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Everyone Does DTs... 2 / 18

Growing interests in Digital Twins

→ 73k+ results on ScienceDirect

→ 90k+ results on GitHub1

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

Figure: Fischertechnik Training Factory

1https://github.com/Gwendal-Beaumont/DT-Mining
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...In Heterogeneous Ways 3 / 18

Life cycle management

→ Lack of a common DT life cycle

Non-explicit life cycle

→ Hard to manipulate and reason upon

Re-usability and modularity

→ Digital Twins can hardly be duplicated
or re-used

Figure: Fischertechnik Training Factory without
SLD module
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...In Heterogeneous Ways

1. However, as we ventured in the realms of DTs, we noticed they have not been created
equally

– Common guidelines
– Common structure

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

→ hence there’s a need for more reusable and modular DTs



Life Cycle Operations Definition 4 / 18

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:

start

configure

connect

synchronize

clone

save

stop

archive

restore

delete
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Life Cycle Operations as a State-Machine 5 / 18

Started Configured Stopped Archived Deleted

Connected

Out-of-Sync In-Sync

event:out-of-sync

synchronize

start configure connect archive deletestop

disconnect

restore

configure clone,
save

start
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Very Simple Example Using the Factory 6 / 18

configuration1: full factory

configuration2: factory without SLD module

Started Configured Connected Stopped Archived Deleted

start(
fischertechnik)

configure(
configuration1)

connect(
mqtt/topic,
*****x1z)

stop()

archive(
path/to,

bool_value)
delete()

configure(
configuration2)
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→ Focus on the operational phase

Towards Automation 7 / 18

→ Focus on the operational phase

2
0
2
5
-1
0
-1
6

Towards Automating the Life Cycle Management of Digital Twins
Our Solution

Towards Automation



Introducing DevOps and MDE into the life cycle 8 / 18

→ Next step: automate the management of the operations
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→ An abstraction of DTs

«abstract»
DT Model

DTDL Model SysML Model VortoInformationModel

{
"@context": "dtmi:dtdl:context;3",
"@type": "Interface",
"@id": "dtmi:fr:imt_atlantique:SLD;1",
"displayName": "Sorting Line",
"contents": [

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

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

},
{

"@type": "Component",
"name": "ThreeHalfWaySolenoidValve",
"schema":

"dtmi:fr:imt_atlantique:ThreeHalfWaySolenoidValve;1"↪→
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"@type": "Component",
"name": "Button",
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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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Key classes:

GitOpsPlatform

GitRepository

CICDPipeline

GitOperations

Tools

Artifacts

GitOpsPlatform

name: string
description: string [0..1]

Artifacts

name: string
url: URI
description: string [0..1]

1..*
Tool

name: string
description: string
status: string

metadata

ToolManifest

name: string

pipelineSet
0..*

CICDPipeline

name: string
fileLocation: URI

ContainerImage

visibility: string [0..1]
tag: string

builds ContainerImageRecipe

baseImage:
ContainerImage

OrchestratorManifest

Orchestrator

1..* repositorySet

GitRepository

name: string
remoteURL: URI
description: string [0..1]
branches: string[]
defaultBranch: string
visibility: string
owner: string
remote: string

Operator

artifactRegistry    1..*

type
1..*

ArtifactRegistry

name: string
url: URI

Database

services
1..*Configuration

name: string

0..*
cloudProviders

0..*

tools 1..*

CloudProvider

name: string

DiffTool

SyncTool
operations
1..*

<<enumeration>>
GitOperations

Push
Pull
Merge
Diff
Commit
Fetch
Checkout
Clone
Stash
Add
Rm
Mv

stages 1..*parameters 0..1

steps 1..*

Stage

name: string

Parameter

image: ContainerImage
context: string
containerImageRecipe:
ContainerImageRecipe
orchestratorManifest:
OrchestratorManifest

Step

name: string
run: string

ImageRecipeInstruction

keyword: string [0..1]
argument: string [0..1]

argument

BaseImage

SetWorkingDir

BuildArgument

CopyFiles

VolumeDeclaration

SetEntrypoint

ExposePort

RunCommand

SetVariables

InstallDependencies

instructionSet 0..*

OperatorManifest

RegistryType

ContainerRegistry

PackageRegistry

OperatingSystemRegistry

InfrastructureRegistry

BinaryRegistry

GeneralPurposeRegistry

Service

version: string
url: URL
workspace: string
image: ContainerImage
[0..1]
endpoint: string [0..1]
targetEndpoint: string
[0..1]
build: string [0..1]
env: string[]

ManifestMetadata

creationTimestamp: Time
deletionTimestamp: Time
name: string
namespace: string [0..1]
owner: string
version: string

GitOperation
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1. The goal here is not to show the entire graph, it is to present the main classes
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Proof-of-Concept 15 / 18

→ Concrete implementation of the Fischertechnik example

{
"@context": "dtmi:dtdl:context;3",
"@type": "Interface",
"@id": "dtmi:fr:imt_atlantique:SLD;1",
"displayName": "Sorting Line",
"contents": [

{
"@type": "Component",
"name": "Compressor",
"schema": "dtmi:fr:imt_atlanti ⌋

que:Compressor;1"↪→
},
{

"@type": "Component",
"name": "Cylinder",
"schema": "dtmi:fr:imt_atlanti ⌋

que:Cylinder;1"↪→
},
{

"@type": "Component",
"name": "ThreeHalfWaySolenoidV ⌋

alve",↪→
"schema":

"dtmi:fr:imt_atlantique:Th ⌋
reeHalfWaySolenoidValve;1"

↪→
↪→

},
{

"@type": "Component",
"name": "Button",
"schema": "dtmi:fr:imt_atlanti ⌋

que:Button;1"↪→
},
{

"@type": "Component",
"name": "PhotoTransistor",
"schema": "dtmi:fr:imt_atlanti ⌋

que:PhotoTransistor;1"↪→
},
{

"@type": "Component",
"name": "ColorSensor",
"schema": "dtmi:fr:imt_atlanti ⌋

que:ColorSensor;1"↪→
},
{

"@type": "Component",
"name": "MiniMotor",
"schema": "dtmi:fr:imt_atlanti ⌋

que:MiniMotor;1"↪→
}

]
}

[template private

generateArgument(argument: Argument,

cmd: Boolean) post(trim())]

↪→
↪→
[if (argument.oclIsTypeOf(Command))]
[if (cmd)]"[/if][argument.oclAsType(Comman ⌋

d).command /][if (cmd)]"[/if]↪→
[elseif (argument.oclIsTypeOf(Source))]
[argument.oclAsType(Source).path /]
[elseif (argument.oclIsTypeOf(Destination))]
[argument.oclAsType(Destination).path /]
[elseif (argument.oclIsTypeOf(Directory))]
[argument.oclAsType(Directory).path /]
[elseif (argument.oclIsTypeOf(Image))]
[argument.oclAsType(Image).name

/]:[argument.oclAsType(Image).tag /]↪→
[else]
[argument.toString() /]
[/if]
[/template]

apiVersion: apps/v1
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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Semi-automatic approach

→ A few variables require human intervention

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

→ Finer operations might appear

Explore DT configuration management

→ Use Git branching strategies

Extend the evaluation

→ More operations and different DTs
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