/IEC 19514:2017(E)

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=2.5
StopWatch . | startOperation=Click
«creator»
CI|CkO name="Jones

date="04-04-04"

Figure 17.3 {Using stereotypes and showing values

17.2.2.3 StereotypelnCompartment

Finally, the gompartment form is shown.

AlarmClock

Start()

«clock»
OSVersionf"3.4"
startOperafion=Start
POSIXCompliant=True

Figure 17.4 {Other notational forms for showing values

In this case, |JAlarmClock is valid for OS version 3.4, is PQSIX-compliant and has a starting operation call¢d Start. Note
that multiple 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 example, the modeler has created a new profile called SE<Toolkit, which imports the SysML profile

so that it can

build upon the stereotypes it contains. The set of metaclasses available to users of the SysML profile is id¢ntified by a

reference to p metamodel, in this case a subset of UML specific to SysML. The SE Toolkit can extend thos
from UML that the SysML profile references.

17.4.2 Adding Stereotypes to a Profile

pkg SEToo0 k'rt/

«mefaclass» «Metaclass» «stereotype» «stereotype»
NamedElement DirectedRelationship Block Requirement
? ? isEncapsulated: Boolean
«stereotype» «F?Le':(;?itgﬁg(
G6nfigurationitem «stereotype» «stereotype» Requirement

System Context

alithor : String

e metaclasses

vefsion: String

terstS ettt

function

«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 to InstanceSpecifications. Any notational conventions of this have to be explicitly specified in a diagram
extension.

There is alsq an example of how stereotypes (in this case FunctionalRequirement) can have unidirectional gssociations to
metaclasses |n the reference metamodel (in this case Behavior).

17.4.3 Defining a Model Library that Uses a Profile

pkg [profilg] SETooIkit)

«modelLibrary»
Sl Definitions

A

modelLibrary» «import»
$1 Value Types

|
|
|
|
|
I
1
|

«modelLibrary»
«valueType» .
Real Physical

«block»
PhysicalObject

density: SIDensity

«import» volume: SIVolume
{ supplier: String
SIVolume SIDensity. SiLength modelNumber: String
serialNumber: String
qvalueType» «valueType» «valueType» lotNumber: String
unit= CubicMeter unit = KilogramPerCubicMeter unit = Meter

Figure 17.7 { Two model libraries

The model ljbrarySI Value Types imports a model library called SI Definitions, so it can use model elemepts from them
in ltS own d ﬁn;h'r\n. It defines value fypnc has {ng Gpﬂll‘;{‘;(‘ units which can bho nead when prnpnrfy values ad measured ln

SI units. SI Definitions 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 Types 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 model

element.

The modeler must decide when to create a stereotype of a class versus when to specialize (subclass) the class. One reason
is to be able to identify the class with the «guillemet» notation. In addition, the stereotype properties are different from
properties of classes. Stereotype properties represent properties of the class that are not instantiated and therefore do not

have a uniqy
property.

SE Toolkit::functionalRequirement, which extends Class through its superstereotype, Requirement,-is/an ex4

stereotype is|
reference to

to classes anjong other concepts, is a stereotype because its properties characterize the author, version, and

date of the n
author, versi
properties. T|

€ value 10r €ach mstance o € class, although a class thus stereotyped can have a se€parate,v

appropriate because every modeling element stereotyped by SE Toolkit::functiondlRequireme]
another modeling element. In another example, SE Toolkit::configurationltem defined above,

hodeling element themselves. One test of this is whether the new properties are inheritable; in
bn, and last-changed date are not, because it is only those classes undetoonfiguration control
o summarize, in the following circumstances a stereotype is appropriate:

«  Whete the model concept to be extended is not a class or class-based.

+  Whei

e the extensions include properties that reference other model‘elements.

+  Whete the extensions include properties that describe modeling data, not system data.

An example
volume, and
inherited by

17.4.5 Ug

where a class is more appropriate is PhysicalObject from Figure 17.7. In this case, the properti
the component numbers, have distinct valuegfor each system element described by the class,
every subclass of PhysicalObject.

ing a Profile

pkg Modelin

hDomain [Establishing HSUV Modely

hlue for the

imple where a

nt has a

which applies
last changed
this case

that need the

bs density and
and are

«pprofile»
dysML N
/s «apply» {strict}
\\\ «<apply» ™
Wstrict}
) I
H «import»
«modelLibrary» HSUVModel
S| Definitions

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

«func

«

Cq

ionalRequirement»
nfigurationltem»

StoppingDistance

«func

id="102.1"
function=9

ionalRequirement»

text="The gar shall stop within
100 feet fpm 20 mph"

topCar

«configurationltem»
author="Jones"
version="1.2"
date="04-04-04"

Figure 17.9 -
StoppingDis

« funct

 confipurationltem, which allows it to have configurati¢ofy management properties.

The modeler
compartmen

17.4.7 Ug

bdd Phy

sicy

Ph

«block»
sicalObject

density:
volume:
suppliern
modelN
serialNy
lotNum€H

SIDensity
SIVolume
String
mber: String
mber: String
er: String

Using two stereotypes on a model element
ance has two stereotypes applied:

onalRequirement, which identifies it as a requirement.that is satisfied by a function, and

ing a Model Library Eleméent

has provided values for all the newly available properties; those for criticalRequirement are shown in a
in the node symbol for StoppingDistance; those for configurationltem are shown in a separatf note.

«block»
Shot

circumference: SiLength

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 elements in the

SysML mod

el snich as activities blocks and associations The diﬂgmm elements are referred to as the concrete syntax.

The SysML

diagrams. Other categories could also be defined, such as a grouping of the use case diagram and thérequird

into a categg

SysML reus
use case, seq
consistent w|
the UML cl4
“Blocks.” A
allocation ta

SysML does,
overview dig
SysML reprg

represented in the SysML internal block diagram. In the case of'interaction overview and communication di

felt that the
that the Sys)
these diagr:
parametric

2gragram.

diagram taxonomy is shown in Figure A.1. This taxonomy is one example of how to organize

ry called Specification Diagrams.

bs many of the major diagram types of UML. In some cases, the UML diagrams\ate strictly re
uence, state machine, and package diagrams, whereas in other cases they are modified so that
th SysML extensions. For example, the block definition diagram and internal block diagram 4
ss diagram and composite structure diagram respectively, but include.exténsions as described
tivity diagrams have also been modified via the activity extensiops.~Pabular representations, {
ble, are used in SysML but are not considered part of the diagram\taxonomy.

not use all of the UML diagram types such as the object diagram, communication diagram, i
gram, timing diagram, deployment diagram, and profile,diagram. This is consistent with the a
sents a subset of UML. In the case of deployment diagrams, the deployment of software to haj

L behavior diagrams provided adequate coverage for representing behavior without the need
types. In the case of the profile diagram,‘profile definitions can be captured on a package di

the SysML
ment diagram

used, such as
they are

re similar to
in Clause 8,

uch as the

teraction
pproach that
rdware can be
horams, it was

SysML internal block diagram. In the case of inferaction overview and communication diagrams, it was felt

to include
horam and the
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SysML Diagram

. 1
(]
Behavior 1 Requirement Structure
Diagram : Diagram Diagram
Z} N
\ \ \ \
Activity Sequence State Machine Use Case Block Definition Internal Block backage Diagram
Diagram Diagram Diagram Diagram Diagram Diagram 9 g
|:| Same as UML 2 ' )
] Parametric
' Diagram
[ Modified from UML 2 bmmmmm e
[, ]
:___] New diagram type
Figure A.1 - BysML Diagram Taxonomy

The requiren
based requir

hent diagram is a new SysML diagram type. A requirement diagram provides a modeling cons
pments, and the relationship between requirements and othier model elements that satisfy or ve

The paramet
blocks. This
performance

Fic diagram is a new SysML diagram type that describes the constraints among the properties a
diagram is used to integrate behavior and structureésmodels with engineering analysis models
reliability, and mass property models.

Although thg
careful mixi
elements (e.

taxonomy provides a logical organizationtfor the various major kinds of diagrams, it does no
g of different kinds of diagram types, as-one might do when one combines structural and beh
., showing a state machine nested inside a compartment of a block). However, it is critical thz

truct for text-
rify them.

ksociated with
uch as

t preclude the
avioral
t the types of

diagram elerpents that can appear on a particular diagram kind be constrained and well-specified. The diagram elements

tables in each clause describe what symbols.can appear in the diagram, but do not specify the different coi
symbols thaf can be used.

The package|diagram and the callgut\notation are two mechanisms that SysML provides for adding flexibili
a broad rangp of diagram elements’on diagrams. The package diagram can be used quite flexibly to organiz
packages and views. As such, a’package diagram can include a wide array of packageable elements. The c3
provides a njechanism for reépresenting relationships between model elements that appear on different diag
particular, thiey are us€dyto represent allocations and requirements, such as the allocation of an activity to g
block definition diagram, or showing a part that satisfies a particular requirement on an internal block diagy

nbinations of

y to represent
e the model in
llout notation
ram kinds. In
block on a
am. There are

how these notations are used.

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.

.

activity diagram - Activities (Clause 11)

block definition diagram - Blocks (Clause 8), Ports and Flows (Clause 9)
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« 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)

« sequence diagram - Interactions (Clause 12)

i use

Each SysMIj

case diagram - Use Cases (Clause 14)

diagram has a frame, with a contents area, a heading, and a Diagram Description (see Figure]

Diagram Description

Version:
Description:
Completion status:

Head er Referencey

g

_-~"| (User defined fields)

diagram

«diagramUsage»
Kind [modelElementType] modelElementName [diagramName]

Figure A.2 -

The frame ig

designate a fodel element that is the default namespace for the model elements enclosed in the frame. A g

for the modgd
the frame. T

e acti

Contents

Diagram Frame

a rectangle that is required for SysML diagrams (Note: the frame is optional in UML). The fi

| element within the frame shall be provided if it is not contained within default namespace a
he following are some of the designated model elements associated with the different diagram|

Vity diagram - activity

+  blodk definition diagram - block, package, or constraint block

« inte
«  pacl
«  parg
+  requ

nal block diagram~\block or constraint block
kage diagram spackage or model
metric diagram - block or constraint block

irement diagram - package or requirement

A2).

ame shall
ualified name
sociated with
kinds.

+  seqUTIICE UTagranT = IeTaction

«  state machine diagram - state machine

« use case diagram - package

The frame may include border elements associated with the designated model element, like

«  port

s for blocks,
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cons

The frame m

entry/exit points on statemachines,
gates on interactions,

parameters for activities, and

traint parameters for constraint blocks.

ay 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 primary

graphical sy

bols-that-are-supborted—e-o—a block definition-diacramis—a-diacram-where-the Brimarisvuimnm
rr oo =] =] ] AR

bols in the

contents areg

The heading
rectangle, wi

<(

A space sepsq
brackets. Th
element typd
element typg
element typd
“controlOpef
name for the
name, guille
element, eith
names may |
directly, sucl

SysML diag

actiy
+ blod
inte
pack
pard
reqy
seqy

statq

are blocks and association symbols along with their adornments.

name is a string contained in a name tag (rectangle with cutoff corner) in the upper léftmost ¢
th the following syntax:

JiagramKind> [modelElementType] <modelElementName> [diagramName]

rates each of these entries. The diagramKind is bolded. The modelElementType and diagram)
e heading name should always contain the diagram kind and model elément name, and includg
and additional information to remove ambiguity. Ambiguity can eccur if there is more than o
for a given diagram kind, or where there is more than one diagram’ for the same model elemeg)
has a stereotype applied to the base model element, such as ¢modelLibrary” applied to a pac
ator” applied to an activity, then either the stereotype namelor the base model element may b
model element type. In either case, the initial character jof-the name is shown in lower case. Fd
et characters (« and ») are not shown. If more thaniene stereotype has been applied to the bg
er the name of one of the applied stereotypes or a ¢omma-separated list of any or all of the appl,
e shown. If a base model element name is usedsthis element is either a UML metaclass whicl
| as package or activity, or a stereotype which-SysML defines on a UML metaclass, such as b

am kinds should have the following namies or (abbreviations) as part of the heading:
ity diagram (act)

k definition diagram (bdd)

nal block diagram (ibd)

fage diagram (pkg)

metric diagram (par)

irement diagrain (req)

ence diagram (sd)

machine diagram (stm)

orner of the

Name are in
the model
ne model

nt. If a model
kage or

b used as the
r a stereotype
se model

lied stereotype

1 SysML uses
ock or view.

.

use

Lase’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

implementati

on 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).

«stg
SysMLUs

reotype»
pCaseDiagram

1

«Stg
Conte]

reotype»
kt Diagram

Figure A.3 -

Some typica|

Act

Blo
acti

Use

A2 G

The followin

Degd
ina
sym
Stat
rakd

o

—

1]

°p

PDiagram Usages
diagram usages may include:
vity diagram usage with swim lanes - SwimLane Diagram,

k definition diagram usage for a block hierarchy - Blogk Hierarchy where block can be replaced by
ity, etc.

case diagram or internal block diagram to represent a Context Diagram.

lidelines

g provides some general guidelines-that apply to all diagram types.

pmposition of a model element'can be represented by the rake symbol. This does not always mean
formal sense, but rather a reférence to a more elaborated diagram of the model element that inclug
bol. This notation adds.to-the existing decomposition notations defined in UML (Composite state

on a model element may also include the following:
tivity diagram - call behavior actions that can refer to another activity diagram.
ternal bleek diagram - parts that can refer to another internal block diagram.

hckagediagram - package that can refer to another package diagrams.

 system, item,

Hecomposition
les the rake
symbol for

s that refer to StateMachines and rake symbol for CallBehaviorActions that refer to Activities). In SysML, the

°p

atio dio ot etz tloo 1. far t PR $a o Ao
arafete-atagra—CconStratirpropetrytatreanererto-ahotner parametre-atagraiit

* requirement diagram - requirement that can refer to another requirement diagram.

* sequence diagram - interaction fragments that can refer to another sequence diagram.

e st

ate 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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its s

ymbol. This applies to ports, item flows, pins, etc.

The primary mechanism for linking a text label outside of a symbol to the symbol is through proximity of the label to

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

ofa

not

_,i_

Figure A.4 -
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When two lines cross, the crossing optionally may be shown with a small semicircular jog to indicate that the lines do

TO7 Y17

Dptional Form of Line Crossing

bram overlays are diagram elements that may be used on any diagram kind:¢An example of an ove
braphic map to provide a spatial context for the symbols.

ML provides the capability to represent a document using the UML 2-standard stereotype «docum
wrtifact model element. Properties of the artifact can capture information about the document. Use
Faction to relate the document to model elements. The documént can represent text that is containe
el elements.

ML diagrams including the enhancements described:injthis sub clause are intended to conform to
hition and interchange standards to facilitate exchange of diagram and layout information.

Tabypilar and matrix representation is an optionaldlternative notation that can be used in conjunction w|

hical symbols as long as the information, is’consistent with the underlying metamodel. Tabular an

nents. They also can be convenientmechanisms to represent property values for selected propertic
ionships such as function and inputs/outputs in N2 charts. UML contains a tabular representation
ram in an interaction matrix (fefer to UML Annex with interaction matrix). The implementations

ever, tabular or mafrix representations may be included in a frame with the heading designator «t
trix» in bold.

bh and tree fepresentations are also optional, alternative notations that can be used in conjunction
bols as long as the information is consistent with the underlying metamodel. These representation
lescribing complex series of relationships that represent other views of the model. One example is

defi
repr
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oW i many tools that depicts a hierarchical view of the model. The implementations of graphs ar

esentations may be included in a frame with the heading designator «graph» or «tree» in bold.
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Annex B: SysML Diagram Interchange

(informative)

B.1 Overview

This annex provides information regarding the exchange of SysML diagrams. It is an extension of the UML Diagram

Interchange [DI) to support the graphical notation specific to SysML. A first part presents stereotypes that|extend the
UML DI. A jsecond part presents modifications in the use of UML DI in SysML diagrams.
M3 MOF
Abstract syntax Diagram syntax
Dl I
M2 e UMl - UML D¢y
N
SysML % SysML DI
i B
M1 — Model - Diagram
“|—» _dnstantiates D DD Spec  DD: Diagram Definition
| <>~ Specializes = UMLSpec py; Diagram Interchange

— » References | | SysML Spec
—®  Extends

Figure B.1 - SysML DI architecture
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B.2 Stereotypes

«metaclass»

UMLDiagramElement

A

«stereotype»

SysMLDiagramElement

isDecompositionSymbolShown: Boolean = false

Figure B.2 -|Abstract Syntax Extension for SysMLDiagramElement
«stereotype»
SysMLDiagramElement
isDecompositionSymbolShown: Boolean = false
«stereotype» men s
SysMLDiagram p >
UMEDiagram
defaultNamespace : Namespace
isLineJogShown : Boolean = false
«stereotype» . «metaclass»
SysMLDiagramWithAsso ciatiens UMLDiagramWithAsso ciations
«stereotypey, «metaclass»
SysMLStructuréDiagram UML StructureDiagram
«stefeotype» «Stereotype» «stereotype»
SysMLRequjrementDiagram SysML BlockDefinition Diagram SysMLPackageDiagram
«metaclass» «stereotype» «metaclass»
UMLEClassDiagram SysMLInternalBlockDiagram UMLPackageDiagram

v )

«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://iecnorm.com/api/?name=b10951ae30118068c9fc68fac6489c1c

ISO/IEC 19514:2017(E)

«stereotype»
SysMLDiagram

i

«metaclass» «stereotype» «stereotype»

UMLBehaviorDiagram SysMLB ehaviorDiagram SysMLDiagramWithAssociations
«stereotype» «stereotype» «stereotype»

SysMLActivity Diagram SysML StateMachineDiagram SysMLUseCaseDiagrpm

isControlFloyDashed: Boolean = false * *

«metaclass» «metaclass»
«stereotype» UML StateMachineDiagram UMLUseCaseDiagram
SysMLInteractionDiagram
«metaclfss»
UMLActivity|Diagram *

«metaclass»
UMLInteractionDiagram

Figure B.4 -|Abstract syntax extensions for SysML diagrams (2)

B.2.1 SysMLActivityDiagram

Description

A SysMLAc}ivityDiagram represents an activity diagram, It(éxtends UMLActivityDiagram.

Attributes

» isControlFlowDashed : Boolean [1] = false
Spetifies whether the control flows in the.activity diagram are dashed (isControlFlowDashed=true) o1l not
(isControlFlowDashed=false).

Constraints
[11 A SysMLActivityDiagram shall have as a defaultNamespace an Activity.

[2] SysMLActivityDiagram shall-enly be applied to a UMLActivityDiagram.The principal of an applied AdjupctProperty
shall be § Connector, CallAction, ObjectNode, Variable, Parameter, submachine State, or InteractionUse.

B.2.2 SysMLBghaviorDiagram

Description

SysMLBehaviorDiagram is an abstract stereotype for all SysML behavior diagrams. It extends UMLBehaviorDiagram.

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
specializations applied or a Package.

[2] SysMLBlockDefinitionDiagram shall only be applied to a UMI.ClassDiagram

B.2.4 SyisMLDiagram

Description

SysMLDiagfam is an abstract stereotype for all SysML diagrams. It extends UMLDiagram:

Attributes

»  defaultNamespace : Namespace [1]
Spetifies the default namespace of the SysML diagram.

» isLineJogShown : Boolean [1] = false

Shopw semi-circular jogs in the stereotyped diagram when two lirie$ 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 UMLDiagramith a modelElement shall have this modelElement as
defaultNjamespace.

[4] SysMLDiagram shall only be applied to a UMDDiagram.

B.2.5 SysMLDiagramElement

Description

SysMLDiagfamElement is an(abstract generalization of all the other SysML DI stereotypes.

Attributes

» isDeconpositionSymbolShown : Boolean [1]
Display & d¢eomposition symbol in a diagram element to indicate the corresponding model element is decomposed in
ano"her diagram. 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] SysMLDiagramWithAssociations shall only be applied to a UMLDiagramWithAssociations.

B.2.7 SysMLInteractionDiagram

Description

A SysMLIntpractionDiagram represents an interaction diagram. It extends UMLInteractionDiagram.

Constraints
[17 A SysMLInteractionDiagram shall have as a defaultNamespace an Interaction.

[2] A UMLInteractionDiagram stereotyped by SysMLInteractionDiagram shall havekind=sequence.
[3] SysMLlInteractionDiagram shall only be applied to a UMLInteractionDiagram.

B.2.8 SysMLInternalBlockDiagram

Description

A SysMLIntprnalBlockDiagram represents an internal blocki@diagram. It extends UMLCompositeStructurelDiagram.

Constraints

[1] A SysMLInternalBlockDiagram shall have as a-defaultNamespace a Class with a Block stereotype or one ¢f its
specializations applied.

[2] SysMLInternalBlockDiagram shall only(e applied to a UMLCompositeStructureDiagram.

B.2.9 SysMLPackageDiagram

Description

A SysMLPa¢kageDiagramrepresents a package diagram. It extends UMLPackageDiagram.

Constraints
[1] A SysM[PackageDiagram shall have as a defaultNamespace a Package.

[2] SysMLP rl(agpningrnm shall onlv be npplipd toa TIMI Pnnkﬂgpningmm

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 SyysMLRequirementDiagram

Description

A SysMLRefuirementDiagram 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 stereotype or
one of it} specializations applied.

[2] SysMLRequirementDiagram shall only be applied to a UMLClassDiagrarh,

B.2.12 SyisML StateMachineDiagram

Description

A SysMLStateMachineDiagram represents a state machine.diagram. It extends UMLStateMachineDiagram|.

Constraints
[1] A SysMLStateMachineDiagram shall have as a-defaultNamespace a StateMachine.

[2] SysMLStateMachineDiagram shall only be applied to a UMLStateMachineDiagram.

B.2.13 SysMLUseCaseDiagram

Description

A SysMLUspCaseDiagram représents a use case diagram. It extends UMLUseCaseDiagram.

Constraints
[1] A SysMLUseCaseDiagram shall have as a defaultNamespace a Package.

[2] SysMLUseCaséDiagram shall only be applied to a UMLUseCaseDiagram.

B.3 SysML 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 UMLEdge is a UMLShape with no
modelElement. This UMLShape may contain UMLLabels with text “allocatedFrom” and “allocatedTo,” each being

followed by
stereotype o

SysML callo
modeled by
callout notat

B.4 S

the values of the allocatedTo properties, respectively, of the Allocated stereotype.

ut notation (MasterCallout, DeriveCallout, SatisfyCallout, VerifyCallout, RefineCallout, [Frace(
h UMLShape with no modelElement. This UMLShape contains a UMLLabel withitext specifi
on, followed by a UMLLabel with modelElement that is the element with text shown by the ¢

/SML Notation and DI Representation

This sub clapse summarizes Annex B by showing how SysML-specific notatipns-shall be modeled using U

SysML UMI
of SysML n
elements are
shown in thg

L DI. It does not cover all of Annex B or all notations in previous Clauses. The left column shoy
tation. The middle column shows UML DI and SysML DL elements corresponding to the not
presented in a containment hierarchy. Elements with the sathe container are ordered according

left column, read from left to right, top to bottom. Fet/each element, the type of diagram elef

vt Eabetswith modetEtementstiatare-thevatuesof theattocatedFromrpropertiesof the Afjocated

allout) can be
bd by the
\llout notation.

IML and

Vs an example
ition. These

o the notation
ment is given,

followed by [the type of modelElement and sometimes other constraints that apply to the diagram element, |put between

parentheses. |The type of modelElement is followed by a '+' whenf multiple modelElements of this type can pe assigned to

one diagram|element. A '+' sign between a metaclass and«a~§tereotype corresponds to an element that instantiates the

metaclass and that has the stereotype applied. The right\column references “Notation” clauses and figures where the

notation is defined.

Table B.1 - $ysML Diagram Elements

Notation Diagram Elements Ref.

UMLEdge (ControlFlow, isControlFlowDashed=false) 11.3.1.3.1
UMLEdge+SysMLControlFlowEdge (ControlFlow,
isControlFlowDashed=true)

_____________ R _________%
UMLClassifierShape (Property+ConstraintProperty, 10.3.1.2.1

ket isConstraintPropertyRounded =false)
(g:c())gs?tr;}:lltll - UMLLabel (Stereotype)
- UMLTypedElementLabel (Property)
- UMLClassifierShape (Property+ConstraintProperty,
<c<:consttra}|ntt]>_> isConstraintPropertyRounded=true)
onstrain - UMLLabel (Stereotype)

- UMLTypedElementLabel (Property)
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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
pl.p2
plp3

Block1

UMLClassifierShape (Class+Block)
- UMLNameLabel (Class)
- UMLShape (Port)
- UMLNameLabel (Port)
- UMLShape (Port)
- UMLNameLabel (Port)
- UMLShape (Port)
- UMLNameLabel (Port)
- UMLShape (Port)
- UMLNameLabel(Port)

9.3.1.6

Block1

Connector1:Typed

Property{:Type1

‘_ PropertyB:Iysz _

Property2:Type2

UMLClassifterShape (Class)
- UMLNameLabel (Class)

- UMLE€ompartment

--- 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

Element1

allocatedFrom

allocatedTo

UMLClassifierShape (Class)
- UMLNameLabel (Class)

- UMLCompartment

--- UMLLabel

--- UMLLabel (Element)

- UMLCompartment

--- UMLLabel

15.3.13

Element2

A4 T I
=== UNILLaUCI { LICIICIIL)

Block1

allocatedFrom
Element1
allocatedTo
Element2

UMLClassifierShape (Class)
- UMLNameLabel (Class)
UMLEdge

UMLShape

- UMLLabel

- UMLLabel (Element)

- UMLLabel

- UMLLabel (Element)

15.3.14

. Element1

Callout name

1 Element2 —

UMLShape (Element)

- UMLNameLabel(Element)
UMLEdge

UMLShape

- UMLLabel

- UMLLabel (Element)

16.3.1.3
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Annex C: Deprecated Elements

(normative)

C.1 Overview

Flow Port and Flow Specification are deprecated in this version of SysML and are defined for backward compatibility.
This annex dontains the definition of these concepts as they are defined by SysML 1.2. In addition it prevides some
guidelines of how to convert FlowPort to ports in this version of SysML. This annex includes guidelines'qn how to
convert Views, Viewpoints, Units, and QuantityKinds in this version of SysML, but these elements in-earlier versions of
SysML are 1ot deprecated, they are changed in this version.

C.1.1 Flpw Ports

A flow port ppecifies the input and output items that may flow between a block anddits environment. Flow| ports are
interaction ppints through which data, material, or energy can enter or leave the owning block. The specifi¢ation of what
can flow is 4chieved by typing the flow port with a specification of things that-flow. This can include typipg an atomic
flow port with a single type representing the items that flow in or out, or typing a nonatomic flow port with a flow
specification| which lists multiple items that flow. A block representing,an ‘automatic transmission in a car fould have an
atomic flow port that specifies “Torque” as an input and another atomicyflow port that specifies “Torque” af an output. A
more complgx flow port could specify a set of signals and/or propétties that flow in and out of the flow pdrt. In general,
flow ports afe intended to be used for asynchronous, broadcast, or'send-and-forget interactions. Flow portg extend

UML 2 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

Conjugated Flow Port

netw orkType: ElectricNetw orkType

ac: ACVoltage dc: DCVoltage
Transformer

Atomic Flow Ports

Node Name Concrete Syntax Abstract Syntax Reference
FlowPort SysML::Ports& Flows::FlowPort
138 Illdllhllri'saiull
élj Transmission
Flow Port
p: ~ITransmission
Transmission

FlowPort
(Compartment Transmission
Notation) flow ports

p: [Transmission

Flow Port

Transkmission

flow ports
p: ~ITransmission

Conjugated Flow Port

Transmission

flow ports
in ac: ACVoltage
out dc: DCVoltage
inout netw orkType: ElectricNetw orkType

Atomic Flow Ports

SysML::Ports& Flows::FlowPort

FlowSpecification

SysML ::Ports& Flows::

«flow Specification»
Nam e

flowProperties
in gearSelect: Gear
in engineTorque: Torque
out w heelsTorque: Torque

FlowSpecification

206
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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
él}I t: Transmission

Flow Port

SysML::Ports& Flows::FlowPort

p: ~ITransmission
Transmission

Conjugated Flow Port

netw orkType: ElectricNetw orkType

tr: Transformer

ac: ACVoItage# &3 #dc: DCVoltage

Atomic Flow Ports

ItemFlow

eng: Engine

p:Torgque

Torque
p:Torque

=

trns: “Fransmission

ltemFlow

eng: Engine
1

p:Torque

torque:Torque
p:Torque

trns: Transmission

SysML::Ports& Flows::ltemFlow

ltem Flow with an ltem Property
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C.3 UML Extensions

C.3.1 Diagram Extensions

C.3.1.1 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 owning Block A nonatomic flow port has two open arrow heads facing away from each other e < >). The fill

color of the pquare is white and the line and text colors are black.

In addition, flow ports can be listed in a special compartment labeled “flow ports.” The format of €ach ling is:

in

put | inout portName:portType [{conjugated} ]

C.3.1.2 FloySpecification

A FlowSpeclfication specifies inputs and outputs as a set of flow properties. It has & *flowProperties” compartment that
lists the flow properties.

C.3.2 Stereotypes

C.3.2.1 Padkage Ports&Flows

«mgtaclass» «metaclass»
UML4SysML::Port UML4SysML::Interface
«stefeotype» «stereqtype»
FlgwPort FlowSpecification

/isAtomic: Bgolean
direction: FIqwDirection

Figure C.1 -|Deprecated Stereotypes

C.3.2.2 FloywPort

Description

A FlowPort {s an/nteraction point through which input and/or output of items such as data, material, or enefgy may flow.
This enables|the’owning block to declare which items it may exchange with its environment and the interaction points
through whith—the-exehange—ts—made-

We distinguish between atomic flow port and a nonatomic flow port. Atomic flow ports relay items that are classified 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 con

nector).

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
property owned by the port’s owning block or to a parameter of its behavior. If isBehavior is set to false, then the flow
port shall be connected to an internal connector, which in turn related the items via the port. The need for isBehavior is

mainly to al

The isConju
items of a ng
property spe
directions of]
opposite dirg
default, the 1

attribute signifying the direction of the flow.

In case of fl
Reception of
of the flow
port’s ownin|

The item flo
end of the ¢
matches the
property thaf

If a flow por
all connecto

C.3.2.3 Sen

The binding
point. One a
between the

Attributes

/isAtom
Thi
valy
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bated attribute inherited from the UML Port metaclass is interpreted as follows: It indicates®if
natomic flow port maintain the directions specified in the flow specification or if the direction
cified in the flow specification is reversed (IN becomes OUT and vice versa). If set t0 True, tl
the flow properties specified by the flow specification that types a nonatomic fl6w port are rq
ction (i.e., an “in” flow property is treated as an “out” flow property by the flow port and vic
alue is False. This attribute applies only to nonatomic flow ports since atomic flow ports hav

w properties or atomic flow ports of type Signal, inbound propeities or atomic flow port are

the signal type (or a subtype) of the flow property’s type. Outbound flow properties only decl|
ort to relay the signal over external connectors attached tosit and are not mapped to a propert
o block.

vs specified as flowing on a connector between flow ports shall match the flow properties of th
nnector: the source of the item flow should be the\port that has an outbound/bidirectional flow
item flow’s type and the target of the item flowshould be the port that has an inbound/bidireg
matches the type of the item flow.

t is connected to multiple external and/or-internal connectors, then the items are propagated (b
s that have matching properties at the other end.

hantic Variation Points

of the flow properties on. the’ ports to behavior parameters and/or block properties is a semant
pproach is to performwname and type matching. Another approach is to explicitly use binding
ports properties and behavior parameters or block properties.

c : Boolean\(derived)
is a derived attribute (derived from the flow port’s type). For a flow port typed by a flow specific
e of this attribute is False, otherwise the value is True.

the flows of
of every flow
nen all the
layed in the
e-versa). By

b a direction

mapped to a
are the ability
of the flow

b ports at each
property that
tional flow

roadcast) over

c variation
relationships

ation the

direction

- BlasDirection
—TOW1J

THoCTtTIoTT

Indicates the direction in which an atomic flow port relays its items. If the direction is set to “in,” then the items
are relayed from an external connector via the flow port into the flow port’s owner (or one of its parts). If 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 matching

of flow

1. Typ

2. Dirg
proy
of th

has
(ill-

[5] If aflow]

C.3.2.4Flo

Description

A FlowSpec
specify what
Constraints
[1] Flow spg
[2] Every “q

IUPCI ‘liCb bllall :JC L‘lUllC ill LIIC fUliUWillg bLCpb.
b Matching: The type being sent shall be the same type or a subtype of the type being received.

ction Matching: If the connector connects two parts that are external to one another, theni\the direct
erties shall be opposite, or at least one of the ends should be inout. If the connector i§4nternal to th
e flow ports, then the direction shall be the same or at least one of the ends shall.bé&inout.

Name Matching: In case there is type and direction match to several flow properties-at the other end, th

he same name at the other end shall be selected. If there is no such propérty; then the connection 1§
formed).

port is not connected to an internal part, then isBehavior shall be'set'to true.

vSpecification

fication specifies inputs and outputs as a set of flow properties. A flow specification is used by
items can flow via the port.

cifications shall not own operations or receptions (they can only own FlowProperties).

wnedAttribute” of a FlowSpecification shall be a FlowProperty.

C.3.251te

ItemFlows
compatibility
ports.

C4d4 Tr
(in

Flow (deprecated compatibility rule)

Je not deprecated, but when used with atomic flows ports, have a deprecated modification of item

rules that treats types bf source and target atomic ports as if they were types of flow properties onl

ansitioning SysML 1.2 Flow Ports to SysML 1.3 Ports
iformative)

jon of the flow
t owner of one

c property that
s ambiguous

flow ports to

low
types of those

To convert a

Q AT ] - Jrs - Ayl AT e 1 £l .
D YSIVIL 1.2 TIOW POIT 1O PDOILS HINUILS  VOISIOIN 010 ySIVIL TU IS TCCUOHIIIICIIACU 1O UST UIC 10O WII

ide if the port should be converted to a proxy port, a full port, or an unstereotyped port.

e original flow port is non-atomic:

g guidelines:

Based on the decision in step 1, create a block (for proxy ports, it shall be an interface block specifically).

a. Copy all the flow properties owned by the flow port’s type, a flow specification, to the block created in step 2
(meaning the flow properties will be owned by the newly created block).

1. Dec

2.

3. Ifth
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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 is not to
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.

4. If the original flow port is atomic:
a. On the block created in step 2, specify a flow property typed by the same type as the flow port and with the

s
b. D

C5 Tn
(ir
Refactoring
mechanism ¢

«  Conform

*R
«  Viey
*R
«  Viey
*F
U

*F
0|

«  Elenent and package import

*R

Co6 T
(ir
Changing un
of element b

e direction as the original 110w porrt.
o steps b to d from step 3 about non-atomic flow ports.

ansitioning SysML 1.3 Viewpoint and View to SysML 1.4
1formative)

h view model build from the SysML 1.3 defined viewpoint, view, conforms,’and the UML pagd
ould be performed as follows:

eplace v1.3 Conform with v1.4 Conform. The conform target in(133 becomes the general classifie
v

eplace 1.3 View package with 1.4 View class

vpoint

br each Stakeholder string, create a stakeholder\with the string as the name

[pdate the stakeholder property on the newiewpoint with the created stakeholder

br each method string of the 1.3 viewpoint, create the operation «create» View() and append the str
fa comment that annotates the operation.

eplace each package and element import with an expose relationship.

1formative)

its and quantity kinds from SysML 1.3 to SysML 1.4 can be accomplished as follows, dependit
cing changed:

ansitioning-SysML 1.3 Units and QuantityKinds to SysML 1.

kage import

in1.4.

ng to the body

g on the kind

« An

nstanceSpecification stereotyped by SysML 1.3 Unit:

* Unapply the SysML 1.3 Unit stereotype.

+C

lassify 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
needed.

o1

the instance Qppniﬁaninn has avalue forthe SysMI 13 QT ID\::Lnit::name. property and-the ins

ance

S

o If]
S
0

An
o If

o If

72}

o If]
S
0

An
bec
T
c
T
c
Blo

Blo

for the following:

* B
d

U
Q

pecification has no name, then set its name to the value of the SysML 1.3 QUDV::Unit::name proj

the instance specification has a value for the SysML 1.3 QUDV::Unit::name property andsthe¢ ins
pecification has a name, then choose whether to keep the same name for the instance speeification g
f the SysML 1.3 QUDV::Unit::name property.

nstanceSpecification classified SysML 1.3 QUDV::QuantityKind or one of its specializations:

the instance specification has no value for the SysML 1.3 property QUDVz:QuantityKind::name,
hanges are needed.

the instance specification has a value for the SysML 1.3 property QUDV::QuantityKind::name af
pecification has no name, then set the name of the instance specification to the value of the SysML
UDV::QuantityKind::name property.

the instance specification has a value for the SysML 1.3, property QUDV::QuantityKind::name ar
hecification has a name, then choose whether to keep the same name for the instance specification g
f the SysML 1.3 QUDV::QuantityKind::name property:.

nstanceSpecification classified by SysML 1.3, QUDV::Scale. Each SysML 1.3 QUDV::ScaleValu
mes an EnumerationLiteral such that:

he numeric value of SysML 1.3 QUDV:iSealeValueDefinition::value becomes a specification of t
brresponding EnumerationLiteral.

he string value of SysML 1.3 QUDV::ScaleValueDefinition::description becomes a comment on ¢
brresponding EnumerationLiteral:

ks defined as specializations of SysML 1.3 QUDV::Unit do not require changes in SysML 1.4.

ks defined as specializations of SysML 1.3 QUDV::QuantityKind do not require changes in SysM

locks definéd-specializations of QUDV::SpecializedQuantityKind in SysML 1.3 become correspg
efined as specializations of QUDV::QuantityKind in SysML 1.4.

sages of SysML 1.3 QUDV::SpecializedQuantityKind::general property become corresponding |
UDV::QuantityKind::general in SysML 1.4.

erty.

ance
r use the value

hen no further

d the instance
1.3

d the instance
r use the value

eDefinition

ne

he

IL 1.4 except

nding Blocks

sages of
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Annex D: Sample Problem

(informative)

Purpose

The purpose of this annex is to illustrate how SysML can support the specification, analysis, and design of a system using

some of the

D.2 Sq

The scope o
simplified fr
possible inte]
all of the fed
language. TH
intended to §
specific prog

D.3 Py

The sample }
gas/electric |
requirements
Technical ac
focuses on d
analyses, stri

This annex i
first sub clat
boundaries,

top level sys
of SysML di
illustrate hoy
of various sy
clause. A su
context. The

basic features of the language.

tope

 this example is to provide at least one diagram for each SysML diagram type~The intent is t
homents of the problem to illustrate how the diagrams can be applied, and to'demonstrate som
r-relationships among the model elements in the different diagrams. The saniple problem does
tures of the language. The reader should refer to the individual clauses\fot more detailed featy
e diagrams selected for representing a particular aspect of the model, and the ordering of the
e representative of applying a typical systems engineering procéssy’but this will vary dependi
ess and methodology that is used.

oblem Summary

broblem describes the use of SysML as it applies_to-the development of an automobile, in parti
owered Sport Utility Vehicle (SUV). This preblem is interesting in that it has inherently conf]
, viz. desire for fuel efficiency, but also desir¢ for large cargo carrying capacity and off-road (
curacy and the feasibility of the actual-solution proposed were not high priorities. This sampld
esign decisions surrounding the powetr-subsystem of the hybrid SUV; the requirements, perfor|
icture, and behavior.

5 structured to show each diagram in the context of how it might be used on such an example
se shows SysML diagrams*as they might be used to establish the system context; establishing
ind top level use cases. The next sub clause is provided to show how SysML diagrams can be u|
em behavior, using(séquence diagrams and state machine diagrams. The following sub clause {
agrams for capturing and deriving requirements, using diagrams and tables. A sub clause is pt
v SysML is used'to depict system structure, including block hierarchy and part relationships. T}
stem parameéfers, performance constraints, analyses, and timing diagrams are illustrated in the)
b clause is-then dedicated to illustrating definition and depiction of interfaces and flows in a s
final sub clause focuses on detailed behavior modeling, functional and flow allocation.

b select

e of the

not highlight
res of the
Hiagrams are
g on the

ular a Hybrid
icting
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D.4 Di

D.4.1 Package Overview (Structure of the Sample Model)

D.4.1.1 Package Diagram - Applying the SysML Profile

agrams

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 SI Units Types model library. The model libraries shall be imported into the user model as indicated.

pkg Modelinglbomain [Establishing HSUV Modely
«p ofile»
Sy|sML V\\
A\\ \\\«apply» {strict}
\\ «apply» \\\\
'\ {strict} AN
\
i «import»
«modelLibrary» 1 <P HSUVModel
S| DEfinitions
Figure D.1 - Establishing the User Model by Importing and

Figure D.2 d

214

Applying SysML Profile & Model Library (Pack@ge Diagram)

etails the specification of units and valueTypes employed in this sample problem.
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pkg ModelingDomain [Values and Unitsy

«modelLibrary»
Sl Definitions
«modelLibrary» «import» /E\
Automotive Value Types Ii
«valueType»
Real
JARY
‘ ‘ Automotive Units
Horsepwr Accel Weight
«vaiueType» «valueType» «valueType» «unit» «unit» <dnity
unit = hp unit=g unit = Ib {quantityKind=Acceleration} {quantityKind=Velocity} {quantityKind=Power}
] mph hp
Timp Vel Dist «unit» «unity «unit»
{quantityKind=Temperature} {quantityKind=Distance} {quantityKind=Time}
«valueType» «valueType» «valueType» °F ft sec
unit = sec unit = mph unit = ft
«unity» QUnity «unity»
{quantityKind=Pressure} {quantityKind=Volume} {quantityKind=Mass}
psi ft 3 b
Tenp Press Vol
«valueType» «valueType» «valueType»
unit = °F unit = psi unit = ftA3

Figure D.2 -

D.4.1.2 Pa

The package
are containe
The relationg
expressed us|

Defining valueTypes and units to be Used in the Sample Problem

kage Diagram - Showing Package Structure of the Model

diagram (Figure D.3) shows the structure’of the model used to evaluate the sample problem. M
|l in packages, and relationships between packages (or specific model elements) are shown on
hip between the views (OperationalView and PerformanceView) and the rest of the user model
ing the «import» relationship. Note that the «view» models contain no model elements of their

changes to the model in other packages ate automatically updated in the Operational and Performance Vie

odel elements
this diagram.
are explicitly
own, and that
Vs,
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pkg HSUV Model )
HSUV Use
. HSUV
HSUV Behavior HSUV Structure ; Cases
Requirements
S
|
‘ .
«requirement»
Delive| Power «block» Performance HSUW. Analysis
Behlavior Automotive Domain HSUV Interfaces
- "HSuUV HSUV Viewpoint .
HSUV Yiews Viewpoints Methods Automr|otive
ValueTypes

. «viewpoint» «actiyity»

«View» . .
X . Operational Requirements

Ogerational View . g
Viewpoint Query

. «viewpoint»

wiew» Performance

Peffformance View . ]
Viewpoint

Figure D.3 - Establishing Structure of the User Model using Packages and Views (Package Diagram)

D.4.2 Satting the Context (Boundaries and Use Cases)

D.4.2.1 Int¢rnal Block Diagram - Setting:€Context

The term “c¢ntext diagram,” in Figure D.4, refers to a user-defined usage of an internal block diagram, which depicts
some of the fop-level entities in theyoverall enterprise and their relationships. The diagram usage enables the modeler or
methodologipt to specify a uniquensage of a SysML diagram type using the extension mechanism describefl in Annex A,
“Diagrams.”| The entities are ¢onceptual in nature during the initial phase of development, but will be refirjed as part of
the development process. The «system» and «external» stereotypes are user defined, not specified in SysMIL, but help the
modeler to idlentify the §ystem of interest relative to its environment. Each model element depicted may include a
graphical icqn to help.convey its intended meaning. The spatial relationship of the entities on the diagram sometimes
conveys undprstanding as well, although this is not specifically captured in the semantics. Also, a backgroind such as a
map can be included to provide additional context. The associations among the classes may represent abstract conceptual
relationshipstameng—the-entittes—which-wonld-berefinedinsubsequent-dinsrams—Note - row—the—relationships in this
diagram are also reflected in the Automotive Domain Model Block Definition Diagram, Figure D.15.
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«ContextDiagram»
ibd [block] AutomotiveDomain

completen
external in

lerfaces.”

ss="partial. Does not include gas pump and other

x5:
«system»
HSUV:
- HybridSUV Maintainer:
«external»
Driver: drivingConditions:Environment
x4:
«external»
. x3: . «external
x2: weather:Weather object:ExternalQbj
«external»
/ vehicleCargo:
Baggage
-~ Q
Pgssenger: /g/é
\\ «external»  1.*
road:Road
«diagramDescription»

version="0{1"
descriptionf="Initial concept to identify top level domain entities"
reference=[Ops Concept Description”

Figure D.4 -

D.4.2.2 Us

The use cas¢
(HybridSUV|
case.

e Case Diagram - Top Level Use Cases

Fstablishing the Context of the Hybrid SUV Systemyusing a User-Defined Context Diagram.
Internal Block Diagram) Completeness of Diagtam Noted in Diagram Description

diagram for “Drive Vehicle” in Figure\D:5 depicts the drive vehicle usage of the vehicle syster
and the actors (Driver, Registered ©Owner, Maintainer, Insurance Company, DMV) interact to
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uc HSUVUseCases [TopLeveIUseCasesy

HybridSUV

_ | Operate the
vehicle

Driver

Insure the
1l — vehicle
InsuranceCompany
Registerged
Owner %
Department

Of Motor
Vehicles

0 i

Register the
vehicle

Maintain the
vehicle

Maintaiper

Figure D.5 - Establishing Top Level Use Gases for the Hybrid SUV (Use Case Diagram)

D.4.2.3 Us¢ Case Diagram - Operational Use Cases

Goal-level Use Cases associated with “Operate the Vehicle” are depicted in the following diagram. These yise cases help
flesh out the|specific kindwof'\goals associated with driving and parking the vehicle. Maintenance, registratjon, and
insurance of|the vehiclé\would be covered under a separate set of goal-oriented use cases.
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uc HSUVUseCases [Operational Use Casesy

HybridSUV

A

Driver

Figure D.6 - Establishing Operational Use Cases’for “Drive the Vehicle” (Use Case Diagram)

D.4.3 Elpborating Behavior (Sequence and State Machine Diagrams)

D.4.3.1 Sequence Diagram -.Drive Black Box
Figure D.7 shows the interactions between driver and vehicle that are necessary for the “Drive the Vehicle” Use Case.
This diagranm represents the\“DriveBlackBox” interaction, with is owned by the AutomotiveDomain block] “BlackBox”
for the purpdse of this example, refers to how the subject system (HybridSUV block) interacts only with outside elements,
without revepling any‘interior detail.

The conditiopsder-each alternative in the alt controlSpeed sub clause are expressed in OCL, and relate to the states of the
HybrldSUV lock as shown in Fignre DR
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sd DriveBlackBox )

| driver:Driver

vehiclelnContext:HybridSUWV

ref StartVehicleBlackBox
pal /
alt pontrolS eecy [self.oclinStite(idle)]
| fef Idle
[self.oclinState{acedlerating/cruising))
L] et Accelerate/Cruise
_ref Brake
| | ref - Steer
| | ref Park/Shutdown‘iehicle

Figure D.7 - Elaborating Black Box Behayior for the “Drive the Vehicle” Use Case (Sequence Diagram)

D.4.3.2 State Machine Diagram:* HSUV Operational States

Figure D.8 depicts the operational states of the HSUV block, via a State Machine named “HSUVOperationallStates.” Note

that this stat¢ machine was-developed in conjunction with the DriveBlackBox interaction in Figure D.7. A
this state machine refines the requirement “PowerSourceManagment,” which will be elaborated in the reqy
clause of thig sample‘problem. This diagram expresses only the nominal states. Exception states, like “acceld

are not expr¢ssed on'this diagram.

so note that
irements sub
ratorFailure,”

220
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«requirement»
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-

orf keyOff>@ Management
start shutOff
Nominal
states only
//
Operate \
accelerate stopped
releaseBrake
Accellerating/ Braking

Cruising

Figure D.8 -

FFinite State Machine Associated with “Drive the Vehicle” (State Machine Diagram)

D.4.3.3 Sequence Diagram - Start Vehicle Black Box & White Box

Figure D.9 s
the lifelines

hows a “black box” interaction, but referenices “StartVehicleWhiteBox” (Figure D.10), which w
within the context of the HybridSUV_ block.

sd StartVeh

icIeBIacchx)

dri

er:Driver

turnlgnition ToStart

1: StartVehicle

vehiclelnContext:Hybrid SUW
ref StartVehicleWhiteBox

ill decompose

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:PowerControlUnit epc:ElectricalPowerController

1: StartVehicle :

1.1: Enable

1.2:ready

T
|
|
|
|
|
|
|
|

Figure D.10 { White Box Interaction for “ StartVehicle” (Sequence Diagram)

D.4.4 Egtablishing Requirements (Requirements Diagrams and Tables)

D.4.4.1 Requirement Diagram - HSUV Requirement Hierarchy

The vehicle pystem specification contains\myany text based requirements. A few requirements are highlighted in Figure

D.11, including the requirement for the‘vehicle to pass emissions standards, which is expanded for illustration purposes.
The containthent (cross hair) relationship, for purposes of this example, refers to the practice of decomposjng a complex
requirement [into simpler, single(réquirements.
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req [package] HSUVRequirements [HSUV Specificationy
HSUVSpecification
S
4 SIS [5)
«requirements «requirement» «requirement» «requirement> Capacit
Eco-Friendlingss Performance Ergonomics Qualification pacity
&) & @ 79 5 [CESIPRS)
requirement» «requirement» «requirement» «requirement» «requirement» «requirement» «reqyirement»
Braking FuelEconomy OffRoadCapability Acceleration SafetyTest GargoCapacity PassengerCapacity
qrequirement» «requirement»

Emissions FuelCapacity
id="R1.2.1"
text = “The vehigle shall meet Ultra-Low
Emissions Vehigle standards.”

Figure D.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*lowest tier requirements in the HSUV specificafion. Derived
requirementy, for the purpose of this example, express,the concepts of requirements in the HSUVSpecification in a
manner that gpecifically relates them to the HSUV-system. Various other model elements may be necessary to help
develop a ddrived requirement, and these modélelement may be related by a «refinedBy» relationship. Note how
PowerSourc¢gManagement is “RefinedBy” th¢ tHSUV OperationalStates model (Figure D.8). Note also that rdtionale can be
attached to the «deriveReqt» relationship.In this case, rationale is provided by a referenced document “Hybrid Design
Guidance.”
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\
\
\
\
\

«requiremgnty
Power

req [package] HSUVRequirements [Requirement Derivationy
«requirement» «requirement» «requirement» «requirement» «requirement» «requirement»
Braking FuelEconomy FuelCapacity OffRoadCapability Acceleration CargoCapacity
[\\ /'\\ \\ DN V\\ AN /‘(\ /
\ ! \ N \ N \ e
\\ / \\ \\ \\. d D Reqt \\\ | //
«derivt?Reqt» «deriveReqt» | N «denveFSteq» « enve\ eqt» Y \ //
\ i - N N < <deTIveRe eq» TdeTVeRe eq» <derveReqp
\ ! \ N AN \\ 7
1 L \\ N . N \ //
\ \ «requirement» N | o
«fequirement» \ AN Range N \ L
RegeferativeBraking \ N N L /
\ \
«deriveReqt» N
‘\ «problem» P __________
\ Power needed for acceleration, off-roa -
RefinedBy \\ performance & cargo capacity conflicts
HSUVStfucture::HSUV. \ | with fuel economy
HSUVOgerationalStates \

rly named use

«dgriveRé(/qt(»\ S
///// «rationale»
N «requirement» a8 Power delivery shall happen by doordinated
control of gas and electric motorg. See
PowerSourceManagement “Hybrid Design Guidance”
Figure D.12 } Establishing Derived Requirements and Rationalefrom Lowest Tier of Requirements Hierafchy
(Requirements Diagram)
D.4.4.3 Requirement Diagram - Acceleration Requirement Relationships
Figure D.13 [focuses on the Acceleration requiremenfyand relates it to other requirements and model elemgnts. The
“refine” relafion, introduced in Figure D.12, shows how the Acceleration requirement is refined by a simila
case. The Pgwer requirement is satisfied by the\PowerSubsystem, and a Max Acceleration test case verifie
Acceleration| requirement.

5

the
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req [package] HSUVRequirements [Acceleration Requirement Refinement and Verification])

Figure D.14
tabular form

«requirement»
Acceleration

- A N
. =" / AN
«refine» - / N
- / N
_ -~ / N
e - QVETITY>
PPt «deriveReqt» N
pras / AN
/ N
HSUVUseCases: / AN
:Accglerate )/

«testCase»
Max Acceleration

«requirement»

Power

7]
4
s

«satisfy»
7

/
/

«block»
HowerSubsystem

Figure D.13 | Acceleration Requirement Relationships (Requirements Diagram)

D.4.4.4 Taljle - Requirements Table

contains two diagrams that show requirement containment (decomposition), and requirements|derivation in
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 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|FyielEconomy 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|Agceleration SUV.

table [reqyirement] Performance [Tree of Performance Requirements])
id |ngme relation id |name relation id name
2.1 |Brpking deriveReqt |d.1 |RegenerativeBraking
2.2 |FyelEconomy deriveReqt |d.1 |RegenerativeBraking
deriveReqt [d.2 |Range
4.2 |FyelCapacity deriveReqt |d.2 |Range
2.3 |OffRoadCapability deriveReqt (d.4 |Power deriveReqt |d.2 |PowerSourceMahagement
2.4 |Adceleration deriveReqt [d.4 |Power deriveReqt |d.2 |PowerSourceMahagement
4.1 |C4qrgoCapacity deriveReqt |d.4 |Power deriveReqt |d.2 |PowerSourceMahagement

Figure D.14 { Requirements Relationships Expressed in Tabular Format (Table)

D.4.5 Breaking Down the Pieces (Block Definition Diagrams, Internal Block
Dipgrams)

D.4.5.1 Blgck DefinitiontDiagram - Automotive Domain

Figure D.15 jprovides défimition for the concepts previously shown in the context diagram. Note that the infteractions
DriveBlackHox and Stac4rtVehicleBlackBox (described in D.4.3, Elaborating Behavior (Sequence and State Machine
Diagrams)) gre dépicted as owned by the AutomotiveDomain block.
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bdd [package] HSUV Structure [Automotive Domain Breakdowny

«domain»
AutomotiveDomain

interactions
DriveBlackBox
StartVehicleBlackBox

¢

drivingConditions

HSUV vehicleCargo
«system» «external» «externah
HybridSUv Baggage Environment
Driver Maintainer Passenger 0
weather 1..* | object 1.9 road
«external» «external» «ekternal»
Weather, ExternalObject Road

Figure D.15 | Defining the Automotive Domain (compare with Figurg.D.4 ) - (Block Definition Diagram)

D.4.5.2 Blqck Definition Diagram - Hybrid SUV
Figure D.17|defines components of the HybridSUV block., Wote that the BrakePedal and WheelHubAssenpbly are used
by, but not cntained in, the PowerSubsystem block.

bdd [biock] AutomgtiveDomain [HybridSUV Breakdow FV

usystenmn
HybeidSUV
P bk b i ! 8
W W W \
PowerSubsjstem BfakeSubsystem BodySubsystem InteriorSubsystem LightingSubsystem ChassisSubsytem

i ]
- ‘\\ < Mkl

A
A /
\
wrationales
BrakePedal 2 wheel drive & the only way b get WheelHubAssembly
acoeptable fusl 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:BodySubsystem b-i i InteriorSubsystem
b-c: b-l )
i-I:
. c-bk: bk-I: Lo
c:chasgisSubsytem br:BrakeSubsystem I:LightingSubsystem

p-bk:

p:PowgrSubsystem

Figure D.17 { Internal Structure of Hybrid SUV (Internal Block Diagram)

D.4.5.4 Bldck Definition Diagram - Power Subsystem

Figure D.18 defines the next level of decomposition, namely the components of the PowerSubsystem block.|Note how the
use of white|diamond (shared aggregation) on FrontWheel, BrakePedal, and others denotes the same “use-hot-
composition] kind of relationship previously shéwn in Figure D.17.
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bdd [Package] HSUV Structure [Power Subsystem Breakdown] )

PowerSubsystem

WheelHubAssembly

‘bl

bkp |1 bp pcu epc 1
BrakePedal BatteryPack PowerControlUnit ElectricalPowerController FrontWheel
acl l ft ice emg, dif
Accelerato FuelTankAssembly InternalCombustionE ngine ElectricMotorGenerator Differential
?0..1
fp fi |4 trsm
Fuel FuelPump Fuellnjector Transmission
Figure D.18 | Defining Structure of Power Subsystem (Block Definition Diagram)
D.4.5.5 Int¢rnal Block Diagram for the “Power Subsystem”

Figure D.19
connectors b
denote the “1
Fuel denote
Figure D.18

shows how the parts of the PowerSubsystem block, as-defined in the diagram above, are used
ctween parts, ports, and connectors with item flows.\The dashed borders on FrontWheel and H
Ise-not-composition” relationship depicted elsewhererin Figure D.17 and Figure D.18. The dash
h store, which keeps track of the amount and mass of fuel in the FuelTankAssy. This is also d

It shows
rakePedal
ed borders on
ppicted in
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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
|_I[EPCData I_IlEPCCPNA . FTTTTT=====
acl:accelerator |_TRSMCmd rfw:ChassisSubsytem L
c3: ctrl spline .FrontWheel T
J trsm:Transmission °
3
. o
5 e R |_TRSMData A5
3 e em—tERSDate = Torquein § |
8 : 5} rightHalfShaft
o —_
|_TRSMDat S =
epe o = Vs
ecu:PowefControlUnit ] o 3
. orqueOut s
|_TRSMCmd
5 ice:InternalCombustionEngine
o
“g_ |_ICHCmds | |I_ICEData |_ICEData 7
< . ctrl
< j_ ct: O/L] fi:Fuellnjector
bkp:BrakeSybsystem I_ICECmds 4l L
.BrakePedal fdistt — \MN &
] {0 Ifw:ChassisSubsytem |
Port:ICEFuelFitting FrontWheel I
ft:FuglTankAssy
Port:~FuelTankFitting fuelDelivery
fp:FdelPump —} - ¢
fuelSupply:Fuel fuelReturn:Fuel

Figure D.19 t Internal Structure of the Power Subsystem.(intérnal Block Diagram)

bdd [block] PowerSubsystem [ICE Port Type Definitions] )

ICE

operations

setThrottle(throttlePosition:Real):void
setMixture(mixture:Real):void

Value'properties
rpm : Integer
Temperature : Real
isknoeking : Boolean
regd 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»
B ICEData
flow properties
out engineData: ICEData rpm: Integer
in mixture: Real Fempergture: Real
in fhrottlePosition: 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 — Whatis

being exchanged overthe
Py : _ | bus to/from the ele&ctronic
low properties -
power controller.

Figure D.21 } Initially Defining Port Types\with Flow Properties for the CAN Bus (Block Definition Diagram)

D.4.6.2 Int¢rnal Block Diagram“CANbus

Figure D.22 |continues the refinement of this Controller Area Network (CAN) bus architecture using ports.| The explicit
structural allpcation between the original connectors of Figure D.19 and this new bus architecture is shown in Figure

D.39.
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ibd [Block] PowerSubsystem [CAN Bus Description ] )

«block» «block» «block»
epc : ElectricalPowerController trsm : Transmission ice : InternalCombustionE ngine
H 5] M
fp : FS_EPC fp : FS_TRSM fp : FS_ICE
«block»
: CAN_Bus

eepc : ~IFS_EPC

A

etrsm : ~IFS_TRSM

eice : ~IFS_ICE

€ >

Ly |
«block»

pcu : PowerControlUnit

A
v

Figure D.22

D.4.6.3 Bldck Definition Diagram - Fuel Flow Properties

Consolidating Connectors into the CAN Bus. (Internal Block Diagram)

The ports on| the FuelTankAssembly and InternalCombustionEngine (a§<hown in Figure D.19) are defined| in Figure

D.23.

bdd [block] HS!

VV [PowerSubsystem Fuel Flow Definitiony

PowerSubsystem

!

Fuel

temperaturé:Temp
pressure:Press

"

FuelTankAgsembly

ICEFuelFitting:FuelFlow

«flowPropefties»
in fuelSupply:fuel
out fuelReturn|Fuel

©
FuelTankFitting:~FielFlow

.
1<

|

InternalCombustionEngine

3] «flowProperties»
out fuelSupply:Fuel
in fuelReturn:Fuel

«flowSpecification»
FuelFlow

out fuelSupply:Fuel
in fuelReturn:Fuel

«flowProperties»

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 Int¢rnal Block Diagram - Fuel Distribution

Figure D.25|shows how the connectors fuelDelivery and fdist on Eigure D.19 have been expanded to include design
detail. The fprelDelivery connector is actually two connectors, one carrying fuelSupply and the other carrying fuelReturn.
The fdist comnector inside the InternalCombustionEngine block has been expanded into the fuel regulator and fuel rail
parts. These |more detailed design elements are related to theCériginal connectors using the allocation relatipnship. The
Fuel store represents a quantity of fuel in the FuelTankAssy, which is drawn by the FuelPump for use in the engine, and
is refreshed, [to some degree, by fuel returning to theFuelTankAssy via the FuelReturnLine.
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ibd [block] PowerSubsystem [Fuel Distribution Detail] /

ice:InternalCombustionEngine

fil:Fuellnjector

i —

fi2:Fuellnjector

allocatedFrom
«connector»fdist:

il

AY
allocatedFrom
«connector»fuelDelivery:

Il
1

fi3:Fuellnjector

fi4:Fuellnjector

~
S~
NS

fre:FuelRegulator

<~
~
SO~

ft:FuelTankAssy \: ~o

Ruel

=

pl: Fuel\ AN
‘\

>~ _fuelSupplyLine:

<
fuelFitting:Fuel

fp:FuelPump %

I fuelSupply: FUEL faelReturnLine:

‘ L‘JpZ.FueI

‘
fuelReturn:Fuel

Figure D.25 { Detailed Internal Structure of Fuel Delivery Subsystem (Internal Block Diagram)

D.4.7 Analyze Performance (Canstraint Diagrams, Timing Diagrams, Views)

D.4.7.1 Blgck Definition Diagram --Analysis Context

Figure D.26 |defines the various(mpdel elements that will be used to conduct analysis in this example. It d¢picts each of

the constraint blocks/equations_that will be used for the analysis, and key relationships between them.
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bdd [package] HSUVAnalysis [Analysis Context] /

CapacityContext

cap

«constfaint»

«constraint»

delta-t
0.1 )
UnitCostContext EconomyContext ’——1> GlobalTime
ex
0.1 1
0..1
¢ 0.1 ¢ t 1
ad 1 0.1 0.1
ad 1
. ad .
«domain» «testCase,Interdctipn»
HSUVStructure:: MaxAcceleratiorn
AutomotiveDomain
!
«verjfy»
rdrag fe dyn y

«constraint»

«constraing»
Straightkine

«requifement»

: ; : [y FuelEfficency brati
Capacitygquation Ronéggell:trig:rt]lon Equation VehicleDymamics Accelgration
constrgints
{pcap = Sum(Vi)}
pl w adrag rb
paramgters
V1:Vol ) ) ) «congtraint»
V2:Vol «constraint» «constraint» «constraint» RegdnBrake
Vv3:vol PayloadEquation TotalWeight AeroDragEquation EfficienkyEquation
Figure D.26 | Defining Analyses for Hybrid SUV Engineering’Development (Block Definition Diagram)
D.4.7.2 Pag¢kage Diagram - Performance View Definition
Figure D.27 |shows the user-defined Performancg.Viewpoint, and the elements that populate the HSUV spdcific
Performance]View. The PerformanceView itself ‘may contain a number of diagrams depicting the elements {t contains.
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pkg [package] HSUVViews [Performance View]/

«view»
SUV Functional View

«view»
Iviewpoint=Functional

Hybrid SUV Model

Viewpoint
«stakeholder»
Customer
Driver «requirement»
«stak_eholder» Performance
concern="Will the system
perform adgooratety? et=42
Text = "The Hybrid'SU
shall have the braking
«iewpoint» :V""llée Type» acceleration, @nd off-rgad
Perfgrmance Viewpoint uelEconomy capability 6f a typical $UV,
but havé.dramatically better
«viewpoint» ) «views» fuel éeoriomy."
stakeholdér=Customer Hybrid SUV Performance «Value Type»
purpose=1.." AT
concern="\Will the system perform Q\ «view» R QuarterMileTime «constraint»
adiquatelyf?” «conforms /v_iewpo_int:Performance «expose> UnitCostEquatiop
language3"SysML" Viewpoint
Imethod=PerformanceQuery /stakeholder=Customer «Value Types
presentatipn="BDD High-lelvel ] Zero60Time «constraint»
stylesheetin slide format” HSUV Functions:SUV CapacityEquatiop
Functional View
«create»\Vfiew()
«Value Type» wraint
: «constraint»
CargoCapacity EconomyEquatidn
«Value Type»
CostEffectiveness «Itzes)tﬁ(i:abss ?
EconomyTgst
Figure D.27 { Establishing a Performance View of the User Model (Package Diagram)
D.4.7.3 Pag¢kage Diagram - Viewpoint Defifition
Figure D.28 |shows the Requirements and.VnV viewpoint definitions with relationships to stakeholders, copcerns and
views. The stakeholder and viewpoint share the same concern via comments that are shown textually as vglues of the
concern profjerty. The comments cquld, be shown graphically with annotation relationships to stakeholders[and
viewpoints, {f needed. Note that the-wvalue of the stakeholder property is an instance of the stereotype not the class to
which the stgreotype is applied-.
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pkg [package] HSUVViews [Viewpoints] )

«stakeholder»
Customer

«viewpoint»
Requirements

«stakeholder»
/concern="What are the system
requirements?”,"Will the system perform
adequately?”

«viewpoint»
stakeholder=Customer
purpose="Describe the system

«view»
Hybrid SUV Requirements

«view»
Iviewpoint=Requirements

4_// /stakeholder=Customer

requirements."”
/concern="What are the system «conform
requirements?”
language="SysML"
/method= Requirements Query
presentation="Requirements table
report style-sheet in slide format”
«create»View()
«V|e\\;vr5)\9|nt» Hybrid S(L(J\(I/e\\ygrif cation
and Validation |Plan
«viewpoint» «view»
stakeholder=Customer Iviewpoint=VnV
purpose="Describe the VnV " 4_/ /stakeholder=Customer
/concern="Will the system perfarm
adequately?” «conform»

language="SysML"
/method=VnVQuery
presentation="VnV report
stylesheet in slide format”

«create»View()

Figure D.28 | Defining Requirements and VnV_viewpoints (Package Diagram)

D.4.7.4 Pag¢kage Diagram - View Definition

Figure D.29 |shows the Requirements and VnV views and the model elements they expose. Note that the ekpose

relationship felies 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» _,,_—“'/
Nviewpoint=Requirements | = __.--"" - Dri
- river
/stakeholder=Customer s «expose»
v TSel
N T «requirement»
\ Sl Performance
\\ ~o -
\ Ssel id="2"
\ COXPOSE sl 5 Text= "The Hybrid SUV
AN shall have the braking,
‘\ acceleration, and off-road
\ capability of a typical SUV,
\ 7| but have dramatically better
kY ’/' fuel economy.”
\\\ I,,
\\ ,
«exphse> «testCase»
A = EPAFuel
0N e EconomyTest
«view» e NLoT
Hybr|d SUV Verification -7 «expose
angl Validation Plan ol o \
- e /,’ \‘
«iew» ~ -7 «expose , )
Iviewpgint=VnV '/,/’ «EXpose» ‘\\ Hybrid SUV Constraints
/stakeholder=Customer be” N\
A
«constraint» «constraint»
UnitCostEquation CapacityEquation
«constraint»
EconomyEquation
Figure D.29 { Requirementsiand VnV views exposing elements from the model (Package Diagram)
D.4.7.5 Pag¢kage Diagram - View Hierarchy
Figure D.30 |shows the Requirements and VnV views and the supporting views that complete the descriptipn of
Requirements-add 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
/stakeholder=Customer

System Requirements-Hybrid SUV Requirements

Perfor]
Functi
‘Hybri

mance Model:Hybrid SUV Performance Requirements Test Trace:Hybrid SUV Requirements VnV Trate
pnal Model:Hybrid SUV Functional View
H SUV Requirements Rationale

HyH

«View»
rid SUV Performance

Iviewpoi
/stakehd

«view»
ht=Performance Viewpoint
Ider=Customer

«view» «view»
Hybrid SUV Requirements _ Hybrid SUV
Rationale Requirements VnV Trace
«view» «View»
Iviewpoint=Requirements Analysis Iviewpoint=VnV Analysis
/stakeholder=Customer /stakeholder=Customer

‘Hybrid SUV Tests

Hybr

«view»
d SUV Functional View

Iviewp
[stakel]

«View»
int=Functional Viewpoint
older=Customer

«view»
Hybrid SUV Tests

«View»
Iviewpoint=Systems Test
I/stakeholder=Customer

Figure D.30

D.4.7.6 Pa

Measure of H
be evaluated

The Requirements and VaV,views with supporting views (Package Diagram)

ametric Diagram -Measures of Effectiveness

ffectiveness is a userdefined stereotype. Figure D.31 shows how the overall cost effectiveness of
It shows the patticular measures of effectiveness for one particular alternative for the HSUV desi
reused to evdluate other alternatives.
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par [block] MeasuresOfEffectiveness [HSUV MOEs])

«moe»
HSUValtl.CostEffectiveness

:EconomyEquation ¢ «moe»
. YEQ HSUValtl.FuelEconomy CE:

Py =
p .j «objectiveFunction»
«moe» 2° H . . . .
HSUValtl.QuarterMileTime o .MyOb]ect|veFulncF|on
qu- | tCE=—"StmmtWT™PTT J
:MaxAcceleration i
Alnalysis : L1 L1

j

Py Ps:

«moe»
HSUValtl.Zero60Time

i ve:
. f B «moe»
[ ‘CapatityBquation HSUValtl.CargoCapacity

{ :UnitClostEquation «moe»

HSUValtl.UnitCost

Figure D.31 t Defining Measures of Effectiveness and Key Relatiofiships (Parametric Diagram)

D.4.7.7 Pajametric Diagram - Economy

Since overal

fuel economy is a key requirement on the HSUV design, this example applies significant deta]
it. Figure D.

il in assessing
B2 shows the constraint blocks and properties 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
ebpwr:
Cd:
pcap: volume: Cd: | dt: P fice.
U U [Hp E acc: acc: U _
pl:PaylogdEquation ad.drivingConditions. L dyn:StraightLineE vel: vel: :‘fe;Fue|EfﬁCiency mpg:
’ road.incline incline: | VehicleDynamics = whipwr: whipwr: Equatio
[ [ [1 [1 [] Q B | |
psgrwt: 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 ElegtricMotorGenerator.
rdrag:Rolling GeneratorEfficiency
ad.HSYV.VehicleDryWeight FrictionEquation
ad.HSUV.PowerSybsystem.
ElectricMotorGenerator.
MotorEfficiency
ad.HSUV.PowerSubsystem.
FuelTank.FuelWeight
ad.HSUV.mpg

Figure D.32 } Establishing Mathematical Relationships forrFuel Economy Calculations (Parametric Diagram)

D.4.7.8 Pafametric Diagram - Dynamics

The Straight[L.ineVehicleDynamics constraint block from Figure D.32 has been expanded in Figure D.33. C¢nstraintNotes
are used, whiich identify each constraint using-curly brackets {}. In addition, Rationale has been used to ejplain the
meaning of ¢ach constraint maintained.,
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par [constraintBlock] StraightLineVehicleDynamics /

{x(n+1) = x(n) + v(mph)*5280/3600*de|ta—t}%

tw: «rationale»
D’\ a(g) = F/m = P*t/m
Cf:
1 {a = (550/32)*tp(hp)*delta-t*tw}
Cd:
0 7 ~
whipwr: / 7
j ! JRe
whlpwr: | Cd: | Cf: | tw tw: e
/ 7
L0 o L]
incline: . : delta-t:
— ) . acc:Accelleration
[ i:’b pwr:PowerEquation Equation
a L ] acc:
i /! v a:
«rationale»
tp (hp) =wheel power - drag - friction a
[ =
{tb = whipwr - (C(Ij*v) - (CPtwv)) delta-t: N
=whip vel:VelocityEquation K[
«rationalg» L o \) vel:
v(n+1) (mph) = v(n) + delta-v = v(n) + a*delta-t |-~ '
{Mn+1) = v(n) + a(g)*32*3600/5280*de|ta-t)% Vi
[
delta-t:

«rationalg»
x(n+1) (ft} = x(n) + delta-x = x(n) + v*delta-t TTTTT T I

pos:PostionEquation

[1

1

Figure D.33

Straight Line Vehicle Dynamics Mathematical Model (Parametric Diagram)

The constraijits and parameteps 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

parameters
whlpowr:Horsepwr
Cd:Real
Cf:Real
tw:Weight
acc:Accel

vel:Vel
incline:Real

pwr
pos vel acc
«cofstraint» «constraint» «constraint» «constfaint»
PowefEquation PositionEquation VelocityEquation AcceleratiofEquation
cofpstraints constraints constraints constraints
{tp = whipgwr - (Cd*v) - {x(n+1) = x(n)+v*5280/3600*dt} {v(n+X='v(n)+a*32*3600/5280*dt} {a = (550/32)*tp(hp)*dt*tw}
(Cftw*v)}
parameters
parpmeters parameters parameters ng
. i i tw:Weight
whipowr:Hrsepwr delta-t:Time delta-t:Time )
. ) . delta-t:Time
Cd:Real v:Vel v:Vel to-Horsenwr
Cf:Real x:Dist a:Accel ;Accel pw
tw:Weight -
tp:Horsepwr
v:Vel
i:Real

Figure D.34 | Defining Straight-Line Vehicle Dynamics Mathematical Constraints (Block Definition Diagrgm)

Note the use| of valueTypes originally defined in Figure D.2.

D.4.7.9 (Ngn-Normative) Timing Diagram - 100hp Acceleration

Timing diagfams, while included in UML 2, are not directly supported by SysML. For illustration purposes}, however, the
interaction shown in Figure D.35 was generated based on the constraints and parameters of the
StraightLineMehicleDynamics constraintBlock, as described in the Figure D.33. It assumes a constant 100hp at the drive
wheels, 400([1b gross vehicle weight, and constant values for Cd and Cf.
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tim MaxAcceleration [100 Wheel Horsepower] } _______ — «diagramDescription
Satisfies o n qn
requirement»Acceleration version="0.1
«requi g ! description="Constant
100 wheel horsepower,
4000 Ib vehicle weight,
05 simple drag"
0.45 reference="Equations of
Motion”
0.4 _»
completeness="assumes
3 035 perfect tire traction”
§ o3 \_\
5 >
&_‘: 0.25 N
T 02 A
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< Q
0%
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=
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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 nodes described in 11.3.1.4, ObjectNode, Variables, and Parameters).

act Acceleratp ) h Comment:
Can't allocate

, these activities to
|
\
|
|
|
|
|
|
|

PwrSubSystem

| «continuous»
! drivePower
|

!
|

|

i «continuous»
: accelPosition
|

l

|

|

MeasureVehicle

Conditionsrh transModeCmd

PushAccdlerator

«continuous»
vehCond

\

@<44 S

Figure D.36 | Behavior Model for “Accelerate” Function (Activity Diagram)

D.4.8.2 Blgck Definition Diagram - Acceleration

Figure D.37 |defines a decomposition of the.activities and objectFlows from the activity diagram in Figure(D.36.
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bdd [Activity] Accelerate [Activity and Object Flow Breakdown] )

«activity»
Provide Power

«activity»

MeasureVehicleConditions
a3
al

«activity» «actlwty-»

. ControlE lectricPower
ProportionPower
a2 / drivePower k
mbat

mvel
— — «activity» «block» «activity»
dactivity» «activity» ProvideGasP N ProvideE lectridd
MeasurgVehicleVelocity MeasureB atteryConditions rovidetzasFower ower rovideklecylepewe
gasDrivePovk‘ / D\ AcDrivePower
«block» «block»
GasPower ElecPower

Figure D.37 { Decomposition of “Accelerate” Function (Block Definitioh 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
ObjectNodeq from Figure D.37. It also uses AllocateActivityPartitions and an allocation callout to explicitly allocate
activities and an object flow to parts in the PowerSubsystem block.

Note that thd 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 fo 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

«continuous»
speed

«allocate»
pcu : PowerControlUnit

«allocate»
ice : InternalC

«allocate»

epc:

ontroller

«allocate»
emg : ElectricMotorGenerator

«continuous»

gas

DrivePower

«continuous»
vehCond
E

«continuous»
accelPosition

Continuous»
battCond

«continuous»
eThrottle

\

{aJ : ControlEIectricPowerj

[ad. : ProvideEIeclricPowej

driveC

«continuous»
urrent

—N |

i «contfuous»
elecDfivePower
|

«continuous»
drivePower

=1

| > transModeCmd

Figure D.38

D.4.8.4 Intg

Figure D.39
D.38.

Detailed Behavior Model for “Provide Power” (Activity Diagram)
Note hierarchical consistency with Figure D.36.

brnal Block Diagram - Power Subsystem Behavioral and Flow Allocation
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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:?etlro:uzsalltc;ﬁzlon of behavior and connectors to elements
«objectFlow»currentFlow P S
reference = "null",

~ version = "0.1"}
~
~
~
~
~
. AN . .
1i2 - ElectricCurrent i1 ElectricCurre,
xbtockr xbtocks
epc : ElectricalPowerController pwrConnector emg : ElectricMotorGenerator
allocatedFrom allocatedFrom

«action» a4 : ProvideElectricPower

«action» §3 : ControIEIectrlcP?%?r

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 Ly ] Lyl ¥
«block» «block»
pcu : PowerControlUnit ice(: InternalCombustionEngine
allocatedFrom allocatedFrom
«actiony a1 : ProportionPower «action» a2 : ProvidePower

Figure D.39  Flow Allocation to Power Subsystem (Internal Block Diagram)

D.4.8.5 Taljle - Acceleration Allocation

Figure D.40 [shows the same allocation relationships shown in Figure D.39, but in a more compact tabular fepresentation.

bdd [package] HSUV Behavior [Figure B.37 Tabular Representation of Allocation from"Accelerate" Behavior Model to Power Subsystem] )

Type Name End Relation End Type Name

action al : ProportionPower from allocate to part ecu : PowerControlUnit

action a2 : ProvideGasPower from allocate to part ice : InternalCombustionEngine
action a3 : ControlElectricPower _|from allocate to part epc : ElectricPowerController
action a4 : ProvideElectricPower _|from allocate to part emg : ElectricMotorGenerakor
objectFlo 06 from allocate to connector epc-emg.1

Figure D.40 - Tabular Representation of Allocation from “Accelerate” Behavior Model to Power Subsystem (Table)

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
\\
AN
AN
N
TestVehiclel: HybridSUV

b: BodySubsystem b-i: i: Interior
initialValues initialValues

sn: ID = b12345 sn: ID =i23456

b-c:
d: ChassisSubsystem cbk: bk: BrakeSubsystem bk: I: LightingSubsystem
initialValues initialValues initialValues
sn:|ID = c34567 sn: ID = bk45678 sn: ID = 1t56789
c-p: bk-p:
p: PowerSubsystem
t: Transmission )
em-t: ice-t:
initialValues
em: ElectricalMotor ice: Internal
sn:{p ='sn8o012 CombustionEngine

initialValues

initialValues

sn: ID = eid78901

sn: ID =sn90123

initialValues

sn| ID = p67890

initialValues

VIN = 512345

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 annex describes useful non-normative extensions to SysML that may be considered for standardization in future

versions of

Non-normati
with how thg
tabular form
specified usi

E.2 Al

E.21 O
Two non-nof

Enhl

Stre]

More inform
2.0 Support
Engineering

E22 St

Enhanced Fu

he language.

ve extensions consist of stereotypes and model libraries and are organized by major diagram ty

main body of this International Standard is organized. Stereotypes in this sub clause’are speg
ht, consistent with how non-normative stereotypes are specified in the UML 2 standard. Mode
hg the guidelines provided in the Profiles & Model Libraries clause of this Int€tnational Stand

ctivity Diagram Extensions

erview

mative extensions to activities are described for:

anced Functional Flow Block Diagrams.

pming activities that accept inputs and/or provide otitptits while they are active.

ation on these extensions and the standard SysML extensions is available at [Bock. C., “SysM
for Activity Modeling,” vol. 9, no. 2, pp.-160-186, Journal of the International Council of Sys
2006].

preotypes

nctional Flow Block Diagtams (EFFBD) are a widely-used systems engineering diagram, alsg

pe, consistent
ified using a

| libraries are
ard.

L and UML
tems

called a

behavior diagram. Most of its functionality is a constrained use of UML activities, as described below. Th{s extension
does not address replication, reseutces, or kill branches. Kill branches can be translated to activities using [interruptible
regions and |oin specifications.
Table E.1 - Addition stereotypes for EFFBDs

Stereotyple Base class Properties Constraints | Descriptiof

«effbd» UML4SysML::Activity (or subtype N/A See below. Specifies that the activity

of «nonStreaming» below) conforms to th

E constraints

£
REEESSaty—ot

EFFBD.

When the «effbd» stereotype is applied to an activity, its contents shall conform to the following constraints:

[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.

© ISO/IEC 2017 - All rights reserved

251



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

ISO/IEC 19514:2017(E)

(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.

(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.
[7] (On ObjectNode) Object flow shall be never used for control, isControl Type = false, except for pins of parameters in
parameter sets.
[8] (On Parameter) Parameters shall take and produce no more than one item, multiplicity.upper =1.
[9] (On Pargmeter) Output parameters shall produce exactly one value, multiplicity.lower = 1. The «optignaly stereotype
cannot bp applied to parameters.
[10](On Pargmeter) Parameters shall not be streaming or exception.
[11](On PargmeterSet) Parameter sets shall only apply to output parameters.
[12](On PargmeterSet) Parameter sets shall only apply to control. Parameters in parameter. sets shall have ping with
isContro] Type = true.
[13](On PargmeterSet) Parameter sets shall have exactly one parameter, and it shallnet be shared with other pgrameter sets.\
[14](On PargmeterSet) If one output parameter is in a parameter set, then all output/parameters of the behavior|or
operatiof shall be in parameter sets.
[15](On ActivityEdge) Edges shall not have time constraints.
[16] The follgwing SysML stereotypes shall not be applied: «rate», «centrolOperator», «<noBuffer», «overwritep.
A second exfension distinguishes activities based on whether they can accept inputs or provide outputs after|they start and
before they finish (streaming), or only accept inputs whentliey start and provide outputs when they are finished
(nonstreamir]g). EFFBD activities are nonstreaming. Streaming activities are often terminated by other activities, while
nonstreaming activities usually terminate themselvesy
Table E.2 - $treaming options for activities
Stereotype Base Class Properties Constraints Description
«streaming» UML4SysML:{Activity N/A The activity has at least Used for activities|that can
one streaming accept inputs or pfovide outputs
parameter. after they start an¢l before they
finish.
«nonStreaming» UMLASysML::Activity N/A The activity has no Used for activities|that accept
streaming parameters. inputs only when they start, and
provide outputs ofly when they
finish.
E.2.3 Stereotype Examples

Figure E.1 shows an example activity diagram with the «eftbd» stereotype applied, translated from [Long. J.,
“Relationships between common graphical representations in system engineering,” 2002]. The stereotype 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
2.2 Multi-exit «optionab> ]
ltem 1 ' )
Function
External EEN 21 Se_rial «optional» [ after External
Input Function third Optput
2.5 Function in time ]
an lterate
Item 3
N «optional»
2.6 Output
Function
2.3 Function in )
Concurrency «optional»
Iltem 4
Figure E.1 - Example activity with «effbd» stereotype applied
Figure E.2 shows an example activity diagram with the «streaming» and «nonStreaming» stereotypes applied, adapted

from [MathV
Item types a
and produce
outputs.

The examplg
token flow,
article referg

act

«strd
Gell

Vorks, “Using Simulink,” 2004]. It is a numerical solution for the differential equation X'(t) =
e omitted brevity. The «streaming» andénonStreaming» stereotypes indicate which subactivit
outputs while they are executing. They are simpler to use than the {stream} notation on stream

assumes a default of zero(for-the lower input to Add, and that the entire activity is executed
0 ensure that actions with multiple inputs receive as many of them as possible before proceed
nced in E.2.1, Overview:

aming» i i «nonStreaming» «streaming» I «streaming»

erate Add [0 1 Integrate ] Di O
- ispla

® 3 1 X Over Time [y pay

2X(t) + u(t).
es take inputs
ing inputs and

with clocked
ng. See the

«nonStreaming»
Multiply
2% -2

Figure E.2 - Example activity with «streaming» and «nonStreaming» stereotypes applied to subactivities
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E.3

Requirements Diagram Extensions

E.3.1 Overview

This sub clause describes an example of a non-normative extension for a requirements profile.

E.3.2 Stereotypes

This non-normative extension includes stereotypes for a simplified requirements taxonomy that is intended to be further

adapted as r arttetta A
example include functional, interface, performance, physical requirements, and design constraints as show
As shown in|the table, each category is represented as a stereotype of the generic SysML «requirement».
includes a b
they can be

functional rg
examples of
store require]

Some generg

The
agrd
cate
pier|
The

App
as aj

A s
ster

ief description of the category. The table does not include any stereotype properties,or eonstra
idded as deemed appropriate for the application. For example, a constraint that could be appli
quirement is that only SysML activities and operations can satisfy this categonyrof requiremern
requirements categories may include operational, specialized requirements for reliability and m
ments, activation, deactivation, and a high level category for stakeholder needs.

1 guidance for applying a requirements profile is as follows:

categories should be adapted for the specific application or organization and reflected in the table
ement on the categories and their associated descriptions, stereotype properties, and constraints. A
pories can be added by further subclassing the categories inthe table below, or adding additional c:
level of these categories.

default requirement category should be the generici«requirementy.

ly the more specialized requirement stereotype (functional, interface, performance, physical, desig
bplicable and ensure consistency with the description, stereotype properties, and constraints.

ecific text requirement can include the-application of more than one requirement category, in whi
potype should be shown in guillemets.

ategories in this

in Table E.3.
'he table also
ints, although
bd to a

t. Other
aintainability,

This includes
dditional
itegories at the

in constraint)

th case, each

Table E.3 - Additional Requirement Stereotypes
Stereotypg Base Class Properties Constraints | Description
«extendedRgquirement» «requirement» source: String N/A A mix-in stereotype [that contains
risk: RiskKind generally useful attr|butes for
verifyMethod: requirements.
VerifyMethodKind

«functionalR¢quirementy «extendedrequirement» N/A satisfied by an Requirement that sgecifies an
operation or operation or behavigr that a
behavior system, or part of a[system, must

perform.

«interfaceRebuiferment extendedroquirerment NLA satisfied-by-a Reguirement-that-specifies the
port, connector, ports for connecting systems and
item flow, and/ system parts and the optionally
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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block or part

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

constraint on the implementation of
the system or system part, such as
the system must use a commercial

offthrestretfcomponent.

Table E.4 prpvides the definition of the non-normative enumerations that are used to type properties-of
“extendedRdquirement” stercotype of Figure E.3.

Table E.4 - Requirement property enumeration types

Enumeratjon

Enumeration

Example Description

Literals
RiskKind High High indicates an unacceptable level of risK
Medium Medium indicates an acceptable leve} ofvwisk
Low Low indicates a minimal level of#isk or no risk
VerificationMpthodKind Analysis Analysis indicates that verification will be performed by technical evaluation using
mathematical representations, charts, graphs, circuit diagrams, data redudtion, or
representative data. Analysis also includes the verification of requirementq under
conditions, which are simulated or modeled; where the results are derived|from the
analysis of the results produced by the model.

Demonstration Demonstrationvindicates that verification will be performed by operation, mfovement or
adjustment{of the item under specific conditions to perform the design fungtions without
recording of quantitative data.. Demonstration is typically considered the lgast restrictive
of the.verification types.

Inspection Inspection indicates that verification will be performed by examination of the item,
reviewing descriptive documentation, and comparing the appropriate chargcteristics with
a predetermined standard to determine conformance to requirements withput the use of
special laboratory equipment or procedures.

Test Test indicates that verification will be performed through systematic exerciging of the

applicable item under appropriate conditions with instrumentation to measpre required
parameters and the collection, analysis, and evaluation of quantitative datq to show that

measured parameters equal or exceed specified requirements.

E.3.3 Stereotype Examples

Figure E.3 shows the use of several subtypes of requirements extended to include the properties risk:RiskKind,
verifyMethod: VerficationMethodKind, and a text attribute source:String, used to capture the source of the requirement.
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Requirement Diagram Top-Level User Requirementy
«requirement»
HybridSUV
[S2]
«functionaRequirement» . .
Load JPerTOTManCereqUITement performanceRegrement> TTequirement»
Eco-Friendliness Performance Efgonomics

_ «functinalRequirement»
id ="URL.1" «performanceRequirement» «performanceRequirement»
source = “Marketing” id ="URL.2" id ="URL.3"
texg = “Load"” B i source = “Marketing” source = “Marketing”
verifyMethod =Test text = “Eco-Friendliness’ text = *Performance”
risk ="Low’ verifyMethod = "Analysis” verifyMethod ="Test

risk = "High” risk ="Medium”

© T
«requireme_nt» requirement» «requirement»
Acceleration Braking bower
«requirgment> «requirement> W
Passefngers Cargo
«performanceRequirement» R
Emissions «péerfdrmanceRequirement» «requirement
FuelEconomy Range
«performanceRequirement» «performanceRequirement»
id="UR12.1" id="“UR1.3.1"
- source = “Marketing” source = “Marketing”
«requirement> 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

E41 O

erview

This sub clagse describes a-hon-normative extension of a parametric diagram (refer to the Constraint Blocks clause) to

support tradq
study is used
reflect their

weighted cri

studies andhanalysis, which are an essential aspect of any systems engineering effort. In particular, a trade
to evaluate a set of alternatives based on a defined set of criteria. The criteria may have a wdighting to
relative) importance. An objective function (aka optimization or cost function) can be used to fepresent the
erlaand determine the overall value of each alternative. The objective function can be more cpmplex than a

simple linear weighting of the criteria and can include probability distribution functions and utility functions associated
with each criteria. However, for this example, we will assume the simpler 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
alternative in terms of weighted
criteria and/or moe’s.

|
«moe» UML4SysML::Property N/A N/A A measure of effective||1ess (moe)
represents a parameterf whose value
is critical for achieving the desired
mission caost'effectivengss.

E.4.3 Stereotype Examples

In this example, operational availability, mission response time, and security effectivenéss each represent moes along with
life cycle coft. The overall cost effectiveness for each alternative may be defined.by an objective function éJivat represents
a weighted sum of their moe values. For each moe, there is a separate parametric model to estimate the vallue of
operational gvailability, mission response time, security effectiveness, anddife cycle cost to determine an dverall cost
effectivenesq for each alternative. It is assumed that the moes refer to-th¢ values for system alternative j (sj).
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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 minimum, SysML should provide the means to support the imminent international standard [ISO/IEC80000]. In
addition, many other systems of quantities and units are still in use for particular applications and for historical reasons.

A prime example is the system based on UK Imperial units, which is still widely used in North America, §
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E.7 present the QUDV model library in a series of block definition diagrams.

Concepts diagram in Figure E.5 presents the core concepts of System of Units, Unit, SystemOf(
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concepts 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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