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pﬁ Model-Based Systems Engineering (MBSE)

* A systems engineering approach where information about the system is
captured in a system model

O The modelis the source of the data and managed throughout the lifecycle

» Contrasts with a document-based approach where the information is captured
in a variety of documents, informal diagrams, and spreadsheets

* Provides a more complete, consistent, and traceable system design

ﬁ Science
Assemblies

Test
Systems I “‘

Operations “ “Others

To: Shared system model with
multiple views, and connected to
discipline models

Subsystems i

From: System specification and
design data related through
documents

Source: Jet Propulsion Laboratory




Sui Traditional System Block Diagram

LCD TV System Block Diagram

» System architecture captured using s gt BN = ===

Anslog

informal diagramming notation L

|
AV
(CVBE Audio)

R2S11002AFT

* Good domain content but imprecise
description of:

o Component hierarchy

AV.IIF
(RGB/YPbHP/
cves/

Audio)
R2811007FF
R2S11008FP
R2S101IFP

O Interfaces

O Functions vs components

O Succession vs connection

* Disconnected from other system views
 Lack of traceability

Power Supply
*1 CEC: Consumer Electronica Control
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Systems Modeling Language™
(SysML®)

Supports the specification, analysis, design, and verification and validation
of complex systems that may include hardware, software, information,
processes, personnel, and facilities

SysML has evolved to address user and vendor needs
O v1.0 adopted in 2006; v1.7 adopted 2022

SysML v1 has facilitated awareness and adoption of MBSE

Much has been learned from using SysML v1 for MBSE

SysML v2 is the next generation systems modeling language intended to
address some of the limitations of SysML v1
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e SysML v2 was developed by the SysML v2 Submission Team (SST) in response to
the SysML v2 RFP issued by the OMG in December, 2017

e SysML v2 beta specifications (i.e., KerML, SysML v2, Systems Modeling APl &
Services) were approved by the OMG and are in the finalization phase

SysML v2 Status

O Finalization task force responds to issues raised by vendors as they develop their
implementations

e Submit specifications for final adoption in 2024
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e Examples of the SysML v2 textual syntax were created using the open-source

SysML v2 Examples
Open-Source Pilot Implementation

reference implementation that was developed as part of the SysML v2 submission
development effort

e The graphical views of the SysML v2 model were created using a drawing tool
(draw.io) or the prototype visualization tool integrated with the reference
implementation, based on an open-source application called Plant UML

e The quality and conformance of the graphical visualization is limited but will be
substantially improved when commercial tools become available
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u SysML v2 Objectives

* Increase adoption and effectiveness of MBSE with SysML by enhancing...
O Precision and expressiveness of the language
O Consistency and integration among language concepts
O Interoperability with other engineering models and tools
O Usability by model developers and consumers
O Extensibility to support domain specific applications

O Migration path for SysML v1 users and implementors
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e New Metamodel that is not constrained by UML

Key Elements of SysML v2

O Preserves most of UML modeling capabilities with a focus on systems modeling

O Grounded in formal semantics

e Robust visualizations based on flexible view & viewpoint specification

O Graphical, Tabular, Textual

e Standardized API to access the model
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SysML v2 Language Architecture

Declarative semantic

Systems Modeling Language base elements and
(SysML) domain-specific libraries
_| I_I__lll modeled using SysML
Svstems  ____Mmetamodel ______ Systems and
g ntax . Domain Model
ymtax— s semanticlibrary ___ | Ljbraries

Declarative semantic
base elements modeled

Kernel Modeling Language i

I v (KerML) | v using KerML
metamodel r

Kernel iy Kernel Model

SyntaX _____ S _em_apygbbta_ry____» lel‘ary

Direct semantic mapping

I v semantic I > to formal logic

Core specification Core -
""""""""""""" > _

Syntax Semantics

Root syntactic elements
I v without model-level

semantics (e.g., packagin
Root R (e.9.,p ging)
Syntax [




SysML v2 Language

Capabilities

Behavior

- function-based
- state-based

- sequence-base
- use cases

Structure

- decomposition
- interconnection
- classification

Requirements

SysML v2
Language

AN

d

/

View & Viewpoint

Analysis
- analysis cases
- expression language

Verification
- verification cases
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SysML v2 Reuse Pattern

e Definition and usage
O A definition element defines an element such as a part, action, or requirement
O A usage element is a usage of a definition element in a particular context

O Pattern is applied consistently throughout the language
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SysML v2tova
Terminology Mapping (partial)

SysML v2 SysML vl
part / part def part property / block
attribute / attribute def value property / value type
port / port def proxy port / interface block
action / action def action / activity
state / state def state / state machine
constraint / constraint def constraint property / constraint block
requirement / requirement def requirement
connection / connection def connector / association block
view / view def view

SysML v2 applies a consistent pattern of definition and usage
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Simple Vehicle Model
SysML v2 Textual and Graphical Syntax

—— part vehicle{
attribute mass = engine.mass+transmission.mass;
perform providePower;
part engine{

attribute mass;

port torquelutPort;

perform providePower.generateTorqgue;
¥
part transmission{

attribute mass;

port torquelnPort;

perform providePower.amplifyTorqgue;
¥
—
¥
—— action providePower{
action generateTorque;
action amplifyTorque;

[}

( «part»

vehicle

N

attributes
mass = engine.mass+transmission.mass

connections
noname connect engine.torqueOutPort to
transmission.torquelnPort

parts
engine
transmission

perform actions
providePower::>

connect engine.torqueOutPort to transmission.torquelnPort;

kVehicIeConfig_1 ::providePower

«part»

vehicle
«part» «part»
engine transmission
torqueQutPort torquelnPort

«action»
providePower

W

*

x

«action»
generateTorque

«action»
amplifyTorque
. ~

- J
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: Vehicle Block Part D it
bdd [ VehicleDecomposition ] |
«blocks «party
Context vehicle_1: Vehicle
vehicle_1
«block»
Vehicle_1 1
} o «part» «part» «part» «part»
engne transmission engine ransm|33|on frontAxIeAssemny rearAxIeAssemny
«block» «block» Ay 7
Engine Transmission
frontAxleAssembly rearAxleAssembly
«blocks «block» 1
FrontAxleAssembly RearAxleAssembly
«part» «part» «part» «part» «part»
frontAxIe frontWheeIAssemny rearAxIe rearWheeIAssemny differential: Differential
frontAxle rearAxle differential - ~ - ~ . —/
«blocks «block» «blocks
FrontAxle RearAxle Differential
frontWWheelAssembly |2 rearWWheelAssembly |2
«block» «block» «part» «party
FrontWheelAssembly | wheel wheel |[RearWheelAssembly «pan‘» tire: Tire «part» tire: Tire
ablocks ' wheel attributes attributes
Wheel — pressure default =28 [psi] pressure default = 32 [psi]
froniTire [{redefines tire} rearTire |{redefines tire} >>Tire::pressure >>T/re :pressure
«blocks «blocky \ /
FrontTire RearTire
pressure psi= 28.30“;;:6”%: pressure} pressure : psi= 32’:0“;':.«4"!”‘:: pressure} «part'def»
Tire
«blocks attributes
Tire pressure:>ISQMechanics::pressure
SysML vi pressure. SysML v2
Block Decomposition Part Decomposition
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SysML v2 Requirement

e Builds on SysML v1 concept of a property-based requirement

e A constraint definition that a valid design solution must satisfy
that can include:

O ldentifier
O Shall statement

O Constraint expression that can be evaluated to true or
false

O Attributes of the constraint expressions

O Assumed constraint expression must be true for the
requirement to be applicable

«requirement group»
vehicle Specification

!

_______ «requirement»
| <1>'massReqt:MassRequirement

doc The actual vehicle mass shall be |
less than the required vehicle mass. |

______________

A massActual
:>>massRequired = 1650 [kg]
massFluid :> ISQ:mass

constraints
“require {massActual<=massRequired} :

lassume {massFluid<=40 [kg[} !

A SysML v2 Requirement Can be Evaluated by a Solver as Pass or Fail
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iImple Vehicle Model

wviews Simple Vehicle Model : General View

arequirements wparts h «partz
vehicleSpecification vehicle_1 : Vehicle vehicle_1 : Vehicle
subjest sftnbutes
wehiche: - Vehice dryMass =» dryMass = sum (partMasses);
aallncatex(ﬁ partVasses=(zngins.mass transmission.mass); ) wparts ) o wparts o
*cargoMass engine : Engine transmission : Transmission
*fuslMazs
i " mass
arequirements *position
=1>= massRequirrement : “welocity aparts
Mass Requirement Zcoeleration linders [6] : Cylind
q ~avgFuelEconomy cylinders [6] : Cylinder
*glectricalPower
averify» ports «parts
*fugiCrndFort | FuglCmdPort e vehicle_1 : Vehicle
. . “ignitionCrmdPart: IgnitionCmdPort
«verification» *wehicleToRoadPort : ViehicleToRoadPart
massTest : MassTest perfamms eparts eparts
subject providePower = ActionTres o provideFower == Wiehigle” provideFowe: ] = engine : Engine transmission : Transmission
vehicle_UnitUnderTest > vehicle_1 exchibit states fusiCmdPort - fuelCrndPort : drivePwrPort drivePwrPort shaftPort : H
actors nyshicleStates FLE'U"TPD” FusiCmaFant DrivePowerPon alocaie ~ DrivePwrPart ShafPort vehicleToRoadPort 1
2= = : ;
) engineTarzus - ehicleToRoadPort
massVerificationSystem pan's/ gritienCmaPert ; g'l'.lc-_l_ﬂC'n:IPort: ch-r-:l.a
objective engine : Engin IgnitionCmdPort IgnitiionCmdPort
doc determine whether the vehicle ... \\t:a nsmission - Tra IS SHON _/‘
verify vehicleSpecification.vehicle ... \
actions “\h'b't =t e «perform action» N
weighVehicle =EXNIDIL Siales / providePower \
evaluatePassFail () : Verdictkind vehicleStates
Cmd : IgnitienCrmd FCmd.igniticnOnOf == on e = -
_ metadata -'Esend E'.art\['E anal ED Coniroller ! on r engine:Engine | transmission: Transmission I
kind = test |> ————————————————
sctions I - 1orque' l - I
entry performSelfTest r A . 4 M
do Erop:r dePower o= «perform» Torque - « p._erform» | 0
exit applyParkingBrake | generateTorque I ~ 7 amplifyTorque |
aszen consiraints ~— N
iCmd : IgnitionCmd [iCmd.ignitionOnOf == off : ) |_ |_ |
! send CffSignal to Centroller) {electricalPower <= 500 (W J/ '\\ ________________ /"
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Connecting SysML v2
through the standard API

% e Systems Modeling API
ity /’/ - !‘.«‘/ ° =
: @ /- =, b
" ONLET™
CM of the Digital Thread = o
Source: Syndeia with SysML v2 . g‘;‘::::’;f CAD/CAD Viewer
p—— - Requirem ents Source: FreeCAD with SysML v2
* Analysis
* Verification
..* View &Viewpoint
= Jg-
Graph Visualization Analysis Solver
Source: Tom Sawyer with SysML v2 Source: Maple with SysML v2
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Comparing SysML v2 with SysML va

e Simpler to learn and use e More expressive
O Systems engineering concepts designed into O Variant modeling
metamodel versus added-on O Analysis case
O Consistent application of definition and o Trade-off analysis

ttern o . . .
usage patre O Individuals, snapshots, time slices

O More consistent terminology O More robust quantitative properties (e.g., vectors, ..)

O Ability to decompose parts, actions, O Simple geometry

O More flexible model organization with 0 Query /filter expressions

package filters
. O Metadata
* More precise .
. * More extensible
O Textual syntax and expression language ) ) .
. . O Simpler language extension capability
O Formal semantic grounding . .
. . = Based on model libraries
O Requirements as constraints

* More interoperable
O Standardized API

Copyright © 2019-2024 by Sanford Friedenthal 8 June, 2024




SysML vi to SysML v2 Transition

8 June, 2024




Lt

® Perform conversion incrementally

SysML vi to SysML v2 Model Conversion

O Select portion of model to convert
O Pre-process as required

O Perform transformation

O Validate results

O Reorganize and refactor
SysML v2 Model

SysML v1 Model Graphical & Textual Notation

part part@:Parto{
part partla:Partla{
part part2a:Part2a{
part part3a:Part3a;

Part0
1 y
;::::1'(: ;.::"kb —I E 1 rs M L u 1 tﬂ “2 _ ﬂ)am;’?a;;ma W ﬁaamgf;"a»mb W } Paf‘t Pal"t3b : PartBb;
part2a part2b part2c art2d / 1 ) \ part part2b:Part2b;
1

bdd [ Decomposition ]

' 1 1 }
«blocks «blocks «blocks «blocks
N Jd Al A Conversion i pariibiparit
part2a: Part2a part2b: Part2b part2c: Part2c part2d: Part2d P P .

= part part2c:Part2c;

part3a art3b ; \ part part2d:Part2d;
«block» «block» }

Part3a Part3b «part» «part»
part3a: Part3a part3b: Part3b }

Copyright © 2019-2024 by Sanford Friedenthal 8 June, 2024




a2

Starter Model

https://www.omgwiki.org/MBSE/doku.php?id=mbse:sysml_v2_transition

FlashlightSpecAndDesign \

e Simple flashlight model

RequirementsAllocation \

PartsTree \

ActionTree \

Requirements

O Packages / Model Organization

O Requirements Tree

O Action Tree

e jupyter modeling environment 1

O Uses SysML v2 textual notation

O Parts Tree package ActionTree;

O State-based behavior package PartsTree;
package RequirementsAllocation;

package Requirements;

package FlashlightSpecAndDesign{

O Selected examples of SysML v2

illumination

graphical notation using Plant UML / .
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u Summary

e SysML v2 is addressing SysML v1limitations to improve MBSE adoption and effectiveness
O New metamodel with both graphical and textual syntax and standardized APl to access the model
O More precise, expressive, usable, interoperable, and extensible than SysML v1
O Consistent definition and usage pattern enables reuse, usability, and automation
* Progress/Plans
O OMG approved SysML v2 beta specifications with specification to be submitted in 2024 for final adoption
O Continue to evolve SysML v2 modeling practices, specifications, and domain specific extensions
e Organizations and practitioners should initiate their SysML v2 transition planning

O Refer to SysML v2 Transition Wiki at https: //www.omgwiki.org /MBSE/doku.php?id=mbse:sysml_v2_transition
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SST Public Repositories
Current Release: 2024-05

e Monthly release repository

O https://github.com/Systems-Modeling/SysML-v2-Release
® Release content

O Specification documents (for KerML, SysML and API)
Training material for SysML textual notation

Training material for SysML graphical notation
Example models (in textual notation)

O O O O

Pilot implementation

= Installer for Jupyter tooling

= Installation site for Eclipse plug-in

O Web access to prototype repository via SysML v2 API
O Web access to Tom Sawyer visualization tooling

e Open-source repositories
O https://github.com/Systems-Modeling
e Google group for comments and questions

O https://groups.google.com/g/SysML-v2-Release
(to request membership, provide name, affiliation and interest)
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https://groups.google.com/g/SysML-v2-Release

ThankYou!!
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