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Context

SysML v2 was released (technically in March 2026)

SYSML V2: THE NEXT GENERATION SYSTEMS
MODELING LANGUAGE!

* Pre-release ‘Beta’ versions have been used by tool ot svemLven
vendors to implement in their tools fﬂﬁ“;g‘;sl;%égj,’;j-w‘j e e I:"
* Practitioners have had access to SysML v2, in tools for pec""m“
the |aSt 12 monthS (Or SO) :na|sohas“ e:ScP:T::wsc ‘ameo Systems Modeler ity
oo <> Psemsna [0
“If you always do what you’ve always done, @‘ﬁ%}) —
you'll always get what you’ve always got”

- Henry Ford (and also my mum when | repeatedly made the same mistakes!)
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SysML v2 highlights

* SysML v2 is not just a revision of SysML v1 it changes key modelling
mechanics

* Important changes explored in this presentation:

* Element Features, and Feature Ownership

* Definition, Use and Subsetting

* These changes offer practitioners an opportunity to reconsider how we
model various systems concepts
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Element Features and Feature Ownership

* Features are owned usage elements nested within

‘ = ‘ the parent element (parts, actions, items etc.)
Wheel
T T * Features can now be owned by usage element
{ -parts J { «parts J * There seems to be no semantic difference when
g N4 o comparing definition owned features with usage owned
features
-part def. * This makes the containment representation much more
T Whee! T meaningful
[Lugumﬁ‘.’iﬁtfmm} [ Rim: Rim 1 * Feature ownership can be done without creating

definition elements
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Definition, Usage and Subsetting

* The Definition and Usage mechanic (feature typing) allows for reuse pan et
of a single definition in multiple contexts N
ng NE;A‘r : Lug Mut
* Usage elements representing context dependent instances of the definition T
element (part/part def)

apEr»
Front Right Wheel : Wheel

* Usage elements reference the features of the definition element but do not own
them (though they can own additional features)

* Definition elements often sit off to the side in a library

" part def Wheel
- [37] part def Lug Nut
>+ [37] part def Rim
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Definition, Usage and Subsetting

* SysML 2 has introduced Subsetting

DA
T
* Allows subclassification (read generalisation) between usage elements pars ‘
Lug Mut[1..4]
Rim
* Which allows inheritance of features T
* Subclassification and feature typing are not the same, however... me d‘;g:;;mm}

* Specialised elements reference the features of the more generalised element
but do not own them (though they can own additional features)

* Subsetting can be used when an element needs to reference an
existing elements features
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Initial ‘Usage-first’ Approach

* Capture and relate the system design information with usage elements
* Aim for usage-only, can these concepts be developed with no definition elements
* Move to Definition and Usage if absolutely necessary
* Adhere to the SysML v2 standard but focus on output, not modelling purity
* Go through a system design lifecycle and investigate the following
* Can various system concepts be represented?
* Does this approach provide modelling efficacy?

* What are the inherent limitations of applying it?
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System Context

* Example system: The deployable greenhouse

DEMALYY )
Wt 4 T ) e

-'Fif‘f""” T

* The system context, Greenhouse system, and
external systems all modelled with part elements
and feature membership

L pE rs=
System Context

—
«parts
Greenhouse System
«part»
alll “parts

%]
Ul

= HMI User

_1Water5upply aparts !’ [ ]I ]I
= > Water Supply External Water Supply «part «parts «parts «parts
er External Water Supply External Power Supply
TE“ - F
= External Power HEn FEE T

=

External System
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Interactions/Interfaces

aparts=
Greenhouse System

* Defining ports, without a port def elements

W;ti:rpso:pj;ly E:t;:':mplt::;wer
. Q ¥
* The part owns ports as features, the ports own items { {
aS featu reS il item» «oUt items il item» il item»
Commands System Data Water External Power

* The items have a direction (one of their properties)

* To flow the definition to other ports

aDErts
Greenhouse System
¥
«inout ports=
HMI
O {

* One port is defined, Other ports inherit the features
through subsetting

«inout port=
> HMI

* Port item directions cannot be conjugated when using
subsetting

ain items»
“Commands

DUt items
System Data

ain items
Commands

DUt items
*System Data
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System Hierarchy

[ [ ] ]

sport wperts wperts wperts
Greenhouse System User External Water Supply | | External Power Supply
N " N " N External System,
* Continued building the hierarchy with part
Watering System
elements
Structure
. . . Environment Sensing Instrumentation
* Added attributes, calculations, constraints
] 1) «partx
Nutrient Delivery System
. . . . eparts
[ ] - | t k I I t N t t Greenhouse Control System
Usage-only just works (especially in Text Notation
<parts
Solar Energy System
. .
* No opportunity for reuse, each calc and constraint
J Greenhouse HVAC System
is it lement | ingle modelli text
is its own element in a single modelling contex i
part "Solar Cells';
part ‘Battery System';
® : S part ‘Power Distribution System':
e satisfy Requirements::*Solar Energy Sub-System Requirement 1';
attributas ! satisfy Requirements: : 'Solar Energy Sub-System Requirement 2°;
Power = 5000 realen attribute Pover = 50003
ChargeRats = B00 desChargeTimeCalc attribute ChargeRate = 800;
targetChargeTime = il attribute targetChargeTime = 16;
designChargeTime = B35 attribute designChargeTime = desChargeTimeCalc(Power, ChargeRate);
TS cale deschargeTimecalc {
L e «B5SErt CONStraints in capacity;
chargeTime = false chargeTime = false in chargeRate;
designChargeTime »= targetChargeTime return result = capacity / chargeRate;
- - assert constraint chargeTine {
L L designChargeTime >= targetChargeTime
Power = 5000 targetChargeTime = 10 3

1
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Comparison of approaches (Hierarchy)

* Direct comparison between definition-and-usage and

«part defs
System Context

«parts
{ Greenhouse System : Greenhouse System

«parts
User : User

H

«part defs
User

“parts
{ External Water Supply : External Water Supply

I

«part defs
External Water Supply

«part»
{Exlemﬁl Povier Supply : External Povier Supply

H

apart defx
External Power Supply

External System,

«part def»

Greenhouse System

«parts
Nutrient delivery System : Nutrient delivery System

Nutrient delivery System

«parts «part defs
‘Watering System : Watering System ‘Watering System
«parts apart defx
Structure : Structure Structure
«parts «part defs
Sensing i ion : Envi Sensing i Sensing i
«part defs

Solar Energy System : Solar Energy System

Solar Energy System

«parts «prt defs
| System : h Control System Greenhouse Control System
parts «part defs

parta
Greenhouse HVAC System : Greenhouse HVAC System

Lo L

A ol i e i &

epart defs
Greenhouse HVAC System

Sol,
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usage-only patterns

«parts
System Context

]

]

parts
Greenhouse System {

«part»

} {Ex(emal ‘Water Supply

I

parts
External Power Supply }

External System,

“part
Watering System

wpartx
Structure

“part
Envirenment Sensing Instrumentation

parts
Nutrient Delivery System

“part
‘Greenhouse Control System

parts
Solar Energy System

«parte
Greenhouse HVAC System

-]

=l

I



https://turen.com.au/
https://shoalgroup.com/

Functional Hierarchy

«BCTion:
Maintain Growing Environment

* Action elements used to define

aaCtion=

nnnnnnnn

s e Envire

the functional hierarchy (this is

just brilliant!!!) =

actior
Dis| pIyDal,a

* Functional allocation

Acce| plUs Modes lection

)
)
)
)

* Subsetting a perform actions as a oo

direct features of the part

* Using the allocation element and
remain usage-only

aErT
Greenhouse System pEr[ «allocates <ACTions
{ perform actions Greenhouse System Maintain Growing Environment

= Maintain Growing Environment
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Open Misting Valve
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Functional Behaviour

* Behaviour was easy enough to define...it's the data flows that were a challenge

* Actions own item with directions (as features), these should be the same items as
those owned by the ports

aACTion»
Maintain Growing Environment

i User G ds
.................................. CEIEE Ser ~emmen
Manage User Interface
ser Commands
.)g{)..? &> i

........ «ACTion= Environmental Data «BCTion: Control Set Points
Sense Environment Determine Desired Conditions
Environmental Data «ACTion:

=] Actuate Envirenmental Controls )<>:'®

«aCtions Resource Levels
........ Manage Resources " Control Set Points
% Resource Levels -
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Iltem ‘Definition’

* Usage only approach

* Create the item in a library package

* Subset the port or action feature, | suin
and add direction

* Limited definition approach

Usage only Limited Definition

* Create the item def in a library
package

Note that usage only port-to-port

* Feature type a usage in the port or subsetting remains the same

action feature, and add direction
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Use Cases (and lots of subsetting)

* Had to use subsetting for the ‘Subject’ and ‘Actor’
elements of the use case femote monforihg of envronment
:= Greenhouse System :>> subj
* Default structures of the use case rctor o Uer

* Wanted those parts to act in the use case

. . . . asubjects «BCtOrs
* Relationships between parts and actions did not Ler«Meéysmmmou { Actor > User

consolidate from the use case to the part

5 kvl

sssssssss
Remote monitoring of environment K ﬂlE Ma K DE s
subject Greenhouse System User
System :: bj
actors
Actor = Us

— P I

Greenhouse Syste: bj Actor :> Us |

T 7 7 7 7 pedomactions 1= = T 7 7 Tpedomactions 1
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Requirements and Verification Cases

arequirements
<5YS-REQ-01= System Requirement 1
doc

The System chall generate and store
its own electrical power.

subject
gh_subj :> Greenhouse System

«#original a
«#derivations

«requirements
<SYS-REQ-01-1> Derived System
#derives Requirement 1.1

doc
The System shall store electrical
energy to enable operation when
power is not being generated,

subject
ghs_subj :> Greenhouse System

«COMMENt

Note: subjects are
subsets of the (usage
only) parts

requirements
<SYS-REQ-01-2= Derived System
Requirement 1.2

#derives

doc
The System shell generate
electrical power to enable
independent, continous operation

subject
ghs_subj :> Greenhouse System

aparts
Greenhouse System

satisfy requirements
Derived System Requirement 1.1

* Usage only had no impact on requirement
derivation and dependency relationships

* Used subsetting to use Parts or Actions as
a Requirement and Verification Subjects

No issues with ‘Part’ ‘Satisfy Requirement’
properties

* No issues specifying ‘Requirements’
[usage] as ‘Verification’ ‘Objectives’
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aparts
Solar Energy System

satisfy requirements
Solar Energy Sub-System Reguirement 1
Solar Energy Sub-System Requirement 2

arequirements

<PWR-REQ-03> Solar Energy Sub-System
Requirement 1

arequirements
<PWR-REQ-04> Solar Energy Sub-System
Requirement 2

doc
The Sclar Energy System shall include not
less than 1kWh of usable stored battery
energy.

subject
sess_subj > Solar Energy System

doc
The Sclar Energy System shall include
1kw (Peak) Solar Array.

subject
sese_subj > Solar Energy System

averifications
Battery Energy Storage Capacity Test

subject
gess_bart_test > Solar Energy System

objective

verify Solar Energy Sub-Sy R

arequirements
<PWR-REQ-05= Solar Energy Sub-System
[Functicnal] Requirement 3

doc
The Solar Energy System shall charge the
storage batteries.

q

subject
store_energy -> Store Electrical Energy

<BCTION:
Store Electrical Energy
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Conclusion

Can various system .
concepts be represented?

Yes (not really in doubt), context layer, hierarchy, behaviour,
interfaces, requirements, and design traceability

Does this approach
provide modelling
efficacy?

Yes, fewer elements need to be created
« Example: Generating a system hierarchy takes
approximately half the elements
(Subjectively) Model comprehension seems easier:
« Modelling is done within the context of the concept being
explored
« Containment structure (thank you SysML v2) is far more
digestible

What are the inherent
limitations of applying it?

Y TUREN SHOAL

Subsetting and feature typing are not the same and do not
get treated in the same way by the tool

Some things are better as a library of elements, such as
items, as opposed to a single instance
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Questions

Tommie Liddy Matthew Wylie
Turen Pty Ltd Shoal Group Pty Ltd
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