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Prefacio

Os Anais do 1° Workshop em Engenharia de Software para Gémeos Digitais (SEDT
2025) trazem os artigos selecionados e apresentados na edigao do evento realizada
em 23 de setembro de 2025, na cidade de Recife-PE, em conjunto com o XVI
Congresso Brasileiro de Software: Teoria e Pratica (CBSoft 2025). Nesta edig¢ao, os
anais incluem trés artigos. Esses trabalhos foram selecionados por meio de um
processo de revisao por pares de um total de nove artigos submetidos, o que
implicou uma taxa de aceitagdo de aproximadamente 33,3%. O Comité de Programa
do evento foi coordenado por Everton Cavalcante (UFRN), Thais Batista (UFRN) e
Flavio Oquendo (Université Bretagne Sud), que organizaram este volume
juntamente com Carla Silva (UFPE), Jéssyka Vilela (UFPE) e Mariana Peixoto
(UPE), coordenadoras de publicagdes do CBSoft 2025. Os artigos que integram
essa série de anais foram submetidos em 11/07/2025, aceitos para publicacdo em
07/08/2025 e tiveram a verséo final submetida em 11/08/2025.
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Resumo

Physical Al — Al embedded in and interacting with real-world physical systems --
requires rigorous engineering practices to ensure safety, reliability, and adaptability
under complex operational conditions. At the core of enabling such systems lies the
ability to bridge the gap between the physical and digital worlds through
comprehensive modeling, simulation, and validation techniques.

This talk introduces Virtual Engineering approaches developed at Fraunhofer IESE
that combine digital twins, co-simulation, and continuous engineering to support the
dependable development of Al-enabled physical systems. The approach emphasizes
the use of the modular, domain-independent simulation framework Fraunhofer
FERAL, which enables the scalable integration of models and execution platforms,
allowing for systematic testing across multiple abstraction levels — from functional
logic to network behavior and real-time scheduling.

Digital twins are positioned as central enablers for Physical Al. These twins are more
than virtual replicas; they act as simulation-driven agents that can support predictive
behaviors, continuous self-validation, and robust control strategies. When enhanced
with Al and embedded in continuous integration pipelines, digital twins become
active components of the engineering lifecycle — enabling closed-loop testing and
adaptation for complex systems in domains such as automotive, manufacturing, and
smart agriculture.



The talk will explore how these technologies are applied in practice to implement
virtual test environments capable of executing Al behaviors within co-simulated
physical contexts — including fault injection, network simulation, and environmental
conditions. It will also demonstrate how these environments facilitate the early
detection of system-level interactions and edge cases that are otherwise difficult or
unsafe to reproduce in physical testbeds.

Furthermore, the presentation highlights ongoing efforts to integrate Al into the
validation toolchain itself, including the use of Al-based techniques for automatic test
case generation, simulation scenario planning, and intelligent orchestration of
co-simulations. These capabilities reflect an emerging vision of Al-informed
engineering for Physical Al, where simulation and continuous feedback loops allow
systems to evolve safely in tandem with their operational environments.

By anchoring Physical Al in verifiable digital abstractions and engineering discipline,
the Virtual Engineering paradigm provides a credible path toward dependable,
scalable, and certifiable Al deployment in safety-critical and industrial systems.
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