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Why are we here?

Mission:
Make modelling collaborative and accessible to
as many people as possible

Democratized

DevOps for Cyber- <% <&» o
Physical Systems @ " G I II-WO r k s
N Community

N DevOps for
Nt Digital
- Engineering
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Motivation
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Problem Statement

Challenges with Development of complex Engineering Systems
e Data and knowledge silos across supply chain
e Traceability and trust of design data
e The Digital Thread
e Lack of adoption of Model-based design
e Low design reusability

e Silos inhibit innovation and collaboration across organizational boundaries

e This is nothing new! You’ve probably heard it a thousand times by now...
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Problem Statement

There are three fundamental technical challenges

e Version Control, Change Management and traceability

o
o  Without an overarching strategy, a system description l l
becomes a disorganized and untrustworthy collection of

information artifacts.
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Problem Statement

There are three fundamental technical challenges
e Version Control, Change Management and traceability

o  Without an overarching strategy, a system description
becomes a disorganized and untrustworthy collection of
information artifacts.

e Repeatability, durability and efficiency

o  Without this, it is impossible to perform audits and repeat
analyses. This is important to maintain confidence in the
design and analysis over time and potentially reuse it
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Problem Statement

There are three fundamental technical challenges
e Version Control, Change Management and traceability

o  Without an overarching strategy, a system description
becomes a disorganized and untrustworthy collection of

information artifacts.
e Repeatability, durability and efficiency

o  Without this, it is impossible to perform audits and repeat
analyses. This is important to maintain confidence in the
design and analysis over time and potentially reuse it

e Interoperability

o  System knowledge and data is scattered in many different
artefacts (models, documents, emails) and often out of
sync.

o Artefacts have different syntax and tools have different
schemas: i.e they don’t speak the same language
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Problem Statement

| P Gitworks by Perpetual Labs  x | + v - @O

X

€ - C @ localhost:4200

< % 0O & :

About GitWorks Terms & Privacy My Workspaces
n +8 signup -3] signin

Commons Projects

yGitWOrks | Search for anything

Organizations People

Democratized
DevOps for Cyber-
Physical Systems

GitWorks by Perpetual Labs is an open platform for
collaborative model-based engineering.

Learn more

sign up for free

DevOps for
Digital
Engineering
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GitWorks Overview
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GitWorks Platform Overview

What is it?

e DevOps for Digital Engineering: Think
GitLab for Model-Based design of
Cyber-Physical Systems (CPSs)

==

e Smart documentation environment: think
Notion, Coda, Airtable backed by a
Knowledge Graph

Objectives:

e Provide integrated development platform
for Systems Engineering, Designers and
Simulation Engineers to manage their
digital artifacts, create smart
documentation, verify and share their

g models at speed and with confidence

abs
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C @ localhost:4200

rganizations People

Commons Projects [e]
y GitWorks |

Democratized 5
DevOps for Cyber- "%
Physical Systems - <

GitWorks by Perpetual Labs is an open platform for
collaborative model-based engineering.

Learn more

N DevOps for
-~y Digital
. N Engineering
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GitWorks Platform Architecture

> GitWorks Projects
> GitWorks Commons

> GitWorks IDEs
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g GitWorks

g GitWorks

Commons

g GitWorks

Projects

i 1

GitWorks Application Environments

a GitWorks n GitWorks

? Spaces &
SOy Modelica Studio

i Y

GitWorks
Adapters & Plugins

?

|
GraphQL + Git

! | | '
GraphQL + Git
GreghQL @ GraphQL @ GraphQL  AVillm + WebSocket 0 +0SLC
y v v v
GitWorks Server
Commons Services Core Services Spaces Services
< Publish — ~ Deploy »|
Artifact Dsemanﬂc Repository Ontology Graph/Query e Container Real-time
iscovery & S
Management I Management | [ Management | | Management Orchestration | | Collaboration
ntegration
Dashboard CIICD Task & User .
c F;‘.’eml‘e:: l;f:: :é‘;;'&%: — Install > | Visualization | | Dependency | | Management | [« Monitor - W:;ioc:lfy

O:SImUERon Management | [ Management & Security ying

Graph Store Protocol REST + Git GraphQL + REST

A byt | 5
ena v slurm .
Versioned Graph Server [
(Storage, Querying, Gi:LRa:n?::rrvser REST + Git UQLEISIué:: s‘i‘::;:berm=.~tes
Inferencing)
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GitWorks Projects Environment

> GitWorks Projects

e Versioned file management

o  On par with essential Git repository
management features from
GitHub/GitLab

o e.g. branches, Issues, Merge Requests,

® Semantic Twin
e DevOps task management

> GitWorks Commons

> GitWorks IDEs

| ¢P Gitworks by Perpetual Labs  x | +

=

€ > C ® localhost:4200/projects/test-repo/repository/tree

<

* O &

Commons Projects Organizations People About GitWorks Terms & Privacy
g GitWorks projects € ) for project +& signup
@ Perpetual Labs / ECS Case Study rrivate
< I Repository [ Pages @ Issues 11 Merge requests ® Pipelines @ Artifacts | Analyt >
[ Files ] Methodology @ Ontologies E) Tasks @ Dependencies
webapp / ATl Gotofile  Add file

Eric Eastwood Prepare changelog with 12280

™ gitlab Some long commit text that someone wrote lorem ipsum

B8 build-scripts Some long commit text that someone wrote lorem ipsum

I config Some long commit text that someone wrote lorem ipsum
m docs Some long commit text that someone wrote lorem ipsum
B8 git hooks Some long commit text that someone wrote lorem ipsum
8 modules Some long commit text that someone wrote lorem ipsum
B8 public Some long commit text that someone wrote lorem ipsum
B® scripts Some long commit text that someone wrote lorem ipsum
m server Some long commit text that someone wrote lorem ipsum
@8 shared Some long commit text that someone wrote lorem ipsum
B test Some long commit text that someone wrote lorem ipsum

.dockerignore Some long commit text that someone wrote lorem ipsum

.editorconfig Some long commit text that someone wrote lorem ipsum

Some long commit text that someone wrote lorem ipsum

_eslintrcjson Some long commit text that someone wrote lorem ipsum

[u]
[u]
[ .eslintignore
[u]
[s]

Some long commit text that someone wrote lorem ipsum

D .gitlab-ciyml Some long commit text that someone wrote lorem ipsum

M _istanhulyml " it tavt that ta L o

81af73fb

1 week ago

3 months ago
3 weeks ago
1 week ago

2 weeks ago
3 months ago
3 months ago
4 weeks ago
3 months ago
2 weeks ago
1 month ago
2 months ago
1 month ago
3 months ago
3 months ago
3 months ago
1 month ago
3 months ago
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GitWorks Projects Environment

> GitWorks Projects
e \ersioned file management
e Semantic Twin

o Versatile ontology editor based on
Semantic Web. e.g. text, form, diagram,
& table editors

o  Knowledge graph exploration and
reporting

e DevOps task management

> GitWorks Commons

> GitWorks IDEs
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| ¢f GitWorks by Perpetual Labs X

+ v - B x
€ > C ® localhost:4200/projects/test-repo/repository/ontologies < % 0O & :
Commons Projects Organizations People About GitWorks Terms & Privacy My Workspaces

y GitWorks

projects €

@ Perpetual Labs / ECS Case Study rrivate

< [ Repository [ Pages @ lIssues 19 Merge requests ® Pipelines
[ Files 3 Methodology @ Ontologies [ Tasks @ Dependencies
"§ Explorer Topography X Topography with auto layout X
e 100% - @ a @<

> B& System i
v BB System i
B8 System
~ T Robot Flow }
~ B8 Robot i
& Topography
> {i} Central Unit :
> {i CaptureSubSystem :
> Bwifi i
O NewEntity

+8 signup

@ Artifacts

-3] signin

|l Analyt >

Central U

= Details

No object selecte
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GitWorks Projects Environment

> GitWorks Projects

e \ersioned file management
e Semantic Twin

o  Versatile ontology editor based on
Semantic Web. e.g. text, form, diagram, &
table editors

o Knowledge graph exploration and
reporting

e DevOps task management

> GitWorks Commons

> GitWorks IDEs
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€ > C @ localhost:4200/projects/test-repo/analytics
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o

X

< % 0O & :

Commons Projects Organizations People

About GitWorks

projects €

y GitWorks

@ Perpetual Labs / ECS Case Study rrivate

<oy [ Pages

© Issues

13 Merge requests

Named Graphs

'MBQP Demo Hello World

HelloWorldABox
README.md

localhost:4200/projects/test-repo/analytics

® Pipelines

@ Artifacts

Terms & Privacy

n e

|~ Analytics
]
o
|
\

|

My Workspaces

-3] signin

@ s

>
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GitWorks Projects Environment

¢P GitWorks by Perpetual Labs X | +

> GitWorks Projects

e \ersioned file management

e Semantic Twin

Add Task
b Devops taSk management 7 zﬂz‘deli(asimulationsmdy
» - - R Task
o Adapters for semantic integration of
disparate engineering artifacts ) PrhonTas
Docker Task
o Built-in HPC support for o
- - - - Excel Adapter
computationally intensive studies (e.g.
simulation-based UQ) ) shelask

> GitWorks Commons

> GitWorks IDEs

( | erpetual

Labs Property of Perpetual Labs Ltd



GitWorks Commons Environment

> GitWorks Projects
> GitWorks Commons

e On par with essential package registry
features from NPM/Maven Central (e.g.
publishing, dependency management, ...)

e Semantic search and integration of published
artifacts (RDF/SPARQL)

e [P-protected cosimulation (e.g. FMU as a
service)

e Includes monetization strategy, effectively
creating marketplace for models, tools and
services related to CPS development.

> GitWorks IDEs

\,Qarpetual

P GitWorks by Perpetual Labs X | + v - o x
<« C @ localhost:4200 < % O &
Commons Projects Organizations People About GitWorks Terms & Privacy My Workspaces
¥ Gitworks n 5 i

@ Perpetual Labs / PL_Lib / PL_Lib.Configurations.ECS baseConfig
andreyaperpetuallabs. o

B Artitact doomph A swdes

ECS_baseConfig

Artifact Overview

Documentation
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GitWorks IDEs

) [Extension Development Ho: X | + v -

Light-weight IDEs via VSCode (for Web) e QI I > % s

undefinedChuaCircuitmo X * o 0

 SESSION DETAILS

e Integrated Git version control e E : :
e Real-time collaboration (LiveShare) 3 oxtents tadelic. teons.Ermpte C 1 r C u 1 t
e  First Example: Web-based Modelica editor I

Modelica Studio B | e
e Browser-based Modelica Editor o s
o  Synchronized text and diagram editing o | watet1co SRR ORI, . (c-166, vistarte B
e  Open core based on OMFrontend.js: st 5.5 &
o  Standalone JavaScript library for | preecmme——
incremental, error-tolerant parsing & lazy o | Ve mmetation (Facssent (transformationt
flattening of Modelica models St s a0, 23,29,
o  Diagram/lcon SVG generation T et e Lﬁ
o Also used for implementing the 5 et ) amotcion (i o753, 75, P
Modelica/OML Semantic Web adapter a5 2159, 2159, 2590, catore

is @ TPUT  TERMINAL ENT 5

Heavy-weight workspaces via VDI over
noVNC

X Test Files ® 2 A 03 Live Share Chat: 8 new Ln 5, Col 40 Spaces:4 UTF-8 LF Modelica _Layout: us

e  Delivers containerized desktop applications over
the Web

\,QarpetuLal 21
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Case study
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Introduction to the ECS Case Study

Organisation:
ECS-Customer

AFT PRESSURE
COCKPIT BULKHEAD ——

PASSENGER ~ GASPER  CARGO RAM AIR 3
GALLEY CABIN SYSTEM BAY
4 ] |

OUTFLOW
VALVES (2)

FLOOR
POSITION SUPPLY
VALVE

. PRESSURE CONTROL __,
& SHUTOFF VALVES

STAGE

BLEED AIR ISOLATION BLEED AIR
SHUTOFF VALVE SHUTOFF
VALVE VALVE

LOAD
CONTROL
VALVE
EXTERNAL
AIR SOURCE

AUXILIARY POWER UNIT

Environmental Control
System (ECS)

Organisation:
ECS supplier

DISCHARGE

Heat Exchanger

1: figure reproduced from Landis, Albert & Dixon-Hardy, Darron & Heggs, Peter & Al-Damook, Moustafa. (2018). CFD Analysis of RAM Air Flow in an Aircraft Air Conditioning System.

10.13140/RG.2.2.29149.56802.

(jjerpetual
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ECS Case Study Workflow

In this case study GitWorks facilitates the following customer/supplier workflow:

Customer

9. Customer
Performs Formal

Yes

1. OEM Develops 0. Is a verification

Acquisition Spec
and RFP Verification threshold met?
3. Customer &
Supplier
Negotiate Earned-
Supplier Value Schedule
. . 8. Supplier
2. Supplier 4. Supplier Begins| 5. Supplier Builds 6. S”pp"ef 7. Is a verification provides
Develops.a Design Evaluation Engine Rerforms Trlal threshold met? Evaluation Data to|
Proposal 9 9 Verification :
the Customer
No

Summarised in three steps:

1. System definition
2. Building the evaluation engine (simulation model)
3. Evaluation and verification

\,QirpetULm Property of Perpetual Labs Ltd
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https://app.diagrams.net/?page-id=LP_lKM7lPk2pXQuagzcz&scale=auto#G1cu-xbD2PQ5Qnt1uhFh5zc_ajw39QizFi

ECS Case Study - Step 1 - System Definition

. ontological
’Semantlc &k M modeling
Web language

Snippet of the Customer's ECS Description in OML

- Customer defines a vocabulary and 1 @rdfs:label "air conditioner"
. . Lo A ci air‘Conditioner.:.ecs—cust—vocab:Air‘Conditioner‘ [
descriptions (Acquisition Spec) that capture:  EREEEEGEES el
< base:hasCanonicalName "Air Conditioner
- Operationa| and functional constraints 5 base:hasDescription "The Air Conditioner conditions the cabin atmosphere."
6 1]
- Characteristic quantities

. 8 (@rdfs:label "air conditioner mass"
- Requn’ements 9 ci acMass : vim4:IndividualUnitaryQuantity [
. 0 base:hasIdentifier "Q.1"
- SyStem boundaries 11 base:hasCanonicalName "air conditioner mass"
12 base:hasDescription "The mass of the air conditioner.™
13 vim4:instantiates is0-80000-4.1:mass
14 vim4:characterizes airConditioner
15 ]
17 @rdfs:label "air conditioner induces cabin atmosphere"
18 ri acInducesCabinAtmosphere : mission:Induces [
19 from airConditioner
20 to cabinAtmosphere

]

@rdfs:label "ambient atmosphere influences air conditioner”
4 ri acInhabitsCabinAtmosphere : mission:Influences [

25 from ambientAtmosphere

to airConditioner

dgerpetual
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ECS Case Study - Step 1 - System Definition

. ontological
’Semantlc &k M modeling
Web language

- Elaborates the system design by defining:
- Proposed constituent components
- Proposed connections
- Proposed configurations, controls, inputs, etc.

(;Fgrpetual
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ci compressor :

base:
base:
base:

Snippet of the ECS Supplier Description in OML

ecs-supp-vocab:Compressor [
hasIdentifier "C.1.1"
hasCanonicalName "Compressor"
hasDescription "A compressor."

mission:presents compressorIntermediateAirInlet
mission:presents compressorConditionedAirOQutlet

]

ci heatExchanger :

base:
base:
base:

mission:presents
mission:presents
mission:presents
mission:presents

ecs-supp-vocab:HeatExchanger [
hasIdentifier "C.1.2"

hasCanonicalName "Heat Exchanger"
hasDescription "A heat exchanger."
heatExchangerBleedAirInlet
heatExchangerOusideAirInlet
heatExchangerRejectedAirOutlet
heatExchangerIntermediateAirOutlet

ref ci ecs-cust-desc:airConditioner [

base:
base:

ci bleedAirPressure :

base:
base:
base:
vim4:
vim4:

]

ci bleedAirTemperature :

base:
base:
base:
vim4:
vim4:

contains compressor
contains heatExchanger

vim4:IndividualUnitaryQuantity [

hasIdentifier "Q.6"

hasCanonicalName "bleed air pressure at heat exchanger inlet"

hasDescription "The pressure of the bleed air at the inlet of the heat exchanger."
instantiates iso-80000-4.15:pressure

characterizes bleedAir

vim4:IndividualUnitaryQuantity [

hasIdentifier "Q.7"

hasCanonicalName "bleed air temperature at heat exchanger inlet”

hasDescription "The temperature of the bleed air at the inlet of the heat exchanger.™
instantiates iso0-80000-5.1:thermodynamic-temperature

characterizes bleedAir

26
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ECS Case Study - Step 1 - System Definition

‘ ¢ GitWorks by Perpetual Labs X | +

v

= =}

X

€ > C 0} ® localhost:4200/workspaces/40364362/ontology

Commons Workspaces

g GitWorks

Organizations

Terms of Use

< % 0O &

P Perpetual Labs

Q

ECS Demo / ECS Customer Fprivate

B Repository © Issues
3 Files [ workbench
+ u

4 O Vocabulary
4 (O mports
» (O Extensions
- (O uUsages
4 Oypes

b (O Aspects

& O Concepts
O AtmosphereEnvironment
O AirConditioner
(© component
© Eenvironment
O Flow
O Function
O Interface
Qitem
©Junction
O Materialitem
(O Message
QO Mission
O Objective
O Product

(O Requirement
> O Relation Entities
> O structures

dgerpetual
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11 Merge requests ® Pipelines @ Artifacts &7 Releases 3 Settings
€ Ontologies & Queries B} Tasks @ Dependencies

OML Form OML Code

1 @dc:title "Example Vocabulary"

= 2 @dc:creator "Example Company"
3  @dc:rights "Copyright 2019, by Example Company"
4 vocabulary <http://perpetuallabs.io/ecs-demo/ecs-customer/vocabulary/ec
5
6 extends <http://www.w3.0rg/2000/01/rdf-schema#> as rdfs
7 extends <http://purl.org/dc/elements/1.1/> as dc
8 extends <http://imce.jpl.nasa.gov/foundation/mission#> as mission
9
10 // The ECS deals with properties of atmospheres.
1x
12 @rdfs:label "Atmosphere Environment"
13 @dc:description "An ecs:AtmosphereEnvironment is a mission:Environm
14 concept AtmosphereEnvironment :> mission:Environment
15 [@] E
16 // The deliverable is an AirConditioner [e] AtmosphereEnvironment
17
18 @rdfs:label "Air Conditioner"
19 @dc:description "An ecs:AirConditioner is a mission:Component deman
20 concept AirConditioner :> mission:Component
21
22 3}
23
24
25
26
27;
28
29
30

v 31
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ECS Case Study - Step 2 - Building the Evaluation Engine

’\S’sgli)antic 5 w

Semantic-Twin powered model editing is enabled by

ontological
modeling
language

the corresponding model transformation algorithm: A © Classrete | [ ©wiodel | Orype
"partial" ] hasQuantity : xsd:string
. ::input" . :asgpitlz xstji:s‘:r.ingd. .
- For each component, selects an appropriate rencapsulted” | 1 | | nasStanecimal ecidecynal
) W hasFixed : xsd:boolean ctendsCl
Modelica model based on the type of the O - —_
component, the number and types of its Model | |%imee resbecumenaton ssdsiing
. constant 1 hasClassPrefix : ClassPrefix
interfaces, exchanged flows, etc. Transform. | |omxese | 200 o
::.stream" 1 | ® Namespace hasType
: H H H H g‘;eerr i —_ © Component
- For each quantity involved in verification ensures T
. . “final" ® Named haslnitialValue : rdfs:Literal
that that quantity is computed and exposed on e sdang 0 | sl il
output Hasnatation scesrig
hasModifier : xsd:string

Y
Mode
y:

ca
R

abs Property of Perpetual Labs Ltd
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ECS Case Study - Step 2 - Building the Evaluation Engine

O git =

- Simulation Engineers can use any IDE to ﬁ iy N

complete the model including =
ModelicaStudio with LiveShare
- Design variants can be independently F __________________

developed on different branches of the N \
repository and automation pipelines can
be set-up independently.

', Cold AinlInlet
W \

e
@ N L

> I\ J—

N J |

system

- All model revisions are version controlled R ’
and dependencies managed appropriately - ’% ‘{ P
\ + N e
\\—[:: % ‘:‘¥ ,,W
v \_Supplied /|,
airConditioner ' [u;
HotAIr Inlet Hot Air dﬁtlet
ﬁrpetual 29
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ECS Case Study - Step 3 - Evaluation & Verification

Number of

Component Requirement Scenario Quantity Constraint Unit Observations
Cl x R1 ¢ always y Ql1 ¢ < 1.0000et+02 kilogram 0 1 v
. . . R.2 S.1 4 > 9.8000e+04 1 0 264
- Acompleted simulation model is used to o R ol B P NS d
generate the evaluation data and compile < 1.0400e+05 pascal 0 264
vgrlflpatlon reports through an automation B G B 5 D gl § 28 9
pipeline (CI/CD)
. . . < 1.0400e+05 pascal 0 260
- Supplier can publish the Modelica model
itself or provide the evaluation data R3 X &1 ¥ Q3 X = 20200800 keluin 2 262 X
e i 94 i 4
- Verification results are compared to a < 29400e102 kelvin 16 248 X
milestone criteria S2 X Q5 X > 29200et02 kelvin 0 260 y
- Design iterations continue until all < 2.9400e+02 kelvin 5 255 x
milestones are completed R4 v S1 ¢ QI8 ¢ < 1.8000et02 second 0 264
S.2 v Q18 y < 1.8000e+02 second 0 260
\Brpetual 30
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Conclusions
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Conclusions and Future work

e \We have presented our vision for the GitWorks platform to enable the collaborative
model-based design of cyber-physical systems.

e GitWorks is designed from ground up to address many MBSE challenges by employing a
novel combination of DevOps and Semantic Web Technologies.

e The demonstrated case study showcased how GitWorks can be used in practice by different
collaborators along the supply chain.

ﬂrpetual
Labs
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Future work

e Plans for future work include:

o Further development of adaptors and IDEs to increase the number of different modeling
paradigms and COTS tools supported by the platform

o Increase the maturity of the user interface for the web applications

o Demonstrate the application to other use cases including satellite systems design and
manufacturing.

ﬂrpetual
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Thank you for your attention!

Any questions?
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