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Digital Twins
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Source: https://www.ascr.at/wp-content/uploads/2022/03/2022-UC15-DE.pdf



Digital Twins

Carry the promise of supporting better decision-making, 

decision-execution, monitoring, and learning in relation to 

the twinned entity, by integrating novel technologies, 

including digital models, symbolic and sub-symbolic AI, as 

well as advanced optimization, simulation, and visualization 

techniques
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Broadening of the possible subjects of twinning

8

STS

Source: https://www.ascr.at/wp-content/uploads/2022/03/2022-UC15-DE.pdf Urban Planning
Nochta, T.; Wan, L.; Schooling, J. M.; Parlikad, A. K.: A Socio-Technical Perspective on Urban Analytics: 

The Case of City-Scale Digital Twins. Journal of Urban Technology28 (1–2), pp. 263–287, 2021.

Source: https://azure.microsoft.com/de-de/blog/connecting-urban-environments-with-iot-and-digital-twins/



Digital Twins – A classification

Digital Model

Digital Shadow

(Real) Digital Twin

Digital Twin Predictive
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Werner Kritzinger, Matthias Karner, Georg Traar, Jan Henjes, and Wilfried Sihn. Digital twin in 

manufacturing: A categorical literature review and classification. IFAC-PapersOnLine, 51(11):1016-

1022, 2018. 16th IFAC Symposium on Information Control Problems in Manufacturing INCOM 2018. 

ISSN: 2405-8963



Digital Twins

Carry the promise of supporting better decision-making, 

decision-execution, monitoring, and learning in relation to 

the twinned entity, by integrating novel technologies, 

including digital models, symbolic and sub-symbolic AI, as

well as advanced optimization, simulation, and visualization 

techniques

So, DTs are advanced, possibly active, information systems

Therefore, also part of a larger (inter-organizational) IS portfolio

10
10



Digital Twins

Carry the promise of supporting better decision-making, 

decision-execution, monitoring, and learning in relation to 

the twinned entity, by integrating novel technologies, 

including digital models, symbolic and sub-symbolic AI, as well 

as advanced optimization, simulation, and visualization 

techniques

Also data-hungry and computing intensive

Do the benefits outweigh the costs?

Socio-economic sustainability of a Digital Twin? 11
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System Architecture

TOGAF & IEEE:

“a formal description of a system, encompassing its

components, their interrelationships, and the principles

and guidelines that govern their design and evolution”
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System Architecture Management

TOGAF & IEEE:

“a formal description of a system, encompassing its

components, their interrelationships, and the principles

and guidelines that govern their design and evolution”

Martin Op 't Land, Henderik A. Proper, Maarten Waage, 

Jeroen Cloo, and Claudia Steghuis. Enterprise Architecture –

Creating Value by Informed Governance. The Enterprise 

Engineering Series. Springer, Berlin, Germany, 2009
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System Architecture Management

TOGAF & IEEE:

“a formal description of a system, encompassing its

components, their interrelationships, and the principles

and guidelines that govern their design and evolution”

Danny Greefhorst and Henderik A. Proper. Architecture 

Principles - The Cornerstones of Enterprise Architecture, The 

Enterprise Engineering Series. Springer, Berlin, Germany, 2011

“Those properties of an artifact that are necessary and

sufficient to meet its essential requirements”
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Enterprise Architecture
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Source: The Open Group. ArchiMate 3.2 Specification. 

Van Haren, Zaltbommel, The Netherlands, 2024

 

8  The Open Group Standard (2022) 

“data object” (Application Layer) may realize a “business object” (Business Layer); or an 

“artifact” (Technology Layer) may realize either a “data object” or an “application component” 

(Application Layer). 

3.4 The ArchiMate Core Framework 

The ArchiMate Core Framework is a framework of nine cells used to classify elements of the 

ArchiMate core language. It is made up of three aspects and three layers, as illustrated in Figure 

2. This is known as the ArchiMate Core Framework. 

It is important to understand that the classification of elements based on aspects and layers is only 

a global one. Real-life architecture elements need not strictly be confined to one aspect or layer 

because elements that link the different aspects and layers, play a central role in a coherent 

architectural description. For example, running somewhat ahead of the later conceptual 

discussions, business roles serve as intermediary elements between “purely behavioral” elements 

and “purely structural” elements, and it may depend on the context whether a certain piece of 

software is considered to be part of the Application Layer or the Technology Layer. 

 

Figure 2: ArchiMate Core Framework 

The structure of the framework allows for modeling of the enterprise from different viewpoints, 

where the position within the cells highlights the concerns of the stakeholder. A stakeholder 

typically can have concerns that cover multiple cells. 

The dimensions of the framework are as follows: 

• Layers – the three levels at which an enterprise can be modeled in ArchiMate – Business, 

Application, and Technology (as described in Section 3.3) 

• Aspects: 

— The Active Structure Aspect, which represents the structural elements (the business 

actors, application components, and devices that display actual behavior; i.e., the 

“subjects” of activity) 
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Architectural Coordination

Multiple change projects and other change efforts

Within one organisation, but also across organisations

Requires coordination in the face of fragmenting forces:

• Short-term and long-term interests

• Central interests and diverse local interests

• …

Focus on the essential requirements …
19



Stakeholder engagement for coordination
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Henderik A. Proper, Roel Wagter, and Joost Bekel. 

On enterprise coherence governance with GEA: A 

15-year co-evolution of practice and theory. Software 

and Systems Modeling, 22(2):551-571, 2023.
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Some planning challenges for Digital Twins

Ad-hoc & isolated development

Lack of user awareness & engagement

Fragmented & complex data ecosystems

Potential for synergies in the IT landscape
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Some planning challenges for Digital Twins 4 STS

Ad-hoc & isolated development

Lack of user awareness & engagement

Fragmented & complex data ecosystems

Potential for synergies in the IT landscape
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Towards Architectural Coordination for DTs

The basic idea …

Think of a Digital Twin, not as a single dedicated system, but 

rather as a collection of functional components and their 

dependencies

Treat these as parts of the portfolio of (potential) functional 

components of the (inter-organizational) information systems 

landscape in general

What’s needed …
25



Towards Architectural Coordination for DTs

A reference framework for digital twin functional components:

• across different levels of fidelity, 

• catering for an inter-organizational STS context, and

• with generic growth/degrowth roadmaps 

Situation specific roadmaps, aligned to stakeholder interests:

• Grow/degrow DT functionality based on cost/benefits

• Optimise for synergies

• No regret investments in infrastructure

• Create awareness for benefits of further growth steps
26



Example of an overview of DT functionalities
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Source: https://www.digitaltwinconsortium.org/initiatives/capabilities-periodic-table/





Research challenges

Quantify, or at least better qualify, the “better decision-

making, decision-execution, monitoring, and learning in 

relation to the twinned entity”

Development of a suitable reference framework, and 

associated method to develop situation specific roadmaps

Possibly extend/refine existing EA frameworks (content & 

process) to better cater for (business-case driven) DT in an 

(inter-organizational) STS context
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