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1. Description of the Research Area of the Chair  
 
Modern artificial neural networks using a cascade of multiple layers and learning multiple 
levels of representations, corresponding to different levels of abstraction, are summarized 
under the term deep learning. The corresponding deep neural network architectures have 
achieved remarkable breakthroughs in application domains such as computer vision, board 
game playing programs, speech recognition, drug design, image analysis, and many others. 
The field is currently the most vibrant and fast developing research area in computer 
science, with thousands of research articles published per year and a steadily growing 
number of variations including e.g. autoencoders, generative adversarial networks, deep 
reinforcement learning, and an even faster growing number of application domains.  
 
Challenges 
While there are many proposed architectures for deep neural networks, designing them for 
a task at hand is a highly complex task. Decisions have to be made, ranging from the number 
of layers and neurons for each layer to operators such as activation function, dropout rate, 
kernel functions, weight optimization algorithms, and many more. Phenomena such as 
overfitting and the enormous computational effort for network training make it difficult to 
create a well-trained, generalizing network for a new application domain.  Moreover, the 
complexity of the networks makes it next to impossible for humans to interpret and 
understand the actions or decisions taken by a deep neural network, since the explicit 
derivation of human-readable knowledge from the networks is an open area of research. 
Due to the technical and ethical implications of decisions potentially made by deep neural 
networks, e.g. in the financial industry, autonomous driving, or legal decision making, this 
area of explainable AI in general and explainable deep learning in particular is quickly 
gaining strong interest at the moment. 
 
Therefore, fundamental research in deep learning is urgently needed to improve out 
understanding of their design principles and methods for automatic design, their training 
algorithms, and their internal decision making process, finally generating the output 
classification, decision or prediction. Such fundamental research does not have to be 
mathematical by its very nature, but it might very well be based on using visualization 
approaches to represent the internal representations and activations of the network layer 
by layer, or on using machine learning methods for extracting human-readable rules by 
observing and learning from the internal activation patterns of deep neural networks. These 
are just examples of how our fundamental understanding of deep learning can be supported 
by other methods, including machine learning and visualization. One could view such 
approaches as algorithmic methods for “debugging” neural networks and extracting the 
implicitly represented knowledge into human-readable knowledge. 
 
 



Goal 
The goal of the chair of “Deep Learning Foundations” is to strengthen the fields of artificial 
intelligence, machine learning, and data science, both in scientific research and in education. 
The chair will study fundamental properties of deep neural networks, in cooperation with 
our research areas in nonlinear optimization, automatic machine learning, reinforcement 
learning, and data science. 
 
The focus of the chair is to work on foundations of deep learning, e.g. by using methods from 
optimization for automatic network design or for internal learning, by using visualization 
methods for understanding the internal learning process, or by using machine learning to 
extract the internal knowledge and make it human-readable. Applications of deep learning in 
other disciplines, such as drug discovery, health, or law are areas in which such foundational 
approaches can demonstrate their potential. 
 
Typical important research topics in this area are:  

 Automatic design approaches for deep neural network architectures. 
 Visual analysis approaches for the internal dynamics of deep neural network 

architectures. 
 Automatic knowledge extraction from deep neural networks by using machine 

learning approaches. 
 Applications in drug discovery, health, or law. 

 
2. Profile of the Full Professor “Foundations of Deep Learning”  
 
The professor shall have: 

- excellent research qualities in the field of deep neural networks and their design or 
analysis or visualization, as evidenced by a strong record of scientific publications, 

- an internationally renowned reputation in the field of deep learning, 

- affinity with interdisciplinary research, 
- the ability to attract prestigious national and international personal grants, 
- the ability to initiate international research programs and consortia, 
- experience in establishing research programs and supervising and coordinating 

scientific research, 

- the ability to supervise and inspire undergraduate, graduate, and PhD students and 
researchers, 

- excellent communication and social skills, 

- significant teaching experience at the undergraduate and graduate level and the 
willingness to contribute to LIACS’ educational activities in the Bachelor and Master.  

 
3. Embedding  
 
At the level of Leiden University, the chair will contribute to the recently started initiative 
on Social Science, Humanities, Law, AI and Life Sciences (“SAILS”), in which 
multidisciplinary research across different faculties, with AI as a core technology, is 
conducted. SAILS provides ample opportunities for multidisciplinary collaborations, with 
application domains for deep learning where new approaches for understanding the 
decision making in deep neural networks will be very welcome. 
 
At the level of the Computer Science Institute LIACS, the chair will be part of the artificial 
intelligence and data science focus area. The professor will collaborate with existing groups 



focusing on automatic machine learning (Prof. Hoos), natural and evolutionary computation 
(Prof. Bäck), and reinforcement learning (Prof. Plaat).  
 
The professor will participate in and initiate research projects of LIACS and will supervise 
PhD students. The professor will contribute to education programs at the Bachelor or 
Master level Computer Science. 


