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Artificial Intelligence

Artificial Intelligence

Machine Learning

v

Set of techniques focused on
building computers and machines
that can reason, learn, and act in
ways typically associated with
human intelligence

Enables machines to perform
cognitive functions such as seeing,
understanding, translating and
responding to spoken and written
language, analyzing data, making
recommendations, etc.



Artificial Intelligence

Al is a broad term that encompasses several subfields
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Artificial Intelligence

Al is a broad term that encompasses several subfields

Natural Language Processing: focuses
on enabling computers to understand,
interpret, and generate human
language.

Speech recognition: focuses on
enabling machines to understand
spoken language and convert it into
text

Applications of
Natural Language Processing

Language translation
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Artificial Intelligence
Al is a broad term that encompasses several subfields

Computer Vision: focuses on enabling
computers to process and interpret visual
information (e.g., images and videos).
Example tasks: image classification, object
detection, image segmentation, optical
character recognition, etc.

Computer Vision Applications

Augmented
reality (AR) <S>

Self-driving
vehicles

Facial recognition
Healthcare

https://www.nomidl.com/computer-vision/

Classification
Classification + Localization

Super-resolution
imaging (SRI)

Optical character
recognition (OCR)

Single object
Object Detection Instance Segmentation
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Multiple objects  https://www.analyticsvidhya.com/



Machine Learning

Set of techniques focused on building
computers and machines that can
reason, learn, and act in ways typically
associated with human intelligence

Artificial Intelligence

A subfield of Al that uses

Machine Learning » algorithms to enable machines to
learn from experience (i.e., data)
and make predictions or decisions
without being explicitly
programmed.

A computer program “learns” from
experience with respect to some
task if the performance on that
task improves with experience.
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Machine Learning

Mainly involves training models on data to learn from the data and improve
the ability to perform a task. Often the task is to make a prediction or to
uncover hidden patterns in data.

Supervised Learning: algorithms are trained using «labeled data» (i.e., data is
tagged with the correct answer). Example: training an e-mail spam detector with a
dataset of emails that are labeled as «spam» or «not spamn».

Unsupervised Learning: algorithms are trained to discover patterns or form
groupings on data that has no labels. Example: group news articles based on their
content.

Reinforcement learning: algorithms are trained based on feedback received after
each action/decision taken (trial and error). Example: learn to play cards by
winning/losing




Machine Learning

Common machine learning algorithms

[ Machine Learning ]

[ Supervised Learning ] [ Unsupervised Learning ] [ Reinforcement Learning ]

L

[ Classification ][ Regression ] [ Clustering ] [Decisiun Making]

Classifier

= Decision Trees
= Support Vector
Machines

= Random Forest
= — Nearest
MNeighbors
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Machine Learning

Example of machine learning algorithm: artificial neural networks

Model that mimics the learning behavior of
the human brain
Area (feet?) Xa
Network of interconnected computational
units (neurons) organized in layers.

Bedrooms Xz )
Price = wT*x1+ w2*xX2+ W3*X3+ W4 X4

Input layer: Feeds input variables

Distance to city (Miles) X3 o - .
(predictors) into the model

4 w: weights
Age | X Output layer: Contains predicted values of
the target variable
I I
Input Layer Qutput Layer

Neurons in a downstream layer take inputs
from upstream layer, perform some
computation, and pass results to
downstream layer

Weights are estimated during model
training and quantify the importance of

each input in predicting the final output
https://www.freecodecamp.org/ 10



“The zoo of
neural networks”

Machine Learning
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Markov Chain (MC) Hopfield Network (HN) Boltzmann Machine (BM)  Restricted BM (RBM)

Deep Convolutional Network (DCN)

Generative Adversarial Network (GAN) Liquid State Machine (LSM)  Extreme Learning Machine (ELM)
Kohonen Network (KN)  Support Vector Machine (SYM)  Neural Turing Machine (NTM)
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https://towardsdatascience.com/the-mostly-complete-chart-of-neural-networks-explained-3fb6f2367464
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Deep Residual Network (DRN)

A mostly complete chart of

Neural Networks ...,

©2016 Fjodar van Veen - asimovinstitute.org
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Echo State Network (ESN)
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Deep Learning

Set of techniques focused on building
computers and machines that can
reason, learn, and act in ways typically
associated with human intelligence

Artificial Intelligence A subfield of Al that uses algorithms to

enable machines to learn from experience
(i.e., data) and make predictions or
decisions without being explicitly
programmed

Machine Learning

Subset of machine learning
algorithms based on advanced
artificial neural networks typically
characterized by several layers
(hence “deep”)
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Deep Learning

Compared to more traditional ML algorithms, where humans typically identify what features
are important for prediction, DL can process raw, unstructured data (e.g., images), and it
automates feature extraction, reducing the need for human pre-processing.

Machine Learning

G, — |G — ¢

Input Feature extraction Classification Output

Deep Learning

Gy —

Input Feature extraction + Classification Output

https://levity.ai/blog/difference-machine-learning-deep-learning

Automatic feature engineering has the potential to allow algorithms to discover
relationships and concepts beyond what may be conceived by humans. 13



Deep Learning

What is deep learning particularly good at?

Machine learning tasks Earth science tasks

Four examples of typical DL applications , ,,...cuceson smstocsmston
(left panels) and the geoscientific
problems they can be applied to (right
panels) (Reichstein et al., 2019)
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