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e Growing interests in Digital Twins

e Growing interests in Digital Twins s 73K+ results on ScienceDirect

— 73k+ results on ScienceDirect
— 90k+ results on GitHub?!

— Deployment of DTs is projected to see
an average growth of 36% within five years

— 90k+ results on GitHub?

— Deployment of DTs is projected to see an average growth of 36% within five years

Figure: Fischertechnik Training Factory
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L .In Heterogeneous Ways
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e Life cycle management ; .
y g 1. However, as we ventured in the realms of DTs, we noticed they have not been created

— Lack of a common DT life cycle equally
— Common guidelines

— Common structure
2. This leads to problems such as: re-usability and modularity

o Non-explicit life cycle

— Hard to manipulate and reason upon

— hence there's a need for more reusable and modular DTs
e Re-usability and modularity

— Digital Twins can hardly be duplicated

or re-used

Figure: Fischertechnik Training Factory without
SLD module



Life Cycle Operations Definition 4 /18
e Lack of generic life cycle management
system
— Based on a survey and personal
experiments we created our own generic life
cycle operations
This comprises operations such as: A Plaforn for Dighal Toin Developers o
e start e save ‘
; WILEY
e configure e stop =
ex
Y ConneCt ° archive Model-Driven Engineering for Digital Twins: Opportunitics
e synchronize e restore
e clone e delete
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Life Cycle Operations as a State-Machine 5/ 18

restore

configure )| clone,
save
Connected
start configure connect event:out-of-sync stop archive delete

O—{ Started H Configured O—{ Out-of-Sync ]:[ In-Sync ] Stopped H Archived H Deleted ]—DO

disconnect synchronize

start
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csont: fullfactory
®0n2: factory vithout SLD module

I—Very Simple Example Using the Factory @D@D@D@
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e configurationi: full factory

e configuration2: factory without SLD module

configure(
configuration2)
connect( archive(
start( configure( mqtt/topic, path/to,
fischertechnik) configuration1) rkkky17) stop() bool_value) delete()

Started Configured Connected Stopped Archived Deleted
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— Focus on the operational phase

DEV :
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Introducing DevOps and MDE into the life cycle
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— Next step: automate the management of the operations

Digital Twin

Model

GitOps

Model

Target .
Platform cnger
Model

[:] Generic model —> Use Input(s)
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DT Model
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— An abstraction of DTs

«abstract»
DT Model
| } }
DTDL Model SysML Model VortolnformationModel

"Qcontext": "dtmi:dtdl:context;3",

"Q@type":

"Interface",

"@id": "dtmi:fr:imt_atlantique:SLD;1",
"displayName": "Sorting Line",

"contents": [
{
"@type": "Component",
"name": "Compressor",
"schema": "dtmi:fr:imt_atlantique:Compressor;1"
1},
{

"@type": "Component",
"name": "Cylinder",
"schema": "dtmi:fr:imt_atlantique:Cylinder;1"

"@type": "Component",

"name": "ThreeHalfWaySolenoidValve",

"schema":

< "dtmi:fr:imt_atlantique:ThreeHalfWaySolenoidValve;1"

"Q@type": "Component",
"name": "Button",
"schema": "dtmi:fr:imt_atlantique:Button;1"
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An abstraction of DTs
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Artifacty

Model

Digital Twin Artifact,
Model Model
Artifact,,

Model
Target Container Artifact,,
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Platform Model
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e Goal: model the target platform (tools,
configurations)

— Different platform models have been
proposed (e.g., Colantoni et al.)

«abstract»

PlatformModel
| ! }
KubernetesManifest DockerConfiguration ArgoCDManifest
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DevOps Model
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Key classes:
e GitOpsPlatform

GitRepository
CICDPipeline

GitOperations

e Tools

o Artifacts

PackageRegistry

Setvariables.
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DevOps Model
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I—DevOps Model

1. The goal here is not to show the entire graph, it is to present the main classes
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— Concrete implementation of the Fischertechnik example

{
"Qcontext": "dtmi:dtdl:context;3",
"@type": "Interface",
"@id": "dtmi:fr:imt_atlantique:SLD;1",

"displayName":

'Sorting Line",

"contents": [

3,
{

"@type": "Component",
"name": "Compressor",
"schema": ”dtmi:fr:imt_atlantij

< que:Compressor;1"

"@type": "Component",
"name": "Cylinder",
"schema": ”dtmi:fr:imt,atlantij

< que:Cylinder;1"

"@type": "Component",
"name" : ”ThreeHalfWaySolenoidVJ

— alve",
"schema":
s ”dtmi:fr:imt_atla_ntique:ThJ

< reeHalfWaySolenoidValve;1"

[template private
< generateArgument (argument: Argument,
< cmd: Boolean) post(trim())]

[if (argument.oclIsTypeOf (Command))]

[if (cmd)]"[/if] [argument.oclAsType(Comman |
< d).command /][if (ecmd)]"[/if]

[elseif (argument.oclIsTypeOf (Source))]
[argument . oc1AsType (Source) .path /]

[elseif (argument.oclIsTypeOf (Destination))]
[argument . oc1AsType (Destination) .path /]
[elseif (argument.oclIsTypeOf (Directory))]
[argument . oc1AsType (Directory) .path /]
[elseif (argument.oclIsTypeOf(Image))]
[argument .oc1AsType (Image) .name

< /]:[argument.oclAsType(Image) .tag /]
[else]

[argument . toString() /]

[/if]

[/template]

apiVersion: apps/vi
kind: Deployment

metadata:
name: mqtt-subscriber
spec:
replicas: 1
selector:
matchLabels:
app: mqtt-subscriber
template:
metadata:
labels:
app: mqtt-subscriber
spec:
containers:
- name: subscriber
image:

< gwendalb/mqtt-subscriber:latest
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Concrete implementation of the Fischertechnik example
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e Semi-automatic approach

— A few variables require human intervention

e Completeness of configuration knowledge
— Extend the DTDL language to add missing properties
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e Work on the granularity of the operations

— Finer operations might appear

e Explore DT configuration management

— Use Git branching strategies

e Extend the evaluation

— More operations and different DTs
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L Future Work

e Granularity of the operations

— Finer operations might appear

e DT configuration management

— Use Git branching strategies

e Extend the evaluation

— More operations and different DTs
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Motivations
e Plenty of DTs exist
e Mostly built in ad hoc manners

— life cycle management issues

— re-usability & modularity issues

Our solution
e Operational life cycle of DTs

e Approach to automatically generate GitOps
artifacts based on generic models

e Experimented in a PoC using a Training
Factory

Atifact;
Model

Attifact
Model

Digital Twin lOrchestrator,
Model Model
GitOps
oot Artitact,
Model

103 Container Artifact,,
Platform ontan :
o odel Model

D Generic model —> Use Input(s) output(s)
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