
The 21st IEEE International Conference on Machine 

Learning and Applications (IEEE ICMLA 2022) 
 

Keynote talk: Exemplar-based Deep Learning 

December 12-15, 2022, The Bahamas, Caribbean  

https://www.icmla-conference.org/icmla22/ 

 

    

Plamen Angelov 

Machine Learning (ML) and Artificial Intelligence (AI) justifiably attracted the attention and interest not only 
of the wider scientific community and industry, but also society and policy makers. However, even the most 
powerful (in terms of accuracy) algorithms, such as deep learning (DL) algorithms, can give a wrong output, 
which may be fatal. Due to the cumbersome and opaque model used by DL, some authors started to talk 
about a dystopian “black box” society. Despite the success in this area, the way computers learn is still 
principally different from the way people acquire new knowledge, recognise objects and make decisions. 
People do not need a huge amount of annotated data. They learn by example, using similarities to previously 
acquired exemplars, not by using parametric analytical models. Current ML approaches are focused primarily 
on accuracy and overlook explainability, the semantic meaning of the internal model representation, 
reasoning and its link with the problem domain. They also overlook the efforts to collect and label training 
data and rely on assumptions about the data distribution that are often not satisfied. The ability to detect 
the unseen and unexpected, and start learning this new class/es in real time with no or very little supervision, 
is critically important and is something that no currently existing classifier can offer. The challenge is to fill 
this gap between high level of accuracy and the semantically meaningful solutions. The most efficient 
algorithms that have fuelled interest towards ML and AI recently are also computationally very hungry – they 
require specific hardware accelerators such as GPU, and huge amounts of labelled data and time. They 
produce parameterised models with hundreds of millions of parameters, which are also impossible to 
interpret or be manipulated by a human. Once trained, such models are inflexible to new knowledge. They 
cannot dynamically evolve their internal structure to start recognising new classes. They are good only for 
what they were originally trained for. They also lack robustness, formal guarantees about their behaviour 
and explanatory and normative transparency. This makes problematic use of such algorithms in high stake 
complex problems such as aviation, health, bailing from jail, etc. where the clear rationale for a particular 
decision is very important and the errors are very costly. All these challenges and identified gaps require a 
dramatic paradigm shift and a radical new approach. In this talk the speaker will present such a new approach 
towards the next generation of computationally lean ML and AI algorithms that can learn in real-time using 
normal CPUs on computers, laptops, smartphones or even be implemented on chip that will change 
dramatically the way these new technologies are being applied. It is explainable-by-design. It focuses on 
addressing the open research challenge of developing highly efficient, accurate ML algorithms and AI models 
that are transparent, interpretable, explainable and fair by design. Such systems are able to self-learn lifelong, 
and continuously improve without the need for complete re-training, can start learning from few training 
data samples, explore the data space, detect and learn from unseen data patterns, collaborate with humans 
or algorithms seamlessly.   

References: 

[1] E. A. Soares, P. Angelov, Towards Explainable Deep Neural Networks (xDNN), Neural Networks, 130: 185-194, 
October 2020. 
[2] E. A. Soares, P. Angelov, Detecting and Learning from Unknown by Extremely Weak Supervision: eXploratory 
Classifier (xClass), Neural Computing and Applications, 2021, also in https://arxiv.org/pdf/1911.00616.pdf  
[3] P. P. Angelov, X. Gu, Toward anthropomorphic machine learning, IEEE Computer, 51(9):18–27, 2018.  

https://www.icmla-conference.org/icmla22/
https://pdf.sciencedirectassets.com/271125/1-s2.0-S0893608020X00086/1-s2.0-S0893608020302513/main.pdf?X-Amz-Date=20200715T173406Z&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Signature=80ddc2868031a459ba171769efe29655d56fb48c2a3afb243fd40477b79685fb&X-Amz-Credential=ASIAQ3PHCVTY3GPXSV4M%2F20200715%2Fus-east-1%2Fs3%2Faws4_request&type=client&tid=prr-f8ac5f11-972a-4119-90aa-7bb8bb53da5c&sid=641e44a27a112649d768b7e9f6ff7079adcdgxrqb&pii=S0893608020302513&X-Amz-SignedHeaders=host&X-Amz-Security-Token=IQoJb3JpZ2luX2VjEAIaCXVzLWVhc3QtMSJIMEYCIQD5ZSpV%2BpHBvfUcE%2BqpMdK1SSKpyCFNmAb8wQx6gzdAeQIhAI67Ke9ErM%2BlKE9qS%2Bn80jyy1cmm5wU%2FEiuOfSDwcba5Kr0DCKr%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQAxoMMDU5MDAzNTQ2ODY1IgwktRfx8EEkTJntg5EqkQNNQGjb6H9Nak3ghOGKp6RoYjoJDbzEf7%2BIB02LSuY6a1Am5q8DyqdQu7KvtS7dmjoTBitKVxa8MUQwPaR5sxpDC33ZPvkO8%2BgtyP3AMsPT15pEqQ%2BWj1iNoqsEkNaO3jUNUQ%2B80gg5Z9JqYY8DGW7qovGPt2IfI3KuEw7bsktISxKk58Dzx71Jl1ipyyBOTwy3hhn8715SOAengo5huxBh7dig%2BUdOcVxBdbGZrq6mzVCvLlDWxl5mUMdqKxOhYPQaT8OR3ZDdbAbDRlEOVEnDbMqOGQ7FHlLk5b%2ByBuky%2B3ov59VdQfPmwOqH04HYjUxbb9kY04u7XtOFAjVU7a3Ru83VxyPX7KkFxc60VKN%2BwiDb3ddN8Xr09SkaMVfRJ1OGC%2FTai0H0bzObSRxDmaR%2FipiwdB%2BdwtZjxhIHQcwhWBsQj5yc3wNtUBgLsHQpZYZEJz0RuE2IWrnTSwKcHkKXF%2F%2FUSK%2FlGGSavVK3c2lJycL9pTMW14uSpL%2FAjitFA9Z7It42vKhko4H1bN0en%2FLugzCQ8bz4BTrqAbYYGi%2B8nGVTKmeo0DU4LAK08iRJDvKO6l67h9BYVHE5WJSahBfTaBXnEWYD%2Bz6ZrP2f1EtRKOo63PGJSxtbPVGKxe9MDQNbO5BKfRJHB1QL7Zyp5xI%2Biq3nthoWqP8r69BQGtZydwOEqMmEQwcWrieY7NQHNPHaJRYsAW%2FsCvW2J4Imss4r9Y2G%2BUjGkKIRjzts1diVfki6jcRGk%2BxJae7Lu%2FzK0QHhr18Nrctf%2F37d366LkemM9SH0cyJMfc1fp6%2FxPp9JUTeCkpo46uf0qpefVoHLnPTpZ6eD8maDHlnA55HhM5YeCheabg%3D%3D&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&X-Amz-Expires=300&hash=597388c0d0d4b9411c6cb04eb35c279870314e98d4c305ed134fca2b94990b01
https://arxiv.org/pdf/1911.00616.pdf


[4] P. Angelov. X. Gu, Empirical Approach to Machine Learning, Springer, 2019, ISBN 978-3-030-02383-6.  
[5] P. Angelov, X. Gu, J. Principe, A generalized methodology for data analysis, IEEE Transactions on Cybernetics, 
48(10): 2981-2993, Oct 2018.  
 
 
 


