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Big Data
#consumer data
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Big Data in Science
#Astronomy/Astrophysics
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Sky Survey Project Volume Velocity Variety

The Palomar Digital Sky Survey 3 PB n/a Images

Sloan Digital Sky Survey (SDSS) 50 TB 200 GB per day Images, redshifts

Large Synoptic Survey Telescope (LSST ) ~ 200 PB 10 TB per day Images, catalogs

Square Kilometer Array (SKA ) ~ 4.6 EB 150 TBper day Images, redshifts
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Big Data in Science
#Earth Observation
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Big Data in Science
#Particle Physics
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Advances in Machine Learning (ML)
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Artificial intelligence-created medicine 
to be used on humans for first time, 
BBC news, 30/1/2020

https://www.bbc.co.uk/sounds/play/m000dsc4

Coronavirus: Can AI Make A Difference? 
Forbes, 2/2/2020
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Advances in ML ςpost 2023
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ά!ƴ ŀǎǘǊƻƴŀǳǘ ǊƛŘƛƴƎ ŀ ƘƻǊǎŜ ƛƴ ŀ 
ǇƘƻǘƻǊŜŀƭƛǎǘƛŎ ǎǘȅƭŜέ
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ML in scientific discovery

11

Espeholt, Lasse, et al. "Deep learning for twelve hour
precipitation forecasts." Nature communications, (2022).

Valizadegan, Hamed, et al. "ExoMiner: A highly

accurate and explainable deep learning classifier that

validates 301 new exoplanets." The Astrophysical

Journal, 2022)
Jumper, John, et al. "Highly accurate protein 
structure prediction with AlphaFold." Nature. 2021.
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Types of ML
Supervisedlearning: presentexampleinputs and their desiredoutputs (labels)
Ҧ learna generalrule that mapsinputsto outputs.
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Types of ML
Unsupervisedlearning: no labelsaregivenҦ find structurein input.
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Types of ML
Reinforcementlearning: systeminteractswith environmentandmust perform a
certain goal without explicitly telling it whether it hascomecloseto its goal or
not.
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Types of ML
Generativemodeling: TrainingdataҦ learndistributionҦnewsamples
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Machine Learning
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Training Data

Machine learning 
algorithm ςh( )

Hypothesis 
function h( ;ʻύ

Input Prediction

ώ ὬὼȠ—
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Biological Neural Networks
Modeling the mammalian brain

ü86 Billion neurons

ü1014-1015 synapses
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Artificial Neural Networks (ANN)
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Deep Neural Networks aka Deep Learning
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Training DNN
1. Get batch of data

2. Forward through the network -> compute loss

3. Backpropagate error

4. Update weights based on gradient
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Training DNN

Input: Target: DNN:  

Forward pass

Compute loss

Regression: Root Mean Squared Error (RMSE)

Classification: Categorical Cross Entropy (CCE)
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Gradient Descent
üMinimize function *w.r.t. parameters ʃ

ÁGradient 

ÁStochasticGradient Descend
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New weights Gradient

Old weights Learning rate
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Backpropagation

Chain rule:

Single variable

Multiple variables
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g fx
y=g(x)

z=f(y)=f(g(x))
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Training Characteristics
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Under-fitting
regime

Over-fitting 
regime
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Image classification (multi-class)
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Object detection
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Image segmentation
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Image denoising
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Fusion
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Forecasting
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MLPs for image analysis
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Limitations of MLPs
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Convolutional Layers
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Tutorial: Introduction to convolutional neural networks (CNNs)
https://github.com/langnico/DL_tutorial_RS/tree/master
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Convolutional Layers

channels
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32x32x1 Image

5x5x1 filter
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28x28xK activation map

K filters
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Convolutional Neural Networks
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What about temporal data?
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DL for time series data
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Temporal CNN1D CNNMLP
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Recurrent neuron
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next time 

step

Ɓ xt: Input at time t

Ɓ ht-1: State at time t-1
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Recurrent Neural Networks
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An unrolled RNNs
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Long Short Term Memory (LSTM)

41MACHINE LEARNING FOR BIG SCIENTIFIC DATA ANALYSIS 



The bottleneck problem in RNNs
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Linear interaction distance
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Attention
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CNN, RNN and Self-Attention
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Transformers
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Input Embeddings
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Self-attention for feature maps
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Decoder
The input goes through an embedding layer and positional encoding layer to get 
positional embeddings. 

The positional embeddings get fed into the first multi-head attention layer which 
ŎƻƳǇǳǘŜǎ ǘƘŜ ŀǘǘŜƴǘƛƻƴ ǎŎƻǊŜǎ ŦƻǊ ǘƘŜ ŘŜŎƻŘŜǊΩǎ ƛƴǇǳǘΦ
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/ƘŀǘǘƛƴƎΧ
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Vision Transformer
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Structured deep models
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Biological
Neural 
Network
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Tasks
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Message passing
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Graph Neural Networks (GNN) 
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