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Presentation Overview
* SysML v2 Overview

= Background and Objectives

= What is KerML?

= What is SysML v2?

= Plan for SysML v2

* SysML v2 with JupyterLab Pilot Implementation

* Research in Understanding and Applying SysML 2.0
= GMU SYST 699 Research
= LML to SysML v2 Conversion Guide
= LML to SysML v2 Entity/Relationship Mapping
= LML to SysML v2 Conversion Process

* Plans for Implementing SysML v2 in Innoslate®
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SysML v2 Overview




Background and Objectives

* SysML vl was adopted in 2006 and has be used

across the MBSE industry
== —
» Learned both strengths and weaknesses Iﬁ SysML v2 Objectives SST
* Qutgrew UML
SYStemS Englneerlng Domain SpeCIaI Interest Increase adoption and effectiveness of MBSE
Group (SE DS|G) by enhancing...

- OMG Working group . Preci.sion and ex;.:ressivetless of the language
. . * Consistency and integration among language concepts

: Developed reqUIrementS for the next generatlon of SYSML * Interoperability with other engineering models and tools
December 2017 - OMG RFP for SysML v2 Language| - usability by model developers and consumers

» Extensibility to support domain specific applications
June 2018 - OMG RFP for Sta nda rd|zed SySM L V2 * Migration path for SysML v1 users and implementors
APl and Services

30 January 2021
Led to the establishment of the SysML v2
Submission Team (SST) From presentation by Sanford Friedenthal,
o f o SysML v2 Submission Team (S5T), 30 January 2021,
Over 200 people from over 80 organizations INCOSE International Workshop



What is KerML?

* Kernel Modeling Language

Created by the SysML v2 Submission Team (SST) to
be a modeling language to create modeling

Systems Modeling Language

(SysML)

Declarative semantic
base elements and
domain-specific libraries

Ian guages % rmodeledusing SysML
F— | ____metamodel ____| Systems and
Consists of three metamodel layers: e R " loranes |
. ! Kernel Modeling Language ' g: ;f;f;ﬁ;f:::gg:, o
* Root Layer - most general syntactic constructs 1 (KerML) 1y usigKen
* Includes elements and relationships between them, annotations prabed 'se::::’::q """ st s
of elements, and membership of elements in namespaces P T
* Core Layer - most general constructs that have semantics 1 P oo
based on classification Son B st LY
* Includes type, feature, and classifiers ;
* Kernel Layer - provides commonly needed modeling i oo ik J
ca p 3 b | | | t | es s';:::x semantics (e.g., packaging)

* Include classes, data types, structure, associations, connectors,
behaviors, interactions, functions, expressions, feature values,
multiplicies, metadata, and packages

* Foundation for SysML v2

A —
@ ona0



What is SysMLv2?

* Fourth metamodel layer:

* Systems Layer - specializes the KerML to include domain-
specific concepts

e Metaclasses either reuse or extend the KerML
metaclasses

e Usage-Oriented
* Provides a textual notation and a graphical notation

* Graphical notation

* Diagram types will be defined to facilitate the transition
from vl to v2

* Will not constrain what elements can be on a particular
diagram, so long as it conforms to the metamodel

e Can be extended to build domain specific extensions

Systems Modeling Language
(SysML)

| ____metamodel ____| Systems and |
Systoms Domain Model
Libraries
- - ,; M -

Kernel Modeling Language

- (KerML)

Root syntactic elements
without model-level

metamodel
Kernel o e e E R Kernel Model
Syntax | __semanticlibrary___,

semantics (e.g., packaging)

Declarative semantic
base elements and
domain-specific libraries
modeled using SysML

>

~ Declarative semantic
base elements modeled
using KerML

. 4

Library

Direct semantic mapping

l v semantic to formal logic
Core specification Eota T
syntax [T "l semantics

J

Root
Syntax I
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Plan for SysML v2

» SST finalized the specification documents and artifacts for their September OMG meeting
to submit early

Final submission is in November

OMG adoption and finalization to start December/January
Beta specification to be released at the beginning of next year
Finalization process will take until 2024

1.0 Specification to release early to mid 2024




SysML v2 with JupyterLab
Pilot Implementation




package LunarRover architecture{

part LunarRover{
part body;
part battery;
part motor [4];
part wheel [4];
part brake [4];
part communicator;
part camera;
part sensor [4];

* Package
* container for elements to organize a model

¥
* Part )
©unit Of structure Comment (72326358-a8be-4bb2-basl-f2daa37f8a25)
° may have attributes, pOI’tS, perform Package LunarRover_architecture (c7cbBc37-dddf-480a-589d-9b7%adca58ee)
aCtionS, and exhibit states %viz --view=Tree LunarRover_architecture
¢ Decomposition Lunarﬂnver_architecture\
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package LunarRover architecture{
import ScalarValues::*; |

attribute def Resolution{
resolution : Integer;
1

part def Sensor {
attribute minVoltage :

Real;

1
¥

part LunarRover{
part body;
part battery;
part motor [4];
part wheel [4];
brake [4];
communicator;
camerad
attribute camResolution :

part
part
part

Resolution;

I

part activeRemoteSensor :

Sensor [2];

Definition and Usage * |Import
* Facilitates reuse in different context * Libraries and packages
* Applies to all element types e Multiplicity

* Definition * Denoted by square
* Classifies or defines a type of element before brackets
y Its use * Range or single number
* Usage . -
* Usage of a definition element in a certain Attribute
context * Define a set of values

* Must be defined by at least one definition
element, default is most general definition
* Colon connects a usage to its definition

art temperatureSensor @ Sensor; -
P P * Lunaerer_archltecture\
part pressureSensor : Sensor;
IS wattribute defy
} Resolution
1 1 2 1 1
P&ty
wparts w@arts wDarts w@arts camera wparty wparty w@arty
body battery maotor heel - activeRemoteSensor: Sensor temperatureSensor: Sensor pressureSensor: Sensor
L — kn vy kn 7 s 7 % 7 % vy aftribut - % ) s 7 i )
kt:ar'nF“.f:‘s.l:lIutmn: ResuluhonJ
-
.. d:;'
wpart defs
Sensor
(——atiributes—
minVoltage: Real
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LunarRover

package LunarRover_architecture]
body

item def tnergy;l

port def PowerOutPort{ ,_.,/
out item powerSupply : Energy; battery.
1
interface def Powerlnterface]
end Powerdut : PowerdutPort;
end PowerIn : ~PowsrOutPort; i mabilitySubsystem )
5 powerln
part LumarRover] it
part mobilitySubsystem{ —
'\ A

—

part wheel [4] ; \ \ sensorSubsystem

part brake [4] ; ouyerin erin erin

part motor [4] { \I X—-\ D&

port powerIn : -PowerOutPort; r camera r-:ommuni-:atorj pressureSensor temperaturaSensor proximitySensor

} —
1 : : ’ I
part body;
part battery] L ) \ S o

FEIF‘t FlDIn'EF'L'IIJt H l"l'_‘-h'EF‘UIJTPGF‘___; \ P,
Iy \ S

part communicator{
port powerln @ ~PowerOutPort;

Items

} . . . .

part camera{ interface : Powerlnterface connect ® C|aSS Of thlngS that eX|St In Space and tlme
port powerln : ~PowerOutPort; PowerQut :» battery.powerlut to .

} PowerIn :> communicator.powerln; * May be stored in and/or flow between parts

par-pzﬁzgs:zziﬂiy_::iscr [214 connect body to battery; Of d SyStem

port powerln : ~PowerOutPort; connect body to mobilitySubsystem;

} . connect body to communicator; POFtS
" port povertn : ~po comect bady to sensord * Connection point for interactions

port powerln : ~PowerQutPort; connect to sensorSubsystem.proximitySensor;

1 connect body to sensorSubsystem.temperatureiensor; ° H d b I

part pressuresensor{ connect body to sensorSubsystem.pressureSensor; Contalne y part € ements
port powerln : =PowerOutPort; connect battery.powerbut to mobilitySubsystem.motor; ° Interface

} connect battery.powerOut to camera.powerIn;
} e e e e ey |+ Connection whose ends are ports
s i e ey e oo |« Connection
connect mobilitySubsystem.brake to mobilitySubsystem.wheel; ° Relationship and kind Of part that Classifies
} connections between related things
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import S5I::%;
part LunarRover{
attribute mass = 987 [kg];
b
package LunarRoverRequirements{
requirement def LunarRoverMassReg{
doc /* The lunar rover shall have a mass less than 12ee@ kg. */

attribute actualMass : MassValue;
attribute maxMasz=z : MassWalus;

require constraint{ actualMass < maxMass }

I

requirement <REQl: lunarRoverMass : LunarRoverMassRegq
attribute :>» actualMass = LunarRover.mass;
attribute :>> maxMass = 12800 [kg];

h LunaarverRequirements\
} s - ™
sreguirements
H REQ1= lunarRoverMass: LunarRoveriMassReq
* Constraint -
. . [@The lunar rover shall have a mass less than 1200 attribut
* Reusable, parameterized Boolean expression 0 kg. schahioss- LumaRovetmans,
1 mad - 12000 " .
¢ Re q u I re m e nt k.l'-giiu;;;sﬁcverMa[:;]?eq::meass

* Specifies stakeholder-imposed constraints that /

must be satisfied for a design to be a valid /%
solution e

* Has a textual statement, can require constraints, The lunar rover shall have 2 rass foss fhan 12000 kg
may include assumed constraints, can be st
parameterized, can specify the subject Mot Massiane

* Requirement usage will often bind the require { sctualass < maxhiass |
requirement definition parameters to specific
values
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package LunarRover variant{

part lidar;

part radar; ® Variation
N * ldentifies a variation point
part mobilitySubsystem{ * Can apply to any kind of definition or usage
part wheel [4] ;
part brake [4] ; ° Can be nested
§ar‘t motor [4] b Varlant
part body;

* Usage elements
part battery;

part communicator;
part camera;
part sensorSubsystem{
variation part proximitysensor [2]{
variant part lidar;

xparts
LunarRover

variant part radar;

T
part temperaturesenszor; 1
part pressureSensor; eparts xparts xparts xparts xDarts wparts
T maobilitySubsystem body battery communicator camera sensorsubsystem
1 i ) i ) w ) x 7 w ) x 7
¥ ¥
part LunarRoverll :> LunarRover {
part redefines lidar :»> sensorSubsystem.proximitySensor; 5
B 1
it -
I wparts aparts aparts o ang:;nn» wparts xparts
whesel hrake maotor mx.':?? ; S:naur temperatureSensor pressuresSensor
7 P Y 7 |

avariants \ avariants

xDarty
radar
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Overview of Other Elements

Action - Occurrence over time that can coordinate with
other actions and generate effects on items and parts
involved

Control Nodes - Merge, Decision, Fork, and Join

Structured Control Actions - If Action, For Loop Action,
While Loop Action

Dependency - Kind of relationship between any number
of source and target elements

Occurrence - Class of elements that have an extent in
time and may have spatial extent

Time Slice - Represents a periods or phases of the lifetime
of an occurrence over some period of time

Snapshot - Represents an occurrence at a specific point in
time

Individual - An occurrence of any kind can be restricted to
model a single individual and how it changes over its
lifetime

Viewpoint - Frames the concerns of one or more
stakeholders regarding info about a modeled system or
domain of interest

State - Types of states and transitions are types of action;

Can be exhibited by a part

Calculation - Reusable, parameterized expression that

returns a result

Analysis Case - Defines the computation of an analysis of
some subject in order to meet an objective and output a

result

Verification Case - Defines a process for verifying whether

a subject satisfies one or more requirements

Use Case - Specifies a sequence of interactions between
the subject and various actors, modeled as part usages;

Interactions are modeled as messages

Specialization — Subclassification — Definition; Defines a
subset of the classification of its generalization; Inherits

features of general definitions; Can have multiple

generalizations

Specialization — Subsetting — Usage; Kind of generalization

between features

Redefines - Kind of subsetting; Replaces the redefined

usage in the context of the redefining usage

A
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Research inUnderstanding
and Applying SysML 2.0




GMU SYST 699 Research

* Graduate-level capstone project
* Professor: Dr. Karla Hoffman

e Sponsor: INCOSE Automotive Working Group (represented by David
Hetherington and Steve Dam)

» Students: Liza Kossobokova and Tim Lockhart
 Title: Initial Capability and Exploration and MBSE Model Translation

e Key Tasks:
* Manually replicated LML model to SysML v2 textual notation
* Developed LML to SysML v2 conversion guide and entity/relationship mapping
* Developed LML to SysML conversion process
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LML to SysML v2 Conversion Guide

1 Progect named "Autonomous Vehicle Sample” package AutonomousvehideSsmple | &ll contents of project/package need to be in
1 between | and }
. import Im_. Fule af thumb to impoe packages necessary for
1a :xﬂi;mmﬂunlts::'; urits, Insert directly after defining a new patkage
&l fssets need ta first be defined a3 parts befare
N R part def ABC | | they can be used. “part def ABC [ ]° nc-f.lrl:s BB,
which can later be used. Forexample: "part abc:
ABC; or "part Innoslate : ABC;" are usages of ABC.
3 Agsat "ABCT has &sset "Nr2" part def XyZ[ | Altemate; part def KvZ [ }
part def a8C | part def 8BC [ ]
part oy - X¥I; part abc t ABC;
} part xyz : K¥T;
4 Ageat "ABCT has &sset "N¥E", which has Asset "EFG" part def XyZ[ ]
part def 88C |
part xyz - VT Can rest as much as necessany
part efg : EFG;
I
_ Conrection "COM" is used to connect Asset bypes "&BC"
8 and "EFG" connection def COM |
end 1 ABC;
@nd: EFG;
|
\aszets abrc and efg are connected, but the connection is
5 not defined connect abc
1o afg:
. asset “abc” has assets “wyz” and “efg”. Assets wyz and
o are conmected via connection “CON* part abc: ABC { Must first define parts ABC, ¥9T, and EFG (Le. « “part
part xy2 1 KV def ABC { | ), as well a5 tha connaction [i.e. -
part efg 1 EFG; “conrectian def CON { ]}
. Parts xy2 and 2fg must be of type X¥Z and EFG, which
panectian : BON connest xy o el are defined as ends in conmection del CON,
]
& Assat "ABCT has attribiutes “range” and weight”,

masred in meters and kilograms, respectivedy

part daf ARC [
attribube renge > Sliem;
SNFibbe weaghil = SIEkg:

Miusn Tirst impaort the 51 package

* Prioritized key modeling entities that
could produce the best results

* Focused on closest “1-to-1"” matches
between the two languages

Miodel hes Resowrce "Pawer”. Fower is stored in &sset A SyshiL v2 “item” iz aclass of things that existin
: “Battery”. ibem def Power; space and Himse but are not necessarily considered
part def Battery | parts of a syskem. ltems may also model continuous
|tem power : Power; miatenals that are stored in arsd for flow between
} Aszeks. Just like parts, ibems muest be defined, and
Ehen can be used.
0 Regquirement numbser “1.1% named “REQ" with text A requirement definition is always about some
“ABLC XYL mquinement def <11 ROGH] subject, which may be implicit or specified explictly
The subject af this requirement is "abc” of type "ABC" doc /* ABCEYZ. %/
subject abe - ABC;
L
11 kicdel has Action "HU® with imput "ELM® and out put action def MU | in KLM - stuff, out NOP : “stuff” and “things" mast both be items defired
“NOP". KLMis atype of “stuff” and NOF is a type of Ithings); elsebwere in the moded
“things"
12 Model has Achion “HU®, which does not have any inputs faction def HL;
ar outputs
13 Asset *abe” performs Actian "hif". part abc : ABC [ abc iz a usage af part definition ABLC
perfarm actian hj; hij must be a defired actian
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LML to SysML v2 Entity/Relationship Mapping

* Entities of LML are more easily mapped to the entities of SysML v2

* LML relationship and entities can map to multiple SysML v2 entities depending on context

LML Entity Name __ Parent Entity Description SysML v2 Entity Name LWL Foe ki B 1ML Elements Related B2 sysii relationship [ |
Action decomposes) decompased by &ll Elements to themsalves pefinition, Elemant Group Membarship, subsets, subclassifies, redefines
Transition decomposes) decompased by Statement to Statemaent Definition, Requirement Graup Mambership, derives/derived by
Case
An Action entity specifies the mechanism by which|Trade-Off Case related tof relates Al Elements to themushees Depandency, Assccatin, referancas/ls refarencad by, rafines/refined by, Elament
Action Use Ca Groug Membership, subiats, subelassifias, redafines
Inputs are transformed into outputs. se Case Relaticashie bet " — dthe ficats r—
alations wisen the veri Ol CASES &N ir verification objedtives,
Analysis Case related to/relates Statement to Statement ionenip st ' e
Verification Case derives(derived by
Accept Action references raferenced by Artifact to All Elemants Depandency, s documanted by, explains/explained by, abaut
send Action spacifies/specified by Characteristic to All Elements Defined as an attribute (property) of a part, conforms/constrained by
An Artifact entity specifies a document or other performs Asset to Action Albocation, Perfarms
Artifact source of information that is referenced by or Textual Representation
|generated in the knowledgebase.
An Asset entity specifies an object, person, or Part - recelves genarates, refarences/Is referenced by, flow (& kind of connection that
Asset organization that performs Actions, such asa consumes/ cons umed by Asrat as Resourea o Adtlan transfers items fram a source cutput 10 a target input)
system, subsystem, component, or el it. Actor
Stakeholder
A Cha i
ch sstetic ec!'n racteristic entity specifies properties of an  |State
¥ Attribute
A Condult entity specifies the means for physically
transporting Input/Output entities between Asset
CER Fiia entities, It has limitations (attributes) of capability E—— producesfproduced by Asset 35 Resounss to Action causesis caused by, connector, association, referanoesyis refarenced by, flow
and latency.
- v A Connection entity specifies the means for (o
relating Asset Instances to each other, |Binding Connection
Iﬂow Connection

Entity Mapping Relationship Mapping
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LML to SysML v2 Conversion Process

* How to do an LML to SysML v2 conversion

* Complements the conversion guide and entity/relationship mapping

F1.7

Add 1-to-1 Equivalent
—> Relationships (for each
Defined Modeling Entities)

Mode! Context
Fid F12 s K *Fam
Create
Package at. > import Units
w Modkdaglevel Fackages

i User assigns the |
—> Equivalent o ) gad:nd mthc
Redationships K

A
’

Package
4 F19 -
S g Want User
Input?

F110 ;

No - Automatic Assignment of

—> Equivalent Relationships ——
using Model Context
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Plans for Implementing
SysML v2 in Innoslate®




Plan for Implementing SysML V2 in Innoslate

* With the finalization of SysML v2 specification, continue and improve the

mapping between LML and SysML v2 in order to be as accurate as possible
with translating between them

* Add/update diagrams for modeling SysML v2 in Innoslate

* Explore options for interoperability between tools with the SysML v2 API
and/or JSON and/or XMl




Shortfalls

 Difficult to visualize models with only the textual notation

* Learning curve
= Have to learn the textual notation for the modeling entities
= Have to learn new concepts introduced with SysML v2

* Long time to implement in tools
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Questions and

Answers

Contact us on LinkedIn
(https://www.linkedin.com/groups/7415373/) or
at support@innoslate.com
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