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Digital twin

A digital twin is a digital model of a
physical object that can evolve in real
time by receiving data from the
physical object to maintain its
consistency with the physical object
throughout its lifecycle. (M. Liu et al.,
2021)
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The problem

Complex cyber-socio-technical systems
require accurate representation to
support decision-making.

Existing digital twin development
approaches are fragmented, lacking
integration of multiple modelling
methods in a single transparent
methodology.

Modelling process implementation is
time-consuming and requires
specialized simulation programming
skills, limiting accessibility for domain
experts.

A wider range of

abstraction level
[Borshchev, 2013]

Using one method,
some aspecls are
simplified or only a part
of the problem is

modeled
[Brailsford et al., 2019]

Different
parts by structure of
the system have a

mutual impact
[Jahangirian et al. 2010]

The importance of
multi-approach
modeling

Different methods
have different
strengths and

weaknesses
ackson and Keys (1984

The choice of
modeling approach
affects the results of
the simulation
[Diallo et al, 2016]




The goal, the object and the
subject of the doctoral thesis Calo?

®* The goal of the thesis is to develop a methodology for the

development of a multi-approach-based digital twin for cyber-socio-
technical systems.

e
Physical
® Object of the thesis - Multi-approach based digital twin development Thing
methodologies for cyber-socio-technical systems. t
Digital
. . . . . Replica
* Subject of the thesis - Development of a domain-specific modelling
methodology and tool that enables the creation of baseline multi- R

approach digital twin models directly from graphical representations
in ADOxx.



MetaModel in Adoxx
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Scientific novelty

* Development of a methodology for
building multi-approach-based digital twins.

* Creation of a domain-specific modelling
language (DSML) that:

* Supports user-friendly graphical
model creation,

* Enables automatic generation of
baseline simulation models from
conceptual diagrams.

* Bridges conceptual modelling and
simulation implementation.
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Practical significance

Empowers domain experts to graphically
design their system models without deep
simulation programming expertise.

Generates baseline simulation models
automatically.

Reduces development time and
complexity, enabling faster deployment of
digital twins for decision support,
monitoring, and optimization.



Materials and Methods

Development platform: ADOxx meta-modelling environment to create
the MultiDigill domain-specific modelling language (DSML).

Model creation: User builds a model in MultiDigill notation within ADOxx
(.adl / .xml format).

Model transformation: Uses XSLT transformations to convert MultiDigill
XML to simulation-compatible format.

Output format: Generates models in XML Interchange Language
(.xmile).

Model import: The resulting .xmile file can be opened and further
developed in simulation tools such as Stella Architect and Vensim.

Validation: Applied to case studies to evaluate practical applicability and
transtformation accuracy.




Discussion

Bridges the gap between conceptual domain modelling and simulation
implementation by automating baseline model generation.

Compared to existing methodologies, this reduces required technical
expertise and enables domain experts to participate directly in model

creation.

The integration of multi-approach modelling paradigms enhances model
fidelity and adaptability, which is essential for complex cyber-socio-
technical systems.

Challenge identified - Extending baseline models to fully executable
validated simulations.



Conclusions

1. Developed a domain-specific modelling methodology and tool (MultiDigill)
for multi-approach digital twin development.

2. Multi-approach modeling offers flexibility in selecting the most suitable
modeling approach for each system component, thereby overcoming the
limitations of a single method and improving simulation accuracy.

3. Provides both scientific contribution (method engineering for multi-approach
digital twins) and practical impact (user-friendly baseline model generation for
rapid prototyping).

4. The structured development of multi-approach models fosters the creation of
integrated and adaptable modeling solutions for various simulation needs.
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