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I think climate science is another problem around the totality of the picture where AI can help. 
You’ve got atmospheric specialists, you have ocean people, you have cloud people, you have
economists who look at migration and mitigation and so on, you have got the biosphere people
who look at bacteria and processes of putrefaction of peat bogs and Siberian permafrost, and all 
the rest of it. But does anyone have the whole picture in their mind? AI systems could have the
whole picture.

AI and Climate Science
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Nature 466, 531–532 (29 July 2010)

The world's population expected to 
grow from 6.8 billion today to 9.1 
billion by 2050
How to expand agricultural output 
massively without increasing by much 
the amount of land used?
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Barley A

Barley B

Phenotyping: Who is stressed and why? 
Large-scale phenotyping is the natural complement to 
genome sequencing as a route to rapid advances in  
biology. Ultimately, it links genomics with the  
performance of plants in the interaction with  
environmental cues. 

naked eye

Can we detect it earlier using sensor technology?

Measurement Day (MD) 1MD 2 MD 3 MD 4 MD 5 MD 6 MD 7

Houle, Govindaraju, Omholt “Phenomics: the next challenge“ Nature Reviews Genetics 11:855-866, Dec. 2010
Tardieu, Schurr, “White Paper on Plant Phenotyoping,” EPSO Workshop on Plant Phenotyping, Juelich, Nov. 2009
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cHyperspectral Imaging
Phenotyping by means of sensor 
technologies involves the identification of 
relevant patterns in massive data sets of 
high-dimensional sensor readings with a 
demanding signal-to-noise ratio.
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Deep Neural Networks
Potentially much more powerful than shallow 
architectures, represent computations
[LeCun, Bengio, Hinton Nature 521, 436–444, 2015]

Neuron

Differentiable Programming
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Deep Neural Networks
Potentially much more powerful than shallow 
architectures, represent computations
[LeCun, Bengio, Hinton Nature 521, 436–444, 2015]

[Czech, Willig, Beyer, Kersting, Fürnkranz arXiv:1908.06660 2019]

They can beat the world champion in CrazyHouse
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Deep Neural Networks
Potentially much more powerful than shallow 
architectures, represent computations
[LeCun, Bengio, Hinton Nature 521, 436–444, 2015]

[Schramowski, Brugger, Mahlein, Kersting  2020 to be submitted]
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They “develop intuition” about complicated 
biological processes and generate scientific data

DePhenSe
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Can we always trust deep models?

[Schramowski et al. arXiv:2001.05371 2020] DePhenSe
AudisSens
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Data and Machine Learning are not everything

AI systems that can acquire
human-like communication and
reasoning capabilities, with the
ability to recognise new
situations and adapt to them.

Third Wave of AI

Human-like

Handcrafted

1980

Learning

2010

soon
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SVHN SEMEIONMNIST

Train & Evaluate Transfer Testing
[Bradshaw et al. arXiv:1707.02476 2017]

DNNs often have no probabilistic
semantics. They are not 
calibrated joint distributions.

[Peharz, Vergari, Molina, Stelzner, Trapp, Kersting, Ghahramani UAI 2019]
Input log „likelihood“ (sum over outputs)
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P(Y|X) ≠ P(Y,X)

Many DNNs cannot
distinguish the

datasets
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Let us borrow ideas from 
deep learning for probabilistic 
graphical models 

Judea Pearl, UCLA
Turing Award 2012
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Sum-Product Networks 
a deep probabilistic learning
framework

Computational graph
(kind of TensorFlow
graphs) that encodes
how to compute
probabilities

Inference is linear in size of network
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There are also ways to  learn the structure of SPNs
SPFlow: An Easy and Extensible 

Library  for Sum-Product Networks

[Molina, Vergari, Stelzner, Peharz, 

Subramani, Poupart, Di Mauro, 

Kersting arXiv:1901.03704, 2019]

Domain Specific Language, 
Inference, EM, and Model 
Selection as well as 
Compilation of SPNs into TF 
and PyTorch and also into flat, 
library-free code even suitable 
for running on devices: 
C/C++,GPU, FPGA

https://github.com/SPFlow/SPFlow

[Poon, Domingos UAI’11; Molina, Natarajan, Kersting AAAI’17; Vergari, Peharz, Di Mauro, Molina, Kersting, Esposito AAAI ’18; 

Molina, Vergari, Di Mauro, Esposito, Natarajan, Kersting AAAI ’18, Peharz et al. UAI 2019, Stelzner, Peharz, Kersting iCML 2019]
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[Peharz, Vergari, Molina, Stelzner, Trapp, Kersting, Ghahramani UAI 2019]
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SPNs can distinguish the
datasets

Similar to Random 
Forests, build a random 
SPN structure. This can 
be done in an informed 
way or completely at 
random

SPNs can have
similar predictive
performances as

(simple) DNNs
SPNs know when they do 

not know by design

Random sum-product networks
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Unsupervised scene understanding

Consider e.g. unsupervised scene
understanding using a generative model
implemented in a neural fashion

[Attend-Infer-Repeat (AIR) model, Hinton et al. NIPS 2016]

[Stelzner, Peharz, Kersting ICML 2019,  Best Paper Award at TPM@ICML2019]

Replace VAE 
by SPN as

object model

https://github.com/stelzner/supair

https://github.com/stelzner/supair
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Unsupervised physics learning

putting
structure and
tractable
inference into
deep models

[Kossen, Stelzner, Hussing, Voelcker, Kersting ICLR 2020]
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Deep Likelihoods for Time Series
[Yu, Kersting 2020 to be submitted]

Train a complex-valued
SPN in the spectral
domain of time series

Whittle Likelihood

End2end integration with
the deep learning stack

Natural anomaly detection, 
here for plant data
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Un-“Hans“-ing Deep Learning
Experts-in-the-loop ML:  expert is changing computer 
behavior but  also adapts in response to what is learned

[Teso, Kersting AIES 
2019,  Schramowski et al. 
arXiv:2001.05371 2020]
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Getting deep
systems that reason
and know when they

don’t know

Teso, Kersting AIES 2019
„Tell the AI when it is
right for the wrong
reasons and it adapts
its behavior“

Responsible AI 
systems that explain
their decisions and
co-evolve with the

humans

Open AI systems
that are easy to

realize and
understandable for
the domain experts
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All this is 
really a team 
sport! Let’s 
join efforts! 
Thanks for 
you attention


