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THE FUTURE AIN‘T WHAT IT USED TO BE
Yogi Berra




Proc?

Informatika (uz po druhé)
Kybernetika (informatika + redlny svét)



Cybernetics:

Kybe ' etl ka (z reckého kuBepvning = lodivod)

Véda o obecnych principech rizeni a prenosu informaci
ve strojich, zivych organismech a spolecenstvich.

Nazev poprveé pouzil jiz v 19. stol. fyzik André-Marie Ampere
pro vizi tehdy neexistujici védu o rizeni lidské spolecnosti.

Zakladatelem oboru je americky matematik a filozof z MIT

Norbert Wiener (1894-1964)

Roku 1948 ve slavné knize poprvé pouzil termin
"kybernetika" pro oznaceni samoregulacnich mechanismu
a polozil teoretické zaklady servomechanismu, automatické
navigace, analogovych pocitact, umélé inteligence,
neuroved a spolehlivé komunikace.

Norbert Wiener: Kybernetika aneb Rizeni a komunikace u zvifat a stroj(
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Share of U.S. Workers in Low, Medium,
and High Skill Occupations: 1979 and 2016

1979 Low Skill ‘ Medium Skill 'High Skill
13.7% 61.1% 25.2%

| Medium Skill -
' 43.2% ©

High Skill
38.6%

2016 Lovs« \

18.2%






Performance

udrzet hodnotu, polohu, rychlost
Zzmenit, premistit, nasmerovat
sledovat, opakovat Cinnost
zachovat chovani pri zméné
potlacit nebo vyrusit vliv okoli
zrychlit, zpomalit, zpresnit Cinnost
optimalizovat, zlevnit, zrychlit
zvysit odolnost, bezpecnost,
zotaveni z poruch

umoznit, aby vubec fungovalo ...

a stabilita







Stabilita

schopnost systému
vratit se po malém
vychyleni do
puvodniho
(pozadovaného)
stavu
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Feedforward a Feedback

Vazba prima, dopredna
fizeni jen na zakladé pozadavku a pripadné informaci zvenku

Vazba zpétna

navic vyuziva informace o vystupu, o skutecném reakci systému na rizeni
vystupy systému vraci zpét na vstupy (ridiciho systému), vznikne uzaviena smycka

Jednoduché kauzalni uvazovani o zpétnovazebnim systému je obtizné, protoze prvni
systém ovlivnuje druhy a druhy systém ovlivnuje prvni, coz vede ke kruhové

VI/Ve

analyzovat systém jako celek.
Presneji:
Uzavrenim smycka vznika uplné novy systém, ktery drive neexistoval.

Pivodni rizeny systém ,,.zmizel”, jako soucdst celku se chovd uplné jinak.
To plati, pokud je smycka uzavrena.
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kladna zpétna vazba

pUsobi pro zménu, zesiluje ji

desticky

oxytocinu

/A/

7 ¥ |

zaporna zpéetna vazba

pUsobi proti zméné, zeslabuje ji
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Feedforward

napajeni,
pritok vody,

kvalita vody,

doba prani,
teplota, ‘

zaSpinéni pradla,
mnozstvi pradla,
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CONTROL SYSTEMS FOR
Automaton - IEEE Spectrum COMPLETE IDIOTS
3 ]

Boston Dynamics s
\e/l___gsin [(w,,\h -ty + ¢]

c(t)max = 1-

David Smith: Control Systems for Complete Idiots.
Independently published (July, 2019) Foe—y R
ISBN-10: 1079384545, ISBN-13: 978-1079384543 \_,rmnsfer _/ for Scientists

Function and Engineers

Karl Johan Astrém Richard M. Murray: %\_ /\/
. _— o

Feedback Systems: An Introduction for Scientists
and Engineers, 2nd Ed. Princeton University Press, 2021. &
ISBN-10: 0691193983, ISBN-13: 978-0691193984

BakalaFsky kurz FEL CVUT Automatické fizeni programu Kybernetika a robotika
Katedra Fidici techniky FEL CVUT, YouTube kanal

Studijni program Kybernetika a robotika na FEL CVUT: web a prezentace

Videa studentl: Krystof Pucejdl|, Loi Do

Kiddle - Kids encyclopedia facts, Control system facts for kids, Control engineering
facts for kids, Cybernetics facts for kids, Robot facts for kids



https://www.amazon.com/Control-Systems-Complete-Idiots-DAVID/dp/1079384545/ref=tmm_pap_swatch_0?_encoding=UTF8&qid=&sr=
https://spectrum.ieee.org/video-friday-engineered-arts-mesmer-robot-cleo
https://www.bostondynamics.com/
https://www.amazon.com/Control-Systems-Complete-Idiots-DAVID/dp/1079384545/ref=tmm_pap_swatch_0?_encoding=UTF8&qid=&sr=
https://www.amazon.com/Feedback-Systems-Introduction-Scientists-Engineers/dp/0691193983/ref=sr_1_1?crid=2HJ52WIAMEP6G&keywords=astrom+murray&qid=1646207229&s=books&sprefix=astrom+murray+%2Cstripbooks-intl-ship%2C152&sr=1-1
https://moodle.fel.cvut.cz/course/view.php?id=6591
https://control.fel.cvut.cz/
https://www.youtube.com/user/DCEweb
https://kyr.fel.cvut.cz/
https://studuj.fel.cvut.cz/studijni-programy/kyr
https://youtu.be/QbQcaZ6Q5qs
https://youtu.be/sEwV6u4Sbwo
https://www.kiddle.co/
https://kids.kiddle.co/
https://kids.kiddle.co/Control_system
https://kids.kiddle.co/Control_engineering
https://kids.kiddle.co/Cybernetics
https://kids.kiddle.co/Robot
https://www.amazon.com/Feedback-Systems-Introduction-Scientists-Engineers/dp/0691193983/ref=sr_1_1?crid=2HJ52WIAMEP6G&keywords=astrom+murray&qid=1646207229&s=books&sprefix=astrom+murray+%2Cstripbooks-intl-ship%2C152&sr=1-1
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Galton Board
bean machine
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=Xy =X

Error, §

Error response, =f(t)
T I

t[s]

=Xy =X

Error, §

Error response, =f(t)
T I
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Albert-Laszl6 Barabasi: Linked: How Everything Is
Connected to Everything Else and What It Means for
Business, Science, and Everyday Life,

Basic Books, 2014.

ISBN-10: 0465085733, ISBN-13: 978-04650857362014

Albert-Laszlo Barabasi: Network Science.
Cambridge University Press, 2016.

ISBN-10: 1107076269, ISBN-13: 978-1107076266
Webova verze s animacemi.

Videa

What is a Random Walk?, Graph Theory Overview
Introduction to Graph Theory: A Computer Science
Perspective, Graph Theory Introduction
Exponentials & Power Laws

Albert-LaszI6 Bpdpag Everyth-ir;g Is Connecdted to

Everything Else and What It Means for
Business, Science, and Everyday Life

L1nked

Albert-Laszlé Barabasu

Albert- Laszlo Barabasi

NETWORK
SCIENCE


https://www.amazon.com/Linked-Everything-Connected-Business-Everyday/dp/0465085733/ref=sr_1_5?crid=2ZYKZTAWYV3W5&keywords=barabasi&qid=1646208779&s=books&sprefix=barabasi%2Cstripbooks-intl-ship%2C173&sr=1-5
https://www.amazon.com/Network-Science-Albert-L%C3%A1szl%C3%B3-Barab%C3%A1si/dp/1107076269/ref=sr_1_1?crid=1PVUPAJQO2MVH&keywords=Network+Science+ALBERT-L%C3%81SZL%C3%93+BARAB%C3%81SI&qid=1646209051&s=books&sprefix=network+science+albert-l%C3%A1szl%C3%B3+barab%C3%A1si%2Cstripbooks-intl-ship%2C134&sr=1-1
http://networksciencebook.com/
https://www.youtube.com/watch?v=stgYW6M5o4k&t=418s
https://www.youtube.com/watch?v=82zlRaRUsaY
https://www.youtube.com/watch?v=LFKZLXVO-Dg
https://www.youtube.com/watch?v=eQA-m22wjTQ
https://www.youtube.com/watch?v=7jUp1rR-Q4I
https://www.amazon.com/Linked-Everything-Connected-Business-Everyday/dp/0465085733/ref=sr_1_5?crid=2ZYKZTAWYV3W5&keywords=barabasi&qid=1646208779&s=books&sprefix=barabasi%2Cstripbooks-intl-ship%2C173&sr=1-5
https://www.amazon.com/Network-Science-Albert-L%C3%A1szl%C3%B3-Barab%C3%A1si/dp/1107076269/ref=sr_1_1?crid=1PVUPAJQO2MVH&keywords=Network+Science+ALBERT-L%C3%81SZL%C3%93+BARAB%C3%81SI&qid=1646209051&s=books&sprefix=network+science+albert-l%C3%A1szl%C3%B3+barab%C3%A1si%2Cstripbooks-intl-ship%2C134&sr=1-1
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ARTIFICIAL
INTELLIGENCE

ENGINEERING OF MACHINES
THAT MIMIC COGNITIVE FUNCTIONS

G

MACHINE
LEARNING

ABILITY TO PERFORM TASKS
WITHOUT EXPLICIT INSTRUCTIONS
AND RELYING ON PATTERNS

DEEP
LEARNING

MACHINE LEARNING BASED
ON ARTIFICIAL NEURAL NETWORKS



rozpoznavani tvare

filtrovani spamu

reC na text

preklady

hodné dat
lepsi hw a sw

pokrok v matematice



Funkce function, mapping, pattern,..

zobrazeni z mnoziny vystupnich hodnot na vystupni hodnoty
deterministicka = pro stejné vstupy da vzdy stejné vystupy
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2X; +2X,

)/I:

[X1,X2] = meshgrid(0
Y=2*X1+2*X2
surf(X1

Modely funkci
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Hledame F(a,b) = ¢

(D F? [—
@, O

Co muze byt F?
+I -I XI /
Jak vhodnd je F?
.tri spravné ze tri"

Data

A B C
2 1 2
3 1 3
3 2 6
4 1 4)
{3 2 b}



Strojové uceni

umoznuje rozhodovani zalozené na datech

z velkych souboru identifikuje a extrahuje dat funkce (vzory),
které mapuji soubory slozitych vstupu na spravné vysledky
rozhodnuti.

INPUT HIDDEN OUTPUT
LAYER LAYERS LAYER

Hluboké uceni
SRS RSN ST

UK AN AN XA S , 7

Y7 Y WY N

DS D e S e funkce (vzory) ziskané z dat
S X XIS S

SO CORY SO I X
N K
77 \NAHL 7\ N\

TN AN s
aTA A e

"o ° °
Y. V. V.=

reprezentuje (modeluje)
neuronovymi sitémi




Klicoveé slozky strojového uceni

data - soubor historickych prikladu, instanci

soubor kandidatu funkci - algoritmus prohledava, az najde nejlepsi
mira vhodnosti (fitness) - vvhodnocuje, jak kandidati vyhovuiji

Kategorie strojoveho uceni

pod dohledem, supervised - priklady maji spravné reseni

bez dohledu, unsupervised - nemaji ho

s posilovanim, reinforcement - data az online, vhodnost ex post



Priklad: Vypocet platebni schopnosti zadatelu o pujcku

Table 2.1. A dataset of loan applications and

known credit solvency rating of the applicant

ID

Annual income

Current debt

Credit solvency

$150

-$100

100

$250

-$300

-50

$450

-$250

400

$200

-$350

-300

model Z=X XWX, X W,
platebni schopnost =
= (prijem x vaha pro prijem)
+ (dluh x vaha pro dluh)
uceni
vahy nahodné zvolime a dosadime
platebni schopnost =
= (prijem x 3) + (dluh x 1)
= (150 x 3) + (-100 x 1) = 350
porovname 100 — 350 = -250, chyba je zaporna,
upravime vahy, aby hodnotu zvetsily 3N 2,1 212
platebni schopnost =
= (prijem x 2) + (dluh x 2)
= (150 x 2) + (-100 x 2) = 100
porovname 100 - 100 = 0, hodnota je spravna
Z=X X2+X, %2

Z=Xx3+X,x1



Priklad - pokracovani

ukolem bankére neni vypoditat Cislo (platebni schopnost), ale rozhodnout o pujcce
pridame k modelu néjaké rozhodovaci pravidlo. Napriklad

,pujcka bude poskytnuta osobé, jejiz platebni schopnost je vyssi nez 200”
pravidlo je také modelem: mapuje vstupni proménnou (platebni schopnost) na vystupni

(rozhodnuti o Uvéru)

rozhodnuti o pujcce platebni schopnost =
= rozhodovaci pravidlo (platebni schopnost = pfijem x 2) + (dluh x 2) - prah)
= ,If > 0“ (platebni schopnost = 150 x 2) + (-100 x 2) - 200)

= odmitnhout
ano

Z:O(X1XWI+XZXW2+b) nel .

0 plat. schop. - 20




Priklad — geometricka interpretace

XIXW1+XZXW2-b:O

w b 50
N,
W W, ’
y=Ax+B ;Z
diuh |
2x, +2x,-200=0 200
X, =-x%, +100 =
y=-X+ 100 -350 |

0 50 100 150 200 250 300 350 400 450 500
ro¢ni prijem



Neuron

pocitacovy program



Neuron

(apfedchozivrst va,i xWi ) +bj
i=1

aVVSde = O-(



Neuronova sit

predchozi
vrstva

a = aktivace =
vystup neuronu

dalSi
vrstva

®
Cost—»Cy(...) = (P —y)’

) = wL) g(L=1) + p(L)

Desired

predchozi output

D
x
l'

5 n a(vrs’rva j X W + bk
i k,i




Trénovani
iteraci pres priklady v datové sadé postupné vybirame funkce
pokazdé siti predlozime vstupni hodnoty a sit vrati vystupni
ty porovname se spravnym vystupem uvedenym v datové sadé
rozdil uzijeme k aktualizaci parametru sité, aby lépe odpovidala

jakmile je model dostatecné presny, uceni se ukonci
a algoritmus vrati konecny model

Inference, odvozovani

hotovy model aplikujeme na noveé priklady, u kterych
nezname spravnou vystupni hodnotu
model (sit) pro nas generuje odhady této hodnoty
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Upper loop neuron...maybe...
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wra1+wol2+4+wsaz+woslg—+- - -+ Wy Qnp,

w1 2.07
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Testing data
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What’s the “cost”
of this difference?
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What’s the “cost”
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_ 2
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Cost of | % What’s the “cost”
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Cost of | 3, What’s the “cost”
0.0006 <+— (0.02 — 0.00)*+ of this difference?
0.0007 <— (0.03 — 0.00)%+ ~ -
0.0039 <+ (0.06 — 0.00)*+ O1 o1
0.0009 <= (0.97 — 1.00)*+ 2§ gg
003 4 00085 += (0.07 0. 00)%+ 01| ., O1
' 0.0004 <+— (0.02 — 0.00)*+ OF OF
0.0022 <— (0.05 — 0.00)*+ 83 83
0.0033 <«— (0.06 — 0.00)*+ Qs O8
. . or or
0.0072 <— (0.08 — o 00) +
0.0018 <— (0.04 — 0.00)? Utter trash
Prehrat (k) O
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Input = :
P Lo Neural network function
e
0.94
0.14
(.82
L on J | Input: 784 numbers (pixels)

Output: 10 numbers
Parameters: 13,002 weights/biases

784 <

L 1 JoI Jel JOI )
o T o & TG S T\ S B i e

N RN S |

P Pl <) 4:50/21:00 - Cost functions > Posunutim zobrazite vice «©0 B £° ] ar
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Input Cost function

[nput: 13,002 weights/biases

Output: 1 number (the cost)

Parameters: Many, many, many
training examples

22

)

\ 4
Cost: 5.4
o

» Bl ) 507/21:00 - Cost functions > PosUnUinTZobrasiEyies “©© B ¥ ;] ar
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Prehrat (k) a:?
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Compute VU
Small step in —V (' direction
Repeat.

B \ \\ T\ \
Lfﬁ_’_p\w )

. Pl < 828/21:00 - Gradient descent > Posunutim zobrazite vice 0 B 5] it
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How to nudge all

13,002 weights and biases

2.43
—1.12
1.47
' —VC (W)

—0.96
3.82
1.21

Prehrat (k)

Posunutim zobrazite vice
v

kPl < ——@ 8:49/21:00 - Gradient descent >

0.18
0.45
—0.01

0.40
—0.32
0.82

weights and biases

“© B ¥ 5] ar
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=
||

~VC(W) =

Prehrat (k)

wW13,000
wW13,001
w13,002

0.16

P » < ——@ 11:02/21:00 - Gradient descent >

wo should increase somewhat
wy should increase a little
wo should decrease a lot

W13.000
W13.001
W13.002

should increase a lot
should decrease somewhat

should increase a little

Posunutim zobrazite vice

v

0 B
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ar



Uceni

postupna minimalizace
nakladové funkce
(kritéria)

Kazdy krok
musi spocitat
vsechny priklady
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—VC(...) =
N

All weights
and biases

Prehrat (k)

2 »| «) 13:00/21:00 - Gradient descent recap >

—0.01
0.65
—0.61
0.05

1.52
1.53
—1.42
—1.15

Change by some small
multiple of —VC(...)

784 9 1 \¥

g i

/{ /

CHl 7

8’?}%’:: YW:_

L O

Posunutim zobrazite vice ) JL
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Testing data

784 4

OOOFOL

0QQOO00O0 -

G
5-/ uess A

Number correct

total

Wrong!

90
— = (.968
93



My

realita je slozit

ejsi

Convolutional NN

LSTM



3BluelBrown

text: https://www.3bluelbrown.com/topics/neural-networks

videa: https://youtu.be/aircAruvnKk
https://youtu.be/IHZWWFHWa-w DEEP LEARNING
https://youtu.be/llg3gGewQ5U OHN D. KELLEHER
https://youtu.be/tleHLnjs5U8

kniha: John D. Kelleher
Deep Learning (The MIT Press Essential Knowledge)
The MIT Press; lllustrated edition (2019)
Language : English
Paperback : 296 pages
ISBN-10 : 0262537559
ISBN-13 : 978-0262537551



https://www.3blue1brown.com/topics/neural-networks
https://youtu.be/aircAruvnKk
https://youtu.be/IHZwWFHWa-w
https://youtu.be/Ilg3gGewQ5U
https://youtu.be/tIeHLnjs5U8
https://www.amazon.com/Deep-Learning-Press-Essential-Knowledge/dp/0262537559
https://www.3blue1brown.com/topics/neural-networks
https://www.amazon.com/Deep-Learning-Press-Essential-Knowledge/dp/0262537559




Industry 1.0

The Industrial Revolution begins.
Mechanization of manufacturing with

the introduction of steam and water
power

Industry 2.0

Mass production assembly lines using
electrical power

Industry 3.0

Automated production using electronics,

programmable logic controllers (PLC), IT
systems and robotics

Industry 4.0

The "Smart Factory. Autonomous decision
making of cyber physical systems using
machine learning and Big Data analysis.

Interoperability through loTl and cloud
technology.



mass customization

rychla a levna vyroba na miru
personal fabrication
single person market

vyroba pro jednu osobu

kratsi logisticke retézce

inshoring
mala universalni tovarna v kazdém malém meésté
dulezité jsou informace, design,

nikoliv produkt a jeho vyroba
make - it yourself



digitalni dvojce

dd
stroju
materialu
pofadavka M dd vyrobku, vyroby
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digitalni dvojcata

zadné pevneée vyrobni linky, pruzna vyrobni cesta

vyroba pro vice dodavatelu

vyrobek je informacni kontejner - pravidla vyrobni stroje
flexibilita, nové stroje, roboti, tiskarny, koboti

méneé pracovniku s obecnymi dovednostmi

flexibilni, individualizovana zajimava prace, neni nutné skoleni
vSechna data uloZena, vyrobek ma pamét
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Videa:
MILL TALK: What Is Industry 4.0 and How Did We Get Here?
The Autonomous Factory of the Future by Siemens



https://www.youtube.com/watch?v=ttfMEXGdh1s
https://www.youtube.com/watch?v=y8bJk_hGYD4




INTERNET OF THINGS

3 . Internet of
Everything
e

B
L



QUANT UM

COMPUTING

[01101>







Osobni web Michael Sebka

VSECHNOPARTY Karla Sipa
Fokus Vaclava Moravce. 3. ¢ast

Host Lucie Vyborné — Radiozurnal
CNN Prima News Interview

360° Pavliny Wolfové, CNN Prima
Mama a tata na siti. Podcast nadace Avast

Vzdélavani pro budoucnost. TEDxPragueED 2018
O robotech, lidech a neznamé budoucnosti. Robot 100 a blog
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http://michaelsebek.cz/cs
https://www.ceskatelevize.cz/porady/10090925908-vsechnoparty/219544161600015/video/691673
https://www.ceskatelevize.cz/porady/11054978064-fokus-vaclava-moravce/220411030530007/
https://youtu.be/bHcJriIedFI
https://cnn.iprima.cz/porady/interview/08062021-michael-sebek
https://cnn.iprima.cz/porady/3600-pavliny-wolfove/68-epizoda
https://youtu.be/TEQzSuLs95s
https://www.youtube.com/watch?v=55HtL0f2BwY
https://www.robot100.cz/kniha
https://www.robot100.cz/
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