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“‘Boldly go where no one has gone before”
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Brain & Human Evolution
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“The next great Am@rican proj

As humans we can identify galaxies light years a
atom; but we still haven't unlocked the mystery



What
Cortical
Region of
the brain
would these
doctors be
stimulating?

“Whoa! That was 2 good one! Try it, Hobbs—ijust
poke his brain right where my finger is.™




Brain is complex & hierarchical Al AC

Cognitive
neuroscience

Area

Functional column

Computational Complex
neuroscience networks/
systems
Neural networks |
VLSI/SOC Statistical
Nonlinear dynamics/chaos physics

Neuron

Membrane
lon channel
10 nm Protein
(1079) Transistor




How does the brain work? Visual Information Processing

- LGN VISUAL PATHWAY in the adult de
; strates the segregation of axons. The
LATERAL GENICULATE h ons corresponding to the right eye
NUCLEUS AN red, and those corresponding to the l

" PRIMARY VISUAL

o LD V. eye are in blue. Neighboring retinal
OPTICNERVE glion cells in each eye send their axo
- \ \'(VSOO iy to neighboring neurons in the lateral
l niculate nucleus. Similarly, the ne
| of the geniculate nucleus map their.
| ons onto the visual cortex. The syst
' forms a topographically orderly patte
that in part accounts for such charact
istics as binocular vision.
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Neural networks




Dendrites Simulating Neural Dynamics: Bottom—up

Neuron

Neural pathways

Action potential

!
: I

| From other . ih
! neurons e
! . neurons
- Excitatory

Inhibitory
cell body cell body

Soma

To other neurons

A

I
Cellular Human Brain
Memory Requirements 0(1,000x Rat'Brain)

CellulaI:!:(t Brain P
0(100x Mesocircuit) -~

- ™% ¢
CellulnrMesociLuit t

0(100x NCC)

Recording elec[rode Cellular Neocortical Column " V— e
Synapse o [t

Dynamical neurons e.g. Hodgkin-Huxley jr/

+ Synaptic noupling e.g. chemical, electrical
+ Complex networking geometry

Of3 Laflop]
Computational Complexity

Simulations ‘ Nonlinear dynamics

Synchronization, clustering, bifurcations, pmm) Neur_al_correlat_es for
self-organization, pattern formation cognitive functions?



Measuring& Analyzing Brain EEGs: Top-down
Measure EEG activities in various brain states

JWW% ]: Eﬂi{uﬂraMTA—I';aught
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Multi-channel data

Multi-variate signal analysis
Nonlinear quantifiers

Information flow

Functional networks

Q. spatiotemporal organization of patterns & segregated functions?



Complex Brain

e One of the most complex systems
« Massively interconnected structure “networks of networks”

Node: Link:

biomolecules/genes S : signal transduction pathways
individual neuron.s : — o structural links

neuronal populations ®* #» ® _synapses/fiber pathways
cortical minicolumns o S

anatomically segregated regions = _ - Sstatistical/causal relationships

EEG channels &



Science of Complex Systems 1999

Complexuty System, Dynamlcs

Complex
Systems

Beyond Reductionism

Exploring the Systems of Life, Robert F. Service
Building Working Cells 'in Silico*, Dennis Normile
Unraveling Bacteria's Dependable Homing System,
Elizabeth Pennisi

Life After Chaos, Carl Zimmer

Simple Lessons from Complexity, Nigel Goldenfeld
and Leo P. Kadanoff

Complexity in Chemistry, George M. Whitesides and
Rustem F. Ismagilov

Complexity in Biological Signaling Systems, Gezhi
Weng, Upinder S. Bhalla, and Ravi lyengar
Complexity and the Nervous System, Christof Koch
and Gilles Laurent

Complexity, Pattern, and Evolutionary Trade-Offs in
Animal Aggregation, Julia K. Parrish and Leah
Edelstein-Keshet

Complexity in Natural Landform Patterns, B. T.
Werner

Complexity and Climate, D. Rind

Complexity and the Economy, W. Brian Arthur



Complexity in Nonlinear, Complex Systems

Q: Why is the nature so complex?

Q: How such complexity can emerge from fundamental origins spontaneously?

=> Nonlinear dynamics, chaos theory, complex systems



Svynchronization in Complex Systems
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Modaeling Collective Rhythms In Nature

i
Winfree, 1965

Kuramoto, 1975
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Central Questions in Brain Studies

« Central questions Complex Structure vs complex function

Q. How functional networks interact with their structural substrates?

Q. Which parameters of complex brain networks are relevant to

cognitive and behavior functions?

* Focus on dynamics of brain networks

Q. spatiotemporal organization of patterns & brain functions?

Searching for Neural Correlates: Complex dynamics<->function

— Quantify & measure brain states & their transitions

— Study effects of modulation of functional connectivity/parameters



Top 25 questions

What is the biological
basis of consciousness?

“Consciousness”

10 unsolved problems
in physics, IOP, 1999

“Holy grail of neuroscience”

....".."-."Ii.-‘l.l DON'T WE KNOW?
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Complex Issues in Conscioushess

Wakefulness vs consciousness

COMPARING STATES sleep-walking, vegetative state

'y
. « Behavioral definition in trouble
subconscious voluntary acts

cortices alone are not enough

Lleep bt eep

* Subjective experience:

sensory + emotion + volition...

Content of Conscibusness: Aware ness

Level of Conscious ness: Wakefulness
Laureys, Scientific American, 2006



Scientific Approach to Consciousness

* Only in 20c a legitimate subject of
scientific studies: First interdisciplinary
conference in 1994.

\.-.'wv.'.cmsci(‘usness.arizona.edu

* Now active research in philosophy of ' "d

minds, psychology, neuroscience, cognitive TQ. il

science, artificial intelligence SCIQHCQ Of
Consciousness

April 13-17, 2010
’ ' Tucson, Arizona

® :
Central Question: How to specity — p'j

and measure consciousness?

— Neural correlates of consciousness (NCC)

General Anesthesia Visual Attention



Hypotheses for neural correlates of consciousness

e Crick & Koch

Frontal homunculus watching back

\ Nat Neurosci (2003)
cortex
- « Edelman & Tononi
Information integration
T thalamus Science (1998)

« Llinas

Cortico-thalamic Synchronization
Phil Trans R Soc Lond B (1998)

“Consciousness is a product of high-level integration of
information as processed by multiple functional brain regions.”



Conscioushess & General Anesthesia

Mechanism of anesthetics in
the brain not well known yet,
not quantified.

EEG - nonlinear/statistical
complex system analysis

Information integration pathways
Neural Correlates of Consciouness

QUESTIONS 'D

1. Is it possible to gquantify states of consciousness
during general anesthesia? (Clinically imporfant)

2. What is the mechanism for the loss and emergence
of consciousness 7 (Neuroscientifically imporfant)




PLEM: Consciousness?|8l O} ZICHA|AE]

EAE A2 O}AE S, OlHIC| 22Al2
Complexity of functional connectivity patterns 2013 2017’ PLEMJH = 2N 28s

- Diversity of information flow/communications

- Phase synchronization diversity: Phase Lag Entropy

H. Lee et al, Diversity of functional connectivity patterns is
reduced in propofol-induced unconsciousness, HBM, 2017

NN KH Seo et al, J Korean Med Sci. 2019 May;34(20):e151
9"5‘ %% 63 Comparative Analysis of Phase Lag Entropy and Bispectral
Index as Anesthetic Depth Indicators in Patients Undergoing
Thyroid Surgery with Nerve Integrity Monitoring

PLE is a reasonable alternative to BIS for evaluating

consciousness and DOA during general anesthesia and
during NIM”




Beyond Al

WORLD
ECQNOMIC

Navigating the next industrial revolution

Revolution Year Information

THE INTERNATIONAL WEEKLY JOURNAL ic £ 1 1784 Steam, water, mechanical production equipment

2 1870 Division of labour, electricity, mass production

3 1969 Electronics, IT, automated production

ﬁi 4 9 Cyber-physical systems

The Future of Jobs

Employment, Skills and
Workforce Strategy for the
Fourth Industrial Revolution

At last — a computer program that
can beat a champion Go player PAGE 484

ALL SYSTEMS GO

SOPULAR SCIENCE O NATUSEASU. CIM

January 2016
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Intricate issues of consciousnhess

Hard problem of consciouness
Experience
Non-human consciousness

Emergence of consciousness

Computer & consciousness

=> What make a human? Artificial Consciousness

» Psychological philosophy, neuroscience,
cognitive science, artificial intelligence

Arguably one of the biggest challenges in science!

Potential impact for science, medicine, and society
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