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1 Neuron
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2 Networking, Layer, and Column
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3 Topology, Retinotopy
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1 Super Brain Electronics

1.2 Retinotopy: Topologic preservation R

The brain takes in
the metric of external information,

Column
structure

A TN

The topology / metric of the information is preserved

..... or Information is constructed in the brain.
The neuron position in the brain is very important

because it determines the basic processing dznamlcs
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4 What is the signal?
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5 McCulloch-Pitz model
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McCulloch-Pitz Model

Features:
(1)Information

= pulse rate (average)
(2)Nonlinearity:

Sigmoid function

Output pulse rate

Input pulse rate

Input x;

Output y

Synapse
(weight w,)

N4 :f(Zwixi _9)

f: Activation function
(e.g., sigmoid function)
0: threshold



Comparison: Circuits / Devices

Neural Conventional Logic
(AND circuit, etc.)
Input x; Input x, —
Output y e Output y
Synapse
% (weightw,)
Function: weighting, summation, Function: summation,
thresholding, nonlinear transform thresholding, nonlinear transform
Y =f(Zfoi—‘9) y =I(Zx,.—t9)
/- Activation function 1: Step function
(e-g., sigmoid function) 0: threshold  (AND, OR, ...)
0: threshold




Sequential Circuits

1.Biological system

Memory, Delay [Sensorimotor]

Feedback ;
loop H Sysem

.

2.Electron system

Memory, Delay |




6 Associative memory




Associative Memories:
Function

lteration

[Noisy signglg

~7 [

Neural

network \

[Clean output signal

Retrieval (Recalling) process
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Associative Memories:
Construction(1)

Dictributed epereTion
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Associative Memories:
Construction(2)

Autocorre letion Metrix W :
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Analogy between
Associative Memories and
Quantum Theory

€g.. Observat:omn of Phétor Number

{'Desrrut:t.'m Operater a
Creation Operctor at
A A'f A
Numbe. Operctsr h s O &
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"Energy" of the Associative

Memory
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"Energy" in Topological

Space

Ehww E@a) in h-dimensioned
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Centralized, Symbolic processing Distributed, Pattern processing

ﬁrocessinq base: Bit \ ér [ . Metric )
(Artificially constructed information space) (Natural small-law-set infomation space)
*Serial time-sequential program *Continuous /holistic parallelism
*Symbolic processing (Al) *Pattern processing Neural
*Turing-machine modelled *Info space reflecting environment
processing concept *Unconscious / mood processing
o Gonscious piopsssing Complementary] \('Right brain" "Intuition" "Sixth sense”) _/

von Neumann )
o
Developped elementalistically, To develop synthetically,

separate info, principle, existence close info, principle, existence

) Physical realization: h
Variable depending on purposes
- - *Linear/Nonlinear continuous processing
*B!t memory, Logic circuit corresponding to environment
B!t-based vansparentsystem *Unified processor, memory, interface, etc.
\*T|me-sequent|al, procedural cirucuit ) @arallel, synthetic circuit .

fPhysicaI realization:
Specialized for bit processing




Comparison: System constructions and functions

3. Randomness (BLiX. FEERER-#HETRILGER)

1. Plasticity (R 2814)
(a)Learning ability (*FZ B A1) |
(b)Self-organization ability (B 2 #B#k 1L &E )
=»-Adaptability GE IS TE . REND RIS ST D)

Generalization (;.1E)

2. Distributiveness (43 &R 1% )
(a)Parallel Operation (i 51| &h4E)
(b)Cooperation & Competition (1R & R &
=» High Reliability (B L \ME#814)
=» | arge Noise Margin (S U i3 & 14%)

~Graceful Degradation (_E fa%2 45 1L)




cf. FPGA (Field Programmable Gate Array)

FPGA: Plasticity in Logic LSI
(Processing algorithm is conventional.)

FPGA chip
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