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What to expect?
- Understanding of basic ML methods:


- Linear regression, linear classification, unsupervised 
learning, neural networks 

- Optimisation methods (gradient descent) 

- A deeper dive into kernel methods

You will mostly need pre-requisites from linear algebra!



Introduction



What’s going to happen to us if machines can think? Can they? 

I don’t really know, but you come back in 4 or 5 years I’ll probably say  
“Sure they can think”.

A bit of AI history: 

the idea of thinking machines is not new!

https://www.youtube.com/watch?v=aygSMgK3BEM



A bit of AI history

1940s - 1950s
Origins

Theoretical foundations 
Alan Turing: idea of “machine intelligence”


Turing test

Symbolic reasoning and neural networks

1956
“Birth of AI”

Dartmouth Conference

Coined the term “Artificial intelligence”

1960s - 1970s

Expert systems 

AI Winters
1990s-2000s

Practical breakthroughs 
IBM’s Deep Blue


SVM, Reinforcement learning

Search engines, recommendation systems, logistics

2010s - 2020s

Deep learning breakthrough 
AlexNet (2012), AlphaGo (2016)


LLMs



Some vocabulary

Machine 
Learning

Statistics

AI

Application 
domain

Computer 
Science

X

Deep 

learning



Back to the introduction



What is Machine Learning?

Field which develops  
“machines” / “algorithms” / “functions”   

that learn from data 



How does it work?
Neural network at schoolTraining phase:

Data ‘Dog’

‘Lagopède  
Alpin’

After training: Proficient neural network

‘Cow’

It learns ‘on its own’ to extract the important features

‘Chicken’‘Donkey’



Machine learning vs expert systems

‘Lagopède  
Alpin’

After training: Proficient neural network

It learns ‘on its own’ to extract the important features

‘Lagopède  
Alpin’

An “expert” gives a list of “if/then” rules 
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Pros and cons of  two different “AI strategies”
Machine learning Expert systems

Pros:

Cons:

Pros:

Cons:

- No need to find the rules 
- Adapts to data 
- Works very well!!

- Opacity (what the heck is going on??) 
- Needs a “lot” of data

- Transparent and understandable

- Finding the rules is hard (impossible?) 
- Doesn’t work very well



Where is machine learning?
Drug discovery:Apple’s photo app:

PlantNet:

But also: 

Text generation:

Deep fakes

Scams

Mass surveillance

Image generation:



Learning a mapping / function from input to output
Input Output

<latexit sha1_base64="N1S3+GR20SRqv+xI8RY+bPYVkE0=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqsuiG5dV7AOaWibTaTt0MgkzE2kJ+RU3LhRx64+482+ctFlo64GBwzn3cs8cP+JMacf5tgpr6xubW8Xt0s7u3v6BfVhuqTCWhDZJyEPZ8bGinAna1Exz2okkxYHPaduf3GR++4lKxULxoGcR7QV4JNiQEayN1LfLU+QxgbwA67HvJ/fp46BvV5yqMwdaJW5OKpCj0be/vEFI4oAKTThWqus6ke4lWGpGOE1LXqxohMkEj2jXUIEDqnrJPHuKTo0yQMNQmic0mqu/NxIcKDULfDOZZVTLXib+53VjPbzqJUxEsaaCLA4NY450iLIi0IBJSjSfGYKJZCYrImMsMdGmrpIpwV3+8ippnVfdWrV2d1GpX+d1FOEYTuAMXLiEOtxCA5pAYArP8ApvVmq9WO/Wx2K0YOU7R/AH1ucPlC+UKw==</latexit>

x 2 Rd <latexit sha1_base64="awCB82c4CJgNyYq0dvplxtXfxoA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KolIdVl047KKfUATy2Q6bYdOJmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98wJYs6Udpxva2V1bX1js7RV3t7Z3du3DyptFSWS0BaJeCS7AVaUM0FbmmlOu7GkOAw47QST69zvPFKpWCTu9TSmfohHgg0ZwdpIfbsyRR4TyAuxHgdBepc9xH276tScGdAycQtShQLNvv3lDSKShFRowrFSPdeJtZ9iqRnhNCt7iaIxJhM8oj1DBQ6p8tNZ9gydGGWAhpE0T2g0U39vpDhUahoGZjLPqBa9XPzP6yV6eOmnTMSJpoLMDw0TjnSE8iLQgElKNJ8agolkJisiYywx0aausinBXfzyMmmf1dx6rX57Xm1cFXWU4AiO4RRcuIAG3EATWkDgCZ7hFd6szHqx3q2P+eiKVewcwh9Ynz+n9JQ4</latexit>

y 2 Rp

<latexit sha1_base64="xnJarcmynTdtfJyzkKMQogVE/R0=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lEqheh6MVjBfsBbQib7aZdutmE3U21hP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq2V1bX1jc3CVnF7Z3dv3z44bKo4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGN5O/daISsVi8aDHCfUi3BcsZARrI/m2HfqP5aczdI26A6yz8cS3S07FmQEtEzcnJchR9+2vbi8maUSFJhwr1XGdRHsZlpoRTifFbqpogskQ92nHUIEjqrxsdvkEnRqlh8JYmhIazdTfExmOlBpHgemMsB6oRW8q/ud1Uh1eeRkTSaqpIPNFYcqRjtE0BtRjkhLNx4ZgIpm5FZEBlphoE1bRhOAuvrxMmucVt1qp3l+Uajd5HAU4hhMogwuXUIM7qEMDCIzgGV7hzcqsF+vd+pi3rlj5zBH8gfX5A2UCkuI=</latexit>

fw(x) = ŷ

Text

Image

Audio

Video

Graph

Text

Image

Audio

Video

Graph

What is the capital  
of France?

“Feature” vector (Height, age, income) “Feature” vector

Trainable  
function



How is the input represented “inside the machine”?

“Digital” representation

<latexit sha1_base64="sFQltBHeb+cscKDc8UkEMW8Y798=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6kRS8eK9gP2C4lm2bb0GyyJFmxLP0ZXjwo4tVf481/Y9ruQasPBh7vzTAzL0w408Z1v5zCyura+kZxs7S1vbO7V94/aGuZKkJbRHKpuiHWlDNBW4YZTruJojgOOe2E45uZ33mgSjMp7s0koUGMh4JFjGBjJf8RXaEeQvV6HfXLFbfqzoH+Ei8nFcjR7Jc/ewNJ0pgKQzjW2vfcxAQZVoYRTqelXqppgskYD6lvqcAx1UE2P3mKTqwyQJFUtoRBc/XnRIZjrSdxaDtjbEZ62ZuJ/3l+aqLLIGMiSQ0VZLEoSjkyEs3+RwOmKDF8YgkmitlbERlhhYmxKZVsCN7yy39J+6zq1aq1u/NK4zqPowhHcAyn4MEFNOAWmtACAhKe4AVeHeM8O2/O+6K14OQzh/ALzsc3YYqPYQ==</latexit>

x = ???

Input
Text

Image

Audio

Video

Graph

What is the capital  
of France?

“Feature” vector (Height, age, income)



The neural network looks rather like:

Neural network at schoolTraining:

‘Chien’‘Vache’‘Poule’‘Âne’Data

Training a neural network corresponds to turning knobs

How do we get a machine to learn?



‘Bird’‘Donkey’

Same story, but with math

Knob 1 Knob 2 Knob p

……

……
Two  

Possibilites
Machine  
Response

<latexit sha1_base64="QX+u0Yv1/4UdKmLE7N6C0moR0mg="></latexit>2

6666664

1.2 3.5 0.7 4.1 2.7 1.3
0.6 2.8 3.3 1.1 0.5 4.9
7.2 2.4 1.1 0.9 3.3 2.2
3.7 0.9 4.8 5.5 0.2 1.6
1.0 3.1 2.2 2.7 4.0 0.8
0.3 1.5 6.4 2.9 3.6 1.0

3

7777775

+1 −1“Label”:

Pixel  
Intensity:

Rotation angle of the knobs
<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

( <latexit sha1_base64="qsk/ES5DuPowKUz8Rzu08qs72gs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgadmtUj0WvXisaD+gXUo2zbah2eySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5QSK4Nq77jQpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDvz209MaR7LRzNJmB+RoeQhp8RY6eHCqfbLFddx58CrxMtJBXI0+uWv3iCmacSkoYJo3fXcxPgZUYZTwaalXqpZQuiYDFnXUkkipv1sfuoUn1llgMNY2ZIGz9XfExmJtJ5Ege2MiBnpZW8m/ud1UxNe+xmXSWqYpItFYSqwifHsbzzgilEjJpYQqri9FdMRUYQam07JhuAtv7xKWlXHqzm1+8tK/SaPowgncArn4MEV1OEOGtAECkN4hld4QwK9oHf0sWgtoHzmGP4Aff4AXSSNNg==</latexit>

3.2
<latexit sha1_base64="CqrrIReB/1GYglh6nANT6CumC+A=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hEWo9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa55HtuY1itea63AFonfkFqUKA1rH4NRjFJBZWGcKx13/cSE2RYGUY4nVcGqaYJJlM8pn1LJRZUB9ni1jm6sMoIRbGyJQ1aqL8nMiy0nonQdgpsJnrVy8X/vH5qopsgYzJJDZVkuShKOTIxyh9HI6YoMXxmCSaK2VsRmWCFibHxVGwI/urL66Rz5fp1t/5wXWveFnGU4QzO4RJ8aEAT7qEFbSAwgWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPP5Y1z</latexit>

10.7
<latexit sha1_base64="OP49KSjxTNbrcgix9ho4pHxCxrw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7ArEj0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvUq5Ur8qVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3IPjLg=</latexit>

)<latexit sha1_base64="wxe1peoWxX+LeezUhWVLQVCFZNU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSwznplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNVK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP8wrjOU=</latexit>, <latexit sha1_base64="wxe1peoWxX+LeezUhWVLQVCFZNU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSwznplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNVK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP8wrjOU=</latexit>, <latexit sha1_base64="wxe1peoWxX+LeezUhWVLQVCFZNU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSwznplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNVK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP8wrjOU=</latexit>,……
<latexit sha1_base64="CxDPEzIdmcFx3En1NO4KO9+DL+U=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgxbArIXoMevEYwTwgu4TZSW8yZPbBTK8YlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6zhVHFo8lrHq+kyDFBG0UKCEbqKAhb6Ejj++nfmdR1BaxNEDThLwQjaMRCA4QyO5LsITZhdTWqs6/XLFrtpz0FXi5KRCcjT75S93EPM0hAi5ZFr3HDtBL2MKBZcwLbmphoTxMRtCz9CIhaC9bH7zlJ4ZZUCDWJmKkM7V3xMZC7WehL7pDBmO9LI3E//zeikG114moiRFiPhiUZBKijGdBUAHQgFHOTGEcSXMrZSPmGIcTUwlE4Kz/PIqaV9WnXq1fl+rNG7yOIrkhJySc+KQK9Igd6RJWoSThDyTV/JmpdaL9W59LFoLVj5zTP7A+vwB6ZSQ9g==</latexit>

-4.1

Magic synthesiser

<latexit sha1_base64="ECS3mXCSdFGzxMbOAfzAVqHW9zc=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVSkmKVDdC0Y3LKvYBTQ2TybQdOpmEmYmlhP6EG3/FjQtF3Aru/BsnbRbaemDgzDn3cu89XsSoVJb1bSwtr6yurec28ptb2zu75t5+U4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre8Cr1Ww9ESBryOzWOSDdAfU57FCOlJdcsjeAFLI5cuwRHbqUEHeyHSqaf6AQ6lEMnQGrgecnt5D5yzYJVtqaAi8TOSAFkqLvml+OHOA4IV5ghKTu2FalugoSimJFJ3okliRAeoj7paMpRQGQ3mV41gcda8WEvFPpxBafq744EBVKOA09XpjvKeS8V//M6seqddxPKo1gRjmeDejGDKoRpRNCngmDFxpogLKjeFeIBEggrHWReh2DPn7xImpWyXS1Xb04Ltcssjhw4BEegCGxwBmrgGtRBA2DwCJ7BK3gznowX4934mJUuGVnPAfgD4/MHrOKcug==</latexit>

w = (w1, w2, · · · , wp) 2 Rp
<latexit sha1_base64="t2zek9CSG2+e0U9gJa9UtpnIZhw=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiQi1WXRjcsq9gFNLJPJtB06mYSZiVhD8FfcuFDErf/hzr9x0nahrQcGDufcyz1z/JgzpW3721pYXFpeWS2sFdc3Nre2Szu7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35w8vcb91TqVgkbvUopl6I+4L1GMHaSN3S/gNymUBuiPXA99Ob7C4Nsm6pbFfsMdA8caakDFPUu6UvN4hIElKhCcdKdRw71l6KpWaE06zoJorGmAxxn3YMFTikykvH6TN0ZJQA9SJpntBorP7eSHGo1Cj0zWSeUs16ufif10l079xLmYgTTQWZHOolHOkI5VWggElKNB8ZgolkJisiAywx0aawoinBmf3yPGmeVJxqpXp9Wq5dTOsowAEcwjE4cAY1uII6NIDAIzzDK7xZT9aL9W59TEYXrOnOHvyB9fkDZI2VNw==</latexit>

x 2 Rd

<latexit sha1_base64="TjdwAUqYMak7xu6510Eh8tXhFxE="></latexit>2

6666664

x1 x2 x3 x4 x5 x6

x7 x8 x9 x10 x11 x12

x13 x14 x15 x16 x17 x18

x19 x20 x21 x22 x23 x24

x25 x26 x27 x28 x29 x30

x31 x32 x33 x34 x35 x36

3

7777775

<latexit sha1_base64="34N89ZBMqIhEoti+VeZjSEIT2nc=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2AR6qbMiFSXRTcuq9gHdErJpJk2NJMZkoxahoK/4saFIm79Dnf+jZm2C209EDiccy/35PgxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eFV5jfvqVQsEnd6FNNOiPuCBYxgbaSufRB0H0qPJ8hjAnkh1gPfT2/HXbvolJ0J0CJxZ6QIM9S69pfXi0gSUqEJx0q1XSfWnRRLzQin44KXKBpjMsR92jZU4JCqTjqJP0bHRumhIJLmCY0m6u+NFIdKjULfTGYJ1byXif957UQHF52UiTjRVJDpoSDhSEco6wL1mKRE85EhmEhmsiIywBITbRormBLc+S8vksZp2a2UKzdnxerlrI48HMIRlMCFc6jCNdSgDgRSeIZXeLOerBfr3fqYjuas2c4+/IH1+QNH/JUU</latexit>

fw(x) 2 R

<latexit sha1_base64="t2zek9CSG2+e0U9gJa9UtpnIZhw=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiQi1WXRjcsq9gFNLJPJtB06mYSZiVhD8FfcuFDErf/hzr9x0nahrQcGDufcyz1z/JgzpW3721pYXFpeWS2sFdc3Nre2Szu7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35w8vcb91TqVgkbvUopl6I+4L1GMHaSN3S/gNymUBuiPXA99Ob7C4Nsm6pbFfsMdA8caakDFPUu6UvN4hIElKhCcdKdRw71l6KpWaE06zoJorGmAxxn3YMFTikykvH6TN0ZJQA9SJpntBorP7eSHGo1Cj0zWSeUs16ufif10l079xLmYgTTQWZHOolHOkI5VWggElKNB8ZgolkJisiAywx0aawoinBmf3yPGmeVJxqpXp9Wq5dTOsowAEcwjE4cAY1uII6NIDAIzzDK7xZT9aL9W59TEYXrOnOHvyB9fkDZI2VNw==</latexit>

x 2 Rd

The magical synthetiser: neural networks
<latexit sha1_base64="EvHJLNtVUv6NAGc1YcLc4X7OLs8="></latexit>

fw(x) = w7 max(0, w1x1 + w2x2 + w3x3) + w8 max(0, w4x4 + w5x5 + w6x6)

<latexit sha1_base64="/o1XeVtFj4vTbsJRDHMu2IIVjGw="></latexit>

fw(x) = WL�(WL�1�(· · ·�(W1x+ b1) · · · ) + bL�1) + bL.

<latexit sha1_base64="2fBAI3otYg2n7BAWj/uQXIXmL0Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbMLuRimhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdh72nXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AFd7o3f</latexit>

fw



The learning procedure, but with math

Magic synthesisers: neural networks

How can we get it to learn?
Before training, it predicts   , and we want it to predict “Donkey” (+1)fw(x) (−234.5)

We can model it’s mistake by  

‘Donkey’

Knob 1 Knob 2 Knob p

……

……

Machine  
Response

+1

<latexit sha1_base64="t2zek9CSG2+e0U9gJa9UtpnIZhw=">AAAB/XicbVDLSsNAFL3xWeurPnZuBovgqiQi1WXRjcsq9gFNLJPJtB06mYSZiVhD8FfcuFDErf/hzr9x0nahrQcGDufcyz1z/JgzpW3721pYXFpeWS2sFdc3Nre2Szu7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35w8vcb91TqVgkbvUopl6I+4L1GMHaSN3S/gNymUBuiPXA99Ob7C4Nsm6pbFfsMdA8caakDFPUu6UvN4hIElKhCcdKdRw71l6KpWaE06zoJorGmAxxn3YMFTikykvH6TN0ZJQA9SJpntBorP7eSHGo1Cj0zWSeUs16ufif10l079xLmYgTTQWZHOolHOkI5VWggElKNB8ZgolkJisiAywx0aawoinBmf3yPGmeVJxqpXp9Wq5dTOsowAEcwjE4cAY1uII6NIDAIzzDK7xZT9aL9W59TEYXrOnOHvyB9fkDZI2VNw==</latexit>

x 2 Rd
<latexit sha1_base64="ECS3mXCSdFGzxMbOAfzAVqHW9zc=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVSkmKVDdC0Y3LKvYBTQ2TybQdOpmEmYmlhP6EG3/FjQtF3Aru/BsnbRbaemDgzDn3cu89XsSoVJb1bSwtr6yurec28ptb2zu75t5+U4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre8Cr1Ww9ESBryOzWOSDdAfU57FCOlJdcsjeAFLI5cuwRHbqUEHeyHSqaf6AQ6lEMnQGrgecnt5D5yzYJVtqaAi8TOSAFkqLvml+OHOA4IV5ghKTu2FalugoSimJFJ3okliRAeoj7paMpRQGQ3mV41gcda8WEvFPpxBafq744EBVKOA09XpjvKeS8V//M6seqddxPKo1gRjmeDejGDKoRpRNCngmDFxpogLKjeFeIBEggrHWReh2DPn7xImpWyXS1Xb04Ltcssjhw4BEegCGxwBmrgGtRBA2DwCJ7BK3gznowX4934mJUuGVnPAfgD4/MHrOKcug==</latexit>

w = (w1, w2, · · · , wp) 2 Rp

Magic synthetiser
<latexit sha1_base64="2fBAI3otYg2n7BAWj/uQXIXmL0Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbMLuRimhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdh72nXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AFd7o3f</latexit>

fw

<latexit sha1_base64="34N89ZBMqIhEoti+VeZjSEIT2nc=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2AR6qbMiFSXRTcuq9gHdErJpJk2NJMZkoxahoK/4saFIm79Dnf+jZm2C209EDiccy/35PgxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eFV5jfvqVQsEnd6FNNOiPuCBYxgbaSufRB0H0qPJ8hjAnkh1gPfT2/HXbvolJ0J0CJxZ6QIM9S69pfXi0gSUqEJx0q1XSfWnRRLzQin44KXKBpjMsR92jZU4JCqTjqJP0bHRumhIJLmCY0m6u+NFIdKjULfTGYJ1byXif957UQHF52UiTjRVJDpoSDhSEco6wL1mKRE85EhmEhmsiIywBITbRormBLc+S8vksZp2a2UKzdnxerlrI48HMIRlMCFc6jCNdSgDgRSeIZXeLOerBfr3fqYjuas2c4+/IH1+QNH/JUU</latexit>

fw(x) 2 R

<latexit sha1_base64="EvHJLNtVUv6NAGc1YcLc4X7OLs8="></latexit>

fw(x) = w7 max(0, w1x1 + w2x2 + w3x3) + w8 max(0, w4x4 + w5x5 + w6x6)
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="TjdwAUqYMak7xu6510Eh8tXhFxE="></latexit>2

6666664

x1 x2 x3 x4 x5 x6

x7 x8 x9 x10 x11 x12

x13 x14 x15 x16 x17 x18

x19 x20 x21 x22 x23 x24

x25 x26 x27 x28 x29 x30

x31 x32 x33 x34 x35 x36

3

7777775

Label

We want to minimise the mistake! min
w∈ℝp

( fw(x)−1)2

L(w) = ( fw(x)−1)2



It boils down to minimising a function!

Knob 1

min
w∈ℝp

( fw(x)−1)2

<latexit sha1_base64="pru4FHwPR5QODIEQZgyIAR+/mzc=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKVC9C0YvHCvYD26Vk02wbms0uSdZSlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvtHK6tr6xmZuK7+9s7u3Xzg4bOgoUZTVaSQi1fKJZoJLVjfcCNaKFSOhL1jTH95O/eYTU5pH8sGMY+aFpC95wCkxVnoc4WtcGnXdM9wtFJ2yMwNeJm5GipCh1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/alkoSMu2ls4sn+NQqPRxEypY0eKb+nkhJqPU49G1nSMxAL3pT8T+vnZjgyku5jBPDJJ0vChKBTYSn7+MeV4waMbaEUMXtrZgOiCLU2JDyNgR38eVl0jgvu5Vy5f6iWL3J4sjBMZxACVy4hCrcQQ3qQEHCM7zCG9LoBb2jj3nrCspmjuAP0OcPOBiPVQ==</latexit>

w = (w1)

<latexit sha1_base64="SqxR/dngrFgjXee2CNveYot2SOE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCmhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qnn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AENvI2q</latexit>w1

( fw(x)−1)2

Knob 1 Knob 2 Knob p

……

……

Knob 1

( fw(x)−1)2

Knob 2 <latexit sha1_base64="SqxR/dngrFgjXee2CNveYot2SOE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCmhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qnn9Uplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AENvI2q</latexit>w1

<latexit sha1_base64="/Kk747pHupFGgxrVmWlVqhDjAxQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdemHC7OxmZlZDCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/qlX6RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AD0CNqw==</latexit>w2<latexit sha1_base64="a2HyqIiuHvvl9HPOmgaYX1f6Ecc=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUkJIUqV6EohePFewHtDFstpt26WYTdjeGUvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPD/mTGnb/rZWVtfWNzZzW/ntnd29/cLBYVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/vB26reeqFQsEg96FFM3xH3BAkawNtJjiq5RKfWcc5R6lTOvULTL9gxomTgZKUKGulf46vYikoRUaMKxUh3HjrU7xlIzwukk300UjTEZ4j7tGCpwSJU7nl09QadG6aEgkqaERjP198QYh0qNQt90hlgP1KI3Ff/zOokOrtwxE3GiqSDzRUHCkY7QNALUY5ISzUeGYCKZuRWRAZaYaBNU3oTgLL68TJqVslMtV+8virWbLI4cHMMJlMCBS6jBHdShAQQkPMMrvFmp9WK9Wx/z1hUrmzmCP7A+fwCq/pCx</latexit>

w = (w1, w2)



It boils down to minimising a function! min
w∈ℝp

( fw(x)−1)2

min
w∈ℝp

L(w)

L(w) = ( fw(x)−1)2

L(w)

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

Knob 1

Back to 1D:



min
w∈ℝp

( fw(x)−1)2

min
w∈ℝp

L(w)

L(w) = ( fw(x)−1)2

L(w)

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="m1bqiAmHPqxKkminYJGlLAJWz8o=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwSlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLblnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPl2KPGQ==</latexit>

w(0)
<latexit sha1_base64="HkV2yuZqY91N5Add40p6cXr/A/Y=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBaxvZREpHosevHgoYL9gDSWzXbTLt1swu5EKaE/w4sHRbz6a7z5b9y2OWjrg4HHezPMzPNjwTXY9reVW1ldW9/Ibxa2tnd294r7By0dJYqyJo1EpDo+0UxwyZrAQbBOrBgJfcHa/uh66rcfmdI8kvcwjpkXkoHkAacEjOTenpafHtKyXZlUesWSXbVnwMvEyUgJZWj0il/dfkSTkEmggmjtOnYMXkoUcCrYpNBNNIsJHZEBcw2VJGTaS2cnT/CJUfo4iJQpCXim/p5ISaj1OPRNZ0hgqBe9qfif5yYQXHopl3ECTNL5oiARGCI8/R/3uWIUxNgQQhU3t2I6JIpQMCkVTAjO4svLpHVWdWrV2t15qX6VxZFHR+gYlZGDLlAd3aAGaiKKIvSMXtGbBdaL9W59zFtzVjZziP7A+vwBXEGQBQ==</latexit>

L0(w(0))

It boils down to minimising a function!

Knob 1

Back to 1D:



min
w∈ℝp

( fw(x)−1)2

min
w∈ℝp

L(w)

L(w) = ( fw(x)−1)2

L(w)

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="q5UBKZ7YeBelPFPD5N6TMW9Kepk=">AAACD3icbZC7TsMwFIYdrqXcAowsFhXQDlQJQoUFqYKFgaFI9CK1pXJcp7VqO5HtgKqob8DCq7AwgBArKxtvg9NmgJZfsvTpP+fo+PxeyKjSjvNtzc0vLC4tZ1ayq2vrG5v21nZNBZHEpIoDFsiGhxRhVJCqppqRRigJ4h4jdW9wmdTr90QqGohbPQxJm6OeoD7FSBurYx883MV5tzCC5zAhx9ARbPUQ5wheH+ZTr9Cxc07RGQvOgptCDqSqdOyvVjfAESdCY4aUarpOqNsxkppiRkbZVqRIiPAA9UjToECcqHY8vmcE943ThX4gzRMajt3fEzHiSg25Zzo50n01XUvM/2rNSPtn7ZiKMNJE4MkiP2JQBzAJB3apJFizoQGEJTV/hbiPJMLaRJg1IbjTJ89C7bjoloqlm5Nc+SKNIwN2wR7IAxecgjK4AhVQBRg8gmfwCt6sJ+vFerc+Jq1zVjqzA/7I+vwBqrWZSg==</latexit>

w(1) = w(0) � �L0(w(0))

<latexit sha1_base64="bcyDK4hIssARVwJCsoi7Q3ZUdYc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwSlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmOiPGg==</latexit>

w(1)

<latexit sha1_base64="m1bqiAmHPqxKkminYJGlLAJWz8o=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwSlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLblnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPl2KPGQ==</latexit>

w(0)
<latexit sha1_base64="HkV2yuZqY91N5Add40p6cXr/A/Y=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBaxvZREpHosevHgoYL9gDSWzXbTLt1swu5EKaE/w4sHRbz6a7z5b9y2OWjrg4HHezPMzPNjwTXY9reVW1ldW9/Ibxa2tnd294r7By0dJYqyJo1EpDo+0UxwyZrAQbBOrBgJfcHa/uh66rcfmdI8kvcwjpkXkoHkAacEjOTenpafHtKyXZlUesWSXbVnwMvEyUgJZWj0il/dfkSTkEmggmjtOnYMXkoUcCrYpNBNNIsJHZEBcw2VJGTaS2cnT/CJUfo4iJQpCXim/p5ISaj1OPRNZ0hgqBe9qfif5yYQXHopl3ECTNL5oiARGCI8/R/3uWIUxNgQQhU3t2I6JIpQMCkVTAjO4svLpHVWdWrV2t15qX6VxZFHR+gYlZGDLlAd3aAGaiKKIvSMXtGbBdaL9W59zFtzVjZziP7A+vwBXEGQBQ==</latexit>

L0(w(0))

It boils down to minimising a function!

Knob 1

Back to 1D:



min
w∈ℝp

( fw(x)−1)2

min
w∈ℝp

L(w)

L(w) = ( fw(x)−1)2

L(w)

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="q5UBKZ7YeBelPFPD5N6TMW9Kepk=">AAACD3icbZC7TsMwFIYdrqXcAowsFhXQDlQJQoUFqYKFgaFI9CK1pXJcp7VqO5HtgKqob8DCq7AwgBArKxtvg9NmgJZfsvTpP+fo+PxeyKjSjvNtzc0vLC4tZ1ayq2vrG5v21nZNBZHEpIoDFsiGhxRhVJCqppqRRigJ4h4jdW9wmdTr90QqGohbPQxJm6OeoD7FSBurYx883MV5tzCC5zAhx9ARbPUQ5wheH+ZTr9Cxc07RGQvOgptCDqSqdOyvVjfAESdCY4aUarpOqNsxkppiRkbZVqRIiPAA9UjToECcqHY8vmcE943ThX4gzRMajt3fEzHiSg25Zzo50n01XUvM/2rNSPtn7ZiKMNJE4MkiP2JQBzAJB3apJFizoQGEJTV/hbiPJMLaRJg1IbjTJ89C7bjoloqlm5Nc+SKNIwN2wR7IAxecgjK4AhVQBRg8gmfwCt6sJ+vFerc+Jq1zVjqzA/7I+vwBqrWZSg==</latexit>

w(1) = w(0) � �L0(w(0))

<latexit sha1_base64="bcyDK4hIssARVwJCsoi7Q3ZUdYc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckMcxOepMhs7PLzKwSlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLXlnk16h6JbdGcgy8TJShAy1XuGr049YEqI0TFCt254bm25KleFM4CTfSTTGlI3oANuWShqi7qazcyfk1Cp9EkTKljRkpv6eSGmo9Tj0bWdIzVAvelPxP6+dmOCqm3IZJwYlmy8KEkFMRKa/kz5XyIwYW0KZ4vZWwoZUUWZsQnkbgrf48jJpnJe9Srlyd1GsXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmOiPGg==</latexit>

w(1)

<latexit sha1_base64="1Ht7UKny98mO6TXJtLMkM2pX+zY=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBaxvZREpHosevHgoYL9gDSWzXbTLt1swu5EKaE/w4sHRbz6a7z5b9y2OWjrg4HHezPMzPNjwTXY9reVW1ldW9/Ibxa2tnd294r7By0dJYqyJo1EpDo+0UxwyZrAQbBOrBgJfcHa/uh66rcfmdI8kvcwjpkXkoHkAacEjOTenpafHtKyU5lUesWSXbVnwMvEyUgJZWj0il/dfkSTkEmggmjtOnYMXkoUcCrYpNBNNIsJHZEBcw2VJGTaS2cnT/CJUfo4iJQpCXim/p5ISaj1OPRNZ0hgqBe9qfif5yYQXHopl3ECTNL5oiARGCI8/R/3uWIUxNgQQhU3t2I6JIpQMCkVTAjO4svLpHVWdWrV2t15qX6VxZFHR+gYlZGDLlAd3aAGaiKKIvSMXtGbBdaL9W59zFtzVjZziP7A+vwBXciQBg==</latexit>

L0(w(1))

It boils down to minimising a function!

Knob 1

Back to 1D:



min
w∈ℝp

( fw(x)−1)2

min
w∈ℝp

L(w)

L(w) = ( fw(x)−1)2

L(w)

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="q5UBKZ7YeBelPFPD5N6TMW9Kepk=">AAACD3icbZC7TsMwFIYdrqXcAowsFhXQDlQJQoUFqYKFgaFI9CK1pXJcp7VqO5HtgKqob8DCq7AwgBArKxtvg9NmgJZfsvTpP+fo+PxeyKjSjvNtzc0vLC4tZ1ayq2vrG5v21nZNBZHEpIoDFsiGhxRhVJCqppqRRigJ4h4jdW9wmdTr90QqGohbPQxJm6OeoD7FSBurYx883MV5tzCC5zAhx9ARbPUQ5wheH+ZTr9Cxc07RGQvOgptCDqSqdOyvVjfAESdCY4aUarpOqNsxkppiRkbZVqRIiPAA9UjToECcqHY8vmcE943ThX4gzRMajt3fEzHiSg25Zzo50n01XUvM/2rNSPtn7ZiKMNJE4MkiP2JQBzAJB3apJFizoQGEJTV/hbiPJMLaRJg1IbjTJ89C7bjoloqlm5Nc+SKNIwN2wR7IAxecgjK4AhVQBRg8gmfwCt6sJ+vFerc+Jq1zVjqzA/7I+vwBqrWZSg==</latexit>

w(1) = w(0) � �L0(w(0))
<latexit sha1_base64="X9gFHoanIgImerGY3nSIR7Amq+g=">AAACD3icbZC7TsMwFIadcivlFmBksaiAdqBKKlRYkCpYGBiKRC9SGyrHdVqrdhLZDqiK+gYsvAoLAwixsrLxNjhtBmj5JUuf/nOOjs/vhoxKZVnfRmZhcWl5JbuaW1vf2Nwyt3caMogEJnUcsEC0XCQJoz6pK6oYaYWCIO4y0nSHl0m9eU+EpIF/q0YhcTjq+9SjGCltdc3Dh7u4UC6O4TlMyNZ0DDt9xDmC10eF1Ct2zbxVsiaC82CnkAepal3zq9MLcMSJrzBDUrZtK1ROjISimJFxrhNJEiI8RH3S1ugjTqQTT+4ZwwPt9KAXCP18BSfu74kYcSlH3NWdHKmBnK0l5n+1dqS8Myemfhgp4uPpIi9iUAUwCQf2qCBYsZEGhAXVf4V4gATCSkeY0yHYsyfPQ6Ncsiulys1JvnqRxpEFe2AfFIANTkEVXIEaqAMMHsEzeAVvxpPxYrwbH9PWjJHO7II/Mj5/AK98mU0=</latexit>

w(2) = w(1) � �L0(w(1))

<latexit sha1_base64="qI4uTteSCMtirQ54jGDltmhBXGU=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3SPVY9OKxgv2Adi3ZNNuGZrNLklXK0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON8qtrW9sbuW3Czu7e/sHxcOjlo4SRVmTRiJSHZ9oJrhkTcONYJ1YMRL6grX98c3Mbz8ypXkk780kZl5IhpIHnBJjpfbTQ1qunk/7xZJTcebAq8TNSAkyNPrFr94goknIpKGCaN11ndh4KVGGU8GmhV6iWUzomAxZ11JJQqa9dH7uFJ9ZZYCDSNmSBs/V3xMpCbWehL7tDIkZ6WVvJv7ndRMTXHkpl3FimKSLRUEisInw7Hc84IpRIyaWEKq4vRXTEVGEGptQwYbgLr+8SlrVilur1O4uSvXrLI48nMAplMGFS6jDLTSgCRTG8Ayv8IZi9ILe0ceiNYeymWP4A/T5A5pujxs=</latexit>

w(2)

Etc.
Etc.

It boils down to minimising a function!

Knob 1

Back to 1D:



min
w∈ℝp

( fw(x)−1)2

min
w∈ℝp

L(w)

L(w) = ( fw(x)−1)2

En 2D:

Knob 1 Knob 2

It boils down to minimising a function!



min
w∈ℝp

( fw(x)−1)2

Bouton 1 Bouton 2 Bouton p

……

……

min
w∈ℝp

L(w)

L(w) = ( fw(x)−1)2

Gradient descent method:
<latexit sha1_base64="jbQ1C0P41gUAqIQr0ntboaF96oc=">AAACF3icbZDNSgMxFIUz9b/+jbp0EyxCRSwzItWNILpx4aKCVaFTy500raFJZkgyShn6Fm58FTcuFHGrO9/GdDoLtV4IfJxzLzf3hDFn2njel1OYmJyanpmdK84vLC4tuyurlzpKFKF1EvFIXYegKWeS1g0znF7HioIIOb0KeydD/+qOKs0ieWH6MW0K6ErWYQSMlVpu5f4mLfe2/a0BPsQZW9rBQReEABxICDngs3LubLXcklfxssLj4OdQQnnVWu5n0I5IIqg0hIPWDd+LTTMFZRjhdFAMEk1jID3o0oZFCYLqZprdNcCbVmnjTqTskwZn6s+JFITWfRHaTgHmVv/1huJ/XiMxnYNmymScGCrJaFEn4dhEeBgSbjNFieF9C0AUs3/F5BYUEGOjLNoQ/L8nj8PlbsWvVqrne6Wj4zyOWbSONlAZ+WgfHaFTVEN1RNADekIv6NV5dJ6dN+d91Fpw8pk19Kucj29jU5z5</latexit>

w(k+1) = w(k) � �rL(w(k))

New knob 
Configuration

Old  
configuration

In which 
direction

How much 
to turn them= + ×

If “everything goes well”: <latexit sha1_base64="zygHHWp+sovspKiyRp2rG4TLW5I="></latexit>

fw(k)(x) �!
k!1

1
<latexit sha1_base64="+fU5rF3HMadO7UrS34aeWm2N6r8=">AAACHnicbVDLSgMxFM34rPVVdekmWIS6KTPia1l048JFBatCZyyZNDMNzSRDckcpw3yJG3/FjQtFBFf6N6aPha8DgcM553JzT5gKbsB1P52p6ZnZufnSQnlxaXlltbK2fmlUpilrUSWUvg6JYYJL1gIOgl2nmpEkFOwq7J8M/atbpg1X8gIGKQsSEksecUrASp3K/lnt7iav9XeKHexnsmujDPI+9kFhn8sIBkXuCyVjzeMeEK3VXYHdTqXq1t0R8F/iTUgVTdDsVN79rqJZwiRQQYxpe24KQU40cCpYUfYzw1JC+yRmbUslSZgJ8tF5Bd62ShdHStsnAY/U7xM5SYwZJKFNJgR65rc3FP/z2hlER0HOZZoBk3S8KMoEtrcPu8JdrhkFMbCEUM3tXzHtEU0o2JrKtgTv98l/yeVu3TuoH5zvVRvHkzpKaBNtoRry0CFqoFPURC1E0T16RM/oxXlwnpxX520cnXImMxvoB5yPL5uEotk=</latexit>

L(w(k)) �!
k!1

0

It boils down to minimising a function!



But there is more than one image!
‘Bird’‘Donkey’

Data: Loss to minimise:
<latexit sha1_base64="Ecid5+ro8B6BZDv2Hdj+0pv6n9s=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEitFBKIlJdFt24rGAv0IYwmUzaoZNJmJmIoXTnxldx40IRt76CO9/GSZuFtv4w8POdczhzfi9mVCrL+jYKK6tr6xvFzdLW9s7unrl/0JFRIjBp44hFouchSRjlpK2oYqQXC4JCj5GuN77O6t17IiSN+J1KY+KEaMhpQDFSGrnmceXBtWswde1qDQ6wHylZg5rxjPGqa5atujUTXDZ2bsogV8s1vwZ+hJOQcIUZkrJvW7FyJkgoihmZlgaJJDHCYzQkfW05Col0JrM7pvBUEx8GkdCPKzijvycmKJQyDT3dGSI1kou1DP5X6ycquHQmlMeJIhzPFwUJgyqCWSjQp4JgxVJtEBZU/xXiERIIKx1dSYdgL568bDpndbtRb9yel5tXeRxFcAROQAXY4AI0wQ1ogTbA4BE8g1fwZjwZL8a78TFvLRj5zCH4I+PzB9pClsk=</latexit>

(x1, y1), · · · , (xn, yn)
<latexit sha1_base64="QX+u0Yv1/4UdKmLE7N6C0moR0mg="></latexit>2

6666664

1.2 3.5 0.7 4.1 2.7 1.3
0.6 2.8 3.3 1.1 0.5 4.9
7.2 2.4 1.1 0.9 3.3 2.2
3.7 0.9 4.8 5.5 0.2 1.6
1.0 3.1 2.2 2.7 4.0 0.8
0.3 1.5 6.4 2.9 3.6 1.0

3

7777775

<latexit sha1_base64="ZvXmUlha3DqqBXGPpdW3M8Qwql4="></latexit>2

6666664

3.1 0.8 2.4 5.2 1.9 3.6
4.7 1.2 0.9 3.4 2.8 5.0
0.5 3.3 4.1 1.8 2.0 0.7
2.6 5.5 1.1 0.4 3.9 2.3
3.0 2.7 5.8 1.5 0.6 4.2
1.4 3.6 0.2 4.5 2.1 5.3

3

7777775
+1 −1

Knob 1 Knob 2 Knob p

……

……

Machine’s 
Response

<latexit sha1_base64="ECS3mXCSdFGzxMbOAfzAVqHW9zc=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVSkmKVDdC0Y3LKvYBTQ2TybQdOpmEmYmlhP6EG3/FjQtF3Aru/BsnbRbaemDgzDn3cu89XsSoVJb1bSwtr6yurec28ptb2zu75t5+U4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre8Cr1Ww9ESBryOzWOSDdAfU57FCOlJdcsjeAFLI5cuwRHbqUEHeyHSqaf6AQ6lEMnQGrgecnt5D5yzYJVtqaAi8TOSAFkqLvml+OHOA4IV5ghKTu2FalugoSimJFJ3okliRAeoj7paMpRQGQ3mV41gcda8WEvFPpxBafq744EBVKOA09XpjvKeS8V//M6seqddxPKo1gRjmeDejGDKoRpRNCngmDFxpogLKjeFeIBEggrHWReh2DPn7xImpWyXS1Xb04Ltcssjhw4BEegCGxwBmrgGtRBA2DwCJ7BK3gznowX4934mJUuGVnPAfgD4/MHrOKcug==</latexit>

w = (w1, w2, · · · , wp) 2 Rp

Magic synthetiser
<latexit sha1_base64="2fBAI3otYg2n7BAWj/uQXIXmL0Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbMLuRimhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdh72nXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AFd7o3f</latexit>

fw

<latexit sha1_base64="34N89ZBMqIhEoti+VeZjSEIT2nc=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2AR6qbMiFSXRTcuq9gHdErJpJk2NJMZkoxahoK/4saFIm79Dnf+jZm2C209EDiccy/35PgxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eFV5jfvqVQsEnd6FNNOiPuCBYxgbaSufRB0H0qPJ8hjAnkh1gPfT2/HXbvolJ0J0CJxZ6QIM9S69pfXi0gSUqEJx0q1XSfWnRRLzQin44KXKBpjMsR92jZU4JCqTjqJP0bHRumhIJLmCY0m6u+NFIdKjULfTGYJ1byXif957UQHF52UiTjRVJDpoSDhSEco6wL1mKRE85EhmEhmsiIywBITbRormBLc+S8vksZp2a2UKzdnxerlrI48HMIRlMCFc6jCNdSgDgRSeIZXeLOerBfr3fqYjuas2c4+/IH1+QNH/JUU</latexit>

fw(x) 2 R

<latexit sha1_base64="vQI/TjnPQzItBWXtfPyFyZBTs3A=">AAACD3icbVC7SgNBFJ31GeNr1dJmMChJYdgNEm2EoI1lBPOAPJbZyWwyZGZ2mZk1hiV/YOOv2FgoYmtr5984eRSaeODC4Zx7ufceP2JUacf5tpaWV1bX1lMb6c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfvx77tXsiFQ3FnR5GpMVRV9CAYqSN5NknTU6FN4BNFXMvoZfuqC1gduhReAoDb5B98Ggu1y54dsbJOxPAReLOSAbMUPbsr2YnxDEnQmOGlGq4TqRbCZKaYkZG6WasSIRwH3VJw1CBOFGtZPLPCB4bpQODUJoSGk7U3xMJ4koNuW86OdI9Ne+Nxf+8RqyDi1ZCRRRrIvB0URAzqEM4Dgd2qCRYs6EhCEtqboW4hyTC2kSYNiG48y8vkmoh7xbzxduzTOlqFkcKHIIjkAUuOAclcAPKoAIweATP4BW8WU/Wi/VufUxbl6zZzAH4A+vzB1Swmu8=</latexit>

min
w

nX

i=1

(yi � fw(xi))
2

“Supervised learning”



What about ChatGPT?

Knob 1 Knob 2 Knob p

……

……

The next word

<latexit sha1_base64="ECS3mXCSdFGzxMbOAfzAVqHW9zc=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVSkmKVDdC0Y3LKvYBTQ2TybQdOpmEmYmlhP6EG3/FjQtF3Aru/BsnbRbaemDgzDn3cu89XsSoVJb1bSwtr6yurec28ptb2zu75t5+U4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre8Cr1Ww9ESBryOzWOSDdAfU57FCOlJdcsjeAFLI5cuwRHbqUEHeyHSqaf6AQ6lEMnQGrgecnt5D5yzYJVtqaAi8TOSAFkqLvml+OHOA4IV5ghKTu2FalugoSimJFJ3okliRAeoj7paMpRQGQ3mV41gcda8WEvFPpxBafq744EBVKOA09XpjvKeS8V//M6seqddxPKo1gRjmeDejGDKoRpRNCngmDFxpogLKjeFeIBEggrHWReh2DPn7xImpWyXS1Xb04Ltcssjhw4BEegCGxwBmrgGtRBA2DwCJ7BK3gznowX4934mJUuGVnPAfgD4/MHrOKcug==</latexit>

w = (w1, w2, · · · , wp) 2 Rp

Magic synthetiser
<latexit sha1_base64="2fBAI3otYg2n7BAWj/uQXIXmL0Q=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbMLuRimhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdh72nXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AFd7o3f</latexit>

fw

Apprentissage “semi-supervisé”

The donkey is an equid. As a herbivore, it frequently consumes fibrous plants.

The donkey is an

<latexit sha1_base64="uk1zas63Th5CZKqMt7xq+3ys7Lw=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBItQoZSZdqzdCEU3LivYB7RDyaSZNjSTGZKMWIaCv+LGhSJu/Q53/o1pOwttPXAvh3PuJTfHixiVyrK+jZXVtfWNzcxWdntnd2/fPDhsyjAWmDRwyELR9pAkjHLSUFQx0o4EQYHHSMsb3Uz91gMRkob8Xo0j4gZowKlPMVJa6pnHj/AK5p1qAZadiwJ0yiXdzntmzipaM8BlYqckB1LUe+ZXtx/iOCBcYYak7NhWpNwECUUxI5NsN5YkQniEBqSjKUcBkW4yO38Cz7TSh34odHEFZ+rvjQQFUo4DT08GSA3lojcV//M6sfKrbkJ5FCvC8fwhP2ZQhXCaBexTQbBiY00QFlTfCvEQCYSVTiyrQ7AXv7xMmqWiXSlW7pxc7TqNIwNOwCnIAxtcghq4BXXQABgk4Bm8gjfjyXgx3o2P+eiKke4cgT8wPn8AyXiRhw==</latexit>

x = (48, 345, 432, 4)
Animal ? 

Mammal ? 
Equid ?

Data (sentences):
<latexit sha1_base64="w64r0tD3Eqv4aeNZRaW9AOZ3tXc=">AAAB/nicbVDLSgMxFM3UV62vqrhyEyyCi1JmilSXRTcuK9gHtMOQyWTa0EwyJBlpGQr+ihsXirj1O9z5N2baWWjrgQsn59xL7j1+zKjStv1tFdbWNza3itulnd29/YPy4VFHiURi0saCCdnzkSKMctLWVDPSiyVBkc9I1x/fZn73kUhFBX/Q05i4ERpyGlKMtJG88snEc6pw4tWrcIADoVX2MHrFrtlzwFXi5KQCcrS88tcgEDiJCNeYIaX6jh1rN0VSU8zIrDRIFIkRHqMh6RvKUUSUm87Xn8FzowQwFNIU13Cu/p5IUaTUNPJNZ4T0SC17mfif1090eO2mlMeJJhwvPgoTBrWAWRYwoJJgzaaGICyp2RXiEZIIa5NYyYTgLJ+8Sjr1mtOoNe4vK82bPI4iOAVn4AI44Ao0wR1ogTbAIAXP4BW8WU/Wi/VufSxaC1Y+cwz+wPr8AfdGlDs=</latexit>x1, x2, · · · , xn

Fonction à minimiser:
<latexit sha1_base64="CrQ2jP95yHSZNWP8QVW0qTeL8Dc="></latexit>

min
w

nX

i=1

(mot d’après� fw(xi))
2

<latexit sha1_base64="PBWkhdOEaB+h/wXI2utIsQUN1QM=">AAACGXicbVDLSgMxFM34rPVVdekmWASFUmaKVJdFNy4r2Ad0SsmkmRqaSYbkjlqG/oYbf8WNC0Vc6sq/MW1nodYDIYdz7uXee4JYcAOu++UsLC4tr6zm1vLrG5tb24Wd3aZRiaasQZVQuh0QwwSXrAEcBGvHmpEoEKwVDC8mfuuWacOVvIZRzLoRGUgeckrASr2CG/buju6Psc8l9lOvhCsl7NO+AmP/IvYjAjc6SkENmTRj7I97haJbdqfA88TLSBFlqPcKH35f0SRiEqggxnQ8N4ZuSjRwKtg47yeGxYQOyYB1LJUkYqabTi8b40Or9HGotH0S8FT92ZGSyJhRFNjKyabmrzcR//M6CYRn3ZTLOAEm6WxQmAgMCk9iwn2uGQUxsoRQze2umN4QTSjYMPM2BO/vyfOkWSl71XL16qRYO8/iyKF9dICOkIdOUQ1dojpqIIoe0BN6Qa/Oo/PsvDnvs9IFJ+vZQ7/gfH4DRP+erg==</latexit>

fw(x) 2 {1, 2, · · · ,#tokens}



Taking a step back



Three ingredients behind the success of modern machine learning:

Architectures et training techniques: 
Neural networks, training algorithms, …  

Compute power: graphics processing units (GPU)

Data: internet (text et images)



Training Chat-GPT, 
some numbers

Bringing up a child to its twenties:  
2000Kal / day —> 100Watts  

20 MWh from 0 to 20 years old

Size of the synthesiser:

A trillion (10^12) trainable knobs ≈ Paris covered with knobs

Energy to turn the knobs: 10GWh energy consumption (€2M euros electricity bill) 

To compare: Training ChatGPT ≈therefore: 500 x
0 —> 20

But not much compared to the ≈ 1GWh daily consumption due to queries!  

Trained on a 10 trillion (10^13) words ≈ 10 million copies of War and Peace ≈ 100 000 years to read (no sleeping)  

Text seen by ChatGPT:

What’s the capital 
of Switzerland? Bern



Why don’t we understand?

Just because we know exactly what happens at the  
‘local scale’ doesn’t mean we understand the behaviour at 

the macroscopic level.

‘Lagopède  
Alpin’

‘Lagopède  
Alpin’

<latexit sha1_base64="/o1XeVtFj4vTbsJRDHMu2IIVjGw="></latexit>

fw(x) = WL�(WL�1�(· · ·�(W1x+ b1) · · · ) + bL�1) + bL.



What are the issues?

‘Lagopède  
Alpin’

It works brilliantly, but we don’t understand why!

How does it make a decision? With which criteria? 
When does it make a mistake? Can we fool it?  

Is it biased? Can we extract sensible data?

Issues: security, ethics, reliability, sustainability…



Recent successes challenge many of our conceptions: 
Machines now navigate territories reserved to conscious beings

 Is it creative?
How do we even define these words?

What about us, humans:
Is consciousness / intelligence only computational?
Is creativeness about interpolation or extrapolation?

A better understanding of these seemingly ‘intelligent’ machines will 
shed light on many aspects of our own.

Is it intelligent? 
Could it be conscious?

Does ChatGPT understand things?



So what can  we do?
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As we don’t properly understand them,  
Current neural network can be depicted as::

Hard to follow what is going on

Chat-GPT:
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What theoreticians look at:

It already has similar properties (it flies!), and much simpler to 
analyse and understand.
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“Nothing is more practical than a good theory”



This course!!!



Up next: let’s do some math!



What you know / don’t know yet:
1. What is the gradient of w ∈ ℝd ↦ ⟨w, x⟩

3. Let , what is the gradient of  ?A ∈ Rd×d w ∈ ℝd ↦ w⊤Aw

2. Let , what is  equal to?A ∈ Rd×d w⊤Aw a)  
d

∑
i,j=1

Aijwiwj b)  
d

∑
i=1

Aijwiwj c)  ∥Aw∥2

5. Suppose  is convex and differentiable. Which minimal condition 
guarantees that  is a global minimiser?

f : ℝd → ℝ
w⋆

a)  ∇f(w⋆) = 0 b)  ∇2f(w⋆) ⪰ 0 c)  and  ∇f(w⋆) = 0 ∇2f(w⋆) ⪰ 0

4. Which of the following are convex functions?

a)  w ↦ ∥w∥2 b)  w ↦ w⊤Aw c)  w ↦ exp(w) d)  w ↦ ln(w)


