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Does deep learning work?

» Yes, if you have data and a metric for success.

» But! how well it works can’t be known until you try.
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PNNL’s Science Vision

Earth Energy

Clouds and Aerosols * Energy Storage

Water Cycle 4 | » Energy Conversions

Microbial Communities - « Control and Security
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Security

« Ultra-Trace D/(\etection

N

- Novel Signatures

- Data-Driven Discovery
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What is Deep Learning?

» Deep Learning is neural networks from the 1970’s and 1980’s -- fully

realized
Many Hidden Layers
Input Output
(Features) (Prediction)

@garrettbgoh
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What is Deep Learning?

» Deep Learning is neural networks from the 1970’s and 1980’s -- fully
realized

Feature Extraction

I . N-way Classification w/ Softmax
I Classification Stage

Relational Conditioning
Stage Stage

Each box is a separate neural network

NOW
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» More Data

» Better Computing (Graphics Processing Units)

» Better optimizers (ADAM, RMSProp,...)

» Better numerics (Rectified Linear Units, BatchNorm,...)

» Better architectures (Residuals, LSTM...)

» Better software (Keras, Tensorflow, PyTorch...)
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Why Deep Learning?

Top-10 ImageNet Classification Error Rate

O Deep Learning
O Traditional CV

Image Recognition Error Rate
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Problem
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The Deep Learning Fairy waves a magic wand!
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Results
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Equivalently: “Can we use deep learning to understand X?”
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Requirements for Success

1) Scientific Goal

2)Data — You need data to learn the
patterns

3)A gquantitative metric — You need to
know if you are getting closer to success.
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Deep Learning for Scientific Discovery at 7
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High Energy Physics (PICO)

Chemical Generation

Theory and Scientific Knowledge

Low-Power Algorithms

_ Atomistic PHYSICAL & Catalysis
Simulations COMPUTATIONAL

SCIENCE
Ultrasensitive Detection

Grid Control & Xenon Characterization

Optimization

Machine SECURITY Cyber Security

ENERGY .
Learning

Radiation Sickness Radiography

Hyperspectral Imaging
Remote Embedded Detection

Metabolomics EARTH &

BIOLOGY

Cancer Imaging Peptide Analytics

Satellite Imagery

Atmospheric Radiation
& Earth Sensing

Measurement/Lidar
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Machine Learning in Chemistry

Machine Learning Tool Approach
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Feature Engineering
(Molecular Descriptors)
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Machine Learning
(including deep neural networks)
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QSAR/QSPR Model
Human
Intelligence
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Can we remove the scientist?
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SMILES 2D Drawmg “Grid” Image Deep Neural Network Prediction
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High School Students Draw Molecules
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Deep Learning
Can Reach “Chemical Accuracy”

2.0 Neural network “explanations”
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Ultrasensitive Measurements
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Deep Learning can help improve signal processing
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Lidar Cloud Detection with Deep Neural
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Hand-labalad mask

Algariihm Clowd Mask

Ricdal cutput
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