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Overview sys I’
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= Proposal status
= Change summary

= Statement of Compliance &
Requirements Traceability

s Verification & Validation

= Proof of Concept:
Executable Sample Problem

= Evaluation and finalization process
= Next steps
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What is SysML? sys |
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= Systems Modeling Language (SysML)

= SysML is a domain-specific visual modeling language for
systems engineering.

= SysML extends, and is compatible with, the Unified
Modeling Language (UML) for software engineering.

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

= SysML is being developed by an open source project, which
is organized and supported by the SysML Partners, an
informal association of industry leaders and tool vendors.
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= SysML Core Partners
(founders and main
contributors)
= Gentlewarel
= Motorolal
Northrop Grumman
= PivotPoint Technology
Telelogict

1Submitted OMG Letter of Intent

s Other contributors

American Systems Corporation
ARTISAN Software Tools
BAE SYSTEMS

The Boeing Company

Ceira Technologies

Deere & Company

EADS Astrium GmbH
EmbeddedPlus Engineering
Eurostep Group AB

I-Logix, Inc.

IBM

INCOSE

Israel Aircraft Industries
Lockheed Martin Corporation
oose.de

Raytheon Company

THALES

Georgia Tech

NASA
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UML for SE RFP issued — 28 March 2003

SysML Partners’ kickoff meeting — 6 May 2003

SysML v. 0.3 — OMG initial submission — 12 Jan. 2004
INCOSE Review — 25-26 Jan. 2004

INCOSE Review — 25 May 2004

SysML v. 0.8 — OMG revised submission — 2 Aug. 2004
SysML v. 0.85 — OMG revised submission — 11 Oct. 2004
SysML v. 0.9 — OMG revised submission — 10 Jan. 2005
INCOSE Review — 29-30 Jan. 2005

SysML v. 0.9 Addendum — OMG submission update — 30 May 2005
INCOSE Review — 10 July 2005

SysML v. 1.0a — OMG revised submission — 14 Nov. 2005
INCOSE Review — Dec. 2005 — Jan. 2006

SysML v. 1.0 GA — Q1 2006
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Structure
= e.g., system hierarchy, interconnection

Behavior

= e.g., function-based behavior, state-based behavior
Properties

= e.g., parametric models, time property
Requirements

= e.g., requirements hierarchy, traceability

Verification
= e.g., test cases, verification results

Other
= e.g., trade studies



Standard UML 2.0 Support for SEsys I’
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s Standard UML 2.0 satisfies most of the needs
of SE today!

» Structural decomposition and interconnection
= Via Parts, Ports, Connectors

= Behavior decomposition
= e.g., Sequences, Activities, State Machines

= Enhancements to Activity diagrams

= e.g., data and control flow constructs, activity
partitions/swim lanes

= Enhancements to Interaction diagrams
= e.g., alternative sequences, reference sequences



UML 2 Reuse sys
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Common diagrams: Activity, Block Definition (UML2::Class), Internal Block

(UML2::Composite Structure), Package, Sequence, State Machine, Use Case

New diagrams: Parametric Constraint, Requirement

Created by Systems Engineers FOR Systems Engineers!



SysML Design Approach syS |

= Reuse and extend UML 2.0

= Select subset of UML 2.0 that is reusable for SE
applications as baseline (remove gratuitous SW
constructs and diagrams)

= add new constructs and diagrams needed for SE
= SysML = UML2++~
=  AP-233 alignment

= align with evolving AP-233 SE Data Interchange
Standard

= Incremental development

« extend the language incrementally, using SE
feedback to ensure new extensions
are valid

10
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= Parsimony

= Reuse

= Modularity

= Layering

= Partitioning

= Extensibility

= Interoperability

11
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= Power Law in Data Standards

= R. Byrne, "Managing Complexity: An Approach to
Net-Centric Ops," presentation, MITRE
Corporation, September 2005.

= MDA

= Dave Thomas, "UML — Unified or Universal
Modeling Language?: UML2, OCL, MOF, EDOC -
The Emperor Has Too Many Clothes,” Journal of
Object Technology, Vol. 2, No. 1, 2002.

= Experience with UML 1.x vs. UML 2.0
=« Experience with CDIF vs. MOF 1.x and MOF 2.0

12



Power Law in Data Standards sys I’

Power Law in Data Standards

* The more systems that must adopt a
common standard, the simpler it must be

TADIL J
JVMF
Complexity Loose Couplers

of Data

Standard *

[Byrne 2005]
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= Reuses UML 2 diagrams for:
=« Use Case diagram
= State Machine diagram
= Interaction diagrams (Sequence)

= Extends the following diagrams

= Block Definition Diagram (based on UML Class diagram)

« Internal Block diagram (based on UML Composite Structure
diagram)

= Activity diagram (based on UML Activity diagram)
= Adds the following diagrams

= Parametric Constraint diagram
= Requirement diagram

14
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ysML Diagram Taxonomy

P

P

SysML Diagram
N
| |
Structure Behavior Cross-Cutting
Diagram Diagram Diagram

P

Parametric - \ .
Block Diagram Constraint Activity State Machine Package Requirement
Diagram Diagram Diagram Diagram Diagram

i

Block Definition
Diagram

Internal Block
Diagram

Sequence
Diagram

Use Case
Diagram
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<<informal>>package 'SysML Meta-Model' {1/1}

Language Architecture

1
'UML 2 Reused'

)

|

<<import>> !
|

1
1
<<app|y>> <<profile>>
,,,,,,,,,,,,,,,,,,,,,,,, SysML
UserModel 7 s
T !/
| N I
| N |
| \ I
| N 1
| AN I
| \ |
| N 1
| N I
<<apply>>
ccappy>> | " _ pply |
! <<import>> ,
| AN |
I N I
| \ !
I N 1
| AN I
v : ’
\ 1
1 /1
<<profile>> N
‘Non-Normative Model Libraries'

‘Non-Normative Extensions'

Includes pre-defined ValueTypes (ex. Kilograms
may be edited by the user (it is a user model)
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= SysML Specification v. 1.0a completed
= submitted to OMG (OMG doc# ad/05-11-05)

= support document: Statement of Compliance &
Requirements Traceability Matrix
(OMG doc# ad/05-11-06)
= Other support documents available on SysML
public web

» abstract syntax in HTML and XML tool-specific
format

= XMI v. 1.1 available; XMI v. 2.1 in progress
= executable sample problem available (see demo)

18
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= 244 SysML v. 0.9 issues submitted to
SysML web feedback or public mailing list

= 221 issues have been resolved

= 23 issues “In Progress”
= Will be resolved in SysML v. 1.0

19



Follow Up on INCOSE IW sys If
MDSD WG Recommendations
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= Improve SysML tutorial

= emphasize 5 Core diagrams and be driven by Requirements
diagrams

= replace UML-specific definitions with domain-specific
explanations

= present update at INCOSE Symposium (MDSD plenary)

= Actions: Appendix B Sample Problem improved in
coverage, complexity and explanations so that it can be
easily reused for a tutorial.

= Increase readability of SysML specification for

engineers and tool vendors

= replace UML-specific definitions with domain-specific
explanations

= include a domain metamodel
= Actions: Specification rewritten to improve readability for

SE’s. Updated Glossary will be made available prior to
INCOSE MDSD review.

20
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= Include a model library for Requirement taxonomy
= include MeasureOfEffectiveness (MOE; properties: weight,
optimizationDirection)
= MOE may also include a complementary Parametric construct
to effect MOE constraints
= Actions: Extensible requirements taxonomy that doesn’t
break interoperability incorporated as part of the normative

specification. MOE’s supported as non-normative
extensions.

= Include a model library for Assemblies that includes
PhysicalAssembly (properties: supplier, modelNumber,
serialNumber, lotNumber)

= Actions: Non-normative extensions to capture hardware (HWCI)
and software configuration item (CSCI) identification included in
SysML v. 1.0b

21
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= Harmonize concepts, constructs, and usage
examples for Allocations
= make implicit Allocations explicit
= test usability of multiple UI options via vendor prototypes
= Actions: Refined explicit allocations and tested usability via
prototyping.
= Encourage and promote vendor SysML prototypes at
INCOSE Symposium vendor exhibits
= Actions: Presented prototypes at July 2005 INCOSE

symposium on show floor and to MDSD/AP233 working

groups. SysML V1.0a supported by TAU G2 2.6 released
November 2005.

22
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= Two external reviews are in progress

= INCOSE MDSD WG/ISO AP233 WG trade
study

= ADTF evaluation team

= Partners will actively support both reviews
and will incorporate recommendations to
improve standard

23
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SysML Specification Outline Update
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Auxiliary Constructs
Profiles & Model Libraries

Preface = Appendices
= TOC, List of Figures, List of
Tab|es n Dlagrams
= Part I - Introduction = Sample Problem
. Pa.rt IISIloc kSstructural Constructs _ Non-N(_)rmative
= Parametric Constraints Extensions
= Part III — Behavioral Constructs = Non-Normative Model
= Activities Library
= Sequences
= State Machines = OMG XMI Model
. Use Cases Interchange
= Part IV — Crosscutting = ISO AP233 Model
Constructs Interchange
= Requirements :
= Allocations . Reqmrem_ents _
- Model Management Tl’aceablhty MatI‘IX
= Types = Index

24
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=l "Less is more": Reduced complexity increases semantic expressiveness.

= Strict profile approach that extends a small subset of UML increases
potential for interoperablity

= Many UML constructs non-meaningful to systems engineers have been
removed to make language easier to learn and apply

= Numerous SysML v. 0.9 constructs that are unproven, problematic to
implement have been removed to reduce implementation risk

= Sample problem reworked

= Complete, consistent, complex problem validates language expressiveness
and pragmatism

= Provides a unifying thread throughout the specification to illustrate concepts

= Based on an executable model (compare disconnected Visio drawings)

developed during prototyping which further validates both the language and
the model

= Language architecture is refined and clarified.

= SysML is precisely specified as UML model (UML2 metamodel subset +
profile + model library) which ensures all the virtues of MDA

= Refactored package structure facilitates maintenance and language
evolution

= UML dependencies are precisely specified, which assists
implementation and maintenance

26
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=' Alignment with other standards and best practices is
increased

=« IEEE-Std-1471-2000 (IEEE Recommended Practice for
Architectural Description of Software-Intensive Systems)

= IEEE Std. 1220-1998 (IEEE Standard for Application and
Management of the Systems Engineering Process)

= UML 2.0 Testing Profile Specification (OMG ptc/04-04-02).

= Information accessibility is significantly improved

= Specification has been reorganized and rewritten to improve
readability and consistency.

= Indexes, figure lists, table lists, and cross-references have
been added to improve navigation.

27



Detailed Changes (1/3) sys I’

s See SysML v. 1.0a Reviewer Guide for

detailed changes
= Highlights
= Improvements to Structural Constructs
= Classes and Assemblies have been unified using the

Block structural construct.

= Flow Ports and Flow specifications have been added to
specify input and output items.

may include data as well as physical entities, such as
fluids, solids, gases, and energy.

= Parametric Constraints are defined by extending UML
Collaborations, which provide more natural semantics
and distinctive notation for this new diagram type.

Added benefit: also supports pattern-based modeling

28



Detailed Changes: Highlights (2/3) sys I’

SYSTEMS MODELING LANGUAGE

= Improvements to Behavioral Constructs

= Activities have been refined to reduce their complexity and increase
consistency with the rest of the specification.

= Interactions has been reduced to a subset of Sequence diagrams,
which decreases the semantic overlap with Activities and simplifies
the language.

= Improvements to Cross-Cutting Constructs

= Requirement model element has been enhanced so that users can
customize and assign classification categories, risks and verification
methods.

= Allocation trace dependencies have been unified and simplified,
and the content for tabular format is described in a non-
prescriptive manner.

= Model management constructs have been added and include
support for views and viewpoints in @ manner compatible with
IEEE-Std-1471-2000 (ZEEE Recommended Practice for Architectural
Description of Software-Intensive Systems).

= Normative types and enumerations used by the SysML profile are
modularly defined in a separate package and can be easily
extended by the user without the need to create a new profile.

29
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= Other iImprovements

= The complete abstract syntax for the SysML profile
and the UML 2.0 metamodel reused by the profile
are provided to facilitate understanding, validate
architecture integrity, and faciliate implementation
and model interchange using XMI and AP-233.

= Non-normative extensions and model libraries are
defined in separate appendices.

= The Requirements Traceabilty Matrix for tracking
SysML compliance with the UML for SE RFP is now
generated with a requirements management tool,
so the information is more complete, accurate and
consistent.

30
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Statement of Compliance and

| Requirements Traceability



Statement of Compliance and
Requirements Traceability
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= Proposal satisfies all RFP T ————

t display set - DOORS g
Publish

mandatory requirements e E——
and most “optional”
requirements

= 157 mandatory "
requirements, section 6.5

Fully compliant with 150

150

105

90

75

Partially compliant with .
7
= 24 optional requirements, .
section 6.6 ,
Fully compliant with 20 0
Partially compliant with .
4
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Requirements Traceability Matrix
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OMG UML for Systems Req? SOC Requirement Satisfaction Chapter Abstract Sample
Engineering RFP Reference and Problem
Concrete Reference
Syntax
Reference
6.5.4.3 Requirement
relationships
UML for SE shall provide the True Full SysML defines a number of Require- Table 18 Figure B-30
capability to associate a standard relationships ments Graphical Sample
requirement to one or more between requirements and Nodes for Traceability
model elements, which include between requirements and Require- Matrix
associations between: other model elements. These ments Figure B-29
are all forms of traceability Table 19 Requirement
(based on trace dependency). Graphical Diagram:
Standard relationships Paths for Requirement
include: satisfy, verify, Require- Traceability
derive, allocate. ments
Furthermore, requirements
can be decomposed into sub-
requirements.
a) Derived requirements and True Full SysML provides standard Require- Table 18 Figure B-8
their source requirements (trace) derive trace relationship. ments Graphical Require-
Nodes for ment
Require- Diagram
ments ...
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Requirements Traceability Matrix sys
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— =
| Formal module ‘/SysML/UML for Systems Engineering RFP' current 0.1 - DOORS I__”EI

Fle Edit View Insert Link Analysis Table Tools User TAU Help
H&SE %6 V| X v |EtsB O |HE == LA EN -
|mMandatory Req sOC * || [Alllevels = || 38 - B v e B
OMG UML for Systems Engineering RFF H Requirement ] soc I Requirement 5 atisfaction ] Chapter Reference Abstract and Concrate Syntax Flefersni Sample Problem Reference =
6.5.4.3 Requirement relationships
UML for SE shall provide the < True Full SysML defines a number of Requirements
capability to assoclate a requirement standard relationships Table 17 Graphieal Figure B-29 Requirement
to one or more model elements, which between requirements and Paths for Diagram: Requirement
include associations between: between requirements and Requirements Traceability
other model elements.
These are all forms of Table 16 Graphical Figure B-30 Sample
traceability (based on trace Nodes for Traceability Matrix
dependency). Standard Requirements
relationships include:
satisfy, verify, derive,
allocate. Furthermore,
requirements can be
decomposed into sub-
requirements.
a) Derived requirements and their « True Full SysML provides standard Requirements
source requirements (trace) derive trace relationship. Table 17 Graphieal Figure B-8 Requirement
Paths for Diagram: Requirements
Requirements Derivation
Table 16 Graphical
Nodes for
Requirements
b) Requirements and the model ¢« True Full SysML provides standard Requirements
elements that realize and/or allocate trace relationship Table 17 Graphical Figure B-28 Requirement
implement the requirements and satisfy trace Paths for Diagram: Requirement
relationship. Requirements Satisfaction
Table 16 Graphical
Nodes for
Requirements
¢) Requirements and goals of a « True Full SysML support the Requirements
svstem by hierarchical decomposition hierarchical decomposition Table 17 Graphical Figure B-1 Requirement =
into lower level requirements and of requirements via Paths for Diagram: Top-Level User
sub-goals composition association. Requirements Requirements
Table 16 Graphieal
Nodes for
Requirements i
A il
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Verification & Validation 5ys I’

= Proof of concept (RFP section 4.8) '

= TAU G2 v. 2.6 GA implements SysML v. 1.0a
specification
(see demo at this meeting)

= other SysML Partner vendor implementations TBA

s Other verification & validation

= abstract syntax precisely specified using UML v. 2.0
compliant modeling too

= INCOSE MDSD WG, ADTF review processes

= public feedback from SysML web and SysML Forum
mailing list

36
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Proof of Concept:

| Executable Sample Problem



Hybrid SUV 5
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= [he sample problem describes the use of
SysML as it applies to the development of a
Hybrid SUV

sProblem derived from marketing analysis
which indicates a need to increase fuel
economy and eco-friendliness of the vehicle,
without sacrificing performance.

[Screenshots are from executable model developed to
validate SysML v. 1.0a specification]

38
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= The Requirements diagram provides the following features:

= requirement stereotype that can represent text based
requirements and properties (e.q., id, text statement)

= requirements can be decomposed into their constituent
elements

= requirements can be sub-classed using specialization
= derive relationship between derived and source requirements

= satisfy relationship between design elements and
requirements

= Vverify relationship between requirements and test cases
= rationale for requirements traceability, satisfaction, etc.

39



[Top Level

User Req

uirements §f

Top-Level Requirements

<<requirement>>

Hybrid SUV

package Requirements {1/5}

<<requirement>>

FuelCapacity

Source = "Marketing"

'UR1.3.2'

\L 'UR1.2' J/ ‘UR1.3' 'UR1.4"
UR1.1' <<requirement>> <<requirement>>
'Eco-Friendliness’ Performance <<requirement>>
<<requirement>> «» . «» i Ergonomlcs
Leed) <<requirement>> <<requirement>>
Text = "Eco-Friendliness" Text = "Performance”
Id ="UR1.2" Id ="UR1.3"
‘Verification method' = Analysis ‘Verification method' = Test
Risk = High Risk = Medium
Source = "Marketing" Source = "Marketing"
Type = "Functional” Type = "Performance"
\b ‘UR1.34'
'UR1.1.1" 'UR1.1.3' 'UR1.3.1" <<requirement>>
<<requirement>> <<requirement>> 'UR1.2.1' <<requirement>> Range
Passengers Cargo <<requirement>> Acceleration 'URL1.35'
Emissions 'UR1.3.3'
. <<requirement>>
<<requirement>> P
“?<<requirement>> Braking ower
Text="The car shall meet 2010 Kyoto Ac
'UR1.1.2' Id="UR1.2.1"

Type = "Performance”
Risk = Medium
‘Verification method' = Test

<<requirement>>

FuelEconomy

«»

<<requirement>>
Text= "Users shall obtain fuel economy better than 95% of cars builtin 2004."
Id ="UR1.3.2"

‘Verification method' = Test
Risk = High

Source = "Marketing"

Type = "Performance"

IG LANGUAGE

—|




su SysML-Auto-Example.ttw - Telelogic TAU - [Top-Level Requirements]

w5 Fle Edit View Project Verify Buld Link Tools Window |SysML| Help _ & X/
. W i 3 _
D = L‘ I—’ cﬁ: Eh . k Show SysML Dependency Matrix ﬂl% Application Builder j 2 El ==

4 Show SysML Dependency Report

+ Save SysML Dependency Report File
|.§| Show Reguirements Report

+= Show Requirements Gap Report

= Y
LE 4 Update Allocated J

I
—

ISysML-Auto-Example.ttp [SysML Vie « = -
73 suv [l Element:  [E] FuelEconomy M
+-3 Blocks Filter: | Requirement | Stersatypes..

+- [0 StateMachines

+-[0 Sequences R
-3 Reguirements T Text| Users shall obtain fuel economy better
|| Top-Level Requirements | [P —— Range than 95% of cars built in 2004,
|El Requirement Derivations Sesloasing TIEE UR13E
@ Requirement Satisfaction | - <TequrEmant
@ Requirement Verification Braking Power
|E| Requirement Allocations = Id|UR1.3.2 |
= [E Hybridsuv UR1.ZZ
+-[E Load o = e a Verification method |Test ﬂ
+-[E] Eco-Friendiiness b FusiEconamy
Risk [Hi
—-[E Performance | |H|9h j

@ FuelEconomy i all gbtain fusl economy better than $5% of cars built in 2004 -
B Acceleration S Source|Markehng |
[ Braking :
[E range
@ Power
[E] Ergonomics

[ E— 2N S T B S e S
Fils View | =% Modal View K r

Type | Performance |

m]

=l | Text | Verification method | Risk | Source | Type -

{& Load Load Test Low Marketing Functional

[ Eco-Friendliness Eco-Friendliness Analysis High Marketing Functional

[E] Emissions The car shall meet 2010 Kyoto Accord emissions standards, Test Medium Marketing Performance

[& Performance Performance Test Medium Marketing Performance

= FuelEconomy Users shall obtain fuel economy better than 5% of cars built in 2004, Test High Marketing Performance

=] Reagenerative... The vehide shall convert kinetic energy to electrical energy to recharge the battery and provide ad... Test Medium Trade Study 13-25 Function

[& Powersource... If the vehide velocity is below 10 kmjh the electic motor shall be used as the sole power source. ... Test Medium Trade Study 13-25 Functional -

| | | |\ Messages l)\Scrﬂ::-t }\Momedc ‘}\ Requirements Report f || 4 | | ﬁ_‘

SysML: Generate and show a SysML requirements report in the Output window E

S —
r;_.'-' start e ([ ® C:\Laptop Backup-1\... -Auto-Example. .. E Microsoft PowerPoint ...




Trade Studies and MoE 0y°

Requirement Diagram:Measures of Effectiveness active <<block>>class TradeStudyContext {1/4} | icye MODELING LANGUAGE

—_———

<<effectiveness>>

OverallMoE

score:Real
weight:Real=100

«»

<<effectiveness>>
OptimizationDirection = Maximize
Id=4

Text="The is the overall measure of
effectiveness”

? YO
\L accel \L mpg \\/ emmissions \L range

<<effectiveness>> <<effectiveness>> <<effectiveness>> <<effectiveness>>
AccelerationMoE FuelEconomyMoE EmissionsMoE RangeMoE
score:Real score:Real score:Real score:Real
weight:Real=40 weight:Real=30 weight:Real=10 weight:Real=20

)

toto60 t60t0100
<<effectiveness>> <<effectiveness>>
tOto60MoE t60to100MoE
score:Real score:Real
weight:Real=60 weight:Real=40
YO

y {sum of weights of siblings must equal 100}
{onlyleaf scores entered, others are computed according to score=sum(weight*score)
of children}
{score of leaf MoEs is nomalized to [0..100] via utility curve}
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m]

Internal Block Diagram:Key Performance  active <<block>>class TradeStudyContext {2/4}
Parameters

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

****************************************************************




Parametric Constraints for Mapping
KPP to Acceleration MoE
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 —

Parametric Diagram:Acceleration

¢ hp=k3*displaceme

| <<binding>>

& force=mass*acceleratio

active <<block>>class TradeStudyContext {4/4}

0 totalHP=emHP+iceH

<<informal,parametricUse>>"

maxHP: TotalHP

<<binding>>

- ’<Elﬁnding>> <<bind|ng>>
<<informal>> < \:/
ICEhp:HP <<informal>>

ﬂ‘\ totalhp:HP
<<binding>> o force=hp/kal /N
S | !

~ ! <<bindin:g>>
|

<<informal,parametricUse>>

dis2hp:Disp2HP

~
~ L

<<informal,parametricUse>>

hp2force:HP2Force

<<informal,parametricUse>>"
accel:Newton _

|
|
|
|
<<b‘inding>>
|
|
|

_ ‘<<binding>>

- 1 - -
- ‘ =3
<<b:inding>>

<<informal>>

force:Real

<<informal>>

acceleration:Real

N
N

<<bindir\1g>\>

N

<<informal,parametricUse>>
accel2score:IntegrateAccelandNormalize

<<binding>>

<<binding>>
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Parametric Constraint Definitions SVS
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= —
Block Definition Diagram:Constraint definitions active <<block>>class TradeStudyContext {3/4}
AlpammericnN | U force=mass+acceleration ZepmmmerionN | { hp=ks*displacemen
\_ Newton / ( Disp2HP
~
</<p arametricoSN\ totalHP=emHP+iceH .
oo T T T T T — —
K TotalHP / ( <<parametric>x 777777777777 force=hp/kl
— HP2Fory
~_
( = <<parametric>> o w
IntegrateAccelandNormalize
— g\ p—— 0
—_— = if(tlin >= 15) then
{ I i —60\ tlout=0
t=time(integral(2)=60) elseif(10 <= tlin <15) then
tlout= 300-t1in*100/5
else
N tlout=100
N endif
\\ .
N integrate ucl ,//
<<parametr|c>> \ <<parametrlc>\
( IntegrateAcce/ ( Normallzey
e "=~ _|¥ if(2in>=15) then
/ t2out=0
elseif(10 <= t2in <15) then
it t2=time(integral(a)=100)-t1 t20out=300-t2in*100/5
else
t20ut=100
endif




Parametric Constraint Definition: sys p
Newton’s 2" Law A

Internal Block Diagram:Newton <<parametric>>collaboration Newton {1/1}

force : Real

o { forcezmass*accelerationﬁ

mass : Kilograms

acceleration : Real
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Parametric Constraint Definition: sys |¢
Composite Constraint
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Internal block diagraml <<parametric>>collaboration, {t/1}
IntegrateAccelandNormalize
777777777777777777777 <<parametricUse>>
al : Real <<hinding>> integrate : IntegrateAccel
L " <<binding>>
__<<binding>>
tlraw : Real t2raw : Real

N <<binding>> "~
<<binding>> .

<<parametricUse>>
ucl : Normalize

B - <<binding>>
___-<<Zbinding>> h

tlnorm : Real t2norm : Real
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Requirements Derivation

Requirement Derivations

ushag,

package Requirements {2/5}
GUAGE

<<requirement>>

“? <<requirement>>
Text= "Users shall obtain fuel economy better than 95% of cars builtin 2004."
Id ="UR1.3.2"

DB on@om oo adhadl o Tamb

FuelEconomy

)
|
|
|
| o

‘ <<derive>>
|

|

|

|

|

<<deriv¢>>

<<requirement>>

'Regenerative Braking'

»<<requirement>>
‘Verification method' = Test
Id ="SR3.5.5"
Text ="The vehicle shall convert kinetic energy
Risk = Medium
Source = "Trade Study 13-25"
Type = "Function"

| .
<<derive>>

|

|

<<requirement>>

Braking

~
~
~

<<requirement>>

PowerSourceSelection

«» .
<<requirement>>

ld ="SR3.5.1"

‘Verification method' = Test

Risk = Medium

Source = "Trade Study 13-25"

Type = "Functional"

Text = "If the vehicle velocity is below 10 km/h the electic motor shall be used as the

T T
| |
| |
| | )
<<derive>> <<derive>>
| |
| |
| |

A\ A\
<<requirement>> <<requirement>>
Emissions Acceleration

T
|
|
|
|
|
|
|
! .
<<derive>>
|
|
|
|
|
|
|
|

<<derive>>

AV

<<requirement>>

Range




om SYsML-Auto-Example.ttw - Telelogic TAU - [Requirement Diagram:Requirement Derivations]

|El Fle Edit View Project Verfy Buid Link Tools Window SysMLl_hg_lp

- BX
=1=| x|

Db hEXa Ae ]_‘Sys,.:| Show SysML Dependency Matrix = Al ; & it =
| =1 Show SysML Dependency Report Al - Reversed . S o
A == ] i) =20 = = 3 i S | RSP ] == =2 == |Hyperlink vi &
= = ———r Save SysML Dependency Report File | = Allocate —
= [ SysML-Auto-Example.ttp [SysML View] Show Requirements Report | &2 Allocate - Reversed il
=-E3 suv 4 Show Requirements Gap Report |l Derive
= Dependencies =
" < <import>> of SysMLModelLibrar “(-J Update Allocated Derive - Reversed
=1 Blocks | Satisfy S e BRI
3 StateMachines | = satisfy - Reversed SRR
3 sequences | ) et
Requirements Vverfy —
Comments <<raquireentss = Verify - Reversed
4 NOTES FuelEconomy = 1
i ALLOCATION MATRIX 7 st
2 & X e
: & NOTES i
-|E] Requirement Diagram:Top-Level F : <<derive=> 7T =ee, i
Bl Requirement Diagram:Requiremel
: |E] Requirement Diagram:Requiremel ARt Tesat
B Requirement Diagram:Requiremel PowerSourceselection
- |El Requirement Diagram: Requireme L. Hederivess
& hybridsuy <<derivg>> <<raquirement>>
g Regenelratwe Braking Range @ csrequirements>
o Deacceleration i A e id="8R3.5.1
~[E supportHandicapDrivers ; : Verification method' = Test
+-[E ProvideHandControlsForFootPedal cederivi= Risk = Medium o
+-E PowerSourcesSelection Source = "Trade Study 13-25
+-E3 Activities 0 : Type ="Functional - ) )
Ll : : Text ="If the vehicle velocity is below 10 km/h the electic motor shall be used as the sole
+[3J UseCases <<requirement=> power source \rinlf the vehicle velocity is between 10 kmn/h and 50 km/h the internal
+-3 Interfaces 'Regenerative Braking' combustion engine shall be used as the sole power source. If the velocity of the vehicle
+-[3 Flows is greater than 50 km/h the electric motor and the internal combustion engine shall both
=-E3 Overview T TS be used as power sources.
= E3 Trade Study 13-25 Verification method' = Test
7 Dependencies [I'de:n SRI’;.;.:eh\ le shall convert kinetic energy to electrical b
’y vehicl cony netic energy ic chric i i
i . LGl energy to recharge the battery and provide additional braking
& <<access>> of Requirements capacity <<derives> ==glerive==
|E) Package Dependencies Risk = Medium ; | erive
+-[H TradeStudyContext Source = "Trade Study 13-25 l g
i Type = "Function " i
Apphed Stereotypes =<requirement=> <<raquirement>>
Emissions Acceleration
J ‘ | b 3 e eee “ee =
—_— s=rdarivass
ile View odel View
File View | 5 Model V 4| | ’
7| DerivedRequiremen uelEcenomy raking ange upportHand... | Ergonomics missions cceleration
A perivedRequi t FuelE: Braki Ri S rtHand El i Emi Accelerati
[E Regenerative Braking derive derive derive
[E ProvideHandControlsForFootPedallmpaired derive derive
[E PowerSourceSelection derive derive derive derive

I\Messages P\Script }\'Autocheck

)\ Navigate f\ Dependency Matrix f

SysML: Generate and show a SysML derive dependency matrix in the output window

EE Microsoft Power...

L

Iy Adobe FrameMa...

Derived Requirement Report  §y
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Requirements Verification By

SYSTEMS MODELING LANGUAGE

Requirement Verification

package Requirements {4/5}

I NoTES

1) Requirements may be verified by behaviors(sequence diagrams, activity diagrams and statemachines
and other procedural specifications for analy sis, inspection, demonstration methods of v erification.

<<requirement>>
'Regenerative Braking'

::SUV::StateMachines::EnergyConversion

<<statemachine>>

::SUV::Sequences::ConvertKineticToEnergy

<<operation,'interaction’>>

50



Requirements Satisfaction 9

SYSTEMS MODELING LANGUAGE

Requirement; Satisfaction package Requirements. {3/5}

4 NOTES

1) Use Cases, like any other structure or behavior,
can <<satisfy >> Requirements

<<requirement>>

::SUV::Requirements::HybridSUV::Performance::Braking

il V\\
<<satisfy>> AN
L/ <<satisfy>>
’ AN
<<usecase>> <<block,allocated>>
::SUV::UseCases::Drive ::SUV::Blocks::BrakingSubsystem
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Use Case Diagram sys I

SYSTEMS MODELING LANGUAGE

= System uses

= represents mission capabilities and/or uses of a
system that are implemented by system

= Sshows external context for system (other
systems, operators, etc.)

= simplifies understanding of context and
external interfaces
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Use Cases — Context

L evel

Top-Level Use Cases

package Usecges {1/1}

SYSTEMS MOHHELING L

LANGLIAGE

N

N

<<icon>>

driver :Driver

G
>
<

Register

<<include>> - -~

N ~ -
<<include>> ~
N

N
N
N
N

~ o Tt — >
~ <<include>> Accelerate
N T~ ~
\‘

_<<include>>

HybridSUV

>
_ -~ <<include>> o selectGear
- _ _ <<include>>
<
N
N

Maintenance

InsuranceService

DMV

(O]
w



Seqgquence Diagram sys I

SYSTEMS MODELING LANGUAGE

= Sequence diagrams show the parts of the system via lifelines
(or a single lifeline representing the subject system) and
messages that are exchanged between the environment
(actors) and the lifelines.

= Shows control and data flow
= Useful for analyzing key system scenarios and response threads.

= One can show states and activities on the lifeline to show which
functions are invoked and/or which state transitions occur.

= Interaction Fragments can be used to “"decompose” and abstract
scenarios.

= Sequence diagrams can be used to specify behavior that is
required or automatically generated by executing the model in
order to validate behavior.
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Scenario — Context Level

interaction Drive  {1/1}

sd Drive Car
<<actor>> <<subject>>
Driver HybridSUV
ref
Start
ref
SelectGear
ref J
Accelerate
ref
Steer
ref
Brake

)k

SYSTEMS MODELING LANGUAGE
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"Black-box” Scenario — Accelerate §)3

SYSTEMS MODELING LANGUAGE

sd interaction Accelerate ‘ Accelerate {1/1}

<<subject>>

HybridSUV ref 'Accelerate Allocated'

<<actor,icon>>

'driver :Driver'

Real angle;
Fuel fuel;

lyAccelerator(angle
Apply: (angle) ACCurrent iac;

ControlPower(fuel, iac);
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‘ Allocated Scenario — Accelerate (alternate behavior) svs

sd interaction 'Accelerate Allocated' J Real speed; A Accelerate Allocated Torque torque; AN DCCurrent idc; A {1/1}
Real des_rpm; Fuel fuel; ACCurrent iac;
Real cur_rpm; Real FlowRate;
<<block,allocated>> <<block <<block <<block <<block
pablceiiallocaiedec icel : allocated>> <<block, allocated>> allocated>> <<block,allocated>> allocated>> SloeS
ecu:.L: Internal em1 - tl.allocated» fwa - leftfw - right%w : <<p|olck,allocated>> bp1l : ftl:
b — Engine Combustion Electrical Transmissi Front Front FrontWheel 1L 2 i Battery Fuel
‘driver : ControlUnit Engine Motor ransmission WheelAxel Wheel Pack Tank
Driver'
Apply Accelerator
(angle)
TransCmd_getSpeed()
TransData(speed
alt
[speed<=10] EMCmd_RPM
(des_rpm, cur_rpm) Idc(idc)
lac(iac)
Torque(torque)
Torque(torque)
Torque(torque)
Torque(torque)
| o< ] IcECmdRPM [+ | 11101 1 ]
speed (des_rpm, cur_rpm)
<=50] Fuel(fuel)
Torque(torque) Torque(torque)
Torque(torque)
Torque(torque)
| [speed>50]  |[emcmdrRPM [ (|~~~ (1 01 ]
(des_rpm, cur_rpm) Idc(idc)
lac(iac)
Torque(torque)
Torque(torque)
Torque(torque)
ICECmd_RPM Torque(torque)
(des_rpm, cur_rpm)
Fuel(f uel)
Torque(torque)
Torque(torque)
Torque(torque)
Torque(torque)

Y4




Activity Diagram 5ys )

SYSTEMS MODELING LANGUAGE

= Activity modeling emphasizes the inputs
and outputs, sequence, and conditions for
coordinating other activities (functions)

= Secondary constructs show which blocks
are responsible for those activities

= Focuses on what tasks need to be done,
with what inputs, in what order, rather
than what performs each task
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Activity — Control Power

act: Control Power

Real angle;
Real Des_vel;
Real Cur_vel;
Real des_rpm;
Real cur_rpm;
Torque t;

Fuel fuel;

Real flowrate

DCCurrent ldc;

v

activity ControlPower {1/1}

Driver

EngineControlUnit

ElectricMotor

Transmission

InternalCombustionEngine

?

iDriver:
ApplyAccelerator
(angle)

<<allocated>>
‘Al Calc_Desire_vel'
Calc_Desire_vel();

iTransCmds::

<<allocated>>
'A2 Meas_Current_vel'

TransCmd_getSpeed()

<<allocated>>

Meas_Current_vel();

1

iTransData::

‘A3 Calc_Req RPM'

Calc_Req_RPM();

[Cur_vel

[Cur_jel >50.0]

£=10.0]

T‘T

'Ad Accel_EM'

[10.0 < Cur_vel && Cur_w4

TransData(Cur_vel)

| <=50.0]

TH

‘A6 Accel_Both'

r

HGUAGE
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| Activity — Control Power (v <= 10) gy

Activity Diagram:Accelerate EM

activity 'Ad Accel EM {1/1}

EngineControlUnijt

ElectricMotor

Transmission

1 FrontWheelAxel FrontWheelLeft FrontWheelRight
<<continuoug>>
lac:ACCurrent |
lac:ACCurrent
iIEMCmds:: <<allocated>>
EMCmd_RPM A1
(des_rpm,cur_rpm) Prod_EM Torque'
Prod_EM_Torque(lac,t);
tTorque
<<confinuous>>
t:Torque :( <<allocated>>
'‘A4.2 Amplify Torque'
L Amplify _Torque(t,t2);
_t2:T0rque <<dontinuous>>
<<coptinuous>>
<<allocated>> —|t4:T0rque

t2:Torqug

'A4.3 Split_Torque'
L Split_Torque(t2,t3,t4);

t3:Torque

<<cofntinuous>>

tTorque

_|

tTorque

<<allocated>>
'‘Ad.4a

Provide_Traction(t);

<<allocated>>

'Ad.4b Provide_Traction'

Provide_Traction(t);

GUAGE



Activity Diagram:Accelerate ICE

| Activity — Control Power (10 < v <= som

activity 'A5 Accel ICE' {1/1}

EngineControlUnit

Internal

CombustionEngine

Transmission

FrontWheelAxel

FrontWheelLeft

FrontWheelRight

<<continuo

S>>

iICECmds::
ICECmd_RPM
(des_rpm,cur_rpm)

fuel:Fuel

<<allocated>>

'‘A5.1

~

Prod_ICE Torque'

Prod_ICE_Torque(f uel,t);

,

tTorque
<<confinuous>>

<<allocated>>
'A5.2
Amplify Torque'

tTorq

Amplify _Torque(t,t2);

t2:Torqueg
<<contijnuous>>

t2:Torq

<<allocated>>

'A5.3 Split _Torque' Y

‘Torque

<<co

tinuous>>

Split_Torque(t2,t3,t4);

t3:Torque
<<confinuous>>

tTorque

|

<<allocated>>

'A5.4a Provide_Traction'

Provide_Traction(t);

tTorque

<<allocated>>
'A5.4b Provide Traction'

Provide_Traction(t);

y

JAGE



‘Activity — Control Power (v > 50) syS

Activity Diagram: Accelerate Both Power Sources activity ‘A6 Accel_Both' {1/1}

Internal

EngineControlUnit
9 CenobustionkEngine

ElectricMotor Transmission FrontWheelAxel FrontWheelLeft FrontWheelRight

lac:ACCurrent

lac:AQCurrent

<<allocated>>

'AB.2

Prod EM_ Torque'

Prod_EM_Torque(lac,t2);

iIEMCmds::
EMCmd_RPM
(des_rpm,cur_rpm)

t2:Torqug

<<contihuous>>

<<allocated>>

'A6.3

tL:Torgpe EI Combine_Torque'
Combine_Torque(t1,t2,t);

t2:Torgpe

tTorqug
<<corjtinuous>>

<<continupusp>

<<allocated>>

iICECmds:: .
ICECmd_RPM A t1:Torque

Prod_ICE_Torque' ]—
(des_rpm,cur_rpm)

Prod_ICE_Torque(f uel,t1);

tTorque

<<continuous>>

<<allocated>>

AG.4 t3:Torque

Amplify_Torque'
Amplify _Torque(t,t3); t3:Torque <<contiquous>>

t4:forque

<<continuous>>|
fuel:Fuel

<<allocated>>

'A6.5 Split_Torque'

Split_Torque(t3,t4,t5);

t4:Torqug
t5:Torque
<continuous>>
<<allocated>> <<allocated>>
'A6.6a 'A6.6b
Provide_Traction' Provide_Traction'

t5:Torflue K Provide_Traction(t5); Provide_Traction(t4);




Block Diagrams sys I’

SYSTEMS MODELING LANGUAGE

Structural modeling foundation
Blocks are UML 2 structured classes

= Classes which support the ability to hold parts, ports, and
internal connectors

Blocks provide both black-box view (without internal structure)
and white-box view (showing internal parts and connectors)

Basis for allocation and refinement across multiple structure
breakdowns (e.g., mechanical vs. electrical)

Provide detail as needed to serve purpose at each development
stage

= initial sketch for communication
= comprehensive detail for simulation/execution

Compatible with features specific to software components
(required/provided interfaces, ports with signaling
behavior, etc.)
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IBlock Definition Diaaram - EBS &SI,

Equipment Breakdown Structure package Blocks {1/2}
<<block>> oF
HybridSUv
bss pss css
<<block,allocated>> <<block>> <<block>>
BrakingSubsystem PowerSubsystem ChassisSubsystem

mass : Kilograms

ftl icel rightfw leftfw fwa bpl gl
<<block>> <<block,allocated>> <<block,allocated>> <<block,allocated>> <<block,allocated>> <<block>>
FuelTank InternalCombustionEngine FrontWheel FrontWheelAxel BatteryPack Generator
eml 2 rw rwa t1 i1 ecul
<<block,allocated>> <<block>> <<block>> <<block,allocated>> <<blockallocated>> <<block,allocated>>
ElectricalMotor RearWheel RearWheelAxel Transmission Inverter EngineControlUnit

o4



Properties of Transmission sys

SYSTEMS MODELING LANGUAGE

Transmission Properties active <<block,allocated>>class Transmission {2/2}

“? <<allocated>>
allocatedFrom = "Shift, A2 Meas_Current_vel, ConfigRegen, Amplify_RevTorque, A4.2 Amplify_Torque, A5.2 Amplify_Torque, A6.3
Combine_Torque, A6.4 Amplify_Torque"

<<block,allocated>> iTransData
::SUV::Blocks:: Transmission

mass : Kilograms
dir : Direction 1 )
speed : Real =0 iTransCmds
inTorque : Torque
outTorque: Torque | splitTorque, combineTorque
inRPM:Real=0
outRPM:Real=0 TJ2

TS1 : Torque TS2 : Torque TS3 : Torque

I M
iTorque iTorque:Torque iTorque:revlTorque  iTorque:revlorque iTorque::Torque

65



Internal Structure of Power Subsystem sys

ibd: Hybrid SUV Power Subsystem active <<block>>class PowerSubsystem {1/1}
SYSTEMS MODELING LANGUAGE
IJZ:ACCurrentH EMJ3:ACCurrent
IIAC::reviac iIAC::lac
wbl o i .
bpl: BatteryPack i1 : Inverter em1l: ElectricalMotor
. iIDC::revidc iIDC::ldc . -
BPJ1:DCCurrent 1J1:DCCurrent 133:ACCurrent IEMCmds \EMJZ EMJL:Torque
soe iIAC:lac iTorquezrevTorque LX)
PSJ2 CANBus1 leftfw: FrontWheel
l DS:Torque
. . shaftl iTorque:Torque,
|ECUCmdsD |EMDataD combine.
ECUJ6 ECUJ2 iTorque:Torque split | shaft
TS2:Torque iTorque:revTorque
iDriver I::l CANBus4 ) Ii‘ S2:Torque
U] ecul:EngineControlUnit CANBus3 TI2 splitTorque.combineTorque =,
PSJ1 ECUJ5 ’ - . i ]
t1l: Transmission fwa : FrontWheelAxel
- iTransCmds T _ shaft3 _
TS3:Torque| iTorque:reviorque iTorque:Torque [SL:Torque S3:Torque
. 4|1—|ECU‘-]3 ,—|ECUJ1 TS1:Torque iTorque:revTorque
iFuelTankgd  iICEDatalg Forque: Torque Y
. » shafts
sha iTorque:Torque,
GJ1:ACCurrert combine,
split,
wb4 ICEJ3:Torque DS : Torque
gl: Generator
i I rightfw: FrontWheel
GJ2:Torque | ITorque:Torque ICEJ2:Torque d
ooe icel : InternalCombustionEngine
] CANBuUs2
LIFT32
iICECmds
ICEJ1 ]
ICEH1:Fuel ,—|ICEJ4
FTH1:Fuel fuelLine iFuel:Fuel eee
ft1:FuelTank |
CANBus5
FTH2Fuel Fraz] uelbemand
iFuel:Fuel ®®*®
hose
GasIn:Fuel 66




‘ Command and Telemetry Interfaces Specifications syﬁ

Command and Telemetry Interface Definitions package Interfaces {1/8}

<<interface>>

iFuelTank

<<interface>> <<interface>>

iDriver iIECUCmds

signal FuelData ( fuelLevel : Real)

signal IgnitionOn ()
signal SelectGear ( direction : Direction) signal ECUCmd_regenBrake ()
signal ApplyAccelerator (angle : Real)

<<interface>> <<interface>>
IEMCmds iEMData
signal EMCmd_RPM ( Desiredrpm : Real, CurrentRPM: Real) signal EMData (rpm : Real, torque : Torque, current : ACCurrent, temperature : Real)
<<interface>> —
. <<inti >>
iICECmds meriace

iICEData

signal ICECmd_Start ()

signal ICECmd_RPM ( Desiredrpm : Real, CurrentRPM: Real)

signal ICEData ( rpm : Real, torque : Torque, temperature : Real)

<<interface>>

iTransCmds

<<interface>>

iTransData

signal TransData ( speed : Real)

signal TransCmd_regenBrake ()
signal TransCmd_Dir ( direction : Direction)

signal TransCmd_getSpeed ()

3 LARGUAGE
|



Flow Specifications

Oy

Flow Specification Definitions

<<interface,flowSpecification>>

iiDC

<<block>>

::SUV::Flows::DCCurrent

Idc : DCCurrent

+1: Real

signal Idc ( Idc : DCCurrent)
signal revidc(ldc:DCCurrent)

<<interface,flowSpecification>>

<<block>>

iTorque

iIAC ::SUV::Flows::ACCurrent
lac:ACCurrent +1:Real
signal lac(lac:ACCurrent)
signal revlac(lac:ACCurrent)
<<interface,flowSpecification>> <<block>>

::SUV::Flows::Torque

tTorque

+torque : Real

signal Torque(t:Torque)
signal revTorque(t:Torque)

<<interface,flowSpecification>>

iFuel

fuel:Fuel

signal Fuel(fuel:Fuel)

<<block>>

::SUV::Flows::Fuel

+ flowRate : Real
+amount: Real

package Interfaces {8/8}

NODELING LANGUAGE

—
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Allocations sys |’

SYSTEMS MODELING LANGUAGE

= Allocation is a key systems engineering
concept that enables one set of model
elements to be mapped to another set
during design

= SysML provides support for multiple
types of allocation
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Uses of Allocation sys I*

SYSTEMS MODELING LANGUAGE

Usage From To

1. Requirement Requirement Assembly/Part

Allocation

2. Functional Function (activity), | Assembly/Part

Allocation or State

3. Logical Assembly/Part, I/O | Assembly/Part, I/O

Allocation (logical) (physical)

4. SW to HW Assembly/Part Assembly/Part
(software) (hardware)
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unctional Allocation to Transmission SJS

bd: Func Allocations to Transmission

ioperation, ‘activity',allocated>>

::SUV::Activities::SetGear::Shift -~~~ --~-

active <<block,allocated>>class Transmission {1/2}

<<allocate>>

<<operation, 'activity',allocated>>

::SUV::Activities::ControlPower::'A2 Meas_Current_vel' [---------------““~~“"“~—--~—-~"-~—~— -~ -~ !

ioperation,'activ ity',allocated>>

::SUV::Activities::ControlPower::'A4 Accel_EM'::'A4.2 Amplify_Torque'

<<operation,'activity',allocated>>

::SUV::Activities::ControlPower::'A5 Accel ICE"::'A5.2 Amplify_Torque' ‘ -

<<block,allocated>>

::SUV::Blocks:: Transmission

ioperation, ‘activity ',allocated>>

::SUV::Activities::ControlPower::'A6 Accel_Both'::'A6.3 Combine_Torque' f[--~---~----~

;operation, ‘activity ', allocated>>

::SUV::Activities::ControlPower::'A6 Accel_Both'::'A6.4 Amplify_Torque'

ioperation,'activ ity ',allocated>>

::SUV::Activities::BrakeCar::ConfigRegen [ —--

;operation, ‘activity ', allocated>>

::SUV::Activities::BrakeCar::Amplify_RevTorque

AHGUAGE
=
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o SysML-Auto-Example.ttw - Telelogic TAU -

DEeRE S I
éﬂ-:" Q (ﬂ:_a\_ =

e BB

|E] Fle Edit View Project Verfy Buid Link Tools Window SysML Help
e [_5ys | Show SysML Dependency Matrix
- = Show SysML Dependency Report

Allocation Table

[bd: Func Allocations to Transmission]

Al

3 Blocks
Dependencies

% <<access>
? <<access>
T <<access>

bd: Context
El wybridsuv

[El Frontwheel
E Transmission
- Dependencies
#- T of Shift
of AZ M
of Confi

+ mass : Kilo

<

%

%

inTorque

%

%

outTorque

%

= initialize()

44!

Equipment Breakdown £

[E BrakingSubsystem
[E] ChassisSubsystem
5] InternalCombustionEngi =1]

Bl bd: Func Allocations
i |E] Transmission Fropel

dir : Direction
speed : Real
: Torque
inRPM : Real

outRPM : Real

> of ;:5L
> of ::5L =]
> of Acti 0o

B |

i
[ I

r

eas_Curr
igRegen

grams

: Torgue

o

e
=] File View | QModel\ﬁew] 4]

bd:

‘ 7 Show Requirements Gap Report

= Update Allocated

3 Save SysML Dependency Report File
= Show Requirements Report

All - Reversed

|| Allocate
! « Allocate - Reversed
| = Derive
| Derive - Reversed

<<pperation, sctivity sllocateds>
ISUVIActivities: i SetGear::Shift

| Satisfy
Satisfy - Reversed
Verify

<epperation, aotivity’ alooated=>
SUVIActivities::ControlPower:'A2 Measﬁcur’re nC_Vel

Verify - Reversed

active <=block allocated=>class Transmission {1/2}

==allocate=>

<<pperation, activity’, allocated>>
'Ad Accel EM'-'Ad 2 Amplify_Torque'

ISUVActivities: ControlPower::

=<pparation, activity' slocated=>

~8UV: Activities:ControlPower . 'AS Accel |ICE''A5.2 Amplify_Torque'

<<hlock aflocateds>
SUV_Blocks:: Transmission

<<operation, sctivity' allocated=>

< 8UV:Activities::ControlPower:'A6 Accel_Both':'A6.3 Combine_Torgue'

<<allocate=>

s<pperstion.‘activity' sllocated=>

SUVActivities::ControlPower:'A6 Accel_Both'::

'AB .4 Amplify_Torgue'

<<operation, activity, allocated>>

~SUVActivities: BrakeCar. ConfiaReaen

Source

L=bx ||

J EngineContro... l InternalCom...

J Transmission l ElectricalMotor J FrontWheelA... l FrontWheel

J BrakingSubsy... l Inverter

J BatteryPack l

M switchGear

2 shift

B Prod_EM_Torque

9 A1 Calc_Desire_vel

B A2 Meas_Current_vel
[ A3 Calc_Req_RPM

B a1 Prod_EM_Tarque
X 4.2 Amplify_Torque
2 A4.3 Split_Torque

M ad.4a Provide_Traction
[ A4.4b Provide_Traction
M A5.1 Prod_ICE_Torque
3 5.2 Amplify_Torque
B A5.3 Split_Torque

allocate

allocate

allocate

allocate

allocate
allocate

allocate

allocate
allocate

allocate

allocate
allocate

allnrata

i4 start

Microsoft Power...

i3 Adobe FrameMa...

g
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State Machine Diagram il

SYSTEMS MODELING LANGUAGE

= State machine diagram capture
« States of objects
= Transitions between states:
= Events causing transitions
= Conditions under which a transition is taken (guard)
= Actions (if any) taken when the transition happens
= Composite states are hierarchical
= Can contain 1 region or 2 or more orthogonal regions

= Objects can send/receive signals to communicate with other
objects during state transitions, etc

= Used to implement dynamic behavior based on activity allocation
= Permits model execution to assess proper emergent behavior
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State Machine Diagram — Shift SJS

Shift statemachine Transmission :: initi&GfzEM§ MHELI

NG LANGUAGE

TransCmd_getSpeed()/*"TransData(speed);

[parkl/speed=0;inTokgue.torque=0;

TransCmd_getSpeed()/*"TransData(speed);

TransZmd_Dir(dir)

revl/speed=0; inTorque.torque=0;

|

anrs Cmd_Dir(dir)

TransCmd_Dir(dir)

peutral)/speed£0; inTorque.torque=0;

TransCmd_Dix(dir)
[forward)/speed=0; inTorque.torque=0;
Neutral

TransCmd_getSpeed()/"TransData(speed);

=




Transmission State - Forward §y$

Amplify, §Torque

syetates omaeuct afdlBle

Real Momlnert = 100; "

Real ang2linv = 1;

Mixed State and Transition centric statemachine diagra
used to illustrate alternate notation.

ForwardStopped

Torque(inTorque)isplitTorque() via TI2;

orque(inTforque)

ForwardCruising

[false]

outTorque.torque=inTorque.torque*2;
speed=speed+ang2l inv*outTorque. torque/Momlnert;
OoutRPM=speed*1000/60;

1NRPM=0utRPM*2;

iTorque::Torque(outTorque) via TS3>

Torque(inTo

ForwardAcceIerating] | 1

sub-states of accelerating would

shift gears, changing torque and current speed.
Current assumption is constant gear ratio of 2.
No drag, i.e. constant acceleration.
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State Machine Diagram — Prod_Torquesys

SYSTEMS MODELING LANGUAGE

I Prod| Torque statemachine. InternalCombustionEngine. ::- initialize. {2/2}
1! “

Constant torque assumed
No friction, no drag

ICECmd_RPM(des_rpm, cur_rpm) <

outTorque.torque=100; outTorque.torque=0;
FuelConsumption=cur_rpm/2000;

l

FuelDemand(FuelConsumption) >

Torque(outTorque) via ICEJ3 >

Idle
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raceability Across Lifecycle

)k

SYSTEMS WMODEL

ING LANGUAGE

MIHUIQQIQIIIL

package Requirements {6765 |

<<requ|remem>>
s::HybridSUV::Performance::FuelEconomy

ts::HybridSUV::Performance::Braking

<<requirement>>

>

DR 000 P QO
AN N <<derive>> ’
<<derivex> 7
<<requirement>>
ConvertBrakeEnergytoRechargeBattery — -
<<operation,'interaction'>>
77777777777777777777777777777 ::SUV::Tests::ConvertKineticToEnergy
<<verify>>
‘A
|
<<satisfy>>
|
|
|
<<block>>
::SUV::Blocks::PowerSubsystem
ecul
<<block>> <<statemachine>>
::SUV::Blocks::EngineControlUnit ::SUV::Tests::ECUTest
<<verify>>

™

N
N

A
!
!
<<allocate>>
!

/
L
<<operation,'activity'>>

::SUV::Activities::ControlPower::Calc_Req_RPM

o

N
s <<allocate>>
J

N

<<operation,'activity>> N

::SUV::Activities::ControlPower::Calc_Desire_vel

 — |
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Parametric Constraint Diagram sys I’

SYSTEMS MODELING LANGUAGE

Used to express constraints between quantifiable
properties (aka non-functional characteristics) of
assemblies

= reusable

= non-causal

Defined as a stereotype
= expression: text string specifies the constraint

= expression language can be formal (e.g. MathML, OCL ...) or
informal

=« computational engine is defined by applicable analysis tool and
not by SysML

Integral part of technical performance measures
(roll-up) and trade studies (design decisions).
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Parametric Constraint Usage sysm

VehicleWeight
Context'

{ mass < 1500 k

<<parametricUse>>

maxMass:MaxMass

<<binding>>

{ totalMass=m1+m2+m

<<parametricUse>>

totalMass: TotalMass

- ’ <<binding>>

I
~

_ <<binding>> ;
,,,,,,,,,,,,,,,,,, Lo P
<<binding>>

active <<block,informal>>class 'Parametric Analysis {2/3}
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SysML Properties sys I’

SYSTEMS MODELING LANGUAGE

= SysML Extension for Property to address

= ValueType
= Value (real or complex), Units, Dimensions, and Quantity

= model library containing 39 pre-defined ValueTypes
provided

= easily extended by users to include additional types

= Probability Distribution

= distribution type, mean, variance
= New data types
= Real
=« Complex
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Next Steps sys I’

SYSTEMS MODELING LANGUAGE

= Support MDSD WG and OMG ADTF design reviews
= Close out actions from design reviews

= Iteratively, incremental update the specification
= address issues identified by reviews
= address issues identified by public feedback

= Publish a SysML v. 1.0 revision in January

= Update vendor implementations as required by the
above

= Continue to actively pursue collaboration with other
submission team to achieve single unified SysML
submission
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Summary sys |’

SYSTEMS MODELING LANGUAGE

= SysML v. 1.0a is first complete version of SysML
= smaller, more semantically expressive and executable

= SysML v. 1.0a addresses vast majority of SysML v. 0.9 issues
= remainder will be addressed by SysML v. 1.0b

= SysML v. 1.0a addresses all INCOSE MDSD WG review
recommendations with exception of HWCIs and CSCIs

= HWCIs and CSCIs will be addressed by SysML v. 1.0b

= SysML v. 1.0a prototyping has provided valuable implementation
and usability feedback

= prototyping and beta-testing conducted May 2005- October 2005.
= support for SysML v.1.0a available in TAU G2 v. 2.6; other tools TBA

= SysML v. 1.0a executable sample problem exceeds requirements
and validates language and sample problem integrity

= executable model capability identified as a valid Measure of
Effectiveness by INCOSE MDSD WG review team

= SysML needs your support
= provide timely review feedback
= encourage convergence into unified SysML standard
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Further Info sys I’

SYSTEMS MODELING LANGUAGE

= SYysML Open Source Project
= Www.SysML.org (includes FAQ page)
= Mailto:SysMLforum@googlegroups.com

= SYysML Partners
« WWW.SYySML.org/partners.htm
» Mailto:Partners@SysML.org

= SysML v. 1.0a feedback

= WWW.SysML.org/feedback.htm (feedback form)
» Mmailto:feedback@SysML.org
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