(Pellionisz)

(Patricia Smith Churchland)
(Eliminative Materialism)

(Linas)

(Sejnowski)

Materialism)

(Functionalism)

2.1

2.2

2.3
21
Process?”

(.T.Place, 1956)
(J.J.C. Smart, 1959)

(Tensor Network Theory)
(Hinton)
(Crick)
(Central State

“Is Consciousness a Brain
“Sensations and Brain Processes.”



(Churchland, P.S., 1998 : 271-274)

2.2 ?

Multiple Realizability (Churchland, P.S., 1998: 354)
(Putnam, 1967)

(Probabilistic Automaton)

‘ (Turing Machine)

(Deterministic)



(Physical-Chemical state)

(Churchland, P.S,, 1998 : 356-358)
(tertheoretic Reduction)

(Thermodynamics) (Statistical Mechanics)

(Relative to a Domain
of Phenomena)
Multiple Realizability



Multiple - Realizability

Multiple Realizability

(Computational Psychology)

(Churchland, P.S., 1998 : 355)

(The Semantic)

(The Level of Content) (the syntactic)

(The Level of the Algorithm) (The
Mechanistic) (The Level of structural
Implementation)

(Membrane) (Cell)
(Synapse) (Cell Assembly) (Circuit)
(Behavior)
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(Churchland, P.S, 1998: 358-
31)

2.3 !

(Classical Genetics)
(Molecular Genetics)
(Gene)



(DNA)
(Churchland, P. ,1998; 364-367)
(Folk  Psychology)
(Churchland, P.S., 1998; 368-372)
2
2
(Tacit Beliefs) (Knowledge

Access) (Churchland, P.s,1998; 390-395)
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10

10

12
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2 (Eliminative)
3
(Materialism)
(Eliminative Materialism)
(Cerebellum)
100
5 (Purkinje Cell) (Golgi Cell)
(Basket Cell) (Granule Cell) (Stellate Cell) ( 2.1)
(Cerebellar Cortex)
Mossy Fibers  Climbing Fibers (  2.2)
(Plasticity)

(Churchland, p.s.,1998 : 412-415)



CELL

Molecular
laver

Purkinpe

cell layer ().

Granular
layer

5 STELLATE

" 3 BASKEI

I PURKINJE

a (R / Rz e
Parallel fibers:
Axons of granule
_cells

CELL

oD
=t

21

5
(Kuffler, Nicholls and Martin, 1984)

14
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Stellate cel
£ kl;)Remote parallel'ihe's“ Y 4
1B \{J\'_;,B:sk*eliell Parallel hbe{L‘"JEIVE |
1\
:::;l:i;:e 4 Golgi cell f{’.{’
Granule =70} 7
v cell . < :
2 ! \ 7
Climbing fiber N
_7 {};
fere | “4(]3*—— Y
e[
nuclei areaIe mas
M Qi ena?
Intefr t Y \T/ )il B ﬂ£|6|
~<d Bxtatory Synepee
- Inhibitory synapse
Sprd Qxd
22 Climbing
Fibers ( Parallel Fibers ) Mossy Fibers
Parallel Fibers
1
( Parallel Fibers)
Feedforward Climbing and Mossy Fibers
Collaterals) Deep

Cerebellar Nuclei Output (Ghez and Fahn, 1981)



PARALLEL FIBRES MAKE

MULTIPLE SYNAPSES

PURKINJE AXON OUTPUT

2.3

<H.LPOPULATION ANO PIBRE DENSITY REDUCEO FOR CLARITY)

PURKINJE
CELLS

GRANULE
CELLS

(Churchland, P.M.,1986)

16



(divergence)

Fibers

Purkinje Cells
Mossy Fibers

17

(23

(Synaptic Connections)
(Convergence)

8,285
1.68 Mossy Fibers 16,820

(Churchland, P.S., 1998 : 416-419)

Mossy Fibers Parallel

(Churchland, P.S., 1998 : 412-415)

( Churchland,P.M., 1986)

Mossy Fibers Parallel Fibers
(23 2.3
Parallel Fibers
( )

24
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PARALLEL FIBRE

INPUT
3 =i
A
A
qJ ]’?r/j<C
g Y|,
g, 14
y z

PURKINJE CELL OUTPUT

24 | : | @

, C, d) Paralled Fiber  a pv qv I,

Rl 2 B, B3 d M.
Summation
(X Y, 2) (Churchland, P.M., 1986)



2.4
Parallel Fiber
a
C p3lg3 3 d
Parallel Fiber abc
Parallel Fibers
25
a ,cd
2.5

(Churchland, P.M., 1986)

5{a b, c,d

P2%r2

p3 q3 13
p4 g4 4

Parallel Fiber

1X3

1 !C1 d-
pvavrl
pd g4 rd
X,y,Z
d 1
A
p2 2 12
p3 03 13
pd a4+ ra_
xy.z
Parallel Fiber
1X4( X )
4x3
xy.2)

19

2, Q2,12
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B Qo
p 2 q2 r2
p3 g3 13
L 041

(p] + (B)(P2 + (C)pI+d)(p4 = X
(@)(@3 + (b)(@d + (C)aI+d)ad =y
a)r) +(0)() + ()13+(d)rg =z
={xy, 7

(@)(p]
)(a)

—_— o~

+
+
+

Phase Space Sandwiches (Churchland,
P.S. 1998:420-446)
(Churchland, P.M., 1986:338-351) Phase Space Sandwiches

2
2.6 (a) 3 2.6 (b)
2
(0,0) (-4,0)
(4,0) (1,11)
a
(3 (0,0 Upper
Arm 0 Forearm (p Upper Arm
Sensory Phase Space  Motor Phase Space Sensory Phase Space
2,0 2.6 (65, 115)  Motor Phase Space

(0 ,lcp) (52, 785)



oaiifi
«

) )

\ Xe+ Ve

o 1 ) B

m’\ + +—1t /T‘\\
- 00
(b)

26 a
0f
2 0 (p Forearm

(Churchland, P.M., 1986)

A
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r a
L
.
-
-
< [
............ .’
a [ :
z a '
< ]
w90 '
> i
w - i
- I
,:5 - ‘
O :
- 1
1
N '
r )
- !
'
'
0 bt ————————
o 90 180
LEFT EYE ANGLE &
sensory phase space
180r b
S-
38
0 h 3 “t H-h4- 4 4 |
iy 180

UPPER ARM ANOLE 0
motor phase space

2.7 a Sensory Phase Space
. Motor Phase Space
(Churchland, P.S., 1998)



..
-9 L

SOasert Paasy Spate

lia e i I
Wl "‘l
|
—_— .

i W i

SEaa Padit gL

=

o AL

RJTO PuiSE SPacE

2.8

H1 =y H
<% =0 ‘g.
H i

¢ a4y it

FCEN O CHA EHE

(Churchland, P.M., 1986)
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EYES

SENSORY
TOPOGRAPHIC MAP

(METRICALLY

DEFORMED)

MOTOR
TOPOGRAPHIC MAP

(B.¢) = t(a .B)

2.9 Phase Space Sandwiches

“PM, 1986)

Churchland

(



25

2.1 Sensory Phase Sspace  Motor Phase
Space 2.7 () Sensory Phase Space  (OC(3) (65,
115) 32 () Motor Phase Space  (0,cp) (52, 78.5)
Sensory Phase Space  Motor Phase Space
Sensory Phase Space  Motor Phase Space

Phase Space
Sensory Input  Motor Output

Phase Space

Sensory
Phase Space  Motor Phase Space
2.8 Sensory Phase Space  Motor Phase
Space 4 28 (@  Sensory Phase Space
(a, 90) Motor Phase Space (0,cp)
28 ()  Sensory Phase Space (a,180)
Motor Phase Space (90, (p)

2.8 (C) Sensory Phase Space (180, 180) Motor Phase Space
(180, () (28 (d) Sensory
Phase Space (a,(3) Motor Phase Space  (0,cp)

' 4 Sensory

Phase Space 1 Motor Phase Space
Sensory Phase Space ~ Motor Phase Space
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2.9 Phase Space Sandwiches
Sensory Phase Space Motor Phase Space
Sensory Phase Space (a,(3)

Motor Phase Space (0,cp)
(0,cp) =1 (0C(Q3) Motor Phase Space
Sensory Phase Space , ' ' Sensory Phase Space
Phase

Space Sandwiches

Phase Space Sandwiches
2 Sensory Phase Space  Motor Phase
Space 3
(VOR, The Vestibulo - Ocular Reflex)
, ' Vestibular Apparatus
(Semicircular Canal, 2.10)
(Vestibular Nuclei)

EOculomotor)
(Extraocular Muscles) (21
( ) 3 Vestibular
Apparatus
L
2

3



2.10

(Mader, 1994)

semicircular canals

il



Turning motion

N

Right eye
Lateral Medial Lateral
rectus recti rectus
dn \4?,[ - 6_\
|
#27I™S Tl Bk T~ T~
Cranial & lr’ v N 7 \\
nerve | N.VI 1 NI L NN L NLVE
{ \ / \
nuclet \\ ', N / N ’I \\ il

~
N\ Left medial
| and superior
, vestibular nuclei

Right medial ,’

and superior \
vestibular nuclei Y|

Scarpa’s ganglion

Rotation Rotation
Direction of fluid motion in the ampulla
Left_ horizontal Right horizonta!
semicircular duct semicircular duct

211 The Vestibulo-Ocular Reflex Arc
(*)
()
(Kelly, 1981)



X

Spatial Orientation of
Extrinsic and Intrinsic Systems of Coordinates

I0 10 LR

2.12 (A=anterior, P=Posterior, H=Horizontal)

(LR = Lateral Rectus, MR =
Medial Rectus, SR = Superior Rectus, IR = Inferior Rectus, SO=Superior
Oblique, 10 = Inferior Oblique)

( )
(Pellionisz, 1985)
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PHYSICAL GEOMETRY : ROTATIONAL AXES

OCULAR VESTIBULAR
Y Y

IR M R R SO 10 H A P
-0.015 -0.012 -0.867 0.856 0571 -0.633 X 0000 0674 -0.674
-0.999 0999 0294 0319 -0.171 0.102 Y -0.927 0.155 0.155
-0.023 0.013 -0.403 0.407 -0.803 0.767 Z 0374 0722 0722
3 iron Volkmam (18695 dlata trom Blanks ¢l d. (1975)
2.13

The Vestibular Matrix ~ Eye Muscle atrix
XyZ ' 3

C (Pellionisz, 1985)



i Y
Vosibular melrc g
. " e S'
Sensoermaotor . " -‘.‘ A
embeddng ’
o] 0| am 4
a4y e e Z
o4n| ow0f 039 0 H P &
e1e3] owre] @ 7ae v _/ o ¥
Ao =
m ama| arsf ovel /_;' o —{/p
Oculomotor metric fo 103} < : = - i
oors| oour | aeon | come [910] ‘o I = vestibular
srva[ore] oom| eoa | sar] s L] neurons
aors| 0083 | 9321 | o2ee | oam1 | G000 m, Covanan[
QoaY | 00w | 420a) 02ve | cow | acos rece I|0n
m Qoo| 0o ? é* p
&= Swmfoesjomm) op® z Secondary
g e T / vestib u
T o4 neurons
ol Contravanant
pe.ception Y
m Vay?= =2
K L
7 Premotor
g 2” neurons
R A Cova[iam
MR menton
SR
IR . -
SO Oculomotor - Contravariant &
10 neurons execution -

2.14 Sensorimotor Transformation (Pellionisz, 1985)
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Input Space 3

(212  Output Space 6
6 ( 212
(21
The Vestibular Phase Space The Oculomotor Phase Space (  2.14)
2.14 3 HA P
(Vestibular Neurons)
Covariant Reception Vestibular Metric "

Contravariant Perception
2 (Secondary Vestibular Neurons)
(Sensorimotor - Embedding)

Covariant intention (Premotor Neurons)
Oculomotor metric Contravariant Execution  Oculomotor
Neurons
(Intention)

2.14

(Artificial Intelligence)
Al (Parallel Modeling)

Binary State Neuron-
Like Elements Synapse-Like Connections
(Churchland, P.S., 1998:456)
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Al
(Pattern of
Activity) State Vector
(Churchland, P.s., 1998:460)

(Modification

of Synaptic Weights) (Hinton-Sejnowski)
2 Binary Units

Co-Operative Search

(Churchland, P.S., 1998:463-464)

Cc-Operative Search
Relaxation Relaxation

Relaxation Optimal state  (Churchland, P.s.,
1998:464)
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LEFT QUBNET RIGHT SUBNET,

—— STIMULATION
—= [NHIBITION

2.15 Necker
Cube B = Back 1F= Front 1L=Left R=Rright 1U=Upper, L=Lower
Necker
Cube 2

(Rumelhart et al., 1986)



Run 1
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silEr R

e @
3 °
® °
[<B)
£
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L ) -

2.16 runs

etal., 1986)
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Run 2 Run 3

B

" o~

LEFT RIGHT

$Her  SBE SUBNET  SUBNET

e @
L J e e
© @
L ] . ®
[ . @ o
o .
™ @ . @
. L ]
] e © o
e - - @
° e @ ® - 5]
° . .
e o - @ @
e @ N B
® o e - ®
@ [ ®
® © & o
® & - @ e
® O ® - ®
® 0 [] &

Interpretations

2.15 3

(Rumelhart
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(Hatchmark

Squares m

d

algorithm

HC”

(Churchland, P.S., 1998)
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Voting
Interactions
(Churchland, P.S., 1998:464)
2.15 Co-Operative
search
Necker Cube
2
3 3
2
2.16 Relax 3 (Churchland, P.S., 1998:466-
467)
Optimal State
Relax (Kirkpatrick)
(Gelatt) (Vecchi) (1983) Co-

Operative Search

Co-Operative search
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Relaxation
Co-Operative Search

(Churchland, P.S., 1998:467)
(1983)

Co-Operative Search

Deterministic System

( 2.17)
2.17
(Visual
Attention)
(Crick)
1

Peticular Complex ( 218
2
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- - O o~ ~
/ \’TG‘\,
- ~S o
Reticular
— — complex
'ﬁ\'f‘ /

K Yo%

31/71 2.18 uam Reticular Complex (Crick, 1984)



L Reticular Complex

2 Reticular Complex

(Malshurg Synapses)
4
2.1 Reticular Complex
2.2

2.3
24
(Churchland, P.S., 1998:474-478)
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