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IMPLEMENTATION OF PATTERN-RECOGNITION
ALGORITHMS DERIVED FROM OLFACTORY INFORMATION PROCESSING

Abstract

Sensory and perceptual information exists as space-time patterns of neural
activity in cortex in two modes. Neural analysis of sensory input, as in
feature extraction, is done with action potentials of single neurons in
point processes. Neural synthesis of input with past experience and expec-
tancy of future action is done with dendritic integration in local mean
fields. Both kinds of activity are found to coexist in olfactory and visual
cortex, each preceding and then following the other. The transformation of
information from the pulse mode to the dendritic mode involves a state
transition of the cortical network that can be modeled by a Hopf bifurcation
in both software and hardware embodiments. These models show robust powers
for amplification and correct classification of noisy and incomplete
patterns corresponding to sensory inputs to biological nervous systems in
attentive and motivated animals. The evidence is reviewed and the
requirements are summarized for machine simulations of these operations.
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IMPLEMENTATION OF PATTERN RECOGNITION ALGORITHMS

DERIVED FROM OLFACTORY INFORMATION PROCESSING

SUMMARY

1. Modes of information in cerebral cortex -

point process: action potential frequency

local mean field: dendritic potential amplitude

2. Spatial amplitude modulation of carrier waves -

olfactory bulb of rabbit

primary visual cortex of monkey

3. Implementation with high-dimensional nonlinear ODEs

linear integration '

asymmetric sigmoid nonlinearity

modifiable associational connections

4. Comparison of software and hardware embodiments

amplification and classification

chaos and the tolerance of disorder



•

CO
>

jrH
P

i 
rH

O
 

C
D

P
 
0

CJcd CD
«H

 
rH

rH
 
P

O
 

dcd
CD 

P.
A

 
b
Q

P
r)

d c
•H cd

tO
 

rH
o cd
a P

.
>>P
P

 T
HB

rHrH
 

C
D

CD 
A

Q
 
P

d at
•H

 
P

,
cd 

cd
B

,0
CD 

rH
A

 
P

H
P

PI
T
H

Q> 
cd

rH
 

C
D

 P
,

^
^

p
p

p
rH

 
P

, a
 
P

CD 
O

 
Cd 

CD
to p

 
P

, 
>
j.c

d cd bo P. p
CD 

P
 

P
>

•a TH CD cd <H
0

 ,d
 0

 O
<
M
 
X

 
P

o 
co 

co p
CD 

C
 

to
p 

>jp 
o CD

CD rH
 

-H
 

X
 

P
.

U
 

rH
 

C
J C

d
cd x 

CD
cd 

p 
CD IH

 jq
P

 
iH

 P
Q

 
P

 
0

 C
D

p. 
B

 
ca cj 

O
O

 
rH

 
P

<H
 "O

 
C

d rH
Q) 

Cd rH
to p 

>j p, cd
rH

 
O

 C
D

 P
 

H
rH

 
CO

 &
 

TH
 tjfl

CD d
 H

 S
 T

H
cj d 

ca
o

rH
 
C

J
 • 

• 
P

cd PI ca ca p
P. <u rH rH 

a
P

 
P

 rH
 
l-H

 
P

TH
 

d
 

C
D

 
Q

) 
P

S
 TH

 o cj o

tofl0»MpCOa
>>rH

 
>

jC
Q

CD 
P

i 
rH

CQ 
O

 
rH

d
 
P

 O
CD -H

 
U

•a ,0•H
 I-H

<H
.C

 cd
O

O
P

.
•H

 
P

P
 

T
H

CD 
>

jE
tQ

 
rHrH

 
C

D
cd 

cd 
ff

P
 P

B
 P

PI p
 p

0
 B

-H
<
H

 
,0

•d -H
co a>.d
rH

 P
 
d

rH
 

O
 -H

OJ 
0)

o
 a

 o
d to

CD 
O

 
rH

rH
 

C
J C

d
P

 
P

.
d

 
C

D
 >

}
cd P a)
P. d £5
to -H

E-

•d >j
CD 

CD
 

X
P

 J
5

 
0

cj E-i 
Pi

co 
cj a 

•
d 

A
 

P
. co

d 
• H

 cd P
,

o
 a

 
o

C
J 

O
 

<
H

 P
o 

• o cd
CD rH

 
P

i 
rH

P
. 

O
 

C
O

 rH
cd j« P

 P
T

H
CJ 

Cd 
CO 

CJ
CO 

Cd rH
 

TH
 CO

CD ,0
 

iH
 

C
O

 O
Ck-a TH

 d
>»C

D
 
0
 

O
T

J
P

 
C

O
 C

O
 

O
 

(0
<
H

 
O

 
rH

IH
 

p
a

rH
 

CO
 iH

 iH
 

P
co > 

cd P O
U

 -H
 P

, P
 C

J
p
 p

o 
cd co >>&

* 
tO

Q
 P

. 
0

P
 

C
O

 
O

P
d

 oJ P
 u

CO 
CJ

co at B
 cd o

CO 
P

i (H
 

O
f
i 

d
 O

r
H

O
H

 
TH

<H
 
O

 C
M

K
,

«w
 

r̂
i

rH
 

P
P

 
T

H

Cd 
• rH

•H
 
d

 T
H

<
H

O
P

•H
 

-H
 
C

d
•a p

 P
o p, to
E CDCJ 

CD 
e'

CD P, -a 
c

•a 
CD TH

•H
 
P

, >
 

=
:

>
 

o
 

<
o -a P.
p. d 

P. 
-:• .. >--•

ft 
cd 

• .-:• •- 
;-;

to 
• 

.:. 
-:

to tn 
top

M
d
 d

 «
n TH

 TH
 cd

T
H
 
d

 
rH

 P
,

rH
 

P
, 

ftP
ftcd

 p
 d

P
 

C
D

 O
 

O
O

 rH
 

O
 
O

0
d

 
>
>
rH

>
>
-H

 
P

i C
d

P
i 

O
 T

H

O
 

C
O
 P

 
P

p 
co TH

 cd
cd ca ,0 

ft
P

 
f
t
-
H

 
U

•H cd ^5
o
 d

 
-a

H
 S

»a d
M

 
ca

 M
 cd



O
 

u
i

S
o

t

M
O

.

s««
—

*

IU
3

3
 BE B

ee
^ui
->O



01

!?tn£igi
to

V
 

€
 

%

Ii
 
I
 
I

I
 
I

I
 
I

I
 
I

f 
I

I
 
I

i i r

£2!



-I

-I

DlSCRIMINANT ANALYSIS OF THE FACTOR SCORES SHOWS THAT 75% OF BURSTS ARE
CORRECTLY CLASSIFIED WITH 2 DISCRIMIN/WT FUNCTIONS. A PLOT IS SHOW Of
DISCRIMINANT SPACE FOR ONE RABBIT.
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B A S I C E L E M E N T S :

1. L i n e a r i nt e g r a t or - 2nd o r d e r .
2. St at i c si g m o i d n o n l i n e a r i t y .
3 . H e b b c o n n e c t i o n & a s s e m b l y .
4. P a r a l l e l input & o u t p u t .

K E Y P R O P E R T I E S :
1. C h a o t i c b a s a l st at e.
2. I n p u t - d e p e n d ent gai n.
3 . B i f u r c a t i o n on i n p u t .
4 . S p a t i a l p a t t e r n c o d i n g .
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