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Agenda

* Example Open Model-Based Engineering Environment (OpenMBEE)
e Characteristics common to digital models

* INsight to Diverse Information using Graphs and Ontologies (INDIGO)
* Example use cases

* Interoperability features and guidelines
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((®) OpenMBEE

OpenMBEE is an open source collaborative engineering system. It enables engineers to work
in the language of their choice and easily share and document their work across other tools.

* NASA initiated

* NumFOCUS foundation open source project
e https://www.openmbee.org

* https://groups.google.com/g/openmbee

See also
* OSLC https://open-services.net/
e SysML-v2 https://groups.google.com/g/sysmlforum
* Open AADL http://www.openaadl.org/
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Move diverse models in and out of a FlexoMMS server

Explore configurations of models in INDIGO

Identify API alignments, gaps, standards-based solutions
AADL20WL

SysMLv2 OpenMBEE FlexoMMS
SysMLv2 OSLC Server 2YSMLv2 (a.k.a. git for graphs)
OSLC API
Jupyter IDE Bridge Flexo
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ga lois Example Modeling Languages & Tools Features

What is a Digital Model?
* Modelica
» Specification (4 “model” instances): can be translated into a simulation model, other tool usages allowed but not specified

* In practice: concrete textual syntax, translate to a dynamical systems simulation model
* Semantics: systems of differential equations

* AADL
» Specification (211 instances): model describes a system as a hierarchy of components with their interfaces and interconnections
* In practice: concrete textual syntax, set of package files required to instantiate a system implementation
* Semantics: state machines, scheduling theory, temporal logics, assume/guarantee, fault trees, Markov chains,...

[ J

SysML-V2
» Specification (486 instances): represented according to the syntactic requirements (abstract and concrete syntax)

* In practice: a SysML modeling tool is conformant with either the abstract or concreate syntax and creates, manages, analyzes,
visualizes, executes or performs services on SysML models

* Semantics (KerML): model-theoretic

* Resource Description Framework (RDF)

* Specification (model=graph): RDF graphs are independent of syntax. Graphs not RDF-isomorphic are distinct graphs.
* |In practice: sets of triples <resourcelRI> <propertylIRI> <resourcelRIl or dataValue>, multiple syntaxes, flexible and varied
* Semantics: referents and entailment regimes, flexible and varied

Web Ontology Language (OWL)

» Specification (model=ontology): defined by behavior and structure, multiple standard and common syntaxes, content identified
by self-declared ontology and version IRIs

* |In practice: RDF-based syntaxes, syntactic/shape validation, logical consistency validation
* Semantics: model-theoretic, decidable description logic, entailment regimes
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Characteristics of Digital Engineering Models

Digital Model: a body of information that

Evolves over time

Can be expressed in one or more multi-media syntaxes

Has modularization and dependency features

Copies can be stored in multiple storage systems

Has a principle of individuation (is distinct from other models)
Has zero or more formal (math-based) semantics

Has one or more tools, vendors, user interfaces

Has information that relates to information in other models
Often analyzed to provide parameters for other models

Often overlap with other models
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INsight to Diverse Information using Graphs and Ontologies

(| Model Server Access
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gd lois Populate Library of Models and Ontologies

/ File Edit Mavigate Search Project Run Window Help
Browser enhanced to O-E@@8Q~igvif-flvereyor|n
. GPr. ©@0n. x T O & Ontology B X
recognize RDF languages = S | ki
8o w «" w | https://protege stanford.edu/ontologies/pizza/pizza.owl
and access protocols. & _allKnown
. a working title: http://www.co-ode.org/ontologies/pizza
API allows plugins to orenace lanquage: OWL

syntax: RDF/XML
declared ontology/namespace IRI: http://www.co-ode.org/ontologies/pizza
working ontology/namespace IRI: http://www.co-ode.org/ontologies/pizza
(= vehiclel_oslc connected URL: https://protege.stanford.edu/ontologies/pizza/pizza.owl
= vehicle3_ontologies document size: 163301
& vehicle4 labeled file extension: owl

= pizza_menu
[= test_structures

\recognize added protocols.

Workspace listener
L recognizes RDF syntaxes.

File
[
55 Project Explorer > Ontology Manager <

Edit MNavigate Search Project Run Window Help
B v il - - R vl all

/Descriptor is created
with meta-data that
enables access to

& Ontology Browser =

= _allknown EoR g
= _predeclared
= _workspace

w w | hitps://protege.stanford.edu/ontologies/pi

Home page
, Fo-ode.org/ontolog

S Show as...
- pizza_menu ] i Add to user ontology set... > pizza_menu
\ the RDF docu ment. / Eo! http:,n-‘,-‘wmﬂ.r.co—ode.org;‘ontologles,-‘plz_za _ Save as. test_structures
IRI: http://www.co-ode.org/ontologies/pizza WOTKING ORtologyy IameSpact ;
Connect URL: https://protege stanford.edufontologies/pizza connected URL: https://prec VE!h!ClE:'I_DSIC _
/ Provenance: EXAMINED document size: 163301 VEh!CIES_OntOIOgIES
USGI’ CO”eCtS a Format: OWL_RDEXML file extension: owl vehicled_labeled

w = test_structures

=% http://adventiumlabs.com/ontology/fhowl/test_structures_two
@ http://galois.com/indigo/test_structured_property

4%} http://galois.com/test/test_structure_two

= vehiclel_oslc

library of sets of
descriptors.
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gd lois Explore Set of Models (tree viewer)

FireSat is a SysML satellite mission specification.
CSAH is an AADL cubesat design & analysis architecture.

Choice of model

File Edit Mavigate S5earch Project Run Window Help

viewer can be opened 0~ DiQvigvilvily A= Q mlee
on a Set Of mOde|S. 5 Project Explorer € Ontology Manager X § =0 £ firesat_tradespace.1 tree < ¢ =0
= cubesat_tradespace A s :Communication
= firesat v -=sysmlcontains- >csds:CSAH_example_Instance.CubeSat.Comm
. = firesat_tradespace -raadlhasSubcomponent- =csds:CSAH_example_Instance.CubeSat.Comm.antenna
AADL doma N # (R) AADL Language Terms ->aadl:hasSubcomponent- >csds:CSAH_example_Instance.CubeSat.Comm.telemBus
& FireSat TradeSpace combined tree view ->aadl:hasSubcomponent->csds:CSAH_example_Instance.CubeSat.Comm.transceiver
OntOIOgy (terms s http://www.sanford.friedenthal .net/firesat v -=sysmlcontains- =firesat:Data.Spacecraft Mission Context.6-Spacecraft.Physical Architecture.d
from SAE A55506 &%) http://www.your.name.here/CSAH_example -=sysml:contains- =firesat:Data.Spacecraft Mission Context.6-Spacecraft.Physical Architectu
7%} (R) httpy//www.your.name.here/CubeSat_Design_Space_0292 -=sysml:contains- =firesat:Data.Spacecraft Mission Context.6-Spacecraft.Physical Architectu
< > -=sysml:contains- »CubeSat_Design_Space_0292:Communications
[ SYSML MOdeI © Classes ¥ <€ Properties - 0 g iliﬁjubsystem

firesat_tradespace.1 tree
= P -=sysml:contains- =CubeSat_Design_Space_0292:PowerSystem

o) aadl: hitpy//www.adventium.com/aadl [y
:CSAH p:f1 le: http:// / here/CSAH | -=sysml:contains- >firesat:Data.Spacecraft Mission Context.6-5pacecraft.Physical Architecture 4
v AT example: JSiwww.your.name.here example
AADL MOdEI - P P . 4 - P .contains- »csds:CSAH_example_Instance.CubeSat.powerSystem
{} aadl:accessConnection

~ {1} aadl:com ' '
P Select class : component->csds:CSAH_example_Instance.CubeSat. powersystem.solarPanel

/ X - = Indivic Deselect class members - »c5ds.CSAH_example_Instance.CubeSat.powerSystem.battery
USG rs intera Ctlvely v & Propey Select class and direct subclasses H_example_Instance.CubeSat. powerSystem.EPS
}aa[ das dlilid U UL d5aES _ _!
_ o _ . COP}‘
q Uery Wlth réasoni ng % ::E Select as a root in model tree viewer . \
by Selecting Classes’ ) aac Select all members as roots in model tree viewer Tree vieEw eXp|Ores paths
\_  properties, etc. oo through a set of models
following user-selected
4/3/2024 Copyright Galois, Inc. 2024
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Explore Set of Models (graph viewer)

\ S runtime-sys2mms5demo - Eclipse IDE
Different sets can be

File Edit Navigate Search Project Run Window Help

=

ke BiQvigvilivily - v
opened using different

3 Project Explorer © Ontology Manager X

£ = O @ teststructures.1 graph X
& _allKnown
kinds of model viewers

A
= _predeclared

=

test_structure_two:b2
(= _workspace
. v [= test_structures
K at the Same tlme. / ~ #r Test Structure Two

—
o'..\ﬂ'\ -
U=
IRI: http://galois.com/test/test_structure_two

~ ,{es\,
Connect URL: file:/C:/Users/Steve%20Vestal/git/indi test_structure_two:a1
Project: TestStructuresTwo
Provenance: LOADED

%,
Format: OWL_RDFXML
" User selections can be )

=% Test Structures in Context

—test_structure_two:in1—» test_structure_two:b1

%,
@ http://galois.com/indigo/test_structured_property
saved as a viewpoint

(= vehicle1_oslc
<

4 test_structure_two:c2
> Q;% Y
asses X roperties =8
ontology, a set of rules e
\_to reconstruct the view.

test_structures.1 graph

v+ test_structure_two: http://galois.com/test/test_structure_two
v {1} test_structure_two:ClassA

v & Individuals

CY N
test_structure_two:b4 :
|11 test_structure_two:a1l

|11 test_structure_two:a2
> Properties known of this class
_» test_structure_two:al
T test_structure_two:a2
D test_structure_two:in1

o)

i) test_structures_two:alpha2gamma

,
A 90%)
K

API allows other viewers
to be added as plugins.

nondis 18
7

& Properties with known values of this class
{1} test_structure_two:ClassB

L IX3:0M} al

{1} test_structure_two:ClassC

test_structured_property: http://galois.com/indigo/test_struc
w% test_structures_two: http://adventiumlabs.com/ontology/fho!

159}~
- Lm:om"emmnns 159)

<

>

’@@f

© Definitions X

test_structures.1 graph
4/3/2024

‘ betal Cbntext_1
4 e

test_structure_two:a2

test_structure_two:in1—— test_structure_two:b3
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gd lois FHOWL Literate Ontology

=% SinglePointFailurePattern.fwl =% class_examples.fwl =% property_examples.fwl

Example Property Definitions

hitps.//camet-library. com/camet

Here are examples of property definitions. A property defines a relation between individuals (elements) of a model, analogous to
the way a class defines a set of individuals. The members of a property are called property instances (a.k.a. triples, statements).

Literate fOrm at inte rleaves This ontology references (imports) the class examples ontology.
formal ontology definitions PIEGIEE: | (B55oE [Sier B A £ Jsiaine )
Into an XHTM I— d ocument. A primal property is one that cannot be defined using other terms in this or other referenced (imported) formal ontologies. These

are axiomatic classes whose semantics must be known or explained to the user by other means. References to other information
such as standards, textbooks, or documents in other formats should be cited.

A primal property definition must have a propertyTvpe. one of "object” (property goes to an individual), "datatype" (property
has a datatype value), or "annotation" (OWL annotation property).

4 FHOWL extends OWL with N
structured classes and
properties defined by
patterns that recognize propD (ebject property): primal
\Su bgraphs in a given contextj Ancther primal property.

propData (datatype property): primal

The datatype value is one of the XMI Schema built-in datatypes plus "anyType".

inversePropA (object property): inverse prophk

An inverse can only be declared when the propertyType is "object". A literal (e.g., a mathematical value) cannot have as a
property an element of a model.

iz Design | 2 Source |Preview




gd lo1is Ontologies for Multiple Domains and Sources

Domain ontologies are widely used to provide a vocabulary with definitions.
They serve as schemas for RDF graphs that support logic-based reasoning.

= SMEs &
;f::hs:t:;,‘;{v electronics partWhole Ontology Engineers
- \/
Domain'SPECiﬁC \ \:‘
CubeSatRefModel solidmodel aad| o -~
(reusable)
Translation
(reusable) solldAADLBus
B L Al F|reSat Cu beSatDeS|g \Space /OOl vendors
(automated)
L —
:{“*th°'tf‘t e CRM_Flre_CSDS_Map Solid_AADL_Map Smgle_Pomt_Fa”UfeS r
interactive, reusable

stakeholders



gd lois Interoperability Features and Guidelines

Resource Description Framework (RDF) exchange formats

 Graph structure vs folders of files of lines of text

 Semantic referents and entailment regimes

 SPARQL standard query language and protocols

e OWL model-theoretic semantics and reasoning tools

 Aligned with other web standards, XML, etc.

 Widely used and supported, e.g., OSLC, WikiData, SNOMED, PubChemRDF

Domain Ontologies
 Vocabulary of terms with definitions relating them
* Formal OWL ontologies

 Multiple types
 Schemas for languages, e.g., terms from SAE AS5506
 Translations, e.g., aadl:bus defined for 3D CAD patterns
* Viewpoints, e.g., selections and rules to generate diagrams



54 lois Interoperability Features and Guidelines

Open source conversion frameworks, e.g.,
e Eclipse Lyo (OSLC)
* Ecore20WL
 ReDeFer (XSD20OWL and XML2RDF)
« STP20WL

Standards and guidelines

* Ontology/namespace/base IRIs to uniquely identify models
* Version IRIs and properties

* Modeling language domain ontologies

 Standard domain ontologies, e.g., OSLC, QUDT,...
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