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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;; _____
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Task goal
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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
area

Occipital lobe | Vision

Visual cortex

Frontal lobe

Prefrontal
association
area

Coordinates Auditory association

information from area Heari

other association : earing
Auditory cortex

areas, controls
some behaviors

Reasoning skills SmeILE) Ifactory
cortex

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings. Flg . 9'1 5

What happens inside the brain?
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Different information pathways
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Different information pathways
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. Axon — 1,5m, 2-120m/s, membranovy potencidl, akéni potencial — vybijeni,
bilkovina myelin

1943 McCulloch and Pitts

- Synapse — 0,5-4ms, vyliti neurotransmiteru - receptor - zmeény
propustnosti pro Ca+, jednosmérné (drahy obousmérné), latkovy prenos

. Prostorova a ¢asova sumace

. Sedd hmota — alcohol/cannabis/pregnancy/1Q/elderly/action vs.3D games

. Roztrousend sklerdza narusuje gliové bunky tvorici pochvu

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

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



The Transformer — model architecture AChon.
Outputs 40 Potential
Probabilities
i ~ =
S »f \3
e g’ 5 |2
r—T—\ %’n g E
Add & Norm & g %
Feed I A e
ety 55 | Threshold e state

+

Add & Norm

E Stimulus
Nx initiations
Add & Norm 0 1 2 3 4 5 ’
t #

—

4
=5

Add & Norm
i

Feed
Forward
Input image Convolutional layers Fully connected layer Output class
' A N A = r A e — Nx Add & Norm

e

Convolution Pooling

©
SN

O
I\
. A \‘ )

& it it
RO XA e O9 Q0 B _
= }'&"‘,’7 ‘\"\'}‘7 Inputs Outputs a = Backward Gradients
s \"e‘ W\ “\‘“ \',;\/ Encoding Encoding
CIANOERN 1 0id
"I}\v Inputs o) '
N '> Outputs
" /“v (shifted right)
;O k
/‘\ £ SCIFORCE 0.6 |
\ 0.2
Feature
VAE
Extraction (FE) "
oL ! Artificial Neural Networks Spiking Neural Networks
Neuron
FetchPickAndPlace-vi activations b
Observation
B I _ ——— 1
Presynaptic spikes Newron Postsynaptic spikes
- |
FE Output — B I 1o g
l ” 8 é g’ 1 : =] -S ‘E -~ Surrogate gradient
O v 5 & 9 : |__E gb % — Original gradient
° EEI2a 8
= | < 7|\
Ay a. o
()< Actor- Critic i P P g% 1lmg g AN
b Behaviour-Decision Internal | Internal State §_ ==l teup § 7 \
O State S .E / N\
g [ — 7 |
Concatenate 2 . m -
Reactive Time Membrane Potential
Network

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

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




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 typi)

«  Mezimozek (diencephalon) - Thalamus — periferie + hemisféry, integrace senz.info, prah
. Hypothalamus — téIni funkce, regulace hormont, 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 — kiiZi 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
« | strana mozku ovlada 2. stranu téla — k#iZi se v riznych bodech

« Corpus callosum R
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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

— Projek¢ni neurony (pyramidove, axony Dendiic
pine

do dalsi faze zpracovani) a interneurony

— Ve vrstvéach, neurotransmitery Excitatni (Na, Ca++), Inhibicni (K+, Ca*)




« Percepce, motorika, kognitivni funkce
» 1 strana mozku ovlada 2. stranu téla — k#iZi 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

2dv 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
— zmeény propustnosti pro Ca+, jednosmérne (drahy

Schwannowy
burilky




Percepce, motorika, kognitivni funkce

1 strana mozku ovlada 2. stranu téla — kiizi se v riiznych bodech

Corpus callosum

Subkortikalni formace: B L

— Amygdala, hippocampus, bazalni ganglia

Mozkova kiira — pod ni bila hmota (myelin)
— Oddélené systémy pro jednotlivé modality
— Kazdy féni systém mnoho regionti Corpus
— Projek¢ni neurony (pyramidové, axony Temporal lobe
do dalsi faze zpracovani) a interneurony o
— Ve vrstvach

— Topograficka mapa — kazda ¢ast mozku projektuje na dalsi
(neuronoveé mapy, motoricka mapa) — transformace,

Farietal lobe

Parietal
occipital
sulcus

Frontal
lobe

Oecipital
lobe

Calcarine
sulous

Cerebellum

neproporcionalni — roboti: bodyschema, model téla, SOM




Asociacni oblasti

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

Visual cortices l

Multimodalni asoc.kura

-

A Premaotar corex

Amygdala

hippocampus

Hypothalamus

amygdala

v

ey Kortikospinalni draha
gangia g\ (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 | 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.)




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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How did our brain evolve?
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- 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 breathmg
of the fetus and in 12 weeks we see stretches and yawns.

https://www.livescience.com/62928-why-babies-kick.html

- tactile sensing — first accidental touches
- hearing — 27 weeks of pregnancy, 18-19 body sounds

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

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

- sleep

3 weeks

6 months

4 weeks

11 weeks

8 months

How did our brain evolve?

4 mo nths

Newborn
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https://www.livescience.com/62928-why-babies-kick.html

* Brain — nepotfebny organ

* Imhotep (3500 BC)— 1.lékaf, abnormality chovani, 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 ovliviuje 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 — 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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Neuropsychologie: studuje strukturu a funkce mozku,

které se vztahuiji k psych. procesim a chovani

Cognitive neuropsychology

Zkouma kognitivni funkce u lidi, ktefi trpi poskozenim
mozku

*Poskozeni regionu X znamena ztratu schopnosti Y

Lidé, ktefi ztratili schopnost Y, maji problémy také se
schopnosti Z

Studiem lidi s poSkozenim mozku se muzeme dozvédét o
fungovani zdravého

Cognitive (neuro)psychology
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Pouziva zobrazovaci metody pro studium anatomie
mozku. Zkouma kognitivni funkce na zivych subjektech.

S v\{{/vojevrrl ,technologie se stavaji tyto vyzkumy stale
prinosnéjsi.
Pouzité metody:
Single Unit Recording
*Event Related Potentials (ERPs)
*Spectral analysis (EEG)
*Positron Emission Tomography (PET)
*(Functional) Magnetic Resonance Imaging (fMRI, MRI)
*Magneto-encephalography (MEG)
*Transcranial magnetic stimulation (TMS)

Cognitive neuroscience
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EEG

(electroencephalography)

fMRI

(functional magnetic resonance imaging)

PET

(positron emission tom.)

SPECT

(single photon emission comp.tomogr.)

NIRS

(near-infrared spectroscopy)

Temporal resolution Excellent Good Poor Spatné Excellent
(miliseconds) (seconds) (no) (no) (200ms)
Spatial resolution Very poor Excellent Excellent Excellent Spatné
(cm) (3-5 mm) (1-2 mm) (1-2 mm) (3cm)
What does it Neural activity BOLD (nondirectly) Metabolic activity (non- BOLD (nondirectly)
measure? (directly) directly)
How long can we Medium-term measurement Short-term measurement Very short tasks Velmi kratké tlohy Long-term measurement
measure? (half-life s) (half-life s)
Where? Scalp measurement Deep measurement Deep measurement Deep measurement Scalp measurement
Invazive No No Partialy Partialy No
Price Low High High Lower Low
($10 000, scan neglible) ($1-10 mil., scan $400) (scan $3 000) (scan $400) ($300 000, scan neglible)

Cognitive neuroscience
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Cognitive neuroscience
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Vypocetni modelovani umoznuje napodobit nékteré aspekty
kognice. Muze slouzit k predikci chovani apod.

Cognit

THINKING 1

CHECK | 7]
AMNALYSE SYHMBOL
Hi—
ATT -
DECIDE
THINKING 2

ive science and computational modelling
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Par otazek

» Pokud si ¢lovék zapamatoval né¢jakou informaci opily,
bude s1 ji 1épe vybavovat v opilosti nez za stfizliva.

» Ano — Vyzkum uceni zavislého na situaci dokazuje vliv
prostfedi na proces zapamatovani a vybavovani informaci.
Pokud ob¢€ probihaji ve steyjném kontextu, je vysledek lepsi.

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

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



Par otazek

» Pozpatku nahrané zpravy umisténé v hudebni nahravce
ovliviiuji chovani posluchace.

» Ne — Nebylo prokazano ptisobeni téchto zprav na chovani
posluchace .
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Par otazek

» Technika rychlého ¢teni maze zvysSit schopnost Cteni
textu, pf1 zachovani porozumeéni ctenému.

» Ne— Vykonnost pfi Cteni je ovlivnéna faktory rychlosti a
presnosti. Cim rychleji éteme, tim mensi pesnost v
pochopeni. N¢které techniky mohou rychlost ¢teni pouze
mirn¢ zvysit.
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Par otazek

» Freudova technika volnych asociaci nam poskytuje
informace o organizaci paméti.

» Ano — Metoda je podobna semantickemu primingu,
zalozeném na teorn Sifeni aktivace. Vyzkumy nam mohou
odhalit individualni rozdily v organizaci pamg¢ti
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Par otazek

» Reklama pouzivajici podprahové vnimani je velmi
efektivni.

» Ne —Efekt podprahového vnimani je minimalni. Vyzkumy
neprokazaly vyznamny rozdil oproti klasické prezentaci.
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Par otazek

» Kapacita dlouhodobé paméti je neomezena.

» Ano — Nikomu se dosud nepovedlo zaplinit svou
dlouhodobou pamét’. Existuji omezeni pif1 zapamatovani
informaci, zpusoben¢ omezenou pozornosti, ale material v
dlouhodobé paméti je ulozen nastalo, pokud nedojde k
poskozeni mozku.
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Par otazek

» Rozdil mezi 500 K¢ a 1000 K¢ je psychologicky vétsi nez
rozdil mezi1 10500 K¢ a 11000 K¢.

» Ano — mentalni reprezentace velikosti je v horni ¢asti
Skaly zhusténa, proto je rozdil jiny, pfestoze se jedna o
matematicky stejnou hodnotu.
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Par otazek

» Jestlize je né¢kdo slepy na jedno oko, nemize vnimat
hloubku.

» Ne — existuji napoveédy pii vnimani (velikost, vzajemna
pozice, atmosfericka perspektiva), které poskytuji
Informaci o hloubce.
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