Anelpootikog Aoywopog | (HY110)

Awaeén #1

HY-110 2023



Anelpootiko¢ Aoylopog |

ALOAOKOVTEC
Toaykatakng Fpnyopng, greg@csd.uoc.gr

Bonbol
Noamnadakn Awkatepivn, csdpl277@csd.uoc.gr
Nikodripouv Baoileloc — KAeitog, csdpl1086@csd.uoc.gr
BiAwa Mapiot —Muptw, csdpl316@csd.uoc.gr
[epaklavakn Awkatepivn, csdpl263@csd.uoc.gr
Koutpakng MuxaAng, mikoutra@yahoo.gr

Mavenotipwo Kpitng

d  TupApa EmotApng Ynohoylotwy HY-110 2023


mailto:greg@csd.uoc.gr
mailto:csdp1277@csd.uoc.gr
mailto:csdp1086@csd.uoc.gr
mailto:csdp1316@csd.uoc.gr
mailto:csdp1263@csd.uoc.gr
mailto:mikoutra@yahoo.gr

ZUvtouo Bloypadiko

» Assistant Professor, Computer Science Department, UOC
» Research associate with Signal Processing Lab at the FORTH

» BSc & MSc Electronics and Computer Engineering, TUC
(2005, 2007)

» Ph.D. Imaging Science, Rochester Institute of Technology,
NY (2011)

» Marie-Curie fellow Electrical and Computer Engineering,
USC

» Research interest: (deep) machine learning for big scientific
data analysis

Mavenotipwo Kpitng

TpApa Emotipng Ynoloylotwy HY-110 2023



NMAnpodopieg yia To padnua

e AloAE€elc
— Tpitn & Mepmtn 10-12
— Opovtiotiplo: Napookeun 4-6
— ApdBgatpo 20
— Qpec ypadelou: Tpitn 12-13, B304

* YALKO pabnuatoc
— https://www.csd.uoc.gr/~hy110
— https://elearn.uoc.gr/course/view.php?id=3130
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https://www.csd.uoc.gr/~hy110
https://elearn.uoc.gr/course/view.php?id=3130

MAnpodopliec yia to padnua

* AfloAoynon poBnuatoc
— Aoknoelc (20%)
— MNpoodoc (mpoatpetikn) (30%)
— TeAwkn E€€taon (50% n 80%)

* AOKNOELC
— 4 UTTOXPEWTLKEC OELPEC AOKNOEWV Kall

— 1 aoknon bonus (+10%) pe xprion mMPOYPOULUATWY
onwc Matlab/octave/python/c + ypamti avadopd
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MAnpodopliec yia to padnua

e JuyypoppoTo

— "Thomas Amnetlpootikoc Aoylopoc" twv Joel Hass,
Chrisopher Heil & Maurice D. Weir. 14 €kboon),
Navenotnuiakeg Ekdooelc Kpnitng, 2018

* Eyypadn otnv oeAida tov pobnuatoc oto
eLearn

* Eyypadn otnv Alota Tou pabnuatoc:
— hy110-list@csd.uoc.gr

— pe email oto: majordomo@csd.uoc.gr, xwpic subject pe
Kelpevo: subscribe hy110-list
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THOMAS AMNEIPOZTIKOZ AOriZMOX

THOMAS’
ATIEIPOTTIKOG
Aoyiopog

Armygotucd Aurpnpis o Thomss mesdsr b o o me senagen
Earffuis; moyypjprm o nponmasosc eninefe, i nkfpar mobrpnge-

W A FxSnnn i T e ol 1N RN PV ST e
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Kwdikdg Bifhiouv otov Edbogo: 77107082

Luyypageic: [George B. Thomas], Jr., Joel Hass, Christopher Heil, Maurice D. Weir

ApiBudc Exdoang
‘Erog Tpéy. Exboong
NeLeic khaibia
Sepomkes Evotnreg
ISBN

Exdoosig

Aéopo

Miaordosig

ApiBudg Zehiduwv
MiaBirng (Exdong)
ToTrog

loToosAiBa Biphiou

n
2018

973-960-524-515-3

ITE-MANEMIZTHMIAKELZ EKAOZEIZ KPHTHEZ

Zhnpo ECwguiho

[21x29]

1277

IAPYMA TEXNONOTIAE & EPEYNAZ-NMANEMIZTHMIAKEEZ EKAQZEIZ KPHTHE

EOyypappa

Edw
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https://www.csd.uoc.gr/~hy110/

Emwokonnon StaAé€ewv

2UVOPTNOELCG
Opla ouvaptnoswv
JUVEYXELQ

Napaywylon
EdappoyEc napoywywv
MNopdywyol avwtepnc Taénc

OpLopEVO OAOKANPWHLA CUVEXWV CUVOPTNOEWV
AplOunTtikn oAokArnpwon

AOpLOoTO OAOKARPWHA

TeXVIKEC OAOKANPWONC KoL YEVIKEUMEVA OAOKANPpWUOTO

AkolouBiec & ZelpEc
YiepPATIKEC CUVAPTATELC
AtapoplkeC e€LlowoEeLg
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«Meyala desdopeva»
201 7 internet minute 2020 nternet Minute

Google  gog000 16miion  Youf[D

Logins Text
3.5 Million Messages 4.1 Million
Videos Viewed

NETFLIX  cueres

70,017
Hours
Watched

@ $751,522

Spent Online

1.8 Million
Snaps
Created

15,000
Glfs Sentvia

Messenger
Q 120, 156 Million

Emails Sent
50 40,000
Created By:

| hhdm Voice-First Hours v
Devices Shipped  Listened DA
W @Lorilewis

amazon echo I @ Spotify W @OfficiallyChadd

Creoted By
W @lorilewis
W #OfficialyChadd
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‘E€untveg OAELC

Central Moniteding

B~
-

City Services:
Sctety & Security /

{, Emergency Responce
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«Meyala Asdopéva» kat Internet-of-Things

The Connected Life by 2020

2020

24 Bi I I io N Revenue Opportunity For

Mobile Network Operators in 2020

Connected Devices
2011 ceabevt

9 Billion 020 1 2
Connected Devices 12 BI”IOﬂ [ ]

Connected Devices

2011 il
. Trillion
6 B I | I I O n 7x increase on 2011 expected revenues

Connected Devices

/ \ PR
| Revenue opportunity for connected devices in vertical sectors | Figl *{ 44

»
[ / JEurope
P | ~$305 Billion
Health : Al'u“?ﬂ:a \ ,;}\\
HIH $241Billion | D 2
$69 Billion -
B : Middle East

Africa

{=_ Automotive $878illion |

t $202 Bi”ion Utilities usﬂgnz‘;mem; \
$36 Billion | 2

Consumer electronics

$445 Billion
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EXABYTES (. LI
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www.scality.com , Uscality
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Meyala dedopéva otnv actpoduoikn

iy Survey Proect

The Palomar Digital Sky Survey

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

Mavenotipwo Kpitng
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Meyala dedopéva yia To KALHO

Climate Lakéﬂs Gras;lands

Mavenotipo KpRtng
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Ecology

EO market decade projections

10

> ® Manufacturing
m Downstream

€ Billion

0

2017 2027
Launched EO satellites (non-meteo) worldwide

300 =
200 s
100

o T T l
2008 2010 2012 2014 2016 2018 2020 2022 2024

~over2000kg 501-2000 kg M50.500kg ™ 11-50kg ' below 10 kg

Satellite manufacturing Downstream segment
segment (2018-2027) (2018-2027)

T T 1

T T T

2026

22% 17%

78% 83%

® Europe M Rest of the World d
Euroconsult, satellite based EO 2018
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«Meyala Asdopevar ko Mevetikn

HUMAN GENOME, IN NUMBERS
XPOOODOC
?NPL'E'!#?Q ¢¢22,000

ROMOSOMES GEN ES

el SIZE
m 39 500 i 5
20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 201 COST TO SEOUENCE DISK
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E€EAEN Ttne Texvntriic Nonupoouvng

https://www.bbc. co. uk/sounds/plav/mOOOdsc4

=@ Radio, ["$iDram'& Bass
Mix

ence Guest Mix

Artificial intelligence-created
medicine to be used on humans for
first time, BBC news, 30/1/2020 What can  help

you with?

00:01:00

Coronavirus: Can Al Make A Difference?
Forbes, 2/2/2020

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

https://youtu.be/VG68SKoG7VE
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(c) Nerfie (d) Nerfie Depth

Mavenotipo KpRtng
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Altritwtes
Gender

Glasses:
Yaw:
Pitch
Bald:

Beard:

Expression:

Ughting
Left->Right:

Right->Left
Down->Up:
Up->Down:
No light.

Front light:

Source: [Abdal et al. 2020]

Mavenotipo KpRtng
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Brief history of Machine Learning

Convolution Neural Networks for  Google Brain Project on
Handwritten Recognition 16k Cores

1958 Perceptron 1974 Backpropagation 1998 a ‘ | 2012
awkward silence (Al Winter) I

1969 1995 2006 2012
Perceptron criticized SVMreigns  Restricted  AlexNet wins
y , Boltzmann ImageNet
Machine

IMAGENET

-

v

Mavenotipo Kpitng

TuApa Eotniung Ynoroylotwy HY-110 2023




Edapuoyég ota mayyvidia

Kaissa
1974: first world
computer chess

champion

Dartmouth

Conference
1956: the birth of Al

Mac Hack

1967: chess Al beats
person in tournament

Zobrist's Al
1968: First Go Al,
beats human amateur

Checkers Al
Wins

1962: Samuel's

program wins game
against person

1989: convolutional
nets first
demonstrated

1956: IBM Cheflkers Al
first demongjrated

Bernstein's
Chess Al

1958: first fully
functional chess Al

developed

Backprop
1986: multi-layer
neural net approach
widely known

Mavenotipwo Kpitng
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History of Game Al
By: Andrey Kurenkov

TD-

Gammon
1992: RL and neural
net based back-
gammon Al shown

predicted probability
of winning, v,

MCTS Go

2006: French
researchers advance
Go Al with MCTS

Monte
Carlo Go

1993: first research
on Go with stochastic
search

Crazy

Stone
2008: MCTS Go Al
beats 4 dan player

Zen19

2012: MCTS based Go
Al reaches 5-dan rank

NeuroGo
1996: ConvNet with
RL for Go, 13 kyu
(amateur)

DeepMind
2014: Google buys
deep-RL Al company
for $S400Mil

AlphaGo

2016: Deep
Learning+MCST Go Al
beats top human

1994: checkers Al
draws with world
champion

1997: IBM chess Al
beats world champion

HY-110 2023




Match the characters in the picture Help

To continue, type the characters you see in the picture. Why?

traffic lights

If theee are none, click skip

I'm not a robot e

reCAPTCHA

Privacy - Terms

Mavenotipwo Kpitng
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2023

@) DALLE 2

n Make a song about a programmer and someone who isn't a programmer.

Here is a sample song about a programmer and someone who isn't a programmer:

Verse 1:

Programmer, programmer, sitting at the screen
Typing code all day, living in a dream

Creating apps and websites, making them just right

A master of technology, always up to date

Chorus:
Programmer, programmer, so smart and so bright

Always coding away, day and night

Verse 2:

Nomor o “An astronaut riding a horse in a
programmer, non-programmer, not a clue
About the world of code, what it can I phOtO realistic Style”

MavemoTtipio Kpritng HY-110 2023
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Evkédalog kat Nevpwvika diktva

Brain neurons (bilions)
e 86 ALC VEUPWVEC
» 10%4-10° cuvaygelg

impulses carried
toward cell body

) branches
dendrites ' of axon

nucleus

2 axon
~ terminals

impulses carried
away from cell body

Sources: : Buzana Herculano-Houzel: Marino, L. Brain Behav Evol 1998:51:230-238
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(Texvnta) Nevpwvika Aiktia
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Gradient descent algorithm

repeat until convergence {

(for j =1 and j = 0]

Mavenotipo KpRtng
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LKTLOL

A

Nevpwvika

Texvnta

Training

HY-110 2023

label = 4
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label = 9
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MovteAomnoinon

LEFT REARWARD UEHICLE CAMERA

N
%
|

MEDIUM RANGE VEHICLE CAMERA

osons  “RIGHT REARWARD UEHICLE CAMERA

Mavenotipwo Kpitng

TpApa Emotipng Ynoloylotwy HY-110 2023




MovteAomnoinon

LEFT REARWARD UEHICLE CAMERA

osons  “RIGHT REARWARD UEHICLE CAMERA

Mavenotipo KpRtng
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MovteAonoinon

Elcoboc: x E€oboc: f(x) = [—1,0,1]

Mavenotipo KpRtng
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ZUVOPTNOELG

* Zuvdaptnony = f(x)
— Xx:avetaptntn petapfAntn

y: €CapTNUEVN HETAPBANTNA Cottiried
Wilhelm Leibniz
X e— f — T (X) 1646-1716
Eic000¢ 'E€o0o0¢
(medio oplopon) (Tedio TIHV)

Leonhard Euler
1707-1783

Mavenotipwo Kpitng
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GLoBAL TEMPERATURE TRENDS

Troposphere

-

0.5 085 HD55 045 025 0115 0050 005 045 025 035 045 05 085 015
°C per decade

14.6
(=] 14.4
&
) 3 m
23 14.2 § %
& 55
g 14.0 g 2
= 9; g
= )
@ 13.8 g i
S m
g g
§ 13.6 é g
)
=
(=) 13.4
-0.80L . 1 & 1 N 1 & 1 2 1 = 1 A 1 P2 1 13.2
1860 1880 1900 1920 1940 1960 1980 2000
Period Rate
® Annual mean b O
25 0.177%0,052
mm Smoothed series mess 50 0.128%0.026
m 5-95% decadal error bars w100  0.074%0,018

= 150 0.045%0.012
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Relative Brightness

1.002[

1.000

0.998

0.996

0.994

0.992L

o ] e
Time (days)
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COVID cases, global, past 3 month

5 oM 29 Sept 2022
' Mew cases: 617,158
T-day avg: 451,801

1.5M
1.004
500 000
0
Apr 20 May 17 Jun 13 Jul 10 Aug & Sep 2 Sep 29
Mew cases  — 7-day average
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Per capita consumption of mozzarella cheese =
correlates with
Civil engineering doctorates awarded
Correlation: 95 86% (=0.95864%)
2000 2001 2002 2003 2004 2003 2008 2007 2008 2009
12Ibs 1000 degrees
g =
Z 1l 800 degrass %'
e g
% 10Tbs £ e E
=
Slbs 400 dagraes
2000 2001 2002 2003 2004 2003 2006 2007 2008 2005

-8 Engineering doctorates  —#= Mozzarella cheese consumption

tylervigen com

https://www.tylervigen.com/spurious-correlations

Mavenotipwo Kpitng
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https://www.tylervigen.com/spurious-correlations

Number of people who drowned by falling into a pool
correlates with

Films Nicolas Cage appeared in

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
140 drownings 6 films
w
o
=
=
& 120 drownings 4films =
s 5
) =
g &
= 0O
= , Gooo@
£ 100 drownings [ 2 films "5
E * ¢
=
)
80 drownings 0 films
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-~ Nicholas Cage -+~ Swimming pool drownings

tylervigen.com

MavemoTtipio Kpritng HY-110 2023
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ZUVOPTNOELG

* Zuvdaptnony = f(x)
— Xx:avetaptntn petapfAntn

y: €CapTNUEVN HETAPBANTNA Cottiried
Wilhelm Leibniz
X e— f — T (X) 1646-1716
Eic000¢ 'E€o0o0¢
(medio oplopon) (Tedio TIHV)

Leonhard Euler
1707-1783

Mavenotipwo Kpitng
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ZUVAPTIOELG
* Juvaptnony = f(x)
— Xx:avegaptntn peTaPAnTn
— y: efoptnuevn petoPAntn

* EVAAAOQKTLKO
—z=yg(1)
— {(x,f(x)) x € R}
—fix—>y

Mavemotipio Kpritng

Gottfried
Wilhelm Leibniz
1646-1716

Leonhard Euler
1707-1783

HY-110 2023
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ZUVOPTIOELG

Mua cuvaptnon f amno to nedio opopov D oto
rnedlo TipHwv Y elvall Evac Kovovaog Ttou avoBeTel
po povadikn Tt f(x) € Yyia kaBe x € D

f(a) f(x)

D = medio opiopov Y = ohvoro mov mepiEyel
10 TEHI0 TIUOV

Mavenotipwo Kpitng
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Nedia oplopov kat redia TLpwv

Na Bpeboulv ta edlo oplopoU Kol TLUWV TWV
— f(x) =1+ x?

4

- f) =4

3—

— g(x) = Vx2 — 3x

Mavenotipwo Kpitng
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Nedia oplopov kat redia TLpwv

Na Bpeboulv ta edlo oplopoU Kol TLUWV TWV
- f(x) =1+ (—00,0) - [1, 00)

4

- f) =4

3—

— g(x) = Vx2 — 3x

Mavenotipwo Kpitng
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Nedia oplopov kat redia TLpwv

* Na Bpebolv ta ediat oplopoU Kol TLHWV TWV
- f(x) =1+ (—00,0) - [1, 00)

- fO == (=,3)U(3,00) - (=,0) U (0,)

— g(x) = Vx2 — 3x

Mavenotipwo Kpitng
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Nedia oplopov kat redia TLpwv

* Na Bpebolv ta ediat oplopoU Kol TLHWV TWV
- f(x) =1+ (—00,0) - [1, 00)

- fO == (=,3)U(3,00) - (=,0) U (0,)

—g(x) =vx2—3x (—00,0] U[3,00) — [0, o)

HY-110 2023



fpadkéc MNapaotacelg ZuvaptrioEWV

u M,
— e —— — — ——

Mavenotipwo Kpitng
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fpadkéc MNapaotacelg ZuvaptrioEWV

Function Not a Function
y=f@4 y#f@y
] /-\\\/E /‘\ o < E :
" X : X
b b

(many-to-one) (one-to-many)

This is NOT OK in a

This is OK in a function )
function

Mavenotipwo Kpitng
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frpadkéC MNapaoTtaoel; ZUVAPTIICEWV

Function Not a Function
y=fe4 y# 0y
Kpttiiplo
4N i /& KOTaAKOPUDNG
B Nt x \ Pox euBeia
s R C
Voo Voo

(many-to-one) (one-to-many)

This is NOT OK in a

This is OK in a function )
function

Mavenotipwo Kpitng
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Nrpadkeg Napaotaoelg

* No oxeblaotel n ypadlkn mopaotacn TG
cuvdptnonc y = x4 oto Staotnua [-2,2]

* Noa nopaoctaBouv oL CUVOPTAOELC KOL EENYNOTE AV
elval ypadLKEC MOPAOTACELC TOU X
— |yl =x
—y2 = x2

MavemoTtipio Kpritng HY-110 2023
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IxeSLoNOC Ypo LKWV MAPACTACEWV

X
—2 4
—1 1
0 0
1 1
3 9
2 4
2 4

Mavenotipwo Kpitng
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Mpoogyyion ypadikn mapaoctacns

#x: 5

H#x: 9

#x: 41

Mavemotipio Kpritng

TuApa Enotnung YnoAoylotwy

35

25

1.5

051

-1.5

-0.5

0.5

1.5
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Alaypappa cuvoLaoTIOP A

1,0 -
0,8 -
0,6 |-
0.4
0,2 -

® Agdouéva

|
0001 0,002 §,005 0,004 0,0

> (sec)
02k 0,006
—0.4 |

—0.6 |
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TUNUOTIKEC CUVOLPTIOELC

* H ouvaptnon amoAutng TNG !

)
X, x =0

o —
x| 1—x, x <0
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TUNUOTIKEC CUVOLPTIOELC

* Na Bpebel o TUTTOC TNC CUVAPTNONG YLOL TLC
TIOLPAKATW YPOPLKEC TIAPOLOTACELC

F
}I
1.1 4
o )
/\ “w;l}
> X p\i—)x
0 2 2 5
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ZUVAPTHOELS LEYLOTOU/EAAXLOTOU OKEPQALOU

e JUVOPTNON HLEYLOTOU QKEPALOU: LEYLOTOC
QKEPALOC ULKPOTEPOC N LOOC TOU X
|12.5] =2,]0] =0, |—-1.5] = -2

e Juvaptnon eAAXLOTOU AKEPALOU: EAAXLOTOC
QKEPALOC LEYAAUTEPOC N LOOC TOU X
[2.5] = 3,[0] = 0,[]-1.5] = —1
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JUVAPTNOELC HEYLOTOU/EAAXLOTOV aKEpaiov

X y
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3F ¢&—0 7y=xX
’ 3 O—¢
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AvU¢ovoec kol DOivouoec cuvapTNOELS

Eotw n ouvaptnon f(x) oplopévn oe Eva

dtaotnua I koL xq, X, € 1

* Av f(xy) > f(xq) yia kaBe (V) x, > x4, TOTE
n f (x) ovopaletatl avéovoa oto |

* Av f(xy) < f(xq) ya kaBe (V) x, > x4, TOTE
n f (x) ovopaletal pBivovoa oto I

To I pmopet va eival menepacpevo (ppayuevo) n
anelpo (Un ¢ppayuevo)

motpo Kpn neG

HY-110 2023



AvU¢ouvoec kol DOivouoec cuvaptNOELS

Ye rota StaotApata eivat avéovoec/dpBivouoec
Ol TTAPAKATW CUVOPTAOELC

1
oy=__

X

o v — L
Y T
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