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Dr. Togai received his M.S. and Ph.D. degrees in electrical engineering in
1977 and 1982, respectively, from Duke University. He is president and
chief executive officer of Tagai InfraLogic, Inc. Dr. Togai has spent the
last 10 years leading fuzzy logic development groups at Duke University,
AT&T Bell Laboratories, and Rockwell International. He is best known in the
industry for developing the world's first fuzzy microchip for real-time
approximate reasoning. He is a member of the board of directors of the
North American Fuzzy Information Processing Society (NAFIPS), a member of
the American Association of A r t i f i c i a l Intelligence, IEEE, International
Fuzzy Systems Association (IFSA), and Sigma xi. In addition, Dr. Togai is
the editor-in-chief of the Japan A r t i f i c i a l Intelligence Newsletter; and is
an associate editor for the Information Sciences, and the Journal of
Approximate Reasoning. He is an author of two books: "Intelligent Robotic
Systems", and "Approximate Reasoning in Expert Systems". He has authored
and coauthored more than 30 papers.

FUZZY AND NEURAL NET PROCESSOR AND ITS PROGRAMMING ENVIRONMENT

Abstract

The fuzzy logic inference processor (FLIP) is a slave processor designed to
speed rule evaluation in high-speed, real-time oriented expert systems. It
interfaces easily as a slave processor to standard microprocessors and
microcontrollers, and is capable of operating without intervention from the
host system. The FLIP device is capable of inferencing using two distinct
paradigms: fuzzy and neural. The fuzzy paradigm grades the observation
values as to their degree of support of the premise, then weighs and merges
conclusions based upon the degree of support each premise receives. The
neural paradigm weighs each of the inputs, sums all of the weighted inputs,
then applies a transfer function to derive the output. Any combination of
these paradigms may be included in a knowledge base. The software system to
support the development of fuzzy logic system or neural net descriptions for
the FLIP is also under development. This user friendly software interfaces
FLIP for evaluation of fuzzy and neural systems, allowing considerable
f l e x i b i l i t y in developing rules and rule evaluations with capacity for trace
and truth maintenance. Use of symbolic representation and "human
definitions" greatly s i m p l i f i e s the job of knowledge acquisition.

https://ntrs.nasa.gov/search.jsp?R=19910073799 2020-03-17T14:41:52+00:00Z



e=i

QL
XO

h
"

zLLJ

ODCLJLI
H

I
DC

ui

U
.

OU
)

t=
a

«c=J 
J

sition

O

in ANSI Standard

73CDQ
.

0CDCD
73CDCO£<
fm

O0
)

oft Windows ™COoeveloped in Micr

73nterface

'""co(_}
'•Q

.
CO1—O

iphical interfacero0
)

Eu
.

0'E^•

documentationV
.

n& text/graphics f(creen-cul

C
/)•

:ive provided00XCD

C/>
OQ•

: knowledge acqu

«̂™nt provides ease0jnvironm>**

"cooQ
.

co5

CO0c•epresentation ofM
Mchematic

c/)•

COLJJ



c=a

Q
.

LUozooXH
I

QCLUQ
.

CMU
J

O
R

IG
IN

A
L

 
P

A
G

E
 IS

O
F

 P
O

O
R

 Q
U

A
LIT

Y



u] uj
g

o
DC 

<

V
f̂ 

Q
.

5
s,C

J

DCH
I

OOIt2<£
5

<
 o

=F
 

LLZ
0
 
-

LU
 
O

 
n

g
|
<

&
 C

O

1 
1

r~
 
_J

<?
 
"̂

"~
 
Z

<ff

X
1—
 'V

N
r
-
i
/

CC
H
 L
U

co z
I]
 LU

H
 L
U

LU DC
Z
 OCO

cc

it
LU

h-IIIoDCLJJ

H
I

DC|LLO

LU>





d

L
J

««F
=J

U
J



«B
=J3

L
U

Q
_

C
O

L
U

O
f

en
in



t=
J

o

(d tif
s
 £

S
=
3
 
5

10T
-



oH
-

<nr

=0Jo

YSTEM CONFIGUI

!|@d InfFiiLsj^i© Ini
HCIAL INTELLIGENCE ON A CHIP

TIL HOST S

©
 
i=

£
*
<

%

0Q
.

CDCOCOO'5>02«*-£'o3D
)

O• •

0•*-•
CO>
*

COw0I

CD

mum Configuration:
rocessor: 16MHz38

c &
•

••i

i

L
.

0)
a0]_O

)
X

.
0^CO
5•o03

^
 
^

o
 S

o
 °

0
 C

M
n
 "

 ..
2
 ^

 £
*

^S i
>

.;_•«
o

2
S

E
 c

 ^
o
 

o
 co

•-•" 
»•"• 

"™
r"

S
 
S

 Q

0£C
D

!EV
.

0CMCO

<
n

2
0
 
o

 O
 5

.>
 -^ Q

 w
-̂ 

*=
 
.. i—

•
°
2
 E

<
ig « s «
=5=5 

£
c

>
,>

.w
 .2

1
1

=
2

o 
o 

•—
 -^

—
 

•*-• "^
•*- 

*- 
0
3
 O

)

iS|l
2822CO 

O

Q
 C

O

•o03O

Processor Board
eral Purpose I/O B

itional Hardware;
ogai InfraLogic Net-
ogai InfraLogic Gen

•0
 
1- H

-
T3<

U
J

>



wuE
*H

HO

pirn
v
v

A

n
P

-N
,

K
O

H
O

* 1Bs£P
"P

1

<1

i

y
\

J -E
i 

-



C
3

»—
I

C
>

C
D

C
O

U
J

ct:

U
J

I

CD
 m

C
J

g
d

,

cng
d

,



©

ui

e=s 
±

C
O

I



U
J

NU
-

O

(5=3

0
)

c000«*—0EFco0DC

Support Softwareco'co'500O
)

•o00c^

i & Membership Gra•
•
•

o%
^

"•*-•
o0ccooo!5'x0LL

1 & I/O ResolutionCOc,0'*-•co4-«3Q
.

EoO4
-4

in+-«O
)

LU

0O
)

cokl05508ocoCO0oCO
{—

0"00£Occoo0cc

O
)

U
J



A CHIPONELLIGENCIAL IAR

TIL NEURAL PARADIG

Real-Time Processing

Flexibility of Connection

L I/O Resolution

03Eight Bit Computational

Weighting Accuracy 1%
o.Q'tnAll Nodes Resident & Vii

O^

Reduction in Chip Level
«,

log SolutionsCO103 X Connectivity of An

d TemperaturecStable Across Voltage a



LUODCOLLDCLUQ
.

2LUCOCOLUCQ

CO3O
 

O

§
3

c5 DC
S

 c

•ocooCD
CO1_CDC

L

CD3+
j

0CD
*^

Single Chip Net Processor
Scalable SIMD Architecture
Cascadable to MSIMD Arch
10-20 MHz Clock Rate

E
v^ 

*-•
•rr 

rrt
•
-
 
0

 
3

ca 
3
 

-i
M

 
en

co T3 
:>

.2 2 
i2

3
 
O

L
 

0
cc i_ 

-^
•
•

c 
<»> 

rr
0
 

C
L
 

"•
•^ 

to
 

c

O
 

•*-! 
O

PPROXIMATE REASONING
Processes up to 128 Produi
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