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1w GOdel’'s Conjecture

Kurt Godel presented in 1931 a conjecture
that shook the dominant mathematics conviction . In simple words Géodejiecture is:

“Every axiomatic formulation free of contradictions in number theory
contains sentences that can not be verified nor denied”

Otherwise a&omputer
programs could always

. Denied
be writtento solve any Sentences Sentences
problem that could be

formalized! Truths Untruths

not achievable not achievable ||Iustration Of
. Godel’s
Denied .
Axioms COnJeCtU re
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I:wse - GeneticAlgorithms

Genetic algorithms, as well as the so-called ewariary computing, arkeuristic
methodsfor solving problems.

John Holland, proposed GAs in 1975, inspired layviin’s evolution theory

Basic Concepts
« Ger
« Chromosome - represents an individual, a possiilgion
* Population
e Crossing
e Mutation
 Evaluation Criteria
« Selection
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Iz Graphical representation of the GA

Cruzamento

Espaco Solucéo
\ OW
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m  Tecemiscie Unnversimar

l : KAISERSLAUTERN Examl !Ie MaStermlnmame

guess the number 001 010

The selection criterion is the proximity to the number 001010 (number of correct bits)

Initial Population Evaluation Selection
A 010101 1
B 111101 1
C 011011 4 *
D 101100 3 *

New population in which the individuals C and D are the parents.

New Population Evaluation Selection

C 01:1011 E 011100 3
D 10:1100 F 101011 4 *
C 0110:11 G 011000 4 *
D 1011:00 H 1011 11 3
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guess the number 001 010

New population in which the individuals F and G are the parents.
New Population Evaluation Selection

F 1:0 10 11 | 11 10 00 3
G 0:110 00 J 001011 5 *
F 10 1:0 11 K 10 10 00 4 *
G 01 1:0 00 L 011011 4

New population in which the individuals J and K are the parents.
New Population Evaluation Selection

J 0010: 11 M 00 1000 5

K 10 10: 00 N 1010 11 5 *

J 001011 O 001010 6 Success — END
K10 100:0 P 101001 3

[Success after 16 questions. J

By exhaustive search we would have 2° :[64 possible questions. ]
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Example Masterminagame (cont.)
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Iwsms Universal Approximators

A heuristic rule is of the form:

IF <condition> THEN <conclusao>

 fuzzy systems - heuristic knowledge represented by fuzzy rules.
e artificial neural networks - learn heuristics from the data.
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ANN Applications

s Pattern Classification
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Part 2 — Artificial Neural Networks
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/@i Blological Fundaments

The nervous systems gatters
information from the surroundings
through sensors wich are combir
with stored information to produce
the actions of the bodly.

Muscles Contraction

Nervous System —> Speech

BdCtl/
ody Contro
\

Endocrine System —>  Metabolism

The nervous systenand the endocrine systems control the t

Actions
(Body’s responses)

Sensors + Memory + Inferenee Action.

Sensory

Informations\

/’

Stored Informations
(inherited/learned)
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/@i Blological Fundaments

The nervous system comprehends three levels

Cortex Each one build by

neurons of different anatomies.
‘ Low Brain

It is estimated that the human brain has
Spinal Cord about 1@ neurons,

Whose summed lenght reache$*Ifieters.
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/@i Blological Fundaments

7—Dendrhes
Brain Information
Processing Levels J——Cell body (Soma)
Structural Input ol
Physiologic Pulses
Cognitive

The information flow (electric current)
Is always from the dendrites to the axon.

Axonal arborization
(terminals)
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/@i Blological Fundaments

Some kinds of neurons

AN [

—Axon

Astinal bipolar cell Spinal motor neuron Hippocampal pyramidal cell Purkinje cell of cerebelium
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Iwaess SynapticConnection
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Iueew: Biological Fundaments

Connection pattern: mostly in layers

Py
1A
\
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Dendrit
—\\

erregende Synapse

A\ N
3 (I \\‘ / Dendrit
Dorn Enden von
Nervenfasern
erregende Synapse — hemmende Synapse

Zellkern .z

Nerventaser (Axon)

=\ v
a‘,%,z’%< l)) , Zellkirper N@
' N AN

Excitatory
Synapses /

\
Inhibitory
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Excitatoryandinhibitory Synapses

A1 = B1

AT =B
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I :waeww Blological Fundaments

Neurotransmiters in the synaptic gap

1.

_ Vesicles of

2. 4. ﬁ Neurotransmitters
5

Presynaptic
membrane i Neurotransmitters
POStynaptiC- — —iﬁ—f\(\_i— I I S -
membrane L

~ Open ion channels
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lwaww The Action Potential

0))
Axon —
“distribuited R-C Transmission Line”
P
Potencial observed \
120 on a fixed poin on the Axon
mV
-60 4 6 8, 10,
I T 1 ms
L In 5 Ta 5 Ir N
| I I’ il
N J

T,— length of the nerve impulse
T, — period of absolute refraction
T. — period of relative refraction
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| :wsiw Space/Time Integration of the stimuli

éﬁ B Ag{l\ﬁ ™) excitatory synapse ¢ ~%

) inhibitory synapse

/\»C\® o axon P QM

T7

__l_/éﬁ}. Threshold T1 T2 T3 T4 T5 T6
Membrane ﬂ
Potential
Action
Potential

Anatomy - structure
Physiology — function, operating modus
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1wz Pulse frequencgs thaenformation

A B +QX-314

N\

Biological System:
Informatior is codec using
Pulse Frequency Modulation

wmvl

50 msec

;En 309 .
[+ L
(73] 20 = :

70 ! ,J U A S Aizenman et al.

AN e . , _ _

L Y A V\"\'\—\M 8 104 | L Polarity of Long-Term Synaptic Gain Change
= T is Related to Postsynaptic Spike Firing at a
= 0 - b o

‘o mV Cerebellar Inhibitory Synapse,
mJ Burst Burst Neuron, Vol. 21, 4, 1998.

50 msec (hyperpolarized)
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Iosume  Space/Time Integration

Maximum frequency of pulses in the ax

S o -
o

Threshold Depolarization

f;  — average frequency of nerve impulses in the time int&ival
a(t) — synaptic gains,
x(t) — inputs of neurons.

Difficult to implement as
an Electrical circuit!!
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- vk Basic model of an artificial neuron

Synapses
pl WiL
) Neuron i
p2 wi2
p.)3 wi3 _ ai
: — Ui
Uiy

p;n win O
bi
Polarization
pO

Ui

_pl_ _Wil_
p=| P2l w=|
_pn_ _Win_

Excitatory synapse y=> 0,
inhibitory synapsew; < 0.

g(.) - Usually, a non-Linear activation
function, e.g.: Sigmoid (“S” shaped)

ANN — same funcionality
easy DSP implementation !
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Iweews Neurons withateral connection

Command Pulses

—» conexio excitatoria

O—>» conexio inibitoria

- Neuron ) Netéron >
y L
\ 4 \ 4

Flexor Extender

Muscles Muscles

Neural circuit with antagonism inhibition
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| i Comparison Brain x Computer

E+: 65 nm Pentiume  processo
(900 Sequence)
Brain Computer
# processing elements C 10" neurons C 10 transistors
Processing Form Massively parallel In generakderi
Memory Associative Addressed
Switching time C1ms L 1ns
Switchings /s C10 /s C10 /s
Total Switchings (theory) C 10" /s C10“/s
Total Switchings (real) C10%/s C10“/s

100 steps rule
People recognize a familiar face 0.1 s.
Considering 1ms per neurott00 sequential steps to recognize the pattern.

— parallel processing architectutes
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I v Historical Perspective of ANNS

1943 McCulloch Boolean neuron
1949 Hebb Learning rule )
1957 RQSeanatt Perceptron > Starting
1960 Widrow-Hoff ADALINE/MADALINE LMS Enthusiasm
Rosenblatt Multilayer Perceptron, without training
196¢ Minsky-Paper Perceptron {
1974 Werbos Error Backpropagation Algorithm
— without repercussion - Disenchantment
1982 Hopfield Network with feedback
1986 Rumelhart, Hinton & Williams L
PDP — MIT Backpropagation for Multilayer Perceptras
Activation Funciont still continuous sigmoid , Resurgence
1987 Kosko BAM
J
]
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