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Al, Machine Learning, and Deep Learning

Artificial Intelligence

Machine Learning

Deep Learning

The subset of machine learning
composed of algorithms that permit
software to train itself to perform tasks,
like speech and image recognition, by
exposing multilayered neural networks to

vast amounts of data.
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A subset of Al that
includes abstruse
statistical techniques
that enable machines
to improve at tasks
with experience. The
category includes
deep learning

Any technique that
enables computers
to mimic human
intelligence, using
logic, if<then rules,
decision trees, and
machine learning
(includingdeep
learning)
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Machine Learning Categories
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History of Al

Deep Neural Network

(Pretraining)
Multi-layered m \
A

XOR Perceptron A
ADALINE (Backpropagation)
A A

Perceptron

Golden Age Dark Age (“Al Winter”)

Electronic Brain

\'l'llu ‘

B. Widrow - M. Hoff M. Minsky - S. Papert

S. McCulloch - W. Pitts F. Rosenblatt

XAND Y XORY NOT X R N
4141 2 H14H -] -l v alas o @ Ej &) g
x/ l \” x/ !' \| )I( @—— Backward Error

« Adjustable Weights  Learnable Weights and Threshold « XOR Problem « Solution to nonlinearly separable problems  + Limitations of learning prior knowledge * Hierarchical feature Learning
« Big computation, local optima and overfitting + Kernel function: Human Intervention

« Weights are not Learned

https://beamandrew.github.io/deeplearning/2017/02/23/deep_learning_101_partl.html
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Family of Machine Learning Algorithms

Deep Boltzmann Machine (DEM)
Deep Bebef Networks (DBN) |
“, Deep Learning
Convolutional Neural Network ICNN) ‘} e o B
Stacked Auto-Encoders |
Random Forest
Gradient Boosting Machines (GBM)

‘Bootswrapped Aggregation (Bagging) | Ensembie
AdaBoost
Stacked Generalization (Blending) \ /
Gradient Boosted Regression Trees (GERT) / Y
Radial 8asis Function Network (REFN) \ \
Perceptron | \

Back-Pr . Newral Networks \ ‘A'
Sack-Fropagason s N —

—d

Hopfield Network | £ Machine Learning Aigorithms.

Ridge Regression A 5

Least Absolute Shrinkage and Selection Operator (LASSO) | / || \\
| Regularization [ )
Elastx Net >

Least Angle Regression (LARS) / /|
Cubist o il
‘One Rule (OneR) ’
Zero Rule (ZeroR) Y
Repeated Incremental Pruning 1o Produce Error Reduction (RIPPER) /
Linear Regression :

Ordinary Least Squares Regression (OLSR) \ \

Rue System , f ‘l,

Multivariate Adaptive Regression Splines (MARS)

e T *}!&29& |

Nm Bayes

* Averaged One-Dependence Estimators (AODE)

Decision Tree

‘Bayesian Belief Network (BBN)

Caussian Nawe Bayes
Multinomia! Nawve Bayes

. Bayesian Network (BN)

_Classification and Regression Tree (CART)
teratve Dichotomiser 3 (ID3)
C4.5
S0
Chi-squared Automatic Interaction Detection (CHAID)
Decision Stump
\_Condmional Decision Trees
M5

Principal Component Analysis (PCA)
| _Partal Least Squares Regression (PLSR
i Sammon Mapping
__Mubtidimensional Scaling (MDS)
_ Projection Pursuit
_ Principal Component Regression (PCR)

Dimensionality Reduction |
{

Partal Least Squares Discriminant Analysis
_Moure Discriminant Analyss (MDA
Quadratic Discriminant Analysis (QDA)

_ Regularized Discriminant Analysis (RDA)

_ Hexible Discriminant Analysis (FOA)
_Linear Discriminant Analysis (LDA)

: _k-Nearest Nelighbour (kNN)

Learning Vector Quantization (LVCQY)

Instance Based
‘———( _ Self-Organizing Map (SOM)

We d Learning (LWL
Locally Estimated Scatterplot Smoothing (LOESS) | “ M;‘::‘;'V.__QL_*@_,_ 5
Logistic Regression | DAL ... L
08T Tegrel? | k<Medians
Clustening
— Expectaton Maximization z
| Hierarchical Clustering ‘ o

https://noeliagorod.com/2020/03/16/a-tour-of-machine-learning-algorithms/



The Breakthrough to Deep Learning

Key components: GPUs and labeled data
GPU explosion in the mid 2000s .

Original intent for graphics processing

Found to fit scientific computing needs

ImageNet

Millions of labeled images

2009 poster presentation in Florida
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The Breakthrough to Deep Learning

ImageNet Large Scale Visual Recognition Challenge results

_arge Scale Visual
Recognition
Challenge

Used ImageNet e

Every team got at least 25%
wrong.

In 2012, the team to first use
deep learning was the only
team to get their error rate
below 25%.

The following year
nearly every team got
25% or fewer wrong.

o
o
In 2017, 29 of 38
teams got less than
5% wrong.
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The Breakthrough to Deep Learning

ImageNet Large Scale Visual Recognition Challenge results

_arge Scale Visual
Recognition
Challenge

Used ImageNet [ teams radvanngsuces

Every team got at least 25%
wrong.

In 2012, the team to first use
deep learning was the only
team to get their error rate
below 25%.

The following year
nearly every team got
25% or fewer wrong.

In 2017, 29 of 38
teams got less than
5% wrong.
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The jungle of neural networks

A mostly complete chart of

N e u ra l N etWO r ks Deep Convolutional Network (DCN) Deconvolutional Network (DN) Deep Convolutional Inverse Graphics Network (DCIGN)
Deep Feed Forward (DFF) - - : - .
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Recurrent Neural Network (RNN) Long / Short Term Memory (LSTM)  Gated Recurrent Unit (GRU)
o o o o A~ Generative Adversarial Network (GAN) Liquid State Machine (LSM)  Extreme Learning Machine (ELM) Echo State Network (ESN)
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Auto Encoder (AE) Variational AE (VAE) Denoising AE (DAE) Sparse AE (SAE)

Deep Residual Network (DRN) Kohonen Network (KN) ~ Support Vector Machine (SVM)  Neural Turing Machine (NTM)
Markov Chain (MC) Hopfield Network (HN) Boltzmann Machine (BM)  Restricted BM (RBM) Deep Belief Network (DBN)
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Modern Architectures of Deep Learning

CNN

224x224
Uxi12  Convolution network
56x56
28x28 4
14x14 7x7
‘ 1x1
——
Max .
ax N;')%’éling pooling
ax pooling . l.eee-e- b eememmeseseeseeenan
fax pooling _...eeeeeentT
pooling ...--=="""

Image Processing

AP -

Noh, H., Hong, S., & Han, B. (2015). Learning deconvolution network for semantic segmentation. In Proceedings of the IEEE International Conference on Computer Vision (pp. 1520-1528).

https://math.stackexchange.com/questions/2048722/a-name-for-layered-directed-graph-as-in-a-fully-connected-neural-network
https://towardsdatascience.com/introduction-to-recurrent-neural-network-27202c3945f3

Images credits:

https://qgbi.ug.edu.au/files/7887/QBI-brain-lobes-neuroscience.png
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Al is transforming every field, including ours!
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