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Tutorial Roadmap

Talk Presenter Duration
3 Markov Decision Processes – a unifying perspective on MPC and RL Jasper Hoffmann 20min
ä

Reinforcement Learning over MPC: Why does it work? Dirk Reinhardt 30min
Differentiable NMPC with acados Katrin Baumgärtner 20min
MPCRL with leap-c Jasper Hoffmann 20min

At the end of each talk there will be time for questions!

https://www.syscop.de/event/predict-control-learn-combining-model-predictive-control-and-reinforcement-learning


Synthesis of MPC and RL

I MPC and RL are complementary
approaches for solving MDPs

I Nearly orthogonal advantages:
weaknesses of one are strengths of the
other

I Growing research interest in combination
methods

I Categorize existing work based on
actor-critic RL framework

I Show real world success stories



Outline

MPC+NN: Inference Architectures
Parameterized
Parallel
Hierarchical
Integrated
Algorithmic

MPC+RL: Taxonomy of Combination Approaches
MPC as an Expert Actor
MPC within the Deployed Policy

MPC as the Critic
MPC for Preprocessing/Postprocessing

Current Challenges

Summary
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Parameterized Nonlinear Program (Optimal Control Problem)

Parameterized NLP with parameters φ:
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� can affect: objective �, dynamics � , and constraints � .
� encodes both dynamics and constraints.
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�a�v�M�i�?�2�b�B�b �_�X �_�2�B�i�2�`�- �l�M�B�p�2�`�b�B�i�v �Q�7 �w�m�`�B�+�? �3



�S���`���H�H�2�H ���`�+�?�B�i�2�+�i�m�`�2

�a�v�M�i�?�2�b�B�b �_�X �_�2�B�i�2�`�- �l�M�B�p�2�`�b�B�i�v �Q�7 �w�m�`�B�+�? �N



�S���`���H�H�2�H ���`�+�?�B�i�2�+�i�m�`�2
���`�+�?�B�i�2�+�i�m�`�2�,�J�S�* �T�`�Q�#�H�2�K �m�b�m���H�H�v �M�Q�i �T���`���K�2�i�2�`�B�x�2�/�c �L�L �2�p���H�m���i�2�/ �B�M �T���`���H�H�2�H �i�Q �+�Q�`�`�2�+�i
�J�S�* �Q�m�i�T�m�i
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5
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�h�`���/�2�Q�z�b�,

3 �P�T�i�B�K�B�x���i�B�Q�M �M�Q�i �?���`�/�2�` �i�Q �b�Q�H�p�2
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�1�t���K�T�H�2�b�,�J�Q�/�B�}�+���i�B�Q�M �Q�7�,
I �_�2�7�2�`�2�M�+�2 �i�`���D�2�+�i�Q�`�v��

I �*�Q�b�i�# �+

I �*�Q�M�b�i�`���B�M�i�b�/

�� �"�`�B�i�Q �2�i ���H�X�U �k�y�k�R�V�- �ó�q�?�2�`�2 �i�Q �;�Q �L�2�t�i�, �G�2���`�M�B�M�; �� �a�m�#�;�Q���H
�_�2�+�Q�K�K�2�M�/���i�B�Q�M �S�Q�H�B�+�v �7�Q�` �L���p�B�;���i�B�Q�M �B�M �.�v�M���K�B�+ �1�M�p�B�`�Q�M�K�2�M�i�b�ô

�#�_�2�B�i�2�`�- �>�Q�z�K���M�M�- �2�i ���H�X�U �k�y�k�j�V�- �ó�� �>�B�2�`���`�+�?�B�+���H ���T�T�`�Q���+�? �7�Q�` �a�i�`���i�2�;�B�+
�J�Q�i�B�Q�M �S�H���M�M�B�M�; �B�M ���m�i�Q�M�Q�K�Q�m�b �_���+�B�M�;�ô

�+�_�Q�K�2�`�Q�- �a�Q�M�;�- ���M�/ �a�+���`���K�m�x�x���U �k�y�k�9�V�- �ó���+�i�Q�`�@�*�`�B�i�B�+ �J�Q�/�2�H �S�`�2�/�B�+�i�B�p�2
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�E�2�v �+�?���`���+�i�2�`�B�b�i�B�+�b�,
I �L�L �B�b�2�K�#�2�/�/�2�/�B�M �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M

�T�`�Q�#�H�2�K
I �*���M�M�Q�i �#�2 �2�p���H�m���i�2�/ �b�2�T���`���i�2�H�v
I �J���v �Q�m�i�T�m�i �p���H�m�2�o �K�T�+

� �Q�` �Q�T�i�B�K���H
�/�2�+�B�b�B�Q�M �p���`�B���#�H�2�b�x?

�h�`���/�2�Q�z�b�,

3 �>�B�;�?�H�v �2�t�T�`�2�b�b�B�p�2

5 �>�B�;�?�H�v �M�Q�M�H�B�M�2���`�- �T�Q�b�b�B�#�H�v �M�Q�M�+�Q�M�p�2�t

5 �*�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2

5 �_�2�[�m�B�`�2�br �x' � (�x; �b)

�1�t���K�T�H�2�b�,
I �G���i�2�M�i �b�T���+�2 �J�S�*�� �#

I �G�2���`�M�2�/ �M�Q�M�H�B�M�2���` �`�2�b�B�/�m���H �/�v�M���K�B�+�b�+

I �*�Q�b�i �7�m�M�+�i�B�Q�M�/

�� �G�Q�r�`�2�v �2�i ���H�X�U �k�y�R�N�V�- �ó�S�H���M �P�M�H�B�M�2�- �G�2���`�M �P�|�B�M�2�, �1�{�+�B�2�M�i �G�2���`�M�B�M�;
���M�/ �1�t�T�H�Q�`���i�B�Q�M �p�B�� �J�Q�/�2�H�@�"���b�2�/ �*�Q�M�i�`�Q�H�ô

�#�L�X ���X �>���M�b�2�M�- �a�m�- ���M�/ �q���M�;�U �k�y�k�k�V�- �ó�h�2�K�T�Q�`���H �.�B�z�2�`�2�M�+�2 �G�2���`�M�B�M�;
�7�Q�` �J�Q�/�2�H �S�`�2�/�B�+�i�B�p�2 �*�Q�M�i�`�Q�H�ô

�+�a���H�x�K���M�M �2�i ���H�X�U �k�y�k�j�V�- �G�2���`�M�B�M�; �7�Q�` �*���b���.�B�, �.���i���@�/�`�B�p�2�M �K�Q�/�2�H�b �B�M
�M�m�K�2�`�B�+���H �Q�T�i�B�K�B�x���i�B�Q�M

�/ �a�2�2�H �2�i ���H�X�U �k�y�k�k�V�- �ó�*�Q�M�p�2�t �L�2�m�`���H �L�2�i�r�Q�`�F�@�"���b�2�/ �*�Q�b�i �J�Q�/�B�}�+���i�B�Q�M�b
�7�Q�` �G�2���`�M�B�M�; �J�Q�/�2�H �S�`�2�/�B�+�i�B�p�2 �*�Q�M�i�`�Q�H�ô
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�A�M�i�2�;�`���i�2�/�, �1�t���K�T�H�2

�_�2���H�@�h�B�K�2 �L�2�m�`���H �J�S�*�,
I �G�2���`�M �L�L �`�2�b�B�/�m���H �7�`�Q�K �/���i��
I �l�b�2 �K�Q�/�2�H �7�Q�` �J�S�* �T�H���M�M�B�M�;
I �_�2���H�@�i�B�K�2 �7�2���b�B�#�H�2
I �h�`���+�F�B�M�; �2�`�`�Q�` �`�2�/�m�+�2�/ �#�v �3�k�W

���M�v�Q�M�2 �r���M�i�b �i�Q �i�`�v�\ �q�`���T�T�2�`�b �7�Q�`
���+���/�Q�b ���M�/ �*���b���.�B ���p���B�H���#�H�2�,

�(�H�9�+���b���/�B�) �(�H�9���+���/�Q�b�)
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