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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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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

Many initiatives to Tackle these challenges

e Digital Manufacturing Commons (Beckmann 2016)

o  “The DMC is a key to digital manufacturing innovation because it allows for integration of data across the digital
thread. The DMC facilitates system engineering by linking digital information and data across the entire product life
cycle and supply chain. Within the DMC, experts and non-traditional contributors can design components or

systems by reusing, remixing, and augmenting designs prepared by others. These designs can continue to evolve
through a series of reiterative design loops.” (Beckmann 2016)

e HUBCAP/INTO-CPS (Larsen et al., 2016).” (Larsen 2020)

o  “In this position paper, we report on an approach that aims to make MBD more accessible to a range of
businesses, but especially SMEs, involved in the development of cyber-physical products and systems. ... Our goal

is to provide a collaboration platform that enables users to access advanced CPS design and engineering
solutions, including models and tools”

e Many more...

Digital
i Manufacturing
+ Col ns
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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 l l
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

o
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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

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 :‘I>

design and analysis over time and potentially reuse it l '

e Interoperability

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

sink. :> ’

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

Semantic
Web
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Problem Statement

| P Gitworks by Perpetual Labs  x | + v - B x

€ > C ® localhost:4200 < % 0O & :

Commons Projects Organizations People About GitWorks Terms & Privacy My Workspaces
Yoiworks [ B e [

Democratized
DevOps for Cyber-
Physical Systems

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

<07 Semantic |
‘ Web N DevOps for

\ ) \ "y Digital
Sel A Lﬂ _¥ | Engineering
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GitWorks Platform Overview

| ¢P GitWorks by Perpetual Labs  x | +

What iS it? & > C ® localhost:4200 < % 0O & :
. Devops for Digital Engineering: Think commons Projects Organizations People About GitWorks Terms & Privacy
GitLab for Model-Based design of yGi‘W"rks e B e o
Cyber-Physical Systems (CPSs)
4 Democratized R
. . _ DevOps for Cyber- "%
° Sm_art documen.tatlon environment: think Physical Systems
Notion, Coda, Airtables backed by a - I
Kn OWIedge G raph collaborative_m_odel-based engineering.
Objectives:

e Provide integrated development platform
for Systems Engineering, Designers and ‘
Simulation Engineers to manage their \ Devp!)s for
digital artifacts, create smart D_|g|ta|_
documentation, verify and share their ( Engineering

g models at speed and with confidence
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GitWorks Platform Overview

| P Gitworks by Perpetual Labs  x | + v o=

€ - C @ localhost:4200 < % 0@ :

Commons Projects Organizations People About GitWorks Terms & Privacy
> GItWOrkS PrOJeCtS yGltWOrks | arch for anything n +2 signup 3] signin

> GitWorks Commons

> GitWorks IDEs Democratized
DevOps for Cyber- °
Physical Systems

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

:+ Q@ DevOps for
Digital

(- i Engineering
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GitWorks Platform Overview

> 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 CI/CD task management

> GitWorks Commons

> GitWorks IDEs

ﬁrpetual
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| &P Gitworks by Perpetual Labs x| + v - o
€ > C @ localhost:4200/projects/test-repo/repository/tree < % O
Commons Projects Organizations People About GitWorks Terms & Privacy
y GitWorks projects € +2 Signup
@ Perpetual Labs / ECS Case Study rrivate
< [ Repository [ Pages @ lIssues 1 Merge requests ® Pipelines @ Artifacts |~ Analyt >
[ Files [ Methodology @ Ontologies [ Tasks @ Dependencies

webapp / SN Gotofile  Add file
Eric Eastwood Prepare changelog with 12280 81af73fb  1weekago

i gitlab

B8 build-scripts
I config

i docs

B8 git hooks

8 modules

B8 public

B® scripts

i server

@8 shared

i test
.dockerignore

.editorconfig

_eslintrcjson

D
[u]
[ .eslintignore
D
D

0 .gitlab-ciyml

M _istanhulyml

Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum
Some long commit text that someone wrote lorem ipsum

L +savt that ta L

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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Property of Perpetual Labs Ltd




GitWorks Platform Overview

> 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 CI/CD task management

> GitWorks Commons

> GitWorks IDEs

ﬁrpetual
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| ¢f GitWorks by Perpetual Labs X

€ 2 C @ localhost:4200/

s

projects/test-repo/repository/ontologies

v

<

= B %

* O a

Commons Projects

y GitWorks

Organizations People About GitWorks Terms & Privacy

projects € n

@ 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 :
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O NewEntity

+8 signup
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GitWorks Platform Overview

| P GitWorks by Perpetual Labs X | +

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

v

o

X

< % 0O & :

Commons Projects Organizations People

About GitWorks Terms & Privacy My Workspaces

> GitWorks Projects yGitWOrks ==

e \ersioned file management @& Perpetual Labs / ECS Case Study prise

PY Semantic Twin < ory [ Pages @ lssues 19 Merge requests
o Versatile ontology editor based on i ‘
Semantic Web. e.g. text, form, diagram, & s A

table editors

o Knowledge graph exploration and
reporting

e CI/CD task management

> GitWorks Commons

> GitWorks IDEs

localhost:4200/projects/test-repo/analytics
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GitWorks Platform Overview

¢P GitWorks by Perpetual Labs X | +

> GitWorks Projects

e \ersioned file management

e Semantic Twin

Add Task
e CIl/ICD task management 7 st s sty
» - - R Task
o Adapters for semantic integration of
disparate engineering artifacts ) PrhonTas
Docker Task
o  Built-in HPC support for ‘ d
- - - - Excel Adapter
computationally intensive studies (e.g.
simulation-based UQ) ) shelask

> GitWorks Commons

> GitWorks IDEs
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GitWorks Platform Overview

> 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

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 < % 0O & :
Commons Projects Organizations People About GitWorks Terms & Privacy My Workspaces
¥ Gitworks n 2 snup

@ Perpetual Labs / PL_Lib/PL_Lib.Configurations.ECS baseConfig
andreyaperpetuallabs. 1o
1 Artitact A studies xample:
e Artifact Overview
ECS_baseConfig .
[
» T
i T ol
bl = 3
h PHX| o |sHX| "o -
-t o
> L ‘ = ’» m‘,(.‘

Documentation
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Case study
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Introduction to ECS Case Study

Organisation 1 (OEM):
ECS-Customer Organisation 2 (SME):
ECS supplier

Passenger Air Conditioner

Environmental Control
System (ECS)

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.
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GitWorks workflow

A

g GitWorks

System Stakeholder = 4

L9

System Stakeholder

MATLAB
SIMULINK

System Stakeholder

System Stakeholder
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https://app.diagrams.net/?page-id=mXmNK3pqsJh7bmzD2sk5&scale=auto#G1C_Kmls1PYUxpPA1qkl3R7iIpMfbF2-AW

Platform architecture



GitWorks Implementation Architecture

g GitWorks
GitWorks Commons
GitWorks Application Environments
- Package Distribution (GitLab Packages) g - e g n oo
- Semantic Discovery & Integration GitWorks GitWorks GitWorks Spaces & ad ?ithrgls :
(RDF/Sparql) il e Py Modelica Studio APES S SRS
- Monetization T T T T T
GraphQL @ GraphQL @ GraphQL [ (irav‘v)::?s: : lf‘i:‘t 0 sringst é Git
GitWorks Projects @ y v y v v
GitWorks Server
- Git Repository & DevOps Functionality Commons Services Core Services Spaces Services
(GitLab/GitLab Runner) Artifact Disseclgszﬂc& [Publish Repository Ontology GraphiQuery | | Deploy™ | Container Real-time
- Ontology Management (OML.js) Management Integratl;zn Management | | Management | | Management Orchestration | | Collaboration
- Versioned Triple Store and Querying (Jena + Y — erom
Cytoscape.js) c:-;?:\ﬁf:on A;:::;;:&%: —Install > | Visualization | | Dependency | | Management | |<Monitor W';!rl:;t;;i:'l:lgfy
- Integrated HPC cluster based on Slurm (UQLE) Management | | Management ||| & Security
G Itworks Adapte rs & P I u g Ins Graph Store Protocol REST + Git GraphQL + REST
2> v i
- Modelica/OML Semantic Web Adapter en‘(,l S— v rm %
‘ersione rap erver
(Storage, Querying, G?L::niz:vser <«—REST + Git UQLE’SI";: :t‘el::bemetes
- - - Inf i
GitWorks IDEs & Modelica Studio Sersuct)
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GitWorks IDEs and Modelica Studio

| % textension Development Ho: x | +

Light-weight IDEs via VSCode (for Web)

€ > C O localhost:3000

LIVE SHARE

e Integrated Git version control
e Real-time collaboration (LiveShare)
e  First Example: Web-based Modelica editor

Modelica Studio

 SESSION DETAILS
~ Participants (2)
O Joe Gregory + following you  (anony.

Comments (0)
Session chat (8 new)

+ CONTACTS
~ Recent contacts (1)

R

O Mohamad Omar Nachawati
 Suggested contacts (1)
O omar@perpetuallabs.io

e  Browser-based Modelica Editor
o  Synchronized text and diagram editing
e  Open core based on OMFrontend.js:

o  Standalone JavaScript library for
incremental, error-tolerant parsing & lazy
flattening of Modelica models

o  Diagram/lcon SVG generation

o  Also used for implementing the
Modelica/OML Semantic Web adapter

Heavy-weight workspaces via VDI over
noVNC :

> HELP

e  Delivers containerized desktop applications over
the Web

doerpetual
L

Andrey Vasilyev « following you... x

undefinedChuaCircuitmo x * ¢ O undefinedChuaCircuit.mo
ChuaCircuit.mo

1 within Modelica Electrical.Analog.Examples;
Andrey Vasilyev (Read-only)

ChuaCircuit.mo

L] L]
& model ChuaCircuit "Chua's circuit, ns, V, A"
3 extends Modelica.Icons.Example; I I ‘ l I I
4
5 Modelica.Electrical.Analog.Basic.Indyctor L(L=18, i(start=o,
6 origin={-75,38},
7 extent={{-25,-25},{25,25}},
8 rotation=270)));
9 Modelica.Electrical.Analog.Basic.Resistor Ro(R=12.5e-3) annot
10 origin={-75,-17},
1 extent={{-25,-25},{25,25}},
12 rotation=270)));
13 Modelica.Electrical.Analog.Basic.Conductor G(G=0.565) annotat
14 {25,88)})));
15 Modelica.Electrical.Analog.Basic.Capacitor C1(C=10, v(start=4
16 origin={25,3},
17 extent={{-25,-25},{25,25}},
18 RN ORI Joc Gregory (Read-onty)
19 Modelica. ELECEFical [Analog. Basic. Capacitor C2(C=100, v(start=
20 origin={-25,3},
21 extent={{-25,-25},{25,25}},
22 rotation=270)));
23 Modelica.Electrical.Analog. Examples.Utilities.NonlinearResist
24 Ga(min=-1) = -0.757576,
25 Gb(min=-1) = -0.409091,
26 Ve=1) annotation (Placement (transformation(
27 origin={75,3},
28 extent={{-25,-25},{25,25}},
29 rotation=270)));
30 Modelica.Electrical.Analog.Basic.Ground Gnd annotation (Place
31 -6211));
32 equation
33 connect(L.n, Ro.p) annotation (Line(points={{-75,13},{-75,8}}
34 connect(C2.p, G.p) annotation (Line(
35 points={{-25,28},{-25,45.5},{-25,45.5},{-25,63}}, color={
PROBLEMS @

OUTPUT  TERMINAL ~ COMMENTS

Ln5,Col 40 Spaces:4 UTF-8 LF Modelica Layout:us & (&
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GitWorks IDEs and Modelica Studio

Light-weight IDEs via VSCode for Web

e Integrated Git version control
e Real-time collaboration (LiveShare)
e  First Example: Web-based Modelica editor

Heavy-weight workspaces via VDI over
noVNC

° Delivers containerized desktop applications over
the Web

Modelica Studio

° Browser-based Modelica Editor
o  Synchronized text and diagram editing
e  Open core based on OMFrontend.js:
o  Standalone JavaScript library for
parsing/flattening of Modelica models
o  Diagram/Icon generation
o  Modelica Semantic Web adapter

dgerpetual
L
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3 (Extension Development Ho X | +

€ 5 C @ localhost:3000

©

</ TEST FILES)
1% _1DCounterFlowmo
HX_1DsheliTube.mo
HX_1DShellTube2 bak-mo
HX_extFun_dummy.mo
HX_extFun.mo
package.mo
package.order
SensD.mo
Turbine_noMaps.mo
+ Configurations
desktop.ini
ECS_baseConfig_TeabinCo.
ECS_baseConfig.mo
ECS_bybridConfig_dummy.
ECS_hybridConfig_dummy.
ECS_hybridConfig.mo
ECS_hybridConfig2.bak-mo
ECS_noTurbineConfig.bak.
package.mo
package.order
Documentation
Experiments
icons
Interfaces
Models
ModelsWIP
Records
Templates
Utilities

Cvvvvvvvey

Verifications
desktop.ini
ECS_CabinTempVerificatio.
package.bak-mo
package.order

test.mo

> OuTLINE
> TIMEUINE

> DOCUMENTATION

> CPSHUB MARKETPLACE

TestFiles ®O0AO0
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> % & O @ incognito

within Modelica.Electrical.Analog.Examples;
model ChuaCircuit "Chua's circuit, ns, V, A"
extends Modelica.Icons.Example;

annotation (

Documentation(info="<html>
10 <p>Chuat#39;s circuit is the most simple nonlinear circuit
11 <p>The simulation end time should be set to S5ed4. To get the
12 <p><strong>Reference:</strong></p>
13 <p>Kennedy, M.P.: Three Steps to Chaos - Part I: Evolution.
14 </htol>,

15 revisions="<html>

16 <dl>

17 <dt>

18 <strongsMain Authors:</strong>

19 </dt>

20 <dd>

21  Christoph Clausszlig;

2 &lt;<a href=\"mailto:christoph@clauss-it.com\">christop
23 Andréeacute; Schneider

24 &1t;<a href=\"mailto:Andre.Schneider@eas.iis. fraunhofer
25 Fraunhofer Institute for Integrated Circuits<br>

26 Design Automation Department<br>

27 Zeunerstra&szlig;e 38<br>

28 D-01869 Dresden<br>

29 </dd>

30 </dl>

a1 </html>"),

32 experiment (StopTime=5ed, Interval=1),

33 Diagram(coordinateSystem(preserveAspectRatio=true, ext
34 166,100}}), graphics={Text(

35 extent={{15,110},{-32,95}},

36 textColor=(6 5},

37 textString=" H

38 end ChuaCircuit;

39

finedtest mo undefinedtestmo X m -


https://docs.google.com/file/d/1aNm5VH-wobGeQmcVTCsEgiGZaRfXmyMS/preview

Conclusions
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Labs Property of Perpetual Labs Ltd



Conclusions and Future work

Cj%rpetual
Labs

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

We have proposed a system architecture for GitWorks and have developed a prototype
implementation focused around enabling the use of Modelica in the larger MBSE process.

We have conducted a preliminary case study that has demonstrated the use of GitWorks
for the federated design and engineering of a passenger air conditioner system.

Plans for future work include further development of adaptors and IDEs to increase the
number of different modeling paradigms and COTS tools supported by the platform,
increase the maturity of the user interface for the web applications, and demonstrate the
application to other use cases including satellite systems design and manufacturing
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Thank you for your attention!

Any questions?



Don’t miss our workshop:
Integrating Modelica in MBSE workflow



Cheat Slides
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What about SysML (v.1)? = _

o Lacks a number of foundational concepts in * 9 e
Systems Engineering such as SBS and WBS F—¥ =
No standard exchange format. % imw ==
Monolithic, does not natively support l—l = W:
federation of information 1= —

o Most importantly, does not have formal = = ==
semantics which prevents automation =

o Bonus points: unnecessarily complicated and === B2 B N
with steep learning curve = %T% 3 = I

An aside on the term MBSE:

O

Quick review: Semantic Systems Engineering

Systems Engineering is, first and foremost, an
engineering discipline

All Engineering is “model-based”.

Hence MBSE is redundant and, we think,
misleading.

“ Drawing boxes and lines may be modelling, but is
it useful? ”
Steve Jenkins
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Why should we do this?

The ne
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ed comes from the limitations of legacy approaches to Systems Engineering (SE) and Product Lifecycle Management (PLM):

PLM is still practised largely as a linear, monolith, waterfall process. In theory, it is well understood that an iterative approach to development with early integration and prototyping is a much
more effective approach than trying to engineer the complete solution up front. In practice, this has proven very difficult to achieve for complex systems that comprise both Hardware and
Software components.

Integration of heterogeneous data-sources created throughout the Digital Thread (ex: Requirement Models, Architecture Models, CAD, CAE and CAM. ) within a rigorous MBSE methodology
is extremely difficult to achieve because models from domain-specific tools often lack a common notation and the methodology itself is often not codified in a formal language

Collecting, aggregating and exchanging information at the system level is often a complex manual activity and highly dependent on the skill level of expert Systems Engineers. This creates
bottlenecks that slow down the development process and introduce significant risk of errors and inconsistency. These issues result in very long and rigid development cycles and the
proliferation of “Bugs” (the term here is used generically to indicate errors in any kind of engineering model, not just software) throughout the Digital Thread which often lead to extremely
costly integration problems later on in the system lifecycle or, even worse, undetected critical defects, risks or vulnerabilities in deployed systems. Ultimately, this situation translates to the
exponential increase in the development costs that is currently plaguing industries such as Aerospace, Automotive and Robotics.

The lack of integration of advanced system simulation and analysis with MBSE methodologies also limits the ability to analyse system-level requirements (such as performance and
dependability) in the early design phases of the system life cycle causing the postponement of design decisions to later phases. This, in turn, reduces possible opportunities to study
alternative solutions and validation of fithess for purpose. It also increases the costs (in terms of time and skill) of design refinements if irreversible consecutive design decisions are made in
the early stages of the development (Stirgwolt, Mazzuchi, and Sarkani 2022). Ultimately, this translates into more conservative design choices, slower technological development and, in
general, systems designs that don’t reach their full potential in terms of optimization of performance, emissions or best utilisation of manufacturing resources.

Furthermore, the complexity and steep learning curve of current MBSE methodologies and their poor integration with the Digital Thread contribute to an increased barrier-to-entry for the
widespread adoption of Model-Based Engineering (MBE). Whilst large enterprises can afford the high level of expertise and effort necessary to set-up and manage ad-hoc integration

frameworks, SME often lack the human and capital resources to do so. This limits the benefits that could be gained from a wide-spread adoption of MBE across the supply chain.

In conclusion, development time, cost and risk are increasing exponentially with system complexity. This prevents traditional Engineering Enterprises from being able to effectively deliver
new products and capabilities in an environment with continuously evolving requirements.
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Why should we do this?

e  The problem of think about Systems Engineering in terms of ROI.
o It's not about ROI, it's about risk management
m  Applying Scientific and Mathematical Rigor is what engineers do
m It's what makes the results trustworthy and avoids catastrophic failures
o It's not really possible to do a fair quantitative “before” and “after” comparison
m  Example of Agile in Software development:

e Empirical, quantitative evidence that adopting agile practices and values improves the effectiveness of
software development is mixed and hard to find in the literature today

e Yet, Agile is the defacto standard for Software development

ﬂrpetual
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