
Abstract
In the coming decades we will need to dramatically increase work productivity not only to cope with a shrinking work-force and 
growing number of people in old and very old age in developed countries, but also to mobilize resources to help the 
ecologically sustainable development of the global economy and provide food and infrastructure to billions of more people.
A steep progress in Robotics and AI seems a dramatic necessity in this context.
Luckily, the current wave of innovation in Robotics, integrating Machine Learning, Probabilistic Robotics, and some AI is already 
having significant impact on our economy and our society.
However, it is a widespread opinion that Robotics still need much more robustness, safety, lower manufacturing costs, and 
reduced control complexity and effort; while it aims to more and more complex and adaptive behaviors in open ended 
environments.
A foundational approach to Embodied AI, disrupting both Robotics and AI, is often referred to as ‘Morphological Computation’,
i.e., the outsourcing of computation from the controller to body-environment interactions of the system. The concept is often 
used to describe rather different phenomena in the literature. While there seems to be a consensus about the importance of 
embodiment, there is still no clear definition of how the embodiment of an agent – and typically of an intelligent robot – should 
actually be defined. Many of the conceptual definitions of embodiment that have been proposed so far do not provide much 
more than the common sense understanding of embodiment, which is why some researchers believe that an operational and 
quantitative approach - i.e. ‘Morphological Computation’ is important.
There are already different approaches to quantify embodiment. Examples from the field of information theory have been 
developed by the author and by a handful of other researchers.
The course will review the existing different concepts and quantifications of embodiment and will show how they overlap and 
differ, thereby leading to a better understanding and a clearer picture of what actually is meant as ‘embodiment’ and 
‘Morphological Computation’.
It is thought that a clearer understanding of the basic quantitative physical aspects of embodiment may pave the way to 
radically new and significantly more effective approaches to the modeling and control of intelligent robots (with rigid and soft 
body parts) perceiving and acting stochastically in unstructured and partially known open ended environments.
Moreover, the research methodology requires to be improved if we want to ground paradigm and modeling choices on 
experimental evidence.
To what extent, under which conditions – and critically in which timeframe - will it be possible to achieve the necessary 
advancements to be able to exploit robots to dramatically increase productivity and for elder care? Which mathematical 
challenges will arise? Are those bottlenecks to AI and robotics development?
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