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Definitions: Ontology, Metamodel, SysML, UML

* Ontology
— Defines entities and relationships

— Helps introduce a sharable and reusable knowledge but can also add new knowledge
about the domain.

* Metamodel

— A set of rules that define valid construction of a model

— Allows a model to be checked for syntactic correctness using rules and constraints
defined by the metamodel

* Systems Modeling Language (SysML) Metamodel
— A general-purpose graphical modeling language for specifying, analyzing, designing
and verifying complex systems

— Provides graphical representation with a semantic foundation for modeling system
requirements, behavior, and structure.

* Unified Modeling Language (UML)

— A standardized modeling language consisting of an integrated set of diagrams,
developed to help system and software developers for specifying, visualizing,
constructing and documenting the artifacts of systems.



Definitions: Cameo, Sparx EA, XML, XMI

* Cameo Systems Modeler

— A collaborative Model-Based Systems Engineering (MBSE) environment, which
provides robust, and intuitive tools to define, track, and visualize all aspects of
systems in the most standard-compliant SysML models and diagrams.

* Sparx Enterprise Architect (EA)

— A collaborative modeling design and management platform based on UML and
related standards

* eXtensible Markup Language (XML)
— A markup language designed to store and transport data.

* XML Metadata Interchange (XMIl)

— An XML-based integration framework for the exchange of models, and, more
generally, any kind of XML data.

— Used in the integration of tools, repositories, applications, and data
warehouses.

* Huddle Unified Data Schema (HUDS)

— Allows data to be easily shared between different plugins while still adhering to
a custom set of semantics.

— More human readable than XMI



Integration of MBSE Tools



Problem Overview
Cameo and Sparx EA Interoperability

* Commercial tools are not sufficient to
work with models that do not fall within
UML standards

* XMI import/export is the current

standard interchange format between
MBSE tools. UML SysML V1.5

e XMI format adheres to UML standard
and does not account for additional
architectures.

not required SysML’s
by SysML UML reused by extension to
- i SysML UML
* SysML specific data is not transferred (UML4SysML)

between tools

— Only UML4SysML elements are
transferred correctly

Relationship Between SysML and UML[1]

Current XMI standard insufficient for transferring SysML models
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Sparx EA €2 Cameo
Approach to Tool Integration for SysML Metamodel

 Project Goal

— Create software plugins and exchange standards to enable 1-to-1 translation
from Sparx EA to Cameo and back

— Create a way for SysML models to be exchanged freely between tools

* Implementation Approach
— Metamodel Mapping
« Map SysML metamodel in Sparx EA and Cameo to a common schema

— Data imported/exported via plugins using Huddle Unified Data Schema (HUDS)
V2 XML format

 Current Capabilities
— Transfers SysML models from Sparx EA into Cameo and back
 Includes all elements, relationships and diagrams

Sparx SysML Cameo SysML

Profile Profile-} =

=

= :
= = e ; —
= =) I e

gme

Metamodel Mapping




Diagram Types
Organization of the SysML Metamodel

» Block Definition Diagram
* Internal Block Diagram

» Activity Diagram

« State Machine Diagram
« Package Diagram

« Parametric Diagram SysML Disgram
* Requirement Diagram A
« Sequence Diagram [ ,---L--u :
. Behavior | Requirement Structure
* Use Case Diagram i e L Olagram
Activity Sequence l State Machine | Use Case Block Definition Internal Block Package
Diagram Diagram Diagram Diagram Diagram Diagram Diagram
] Pm'“mﬂc .
| sameasumL2 | DSt ) |
[ Modified trom umL 2 | SysML Diagram Types [2]
| Now diagram type !

Graphic nodes and paths for diagram types listed above are supported in MTIP plugin
translation
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HUDS V2 XML Format

Cameo €2 HUDS V2 XML €2 Sparx EA

Cameo

I= 4] 1 Generic Space Systems Moael
=) 1 Generic Mission Context

] 1.04 Behavior

- [] 1.10 Supporting Elements

-] 1.060 Spacecraft - Firesat I

7] Black Box Specification

[] Physical Architecture
[] 2-Structure
B ) Relations
% Spacecraft Physical Decomposition
§-_\, Spacecraft Physical Decomposition - Level
= Payload Subsystem
- Signal Processor
Q Spacecraft
5-E spacecraft Physical
B}, Relations
i3]l Spacecraft Physical
B} ] Subsystem
[P : Payload Subsystem
71 +observation sensor i/f
73 +thermal iff
[ +emdadim iff
L +pwr iff
11 +observation data i/f
E +structural iff
73 +emd & tim iff
[®] orbit : Orbit
(B : Payload SW
eccentricity
B[P ps : Payload Sensor
inclination

B

f

HUDS XML

sysml.Package
_19_0@_4_96401ee_1

tr*>sysml.Block

_dtype=

38823247540_971842_42624

"

_11_5EAPbeta_be@@301_114742

ame

SysML

_11_5EAPbeta_be@@301_114743

Sparx EA

4 -] Model

4 [E] «model» 1 Generic Space Systems Model
4 [ 1 Generic Mission Context
' Model License
> [ 1.04 Behavior
4 [ ] 1.060 Spacecraft - Firesat Il
[ [ Black Box Specification
4 [ Physical Architecture
A [ 2-Structure
'?Zg Spacecraft Physical Decomposition
QE Spacecraft Physical Decomposition - Level 2
4 [E «block..» Spacecraft Physical
ﬁ Spacecraft Physical
B Subsystem
drag i/f
em radiation i/f
gnd cmd & data i/f: GndCmd&Data I/F
gps i/f
horizon tracker i/f
impact i/f
inertial sensor i/f
LV electrical I/f: LV Electrical I/F
LV mechanical i/f
magnetometer i/f

A 1 1 1 (0 £ 1 £ 0

mhcanmtinn cancar i /f

Each element has its own data block. Each data block consists of type, id, attributes,
and relationships required during MTIP plugin translation
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Block Definition Diagram Package Structure

11

. Diagrams

Block Definition Diagram

. Elements

Port

Full Port

Proxy Port

Flow Port
Interface Block
Flow Specification
Constraint Block
Domain
Subsystem
External

System

System Context
Value Type
Enumeration
Signal

Instance Specification
Interface

Property

. Relationships

Interface Realization
Generalization
Association Block
Directed Association
Directed Aggregation
Directed Composition
Association

Iltem Flow

Usage

Sparx EA

4 B Model
4 [E] =models Model
A i} Package
%g Elock Definition Diagram
B3 «Profiles Profile
4 B Blocks Block

4L «FlowPort» Flow Port of Block
4L «FullPorts Full Port of Block
‘L Port of Block
T «ProxyPort= Proxy Port of Block
«ConstraintBleck= Constraint Bleck
«Domain...» Domain
sExternal...» External
zInterfaceBlocks Interface Block
=5ubsystem...» Subsystem
=System..» System
«System context..» Systemn Context

«FlowSpecification= Flow Specification

% % [ ED ED ED ED ED E

Interface

=

Instance of Block: Block

=designCenstraints DesignConstraint1
«extendedRequirements ExtendedRequirement
=functionalRequirement= FunctionalRequirement]
sinterfaceRequirements InterfaceRequirement1
sperfermanceRequirement= PerformanceRequirement?
=physicalRequirements PhysicalRequirement]
arequirement» Requirement1

sBlocke Association Block between Subsystem and Domain
«ValueTypes= Enumeration

Signal

HNEICEEEREAEEDO

<ValueType= Value Type

Cameo

B-E Model
B[] Package
f Relations
E| Profile
B} Relations

- = | Block Definition Diagram
Bl Block
. (Al interface Block : Interface Block
- T Port of Block
- ]:I Proxy Port of Block
- T Full Port of Block
. T Flow Port of Block
Constraint Block
Domain
External
Interface Block
=t Subsystem

(e I [ ke (11 [

-
-
-
-
-
G-
-

B system Context
-[2] Flow Specification
E- i) Interface
b Signal
.- (€] Enumeration
- [¥] Walue Type
- [Z] Signal
- (=] Instance of Block @ Block
-3 Quantity Kind : Quantitykind
[0 nit ¢ Unit

Side by side comparison of project browser/containment tree of a
translated model in EA (left) and Cameo (right)




Block Definition Diagram
Sparx EA €2 Cameo

» Block Definition Diagram

Block A sblacks
Block A
zzzzzzz rtyA: typeA parts
m— bat :Block A1 [0.7]
Properte bad - BlockA 4 [1.7]
ba1: Block A1[0_*] {unique} ba2 : BlockA 2 [0.1]
[ ock A2[0.1] ba3 : BlockA 3 [0.7]
[ ock A3[0.#] {unique}
[ ock A4[1.#] {unique}

s

«blockn
Block A.4

«blocks «blocke «blocks
«blocks «blocks «blocks ablocks “ Block A.1 Block A2 blockdadkA2  Block A3 plock
Block A::Block A.1 Block A::Block A.2 Block A::Block A3 Block A::Block A.4 parts
ba14 : Block A 1.4 [1.7] blogk A1
parts ba11: Block A.1.1[0.7] |
11 : Bloy 1[0..%] {unique} ba13 : Block A 1.3 [1..
: Blo 2[0..
ock A.L3[L..
AL4l.

ba ]

bal *] {unigque} block A 1.1 :BlockA 11

bal block A 1.3 :BlockA 13

- - blockA 1.2 : Block A1.2

= uniayel, block A.14 - Block A 1.4
bat12: BlockA.12[0."]
&b

Sparx EA Cameo

Diagram information captured by the plugins:
— Which elements and relationships appear on the diagram
— Position of the elements on the diagram

Path styling, colors, and other formatting not translated
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Activity Diagram

E3-[ ] Basic Activity Diagram with Fork and Join -

B-£2 Activity3 Action A
E) Relations ,

S Basic Activity Diagram with Fork and Join
— ® Final

— () Action A

— () Action B

— () Action C

— () Action D

4 07 Basic Activity Diagram with Fork and Join
4 0 Activity3

ﬁ Basic Activity Diagram with Fork and Join
= Action A

Action B

Action C

Action D

Final

& &® 0 00

Initial

Sparx EA
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Classifiers and Types

=

:Payload Subsystem
2 cmd & tim iff

0 cmd&tim i/f: Cmd&Tim I/F
11 observation data iff

sl observation sensor iff

T pwri/f

1 structural i/f

T thermal i/f

E=l :payload SW

E=l :Signal Processor

B 0.1

o]

E]IEI : Payload Subsystem

------ [ +thermal iff

------ ]:| +observation sensor iff
------ ]:l +emdatim iff

------ [ +pwer iff

------ ]:l +observation data iff
------ [ +structural iff

...... [ +emd & tim iff

----- [F] orbit : Orbit

----- [Pl : Payload SW

[ ps: Payload Sensor | % 7 | e eccentricity
E=l ynit-under-test: Mid-Range IR Scanner E-LCF] ps : Payload Sensor
& «ValueProperty.»cost | | . inclination
B «ValueProperty..» datacapacity | | L. data capacity
& «ValueProperty.»dettav | | L. a
o «ValueProperty..» e: Electrical Energy | | L. cost
(=] «ValueProperty..» eccentricity | | L. Mass
2 «ValueProperty..» inclinaton | | i life
= «ValueProperty...» life Bl-[CPl : Signal Processor
= «ValueProperty.»mass | i. Pl [0..1]
= «ValueProperty...» max radiation level =
[om]

Qrbit Orbit Classifiers captured as seen in part property classified by
Payload Subsystem block. Shows inherited ports
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Projects Benefiting from MTIP Plugins

* Metamodel support
— Establishing a metamodel for corporate-wide use

— Developing tooling to check for consistency and to ease use of a standardized
metamodel

* Exporting behavioral data for simulation
— Translating structural and behavioral diagrams based on a mission into an external
tool's simulation scenario templates
* Mapping to reference models
— Exporting a Government Reference System Model in SysML from a collection of
ASOTs including enterprise model in SysML, requirements, conceptual design, etc.
* Interfacing with classification tool

— Aerospace project that is developing a capability to apply classification markings to a
model’s elements and relationships based on rules derived from Security Classification
Guides

* Supporting SysML model translations for in-tool simulations

— Brought existing simulation ran with Sparx EA's simulation engine into Cameo for team
to run using Cameo's Simulation toolkit
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Code Base and Usage

Overview
Apache License 2.0 Apache License 2.0
Written in Java Written in C#
~13,000 SLOC ~10,000 SLOC
~400 classes ~50 classes

Installation and Usage

* Cameo Plugin is packaged in compressed (zipped) folder
— Imported via the Resource Plugin Manager in Cameo Systems Modeler
— Accessed from the top menu bar of the application

* Sparx EA plugin can be installed directly into the application using installer
executable

— Accessed in the “Specialized” tab in Sparx Enterprise Architect
* Plugins import HUDS V2 XML file created on export of the model

16



THE AEROSPACE CORPORATION




Sample Model Translation Demo Video

MTIP_Sample_Model - Enterprise Architect

Design Layout Develop Publish Simulate Specialize Construct Execute

Configure

@ Perspective ¥

//IA]\\{ S. “i ﬁ E EE @ s Full Screen ﬁ Q & E] @ ‘\/l ™1 My Kanban @ & Home Page

s Visual Style 1 My Gantt @ Libraries v
Search Portals = Design Share Run Workspaces Perspectives Preferences Discussions Review Library ~ Mail Calendar Journal Help @ Regist
> v v v w W b, 2 v v CgIster
Explore Desktop Collaborate Help

QO » /> Model » P | Find Package pel

Browser > F o2 ¥ X Properties v X
BEawE e 2= » IR =-18
Project Context Diagram Resources Element
4 B Model N SR
A «model» 1 Generic Space Systems Model
4 £ 1 Generic Mission Context Type
£ Model License Stereotype
4 £ 1,04 Behavior Alias
4 53 perform Mission Keywords
b & Control Trajectory Status
p O Deploy Mechanisms Version
© Launch s/C Model (from SysML 1.3)
p © Maintain Spacecraft Operations 4 Package
b Perform Mission o
O Provide Observation Data o i
& Separate from L/V Visibility Public
p £3 1.060 Spacecraft - Firesat Il Dact

[ £1 110 Supporting Elements
4 £1 custom Stereotypes
«stereotype» analysis
«stereotype» caused by
«stereotype» failure mode
«stereotype» general category
«stereotypes logical
«stereotype» mechanical
«stereotypes orbit
«stereotype» store
«stereotype» test component Features T

«stereotype» tpm « | Attributes  Operations Receptions Parts / Properties  Interaction Points

[} [ [ [ [ (0 [E O e

’
| Browser | Inspector —

| Properties ‘ Toolbox Notes

All Perspectives = |7 + CAP NUM 5CR
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Containment Tree Side-by-Side 1

- a X WY Cameo Systems Modeler 19.0 - HUDDLE EA Import.mdzip (C:\Users\tas30828\Documents\] = [u] X
Design Layout Specialize Publish Construct Simulate Code Exgcute Configure @ Perspective ™ 2 : File Edit View Layout Diagrams Options Tools Analyze Collaborate Window MBSE Office MBSE Translator Help Huddle x
@ %8 @ Q bl *| i Full Sereen l:} ) MyKanban @ @ DB E-D 8 & -9+ -4 :Test UpdateRequirements andKPPs Reload : Bl ~ : [@ Create Diagram
: : [~ ah Visual Style ~ N My Gantt @~ Containment | &0 Diagrams | £g Structure & Spacecr 4 b
Portals = Browse Properties mu Search 3 L 5 l)ls(usslons Rﬂim Team Mail Calemhv My ) E § ] %8 l i & _—
- - v - - 'y - Library Sournal - ® Containment

Show. Explore View Collaborate Help 28 gwQ
€ £ » / » Model » 1Generic Space Systems Model » 1Generic Mission Context » 1.060 Spacecraft - Fresat Il » Value Types pr—|Ev B-[2] Model

[ 1 Generic Mission Context

g #1-[] 1.10 Supporting Elements
o 5.0

SOt Y= = Perspective = - Black Box Specification

=-[] 2-Structure
4 uUML 7 Relations (Rl od(g_gﬁg_umona...
- ﬁ Spacecraft Black Box [ Package
All UML
4 g Model 3. LV electrical i <Eloct D slok
4 [E] «models 1 Generic Space Systems Model Structural B (= spacearaft Slock
4 [ 1 Generic Mission Context Behavioral :gé :e‘“‘“‘sﬁs =] interface slock
= - cecral tates 3
7 Model License b Strategy ] prp:babmw o Setaction £ Fiow S"E_ dfica...
4 [T 1.060 Spacecraft - Firesat Il b Analysis 1 oak [ Constraint Block
4 [ Black Box Specification 3 probability of false alarm [ Domain -
4 [ 2-Structure 7 Reaul i [¥ value Type ~
5 Spacecraft Black Box P UXDesign [E Enumeration
4 [ «block..» Spacecraft b Business Modeling 3 Signal
{ drag iff U Software Engineering [= Instance
42 em radiation i/f
B O Interface
<1 gnd cmd & data i/f: GndCmd&Data I/F =55y G
<3 gpsi/f SysML T Port
47 horizon tracker i/f UAF ) ProxyPort
43 impact i/f UPDM T8 Full Port
p
<L inertial sensor i/f Executable State Machine - J50 un tradker iff Elowport
4 LV electrical i/f: LV Electrical I/F > Dal Frrees . ] horizon tracker iff A InterfaceR.. v
<2 LV mechanical i/f 1 gps iff / Link
S mgnetometeifE P Enterprise Architecture [ LV electrical iff : LV electrical i/f & Association... ¥
<1 observation sensor i/f P Information Exchange g oﬁe«»a;;;;s:s% iff & %
LA ond am 2 | Internal Block Diag...
<3 solar radiation i/f 4 Construction [ star tracker i ff B Requirements Diag...
41 startracker ‘l/' Project Roadmap g I,:E"::I;enn:;',/ff [&] Requirement 7
43 sun tracker i/f tauban = dag f / &
< thermal radiation i/f Fagil . EXSdedRes
X Document Publishing [ solar radiation i/ 2 satisfy
<3 thrust if i o8008
: [ em radiation ff
 collect observation data( bashboaids & tharts [ LV mechanical i/f 73 Derive
« control acceleration() Reviews & Discussion I thrustiff (_: Copy
r " [ impact iff
Construction Vie A
& control attitude() e o [ thermal radiationi/f Apfas
v control separation() Test Management &-[7 3-Behavior 4 Verify
i control thermal environment() Change Management B Spacecraft Failure Modes % Refine

denloyantennal [§ Spacecraft Failure Modes _
v d%’l Y : 0 Resource Management €3 Collect Observation Data: 73 Test Case Acti.. v
iSOy 5: arkasr(r)ayo Legends E- €3 Control Acceleration(, ) R Use Case Diagram
v manage iaul €3 Control Attitude(, ) - -
P Management
& provide electrical power() & Control Separatior C3 Profiling Mechanism
< provide structural integrity() D2 MyReereromes I @ Contral Thermal Emvironment(co ecraft v) -
v provide telemetry data() Notification Window
v receive ground command() Notification Window T
iy return observation data() & & o
$EBB
= «ValueProperty...» cost (P - - . o - =
[ <ValueProperty...» data capacity BFO1EC3C-FC00-4301-9D6D-032BCFA25EB3and cameo id _19_0_2_c04024e_1569869226376_211871_42568 a
1 ...with Supplier cameo ID: _19_0_2_c04024e_1569869226422_62927_42571 and EA ID: 269C77A3-0185-45¢3-843D-7B3F63ATF51C
el ¥alueFraperheeedetind Creating relationship of type: Generalization and id: 26641DEB-D38A-49bd-8E64-34028F92655C with parent
= «ValueProperty..» & Electrical Energy ...with Client cameo ID: _19_0_2_c04024e_1569869227031_735730_42604 and EA ID: FECD2281-D903-43a6-A320-345862815522
r ...with Supplier cameo ID: _19_0_2_c04024e_1569869227096_95159_42608 and EA ID: 007FFD9C-4BC3-4232-BIFC-4FOBE0BACFCT v
ug Project Browser |
SCRL OF | 100% v |@
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What’s Next?

* Support for additional Metamodels (i.e., UAF, DoDAF, UML)
* Continued adoption and testing through wider userbase

* Joining the OpenMBEE community

20




THE AEROSPACE CORPORATION

Questions?

© The Aerospace Corporation, 2021



List of Sources
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(OMG). https://www.omgsysml.org/what-is-sysml.htm
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