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Who am I?

* Research scientist at SINTEF Digital, Norway

o SINTEF is one of Europe’s largest independent research organisations

o Applied research in collaboration with industry

Building and Climate and Q\?fﬂ Digitalisation Food and agriculture
% construction @ environment ﬁ
Q{\?ﬂ Health and medicine $ Materials a Microsystems and @ Ocean space
(£, nanotechnology =
S Renewable energy Eﬁl Society and security ﬁ@ Sustainable production % Transport and mobility

* My research interests

o Applications of Machine Learning for modeling and solving combinatorial problems

Milan
SINTEF Digital
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Al in pop culture

David is 11 years old.

He weighs 60 pounds.
He is 4 feet, 6 inches tall.

He has brown hair.

His love is real.

But he is not.
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Examples of Al in daily life
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Examples of Al in daily life — ChatGPT
(Large language models)
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Al - Machine learning — Deep learning
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Why now?

Three paradigm shifts at once

Machine learning
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Quiz — Do all methods in Al rely on
machine learning? Why?

Machine Learning
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e Reinforcement learning

Concepts in machine learning

e Data — Features, labels, instance, dataset and data splitting

e Models — Training and inference
e Bias and variance trade-off
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Machine-learning — A definition

e Definition:

o A set of methods that enable computers to learn (something useful) from data

e Goal:

o Build models that can make predictions or decisions based on data

SINTEF



Dimensionality reduction
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Supervised learning
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Example of supervised learning

tanum.no
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Unsupervised learning

Unsupervised
learning

SINTEF



16

Example on un-supervised learning

slate.com

SINTEF



Reinforcement learning

The general framework of
reinforcement learning

Agent

e Goal: learn how to interact with an environment to > IR

- -
-

p A N
achieve a specific objective. | policy update "

!
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* The agent receives rewards (and penalties)

[Change of) State A

depending on the quality of its actions ‘
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Reinforcement learning examples:
Self-driving cars, robotics and games

@WAYVE

\  LEE SEDOL
- 00:00:2
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Quiz — Use-cases

* A: Predicting whether the
train will be late

e B: Teaching a computer to
play angry birds

e C: Recommending your
next dining experience.
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Tabular data

Image Favouri | Lays
number te food | eggs

Different kind of data

Duck weeds  True

Unlabelled data Labelled data 2 Duck 41 seeds  True
_‘ 3 Rabbit 55 lettuce  False

) 4 Hedgehog 33 eggs True

Du'k' Duck

Photos 4/ =

o S | Time series
Rabbn Hedgehog |
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Variables and features
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Feature Engineering

llll

Observations | instances | data points

BMI = Weight / Size?

Sample Favourite food | Lays eggs
number

Duck weeds
2 Duck 41 24 seeds
3 Rabbit 55 1.7 lettuce
4 Hedgehog 33 1.1 eggs
4 ¢ ¢

Index

True

True 7.11
False 12.1
True 27.2

Features | predictors | independent | explanatory | X
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Quiz -- Variables

age
56
69
41
58
21
18
64
68
68
47

income marital status

5.

99

72
. 30
.53
.53
.94
.53
.54
.31
.02

divorced
married
married
single
divorced
divorced
married
married
single

married

subscribed

(0]
(0
1
1
(0]
1
(0
(G
1
(0]

* Application: predicting whether a cus
will subscribe to a marketing campain

A - Find the target variable
B — What are the features?

C — Name a categorical feature.

tomer
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Splitting data — Test, Train and validation data

Training

Validation

Testing

« ideally

o Data which we use to design our models (Training set)
o Data which we use to refine our models (Validation set)

o Data which we use to test our models (Testing set)

* |f we do not split our data, we might test our model
with the same data that we use to train our model

o Beware of train-test contamination

https://algotrading101.com/learn/train-test-split/

SINTEF




Model Performance — No magic bullet

Tolerance to highly Accuracy in

interdependent attributes \general
2 N

Deep Learning /

Tolerance to

Speed of
redundant attributes | p

learning

Performance

Traditional Machine
Learning Algorithms

 J

_ Tolerance to
irrelevant attributes Speed of

classification

The Plateau in Performance

Decision Trees
Neural Networks
Naive Bayes
kNN

SVM
Amount of Data
CODE{OFNTEREST Widanapathirana et al. 2012

26 SINTEF
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Choosing an architecture and tuning
hyperparameters

A simple building block

| input layer hidden layer 1 hidden layer 2 output layer
27 SINTEF
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Choosing an architecture and
tuning hyperparameters

O
. @)
For larger systems, we need to decide: : RSB ER
O

A mostly complete chart of

Neural Networks

©2016 Fiodor van Veen - asimovinstitute.org

Backfed Input Cell
(O Backfed Input Cel Deep Feed Forward (DFF)
Input Cell

& Noisy Input Cell Feed Forward (FF)  Radial Basis Network (RBF)

2 e

Long / Short Term Memary (LSTM)  Gated Recurrent Unit (GRU)
a o o o

Perceptron (P)

9

@ Hidden cell

© Probablistic Hidden Cell

@ spiking Hidden Cell

. Output Cell

. Match Input Output Cell

Recurrent Neural Network (RMN)
a o

@ recurrent cell

. Memory Cell

Variational AE (VAE) Denoising AE (DAE)

Sparse AE (SAE)

Auto Encoder (AE)
. Different Memory Cell

Kernel

© Convolution or Pool

Markaov Chain (MC) Deep Belief Network (DBN)

Hopfield Network (HN) Boltzmann Machine (BM)  Restricted BM (RBM)

How many layers, how many unit?
Activation function &

Deconvolutional Network (DN) Deep Convolutional Inverse Graphics Network (DCIGN)

. X ged X0 go@

Global architecture 2 o X Sec o
1 H . » /O‘-. > w < >O O( >

o Convolutional neural nets (CNN) - Good choice for spatial data >>_§ o> >>_§ SCa"Ate

o Recurent neural nets (RNN) - Good choice for temporal data
How to connect the layers
How to initialize weights
Learning Rate
Regularization Strength and technique

Liguid State Machine (LSM) Extreme Learning Machine (ELM) Echo State Network (ESN)

g

Neural Turing Machine (NTM)

Generative Adversarial Network (GAN)

A AR A

S e e

Deep Residual Network (DRN) Kohonen Network (KN)  Support Vector Machine (SVM)

sessns Al

SINTEF

Asimovinstitute.org



Training a model VS using a model

backward error

.......................

: 3
, »
i 3
/Smaller,
varied N

forward

» “car”

INFERENCE
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Loss/cost/value function

The loss function measures:
- how far is the model from the data/desired properties?

Finding the parameters leading to minimal loss can be difficult.

J(w)

30 w SINTEF



Bias-variance tradeoff

High bias Low bias, low variance High variance
y y N "._.-"’ - ___,.IL._ ‘..'-._.I
- =
M AR
X - X g
Under fitting Good balance Over fitting

> https://en.wikipedia.org/wiki/Bias%E2%80%93variance_tradeoff SINTEF



Bias-variance tradeoff

~ ¢ Underfitting | Overfitting >

5 (
BestE it < o\ X

e

Error

Irainin Error

>

’ Model “complexity™

32 https://vitalflux.com/overfitting-underfitting-concepts-interview-questions/ @ SINTEF
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Take home messages

* Each context is different - many
moving parts

* Experimentation is key

* Finding a method that works on your
dataset is a science

* (or perhapsitisan art)

Gatys Ecker, Bet.hge 2015



Dimensionality reduction
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