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Creating digital twins for ...

... elements in the physical world
that can be monitored, sensed, actuated and controlled
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Digital twin consists of models, data and services

contextual data and their

Our digital twin definition [DMR+20] aggregation and abstraction

v
A digital twin of a system consists of a set of models of the system, a set of digital shadows, and
a set of services that allow using the data and models purposefully with respect to the original system.

Control,
context
information
Original . \
system

Data / Information system

Active software systems connected to another (cyber-physical) system and using data
and models during its runtime to interact with the system, e.g., to optimize its behavior
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Models for the Engineering of Digital Twins

Derive information from engineering models to create system models

Models at design time

» Application-specific models, e.g.,
— domain model, GUI models [Gvn+20]
— process models (planned processes) [BHK+21]
— OCL for validation, Tagging

* Reusable domain models , e.g.,
— system architecture
— basic digital shadow structure [gep+21]
— basic process structure [BHk+21]
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Developing Digital Twins: Challenges and Approach

« Challenges
— digital twins configured and operated by shop-floor experts:
rarely professional software engineers
— rising complexity of digital twins
— heterogeneous data sources and software applications to connect

2-step generation process o2z
— we generate the low-code platform
— shop-floor experts configure a digital twin via the low-code platform and
— generate one or more digital twins

* Enablers of the approach
— model-driven toolchain for generating information systems
— model-driven digital twin architecture and toolchain
— reusable language components, services and models

[DHM+22] M. Dalibor, M. Heithoff, J. Michael, L. Netz, J. Pfeiffer, B. Rumpe, S. Varga, A. Wortmann:

Generating Customized Low-Code Development Platforms for Digital Twins. Journal of Computer Languages (COLA)
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Digital Twin Architectures

 Digital twins can actively
— represent, control, and/or optimize the behavior of an observed
(cyber-physical) system
— reflected in the DT system architecture:
= digital twin services

* Architecture model as reference model
— e.g., MontiArc BoH+20]
— used for Model-Driven Software Engineering

 Digital twin services

— e.g., monitoring, analyzing, optimization, execution, visualization,

process conformance, simulation,...
— possible implementation for self-adaptive digital twins:
MAPE-K BoH+20]
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Creating Digital Twin Cockpits with MontiGem

« Digital twin cockpit pur+20;
— visualization of monitoring data and models of CPS

» Generating digital twin cockpits
— from models
— with the generator framework MontiGem [cvin+20]
— loose coupling with DT services

« DT services
— e.g., self-adaptivity (MAPE-K), Al, visualization,
conformance checking, optimization
— interfaces to CPS | 3 party applications

* Applied in several use cases
— injection molding [pvr+20]
— engineering of wind turbines vnn-+22
— automated hospital transportation system Buvr+22)

Generation Process

Domaij Data

Model

Tagging
Model

MontiGem
GENERATORS

~N

Digital Twin Digital Twin Cockpit
S
DT Services Backend Frontend
N 1:
Interfaces < == %
—

3rd party .
Applications

User Interfaces

Digital Twin

8 Software Engineering | RWTH Aachen

Software
Engineering



Low-Code Platforms for Model-Driven Digital Twins | Overview

4 Low-Code Development Platform
_ 1 Application Independent 'E
irzt;eepsgeneratlon MontiGem Instance Digital Twin Models 8
[DHM+22] MontiGem B N _smem F/\,, . c
Design-Time Models M = ?%\TJ :)l).
: ontiGem g —— ] DT Con:;o;:;nts ; »i ©
1) LCDP engineer LCOP Language Plagine Corain = _'_E ——— £
generates the low- . 0 mx} i Fitor Viewer DAY = S
latform ? 29 S @ il . =
code platfo DSL I\HT“ == o Mod Cibrary | Brocess | [828150S 38
Component] pigital Twin . =
.. . V E

2) D|g|ta| tW|n A X Components lewer Editor Model Digital Twin 2-

d es | g ner Definition Architecture Configuration
configures a digital =
twin via the LCDP Digital Twin Instances Extended Digital Twin Architecture %
and generate one : s s Evaluator Reasoner §_
or more digital Digital Twin 2
twins Generator g
Reason. -
. Qa Model || 8
3) Domain experts o) =
. . Q_
operate on digital st o] |E

WINS

9 Software Engineering | RWTH Aachen
Software
Engineering




Low-Code Platforms for Model-Driven Digital Twins | Design-Time Models

2-step generation
process

1) LCDP engineer
generates the low-

code platform
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MontiGem Design-Time Models are defining
— Data structure of the LCDP

— Graphical user interfaces and data views

— Validators

— Technology specific information

Considerations

— What data structures are needed in the low-
code development platform?

— What modeling languages do we need for
generating the LCDP?

— What should be generated?
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Low-Code Platforms for Model-Driven Digital Twins | Language Plugins

2-step generation

process

1) LCDP engineer

AVAVA

« LCDP Language Plugins are defining
— Domain-specific language to be used
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Language Components for Digital Twins

DataProcessor

Reasoning Language Plugins

— New (e.g., Al) planning capabilities for digital twin

— New reasoner subcomponents

— Models can change often during runtime
e.g., case-based reasoning, PDDL

JSON

DT-Services
Evaluator Reasoning Communication Executor
) Command Local
Binary Kafka PDDL CBR | | SCIP || Java Executor Executor
Expression SAT /
Evaluator Evaluator OPC [ IMQTT| |REST|| WS
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Low-Code Platforms for Model-Driven Digital Twins | Configuration
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Using the Low-Code Development Platform to Configure DTs

« Configuration of services
— Selection
— Definition or upload of
models

« Configuration of DT

communication
— parametrization

DataProcessor Evaluator Executor

O @) O @)

®.

®. 0. ®.

O D
Command Local
Executor Executor

Configuration Details
Dashboard > Configuration > Details

Service Reasoning: Case Based Reasoning MQTT Add
Models Model Selection Endpoint Endpoint Address
Date File Name Topic Topic Name
30.04.2021 Casel
30.04.2021 Case 2
30.04.2021 Case 3 Add
Selection Overview E 4
Feature Type Name Information
] Evaluator SAT Evaluator
B Communication MQTT Endpoint: localhost:1234, Topic: temperature
[ ] Communication REST Endpoint: 192.168.1.1
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Low-Code Platforms for Model-Driven Digital Twins | Generation & Operation

2-step generation
process
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Summary

* Low-Code Development
— Success story of model-driven engineering
— Reduces complexity
— Empowers citizen developers

» Model-Driven Engineering of Digital Twins...
— Facilitates their creation and configuration
— Fosters re-use of DSLs and SW components
— Helps us to handle data and models
= cross-domain
= from different data sources
= and on a sufficient aggregation level

Well-designed DSLs provide a good base for creating
complex software systems and systems-of-systems!

LangDev ZOZZW
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