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 Watterson, B.: Calvin and Hobbes

Want:
➢ extrapolate to unseen domains
➢ by identify underlying equations (from observed data)
➢ use it to efiiently iontrol a robot
➢ get interpretable models

http://www.s-anand.net/calvinandhobbes.html
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Reinforiement Learning today

By SZYMON SIDOR & JOHN SCHULMAN 
(openai.iom)

https://blog.openai.com/tag/szymon-sidor/
https://blog.openai.com/tag/john-schulman/
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Reinforiement Learning today

 Henderson et al 2017

OpenAi Gym Half Cheetah environment
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Learning the physiis of the world

Example: Learn equation of double pendulum from interaition
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Martius, Lampert arXiv 2016

Want:
➢ identify underlying equations
➢ extrapolate to unseen domains



 

Diferentiable rrchiitecture for quuation Learninu
Data: 
Assumption: y = f(x) + noise f is in the model ilass

Replaie standard units of NN 

by id, sin, ios, multipliiation and division.
Sahoo, Lampert, Martius, ICML 2018
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Reuression withi sparsity reuularization

Training by gradient desient

if riuhit formula is learned →
ureat extrapolation



  
➢ sparse solution without tradeof

Regularization Phases

L1 - |w|1L2 - |w|2
2 fx L0

➢ (keep tiny weights at 0)

Sahoo, Lampert, Martius, ICML 2018

➢ Want: sparse solution



  

Regularization Phases

Martius, Lampert arXiv 2016

New ways to aihieve sparsity: Bayesian iompression/learned dropout 
ICLR 2018, ArXiv: 1712.01312 by 
Christos Louizos, Max Welling, Diederik P. Kingma

https://arxiv.org/search/stat?searchtype=author&query=Louizos%2C+C
https://arxiv.org/search/stat?searchtype=author&query=Welling%2C+M
https://arxiv.org/search/stat?searchtype=author&query=Kingma%2C+D+P


  

Pendulum Dynamics

Double Pendulum Kinematics

Martius, Lampert arXiv 2016



  

Model Seleition
Oiiams Razor: Most simple formula is most likely the 
right one. But too simple ian also be wrong!

Multiobjective: Simple and uood performance
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Sahoo, Lampert, Martius, ICML 2018



  

Some formulas

Sahoo, Lampert, Martius, ICML 2018



  

Random formulas
random formula

(Rq2-2)



  

X-Ray transition energies

wikimedia
http://hyperphysiis.phy-astr.gsu.edu



  

X-Ray transition energies

Martius, Lampert arXiv 2016



  

Cart-Pendulum dynamiis

rble to learn dynamics euuations

Sahoo, Lampert, Martius, ICML 2018



 

Learning Cart-Pole swingup

Sahoo, Lampert, Martius, ICML 2018

Model prediitive Control,
random shooting method



 

Model Prediitive Control
● plan ahead with model
● take best aition
● replan

here: planning = many random rollouts
(openi.nlm.nih.gov)



  

Sahoo, Lampert, Martius, ICML 2018



  

Cart-pole Swingup

Sahoo, Lampert, Martius, ICML 2018




 

➢ Robots need uood learned models to become efcient
➢ Learninu quuation from data 

 exuuisite extrapolation capabilties→

Sahoo, Lampert, Martius, ICML 2018

Code on github.iom/martius-lab
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