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Outline

• Limitations of view of DTs as virtual replicas

• Foundational account of DTs based on DOLCE

• The intentional dimension: aboutness

• The causal dimension: differential qualities



Some features of Digital Twins

• They can be a representation of a wide variety of entities, both living and not
living, of very different scales, ranging from the microscopic level (like a cell), 
to the mesoscopic (e.g. a human body), to the macroscopic (a galaxy). Or 
maybe even events and processes

• We can have (and we often have) DTs that are agglomerates, composites of 
smaller DTs

• DTs are not definable based on the technology they are built on (ML, symbolic
AI, sensors…)



Some features of Digital Twins (cont’d)

• The corresponding physical twins can be potential or actual

• DTs keep some resemblances with models and simulation technologies

• They are not static representations, but they dynamically update and enact a 
feedback loop of continuous calibrating mechanisms to synchronise with their
physical twins and self-correct



Functions of Digital Twins

Since DTs are concerned with the whole lifecycle of their physical twin, they may
serve one or more of the following functions:

• Designing

• Monitoring

• Predicting

• Prescribing



Why not a copy

• Storing every single detail of the physical entity is often impractical, if not
impossible

• The aim is to capture those aspects of the physical entity relevant to the 
intended task (e.g. turbine’s failure prevention)

• In virtual testing and optimisation, the physical twin may undergo modifications
(which is the copy?)



The notion of copy is too rigid

• DTs are created with specific purposes in mind (goal-oriented) and are agent-
dependent

• DTs are not only what they are, but also what they are for (descriptive and 
prescriptive dimension)

• DTs are reified: they are treated as full-fledged entities that, for all practical
purposes, substitute the physical object



Two basic assumptions for DTs

1. The representation relation (aboutness) is the fundamental link between a DT 
and the physical entity it carries information about

2. A goal-oriented perspective allows to account for the use of DTs as steering 
technologies



Physical (material) artefacts
• A material artefact comes into being when an agent intentionally selects a 

physical object and attributes capacities (qualities) to it

«The primitive notions on which the definition is based are constitution, capacity
(modeled as a space of individual qualities), and intentionality (which is used to 
characterize both the act of selecting an entity and the attributing of capacities).» 

[Borgo, Vieu 2009]

PhysArt(x) ↔ ∃e, p, y, q IntentionalSel(e, p, x, y, q)

The attribution of capacities accounts for the steering role of DTs



From material to technical artefacts

«A technical artifact a is a physical object which an agent (or group of
agents) creates by two, possibly concurrent, intentional acts: the selection of a 
material entity (as the only constituent of a) and the attribution to a of a technical 
quality.»

[Borgo et al. 2014]



Information entities and aboutness

• Information entities are (meanings, ideas, documents…) about something

Aboutness accounts for the representational power of DTs

• Representational character à steering technology

• An information artefact is a technical artefact which represents (or is about) 
some other entity



From technical to information artefacts

• Information artefacts embed agents’ intentions, thus carrying (albeit indirectly) 
intentionality. This sets them apart from other kinds of technical artefacts

• The encoding relation indicates that ‘aboutness’ for informational artefacts is
not intrinsic, but rather arises indirectly through the agent’s cognitive 
intervention

• The encoding is possible insofar as the physical object (or part of it) that
constitutes the artefact is arranged in a way that makes it cognitively
accessible



Differential qualities in engineering

• Probabilistic approach to causation to capture causal contribution between
properties (difference-making)

• Inference vs. explanation; types vs. tokens

• isDifferentialQualityFor: how quality a contributes (both
mechanistically and probabilistically) causally to changes observed in 
quality b [Biccheri, Compagno, Borgo forthcoming]



Aboutness as directedness or referentiality in 
philosophy of mind and language

• Directedness is equivalent to contentfulness and pertains to every mental
state. Having an intentional content is independent of the existence of 
objects, because in some cases, there are no objects which we can refer to, but
still our mental states have a content (aboutness1)

• But the content of a mental state is a concept that may classify an object, 
which becomes the referent of the mental state (aboutness2)

[Biccheri, Ferrario, Porello 2020]



Encoding

• Information artefacts are technical artefacts encoding information  which is
cognitively graspable by an intentional agent (𝑎𝑏𝑜𝑢𝑡𝑛𝑒𝑠𝑠1) 

• The physical object (or part of it) that constitutes the artefact functions as a 
symbol (e.g., ink patterns in books, voltage states in computer gates). 

• Axiom 1: Encodes(𝑥, 𝑦, 𝑡) → TechArt(𝑥) ∧ C(𝑦) ∧ 𝑇 (𝑡)



Aboutness as relation to a content or an object

• Many information artefacts only need to appeal to 𝑎𝑏𝑜𝑢𝑡𝑛𝑒𝑠𝑠1, that is, a relation 
to content (e.g. books about fictional characters). 

• Definition 1: InfoArt(𝑥) ↔ Encodes(𝑥, 𝑦, 𝑡) ∧ ∃𝑧(MS(𝑧) ∧ About1(𝑧, 𝑦, 𝑡))

• However, there are cases in which such content can refer to something in the 
world (𝑎𝑏𝑜𝑢𝑡𝑛𝑒𝑠𝑠2), for example medical records, dashboards in industrial 
settings and Digital Twins as well.



Rotor’s example
• Consider the DT of a rotor including a parameter for the rotor’s orientation

angle (a quality 𝑞 inhering in the DT)
• The DT participates in a simulation event 𝑒, during which it predicts friction due 

to dust accumulation
• As a result, it updates the value of the angle 𝑞′ inhering in the actual rotor
• The update of q causally triggers an adjustment in q’,the physical rotor’s

orientation, mitigating dust build-up. 𝑞 (quality of the DT) can be said to be a 
differential quality for 𝑞′ (quality of the PT). 

• The simulated event 𝑒 serves as a satisfier of an instrumental goal 𝑔. The 
occurrence of 𝑒 brings about an event 𝑒′ in the actual world that, in turn, 
satisfies an actual end goal 𝑔′



Causal contribution and differential qualities

• Axiom 2: causalContr(𝑒, 𝑒′) → EV(𝑒) ∧ EV(𝑒′) ∧ ∃𝑞, 𝑞′(Q(𝑞) ∧ Q(𝑞′) ∧
isDifferentialQualityFor(𝑞, 𝑞′) ∧ ED(𝑥) ∧ ED(𝑥′) ∧ I(𝑞, 𝑥) ∧ I(𝑞′, 𝑥′) ∧ PC(𝑥, 𝑒, 𝑡) ∧
PC(𝑥′, 𝑒′, 𝑡′))

• Axiom 2 states that if 𝑒 causally contributes to 𝑒′, then both 𝑒 and 𝑒′ are 
events, and there exist qualities 𝑞 and 𝑞′ such that 𝑞 is a differential quality of 
𝑞′ (a change in the value of 𝑞 brings about a change in the value of 𝑞′). These
qualities inhere in the endurants 𝑥 and 𝑥′, respectively, with 𝑥 participating in 𝑒
and 𝑥′ participating in 𝑒′.



Digital Twin

• Axiom 3: dgTwin(𝑥) → InfoArt(𝑥)∧PED(𝑤)∧SD(𝑥, 𝑤)∧goal(𝑧, 𝑦, 𝑡)∧∃𝑦′𝑡′( goal(𝑧, 
𝑦′, 𝑡′)∧𝑡 ≺ 𝑡′ ∧ (∃𝑒. sat(𝑒, 𝑦, 𝑡) ∧ PC(𝑥, 𝑒, 𝑡) → ∃𝑒′. sat(𝑒′, 𝑦′, 𝑡′) ∧ PC(𝑤, 𝑒′, 𝑡′) ∧
causalContr(𝑒, 𝑒′)))

• Axiom 3 characterises a Digital Twin 𝑥 as an information artefact depending
on a physical endurant 𝑤. Moreover, 𝑥 participates in an event 𝑒 which
satisfies an agent’s (instrumental) goal 𝑧. Event 𝑒 causally contributes to 
event 𝑒′, which satisfies the agent’s (end) goal. 



Physical Twin

• Axiom 4: phyTwin(𝑥) → PED(𝑥) ∧ ∃𝑦, 𝑧, 𝑤, 𝑡( dgTwin(𝑦) ∧ Encodes(𝑦, 𝑧, 𝑡) ∧
About1(𝑤, 𝑧, 𝑡) ∧ About2(𝑤, 𝑥, 𝑡)

• Axiom 4 says that if a physical endurant is a Physical Twin, it is the reference
of an information content encoded by the Digital Twin. This should render the 
fact that an entity becomes (plays the role of) a Physical Twin, only when it has
a Digital Twin encoding a content to which an agent directs their mental state.



Conclusions

• Although there is existential dependence between the DT and the physical
entity, aboutness is the main relation linking the two, as the DT carries
information about the Physical Twin

• DTs are information artefacts that are always connected with a material entity
(with 𝑎𝑏𝑜𝑢𝑡𝑛𝑒𝑠𝑠2), on which they exert a causal impact

• Not only intentions of the designer matter, but also those of all agents who can 
grasp the information they encode



Future issues

• Study of prototype DT

• Do they depend on a possible Physical Twin or is the dependence relation 
reversed?

• What happens to causality when the DT is used at the design phase?



Some references

S. Borgo, L. Vieu, Artefacts in formal ontology, in: A. Meijers (Ed.), Philosophy of Technology and
Engineering Sciences, North-Holland, Amsterdam, 2009, pp. 273–307.

S. Borgo, M. Franssen, P. Garbacz, Y. Kitamura, R. Mizoguchi, P. E. Vermaas, Technical artifacts:
An integrated perspective, Applied Ontology 9 (2014) 217–235.

L. Biccheri, F. Compagno, S. Borgo, Dependability in engineering: An ontological stance.
Manuscript submitted for publication.

L. Biccheri, R. Ferrario, D. Porello, Needs and intentionality: An ontological analysis and an
application to public services, in: B. Brodaric, F. Neuhaus (Eds.), Frontiers in Artificial Intelligence
and Applications, IOS Press, 2020.



Thanks!
For further questions:

roberta.ferrario@cnr.it, 
luca.biccheri@istc.cnr.it
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