


Can you connect all the dots by 4 lines directly following each other?

KARLA STEPANOVA: COGNITIVE SYSTEMS (TRIP INSIDE OUR BRAIN), 7.10.2020,

KARLA.STEPANOVA@CVUT.CZ, WWW.KARLASTEPANOVA.CZ



KARLA STEPANOVA: COGNITIVE SYSTEMS (TRIP INSIDE OUR BRAIN), 7.10.2020,
KARLA.STEPANOVA@CVUT.CZ, WWW.KARLASTEPANOVA.CZ




Al and insights vs. creativity

- Insightful: Extend initial conceptual space, AlphaGo creativity
- Creativity: AlphaGo, Art, Music...

Initial conceptual

https://ai.facebook.com/blog/generative-ai-text-to-video/ s b -oolro .
a pentagonal green clock. a green clock in the shape of a pentagon. - 3 s %\ ~~~~~~~ IQ ‘é;; _____
n conceptual space
v @‘
aa

Task goal
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https://ai.facebook.com/blog/generative-ai-text-to-video/

KARLA STEPANOVA: COGNITIVE SYSTEMS (TRIP INSIDE OUR BRAIN), 7.10.2020,
KARLA.STEPANOVA@CVUT.CZ, WWW.KARLASTEPANOVA.CZ




KARLA STEPANOVA: COGNITIVE SYSTEMS (TRIP INSIDE OUR BRAIN), 7.10.2020,

KARLA.STEPANOVA@CVUT.CZ, WWW.KARLASTEPANOVA.CZ




Visual attention
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Visual attention
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Pareidolia
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Motoric memory (tightening your laces)
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Door Push


https://www.youtube.com/watch?v=ZhsEKTo7V04

Primary somatic
sensory cortex

Primary motor cortex

Motor association area

Skeletal (premotor cortex and

muscle Parietal lobe | gensory information
movement supplementary motor from skin,
cortex) Sensory musculoskeletal
association |  gystem, viscera,
area and taste buds

Visual association
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Occipital lobe | Vision

Visual cortex

Frontal lobe

Prefrontal
association
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Coordinates Auditory association

information from area Heari

other association : earing
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What happens inside the brain?
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* Brain — nepotfebny organ

* Imhotep (3500 Bc)— 1.1éka¥, abnormality chovéni, objevitel
mozkomisniho moku?, Egyptané, Aristoteles,... — centrum duse je srdce

* Hippocrates (400 BC)— ,The brain exercises the greatest power in the
man®“

*Descartes (1.pol. 17.st.)
,mind-body problem®, dualismus — mysl| kontrolu nad télem, télo ovliviiuje mysl|

Anatomické pokusy, télo smrtelné, mysl nesmrtelna

*Thomas Willis (pol.17.st.)

terminy ,, hemisféra® ,lalok” ,neurologie”, ,psychologie”
| jini ZivoCichové mysli

vysSi struktury mozku — vice komplexni funkce, nizsi struktury — automatické reakce,
dychani atp. -> testy na zviratech i lidech

History of brain research (neuroscience
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Franz Joseph Gall — 18.-19.st., osobnost vztazena ke
strukturam v mozku

frenologie — tvar lebky pfimo urcuje lid. inteligenci a
osobnost

Jean-Baptiste Bouilland (konec 19.st) — rGizné oblasti
mozku zodpovédné za jednotlivé funkce (fec)

pozorovani lidi s mozkovymi zranénimi

Paul Broca — centrum pro zprac. reci -> Brocovo -
Motor projection areas
ce nt rum related to speech

Wernicke's area

Karl Spencer Lashey (1.pol.19.st) — ztrata paméti —
kolik tkdné odebrano a ne kde (na mysich) —
komplexni Uloha (primarni a asociacni oblasti)

Cast oblasti mGze prevzit funkce jinych (plasticita)

Auditory cortex

History of brain research (neuroscience)
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Different information pathways
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« Ventral & 2
[inferior /
temporal)
pathway

Different information pathways
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Action

40 Potential
~ =
g’ R
% il &

r ] = £ =
=] L=}

e u rO S 55 | Threshold 9 ]
70 state
Stimulus ~ Faue
initiations
0 1 2 3 4 5 >
Time (ms)
Dendrit
W Ranvierowy Synapse
X 1
X3 | ————p O
¥y, ¥z . vstupy neuronu Scljwannovy
Wy, Wy ... vahové koef. buriley
Myelinova pochva
< wig .. prahové hodnota Jadro Y P

. Axon — 1,5m, 2-120m/s, membranovy potencidl, akéni potencial — vybijeni,
bilkovina myelin

1943 MCCUIIOCh and Pitts . Synapse — 0,5-4ms, vyliti neurotransmiteru - receptor - zmény
propustnosti pro Ca+, jednosmérné (drahy obousmérné), latkovy prenos

. Prostorova a ¢asova sumace
. Seda hmota — alcohol/cannabis/pregnancy/1Q/elderly/action vs.3D games

. Roztrousend sklerdza narusuje gliové bunky tvorici pochvu
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A en M h umn. next
to L bdet

What {s the capital of
France?

Paris.

@ Con you write me a poen?

I don't know exactly what
to write. There’s just so
much to answer.

G

G
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Deep and steep
Computing power used in training Al systems Total Compute Used During Training
Days spent calculating at one petaflop per second*, log scale s
By fundamentals AlphaGo Zero becomes its own —-3/’ 3:‘;:';";}‘ =
teacher of the game Go 10

©Language @ Speech @ Vision
© Games @ Other L

AlexNet, image classification with b 01
deep convolutional neural networks —e : -
0.01
o e (o}
B, 0.001 ]
o e -® K 10
- pe==® 0.0001
Two-year doubling .o-®~ ®
(Moore’s Law) g 0.00001 : M
&

1000

Training Petaflop/s-days

————— € Firstera > - Modern era N
_______ 0.000001 P e* o F & J,«»‘ 0&» o 5
.= & &S 4
;’/ Perceptron asrmplearuhcual neural network 0.0000001 & & e&é" @e@ & é{\ & Cg <3 ‘3 &
Ll T | T
1960 70 80 90 2000 10 20
Source: OpenAl *1 petaflop=10'* calculations
I'he Economist

Computer power used in training Al systems has exponentially increased in the era of deep learning.

(source)
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Anatomicka organizace CNS

e Micha « Senzoricka info

. Seda hmota
. zadni rohy (usp.neurony ~ senzorické info),
. pfedni rohy (motorické jadro inervuje svaly)
. Bila hmota — ascendentni a descendenti drahy s
motor. ptikazy

¢ Brain
stem

e  Medula Retikularni formace - jadra
e  Varoltv most , «— Senzoricka info
e Sttedni mozek Mozkovy kmen — kontrola motoriky + sluch, balanc, chut’ +parasympatické
reflexy (srd.¢in., krev.tlak,peristaltika) + ovlivnéni stavu bdélosti
(dle senzor.info)
«  Moze&ek (cerrebelum) — pozice, koordinace hlavy, o¢nich pohybt, jemna motorika, uceni motor.
dovednostem (nejvic neuronti, malo typii)

«  Mezimozek (diencephalon) - Thalamus — periferie + hemisféry, integrace senz.info, prah
. Hypothalamus — télni funkce, regulace hormonti, motivacni syst.mozku,
biologicky rytmus (vézeni — psych.muceni)

« Koncovy mozek (telencephalon) — 2 mozkové hemisféry




Mozkove hemisféery

« Percepce, motorika, kognitivni funkce
» 1 strana mozku ovlada 2. stranu téla — ktiZi se v riznych bodech
« Corpus callosum — split-brain syndrome, better connection (gifted?)
« Subkortikalni formace:
— Amygdala (emoce, soc.chov.) - EEG exp.
— hippocampus (pamét’, prost.orientace)
— bazélni ganglia (jemna motorika)

Cerebrum

2 e
1%
- \.\2 v Prefrontal
ot g:_’m'ﬁlg}) ) g Y Cortex Basolateral amygdala

Central amygdala

Corpus
Callosum

Basal
Ganglia

of midbrain

/ Amygdala Thalamus
/ Hippocampus

Hypothalamus
Amygdala
Hippocampus

Cerebellum




Mozkove hemisfery

« Percepce, motorika, kognitivni funkce
* 1 strana mozku ovlada 2. stranu téla — ktiZi se v riznych bodech
« Corpus callosum
« Subkortikalni formace:
— Amygdala, hippocampus, bazalni ganglia

« Mozkova kiira — pod ni bild hmota (myelin)

— Oddélené systémy pro jednotlivé modality

— Kazdy féni systém mnoho regionti




« Percepce, motorika, kognitivni funkce
* 1 strana mozku ovlada 2. stranu téla — ktiZi se v ruznych bodech

« Corpus callosum R
- Subkortikalni formace: ' 'h;?éefw'ar= i
— Amygdala, hippocampus, bazalni ganglia s, | ”jfu‘x.rﬁ',-"_f;';ﬂ[?;'f_'.':_".'.'
« Mozkova kiira — pod ni bild hmota (myelin) iy
— Oddélené systémy pro jednotlivé modality w pne| |, | 11* '
— Kazdy féni systém mnoho regionti W dsy
— Projek¢ni neurony (pyramidové, axony y e [ e
do dal¥f faze zpracovani)- uni/bi/multipolarni =" F|° ﬂf
- interneurony (inhibi¢ni, excitadni - uhybaci) ¥ 2| | ';f Hh;" o
— Ve vrstvach, neurotransmitery A 'Q.-'._'-?f"ff:'o'""-'“- MR
o3 Sy v z
o | N LA i

White matter I




Mozkove hemisféery

» Percepce, motorika, kognitivni funkce
» 1 strana mozku ovlada 2. stranu téla — ktiZi se v riznych bodech
« Corpus callosum
« Subkortikalni formace:

— Amygdala, hippocampus, bazalni ganglia  symestevesie

* Mozkova kiira — pod ni bila hmota (myelin) ...
— Oddélené systémy pro jednotlivé modality

Axon
Neurotransmitters ~ T€rminal

MNeurotransmitter
re-uptake pump

— Kazdy f¢ni systém mnoho regionu Post-synapi densio) Wil - LR AT Simapte
G Cleft

— Projekéni neurony (pyramidove, axony Dendiic
pine

do dalsi faze zpracovani) a interneurony

— \e VrStVé.Ch, neurotransmitery Excita¢ni (Na+, Cat+), Inhibi¢ni (K+, Ca+)




« Percepce, motorika, kognitivni funkce
» 1 strana mozku ovlada 2. stranu téla — ktiZi se v riznych bodech
« Corpus callosum
« Subkortikalni formace:
— Amygdala, hippocampus, bazalni ganglia  symestevesie
« Mozkova kiira — pod ni bild hmota (myelin)
— Oddélené systémy pro jednotlivé modality

Axon
Neurotransmitters ~ T€rminal

MNeurotransmitter
re-uptake pump

Voltage-gated
Ca++ channels

~dv féni A . O . . A Meurotransmitter 5 ti
— Kazdy {¢ni systém mnoho regionti Post-synaptc densiy R Swapic
— Projek¢ni neurony (pyramidove, axony Dencic
pine

do dalsi faze zpracovani) a interneurony
— Ve vrstvach, neurotransmitery

DEREAE ramvierow  Smapse o AXON — 1,5m, 7m/s, membranovy potencial, akCni
zélezy 4 potencial — vybijeni, bilkovina myelin
. Synapse — 0,5-4ms, vyliti neurotransmiteru — receptor
— zmény propustnosti pro Ca+, jednosmérné (drahy

Schwannowy
burilky




Percepce, motorika, kognitivni funkce
1 strana mozku ovlada 2. stranu téla — kiiZi se v ruznych bodech
Corpus callosum
Subkortikalni formace: B L
— Amygdala, hippocampus, bazalni ganglia -
Mozkova kiira — pod ni bila hmota (myelin) oo
— Oddélené systémy pro jednotlivé modality
— Kazdy féni systém mnoho regionti Corpus
— Projek¢ni neurony (pyramidove, axony Temporal lobe
do dalsi faze zpracovani) a interneurony o
— Ve vrstvach
— Topografickd mapa — kazda ¢ast mozku projektuje na dalsi
(neuronové mapy, motorickad mapa) — transformace,
neproporcionalni — roboti: bodyschema, model t¢la, SOM

— 4 laloky — ryhy (sulcus)

4
ava

Farietal lobe

Parietal
occipital
sulcus

Oecipital
lobe

Calcarine
sulous

Cerebellum




Asociacni oblasti

Micha —> Thalamus —  Mozkova kira
(receptory) Filtrace info . Primarni Somatosenzoricka kura
. Somatotopicky, neproporéné

Visual cortices l

Multimodalni asoc.ktura

-

A Premaotar corex

Amygdala

hippocampus

Hypothalamus

amygdala

v

ey Kortikospinalni draha
gangia 8 L% (kira — micha — svaly)

E Motor cortex Paosterior parietal




Asociaéni oblasti

Periferie — primarni kiira — unimodalni asoc.oblast — multimodalni a.o.

. Unimodalni asocia¢ni oblast — integrace info jedné modality
. 3 Multimodalni asocia¢ni oblasti — integrace info z vice modalit
. Percepce + jazyk (posteriorni) — vojaci WW I a II 1éze, télo v prostoru (viz.scéna)
. Emoce + pamét’ (limbicka)
. Planovani pohybu, jazykové produkce, rozhodovani (anteriorni, prefrontalni kiira)
. Pracovni pamét, rozhodovani (schizofrenie — problém spravné aktivace prefr.obl.)




Zmény CNS

e Alkohol —redukce sSedé hmoty
e Marihuana — kratkodobé X dlouhodobé (redukce Sedé hmoty v hippocampu, amygdale, medialni

temporalnim kortexu, prefrontalnim kortexu, zména integrity bilé hmoty)
e Téhotenstvi — 2 roky

* Meditace — preusporadani Sedé hmoty

e Psychedelika — ovlivnéni amygdaly -> kratkodoba alternace emoci, |éCba deprese a uzkosti, halucinace
X dlouhodobé efekty — zmény nélad, persistentni psychoézy (flashbeky), paranoia, zmény nalad, visudlni
problémy https://www.nature.com/articles/s41598-020-59282-y,
https://www.discovermagazine.com/mind/psychedelic-effects-on-the-brain

e Video hry — hry X 3D stavéni



https://www.nature.com/articles/s41598-020-59282-y
https://www.discovermagazine.com/mind/psychedelic-effects-on-the-brain

1300 cm3

Large grapefruit

Approx. 1 kg

Retarded human — 500 cm3

How did our brain evolve?
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Dolphins — earlier on Earth, strong, earth->sea, sonar for navigation,
schools, midwifes, communication wider range (2000 - 80,000 Hz) X

- H. sapiens Elephant
(20 - 20,000 Hz) human 10,0001 H. hodskis \ Doiphin / _/Whale
\J. ‘ ;_-l T lmmﬂ.ﬂ
= e /Idimurl
: N
5 N
H a
£ a
_g Hligator
=]
1 i 1
100 10,000

Temporal lobe

Body mass (kilograms)

FIGURE 7.13 — A plot of brain mass versus body mass for a variety of animals. The
open circles represent reptiles (including some fish and dinosaurs), the filled circles
represent mammals (including many birds), and the x's represent primates (including
humans and their immediate ancestors). (Carl Sagan)

https://www.cfa.harvard.edu/~ejchaisson/cosmic_evolution/docs/text/text cult 3.html

How did our brain evolve?
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https://www.cfa.harvard.edu/~ejchaisson/cosmic_evolution/docs/text/text_cult_3.html
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https://link.springer.com/referenceworkentry/10.1007%2F978-3-642-39979-4 81

How did our brain evolve?
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https://link.springer.com/referenceworkentry/10.1007%2F978-3-642-39979-4_81

- first movements — 8 weeks of pregnancy first head

- tactile

3 weeks 4 weeks

- listening
- crying
- smiling S5 .

_ development Of vision 7 weeks 11 weeks mnnths

- sleep

6 months 8 months Newborn

How did our brain evolve?
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- first movements — 8 weeks of pregnancy first head, 10 — hickups,
11-12 weeks we can observe periodical breathing of the fetus and S
in 12 weeks we see stretches and yawns.

https://www.livescience.com/62928-why-babies-kick.html Ny
3 weeks 4 weecks 5 weeks
http://karlastepanova.cz/first-kicks-and-yawns-how-our-baby-
starts-to-move-around-the-womb/
- tactile sensing — first accidental touches :
- hearing — 27 weeks of pregnancy, 18-19 body sounds g
7 weeks 11 weeks | mnﬁhs

- crying and smiling — facial movements: 24t to 35t week of
pregnancy...

- development of vision — 36days - 2 optic nerves (optic stalk) , 30-
35 days of pregnancy iris, ..., at 2 months developed enough to
react to outside world -

- sleep
6 months 8 months Newborn

How did our brain evolve?
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https://www.livescience.com/62928-why-babies-kick.html
http://karlastepanova.cz/first-kicks-and-yawns-how-our-baby-starts-to-move-around-the-womb/
http://karlastepanova.cz/first-kicks-and-yawns-how-our-baby-starts-to-move-around-the-womb/
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