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Al

» 1956 Dartmouth Al
McCarthy :
Minsky, Shannon, Newell, Simon
« 1959 Al La

Minsky, McCarthy

* Newell Shaw Simon: Chess-Playing Programs
and the Problem of Complexity, IBM J. of R&D, 2
(4) ,1958

» Gelernter: Realization of Geometry Theorem
Proving Machine, ICIP (IFIP), 1959

» Serfridge & Nessier: Pattern Recognition by
Machine, Scientific American, 203, 1960
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Newell (1976

Green et al: “BASEBALL” An Automatic
Question-Answer, WJCC, 1961

Newell & Simon: Computer Simulation of Human
Thinking and Problem-Solving, Computer and
Automation, 10, 1961

Slagle: A Computer Program for Solving
Problems in Freshman Calculus (SAINT), Thesis
M.1.T., 1961

Minsky: Steps Toward Acrtificial Intelligence,
Proc,. IRE, 49, 1961

McCarthy et al: LISP 1.5 Programmer’s Manual,
The MIT Press ,1962




Al

1956 Al Minsky, Shannon,
Newell, Simon
1959 Al La Minsky, McCarthy)
1961 Al Minsky
GPS N.S.S)

LISP McCarthy

1963 Computer and Thought(Feigenbaum
STUDENT(Bobrow) SIR Raphae)

1968 Semantic Information Processing Minsky

» Feigenbaum & Feldman (ed.): Computer and
Thought, Mcgraw-Hill, 1963

» Evans: A Heuristic Program to Solve Geometric
Analogy Problems, 1963

» Bobrow: Natural language Input for a Computer
Problem-Solving System, Thesis M.1,.T., 1964

» Raphael: SIR: A Computer Program for
Systematic Information Retrieval, Thesis M.1,.T.,
1964
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The officers of the American Association for
Artificial Intelligence wish the Japanese Society of
Artificial Intelligence good fortune in all its efforts.
Japan’s new society is an encouraging reflection of its
members'determination to promote the study of Artificial
Intelligence, and the society’s activities will surely help to
strengthen Japan's already fine worldwide reputation for
scientific and engineering accomplishment.

Ptk W Wene:

Professor Patrick H. Winston
AAAIT President(1985— 1987)

[JCAI’89
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Al magazine

5

AAAI Robot
Competition ,Exhibition

1995 Recycling Trash

1996 Office Navigation Nomad
1997 Hors d’oeuvres, Anyone?
1998 Entertainment robot Lego

Robocup by wheel and legs
Challenge: Attend the AAAI Conference
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Registration Area of AAAI Meeting

[JCAI'99
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The Hottest Jobs of the Future
Time May 11, 2000

» Tissue Engineers:
o Gene Programmers : DNA
o Pharmers (Pharmacy + Farmers)

o Frankenfood Monitors :

Data Miners :

Hot-line Handymen :
© Virtual-Reality Actors : pay-per-play, scriptwriter
© Narrow Casters : Broadcast

Turing Testers :

Knowledge Engineers : 5
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Remus

Zobrist
Reitman Wilcox Interim.2
USENIX)
Ing Cup, 1985-2000 by
4 3 2003 3

1

ON (B, C) } . {ON(B,C)
ON (C, A) ON (C, A)

ONTABLE (A) ONTABLE (C)
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PICKUP x X
ONTABLE x ,CLEAR x ,EMPTY
ONTABLE x ,CLEAR x . EMPTY
HOLD x X
PUTDOWN x x
HOLD x
HOLD x
ONTABLE x ,CLEAR x ,EMPTY
TAKEOFF xy vy X
ON xy ,CLEAR x . EMPTY
ON xy ,CLEAR x . EMPTY
CLEAR y ,HOLD x
PUTON x,y X Yy
HOLD x ,CLEAR y
HOLD x ,CLEAR y
ON x)y ,CLEAR x ,EMPTY

16



procedure width-first tree search

add (s, open);

LOORP: if open = null then exit(fail);
n:= first(open);

If goal(n) then exit (success);
Remove(n, open);

Expand(n);

Put all child nodes into the last of open
and attach pointers to n;

Go to LOORP.
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procedure depth-first tree search

add (s, open);

LOORP: if open = null then exit(fail);
n:= first(open);

If goal(n) then exit (success);
Remove(n, open); add(n, closed)
Expand(n);

Put all child nodes into the top of open
and attach pointers to n;

Go to LOORP.

procedure depth-first tree search

add (s, open);

LOORP: if open = null then exit(fail);

n:= first(open);

If goal(n) then exit (success);

Remove(n, open); add(n, closed)

Expand(n);

Put all child nodes,into the top of open
Which are not in open nor closed™

and attach pointers to n;

Go to LOORP.
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procedure optimal tree search

add (s, open); g~(s):=0;

LOORP: if open = null then exit(fail);

n:= first(open);

If goal(n) then exit (success);

Remove(n, open);

Expand(n);

Put all child nodes into open

and attach pointers to n;

Sort nodes in open in increasing order of g,
Go to LOORP.
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procedure optimal 4+ee search

add (s, open); g~(s):=0;

LOORP: if open = null then exit(fail);

n:= first(open);

If goal(n) then exit (success);

Remove(n, open); add(n, closed)
Expand(n);

Put all child nodes into open

and attach pointers to n;

Sort nodes in open in increasing order of g,
Go to LOORP.

procedure optimal 4ree search

add (s, open); g~(s):=0;

LOORP: if open = null then exit(fail);

n:= first(open);

If goal(n) then exit (success);

Remove(n, open); add(n, closed)

Expand(n);

Put all child nodes,into open, and attach pointers to n;
“which are not in open nor closed.

If child node j was in open and g(n, j) < g”\(j),

then attach pointers to n;

Sort nodes in open in increasing order of g,

Go to LOORP.

21



O

2
N

O




S

P

O—C



procedure best-first search

* add (s, open);

o LOOP: if open = null then exit(fail);

 n:= first(open);

* If goal(n) then exit (success);

* Remove(n, open); add(n, closed)

» Expand(n);

 Put all child nodes except in open or closed into
open,
Sort nodes in open in increasing order of h”;

» Goto LOOP;
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procedure optimal 4ree search

add (s, open); g~(s):=0;
LOORP: if open = null then exit(fail);
n:= first(open);
If goal(n) then exit (success);
Remove(n, open); add(n, closed)
Expand(n);
Put all child nod@i\nto open,
“which are not in open nor closed.
If child node j was in open, select min{g”(j), g™(n, )},
and attach pointers to n;
Sort nodes in open in increasing order of g,
Go to LOORP.
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procedure optimal search

add (s, open); g~(s):=0;

LOORP: if open = null then exit(fail);

n:= first(open);

If goal(n) then exit (success);

Remove(n, open); add(n, closed)

Expand(n);

Put all child nodes except in open or closed into open,
compute g, and attach pointers to n;

If child node j was in open, select min{g”"(j), g™(n, )},
and attach pointers to n;

Sort nodes in open in increasing order of g,

Go to LOORP.

procedure A-algorithm search

add (s, open); fA(s):=h"\(s);

LOORP: if open = null then exit(fail);

n:= first(open);

If goal(n) then exit (success);

Remove(n, open); add(n, closed)

Expand(n);

Put all child nodes except in open or closed into open,
compute g;

fA(n, 1= a”(n. D) + hA(n): if node j is in open or closed,

select min{f(j), f*(n, J)}; and put into open;
Sort nodes in open in increasing order of
Go to LOORP.
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procedure A-algorithm search

 add (s, open); fA(s):= h\(s);

» LOORP: if open = null then exit(fail);

» n:=first(open);

* If goal(n) then exit (success);

* Remove(n, open); add(n, closed)

» Expand(n);

 Put all child nodes except in open or closed into open,
compute g;

A(n, J):=g™(n, j) + h(n); if node j is in open or closed,
select min{f"(j), f*(n, J)} and put into open,;

Sort nodes in open in increasing order of *;

» Go to LOOP;

A*

[ —
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procedure depth-first and-or

add (s, open);

LOORP: if open = null then exit(fail);
p:= first(open);

If solved(p) then exit (success);
Remove(p, open);

Expand(p);

Put all partial graphs except unsolved one
into the top of open;

Go to LOOP.
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procedure optimal depth-first and-or

* add (s, open); f(s):=0

» LOOP: if open = null then exit(fail);
» p:=first(open);

* If solved(p) then exit (success);

* Remove(p, open);

* Expand(p);

 Put all partial graphs except unsolved one
into the top of open;

 Sort nodes in open in increasing order of f(p);
» Goto LOOP.

)

&
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open 6
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AB

©®© 00

©®© 00 00O gg

apB

ON(A,C)

PUTON(A,C)

iy

HOLD(A)
CLEARI(C)

PICKUP{ A} TAKEOFF( 4

CLEAR{A) CLEAR(A)
ONTABLE(A) ON{A,x)
EMPTY EMPTY
CLEARI(C) CLEAR(C)
PUTDOWN{y) PUTON(y.z!
4 &
HOLD{B?} HOLDI{v)
v=h CLEAR{A) CLEAR{A)
Al ONTABLEIA)

ONTABLE(S
t CLEARI(C}

CLEAR(z)
TAKEOFF,C) L

EMPTY
CLEAR(AY
ONTABLEAY
ONIB.C)
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AT monkey, a
EMPTY

AT box,b

b C

| |
®i1 ERLEREROA A=)

" V71 om0 [MOVEBOK | CLMB | GRASP

Dy (R0(E) 0 0 0

D; (BOfE) 0

A 0
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GOTO(u)

MOVEBOX(V)

- AT(monkey, x), AT(box, X)
CLIMB

- AT(monkey, x), AT(box, X)
GRASP

- AT (box, ¢), ON(monkey, box)

| GRASP
S
D | GRASP
| MOVEBOX D | S
GRASP
D S S
MOVEBOX CLIMB
| GOTO
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recursive procedure GPS(S,G)

1 LOOP1: if S satisfy G, then exit(S)
2 G S d
3 d oplist
3 LOOP2: if empty(oplist) then return(fail)
5 operator:= first(oplist), remove(operator, oplist)
pc:= operator’s precondition
iIf pc does not decrease the difference, then goto LOOP2
if pc= null then goto APPLY
S1:= GPS(S, pc)
if S1= fail then goto LOOP2
APPLY: S:=operator(S1)
0 goto LOOP1

= ©O© 00 N O

« GOTO(u)
« MOVEBOX(V)
- (1)AT(monkey, Xx)
- (3)AT(box, x)
« CLIMB
- (1) AT(monkey, x)
- (3)AT(box, x)
 GRASP

- (3)AT(box, ¢)
- (2)ON(monkey, box)




GOTO(u)

MOVEBOX(v) MOVEBOX(c)
- (3)AT(box, x) GRASP

CLIMB

- (3)AT(box, x)

GRASP

- (3)AT(box, c)

GOTO(u)

MOVEBOX(v) MOVEBOX(c)
- (3)AT(box, x) CLIMB

CLIMB GRASP

- (3)AT(box, x)
GRASP
- (3)AT(box, ¢))

- (2)ON(monkey, box)

39



GOTO(u)

MOVEBOX(v)

- (3)AT(box, x) GOTO(b)

- (1)AT(monkey, X) MOVEBOX(c)
CLIMB

- (3)AT(box, x) CLIMB

_ (1)AT(monkey, X) GRASP
GRASP

- (3)AT(box, ¢)

- (2)ON(monkey, box)

— |B

AND/OR

| ON(A,B) A ON(B,C) |
N

0
1[ ON (A,B) ON (B,C) 3

PUTON(A,B) A 3\ PUTON(B,C)
2|HoD(A) | [cLear(B)|  w[HOD(B) | [CLEAR(O)]

PICKUP(A 2 ; P'CKUP(N

| ONTABLE (A) || CLEAR (A) | [EMPTY || ONTABLE (B) | CLEAR (B) || EMPTY |
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Al

1956 Al Minsky, Shannon,
Newell, Simon

1959 Al La Minsky, McCarthy)

1961 Al Minsky

1963 Computer and Thought(Feigenbaum

1970-1979)

0]
]

CHs CH2 C CHz CH2 CH2z CH:2 CHs

t

Mass Spectrogram(

Frequency

Mass/Charge S -

Magnetic Field
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R1

R2

80

40 —

DENDRAL

-

40 60 80
/ (m/e)

1975 ACM Turing Award Lecture

Computer Science as Empirical Inquiry:
Symbols and Search

Principal instigators of the idea that
human cognition can be described in
terms of a symbol system, and they have
developed detailed theories for human
problem solving verbal learning and
inductive behavior using computer
programs.
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Cu Co Ci A
Ca

Cx» : Com2 - A2

Working Memory
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YES

NO

1

1

YES
NO
—
1
YES
NO
YES

Cu Cu Cim — A1
Ca Cz : Comz = A2
Working Memory

O . D
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A A

Conflict Resolution
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OPS5 by McDemott 1982
(triplet)

- (object-attribute-value)
(block ~color red ~size 5)

WM

OPS5

P start-count-red
subtask “name count-red-block) ~(count *value <X>)
— make count *value 0
P count-red

subtask “name count-red-block) (block ~color red)
(count *value <X>)

- modify 3 *value (compute <X> +1
P end-count-red

subtask “name count-red-block) (count *value <X>)
- remove 1

46



MYCIN (by Shortliffe)

1973
Harvard Stanford
Feigenbaum
Mycin
(MYCIN)
Cu ,Ci2 Can Al CF1
AND/OR
Ri1 Cu Cu Cin - A1(CFy)
A
O
Cij CFi) /
CF
CFh1 A1 Az
Certainty Factor
O ©) @) O O
Cu Cu2 Cis Cn Ca
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e-Learning
* WebELS

Internet Explorer URL
http://weblsx.ex.nii.ac.jp/index_jp.html

WebELS
WebELSx

WebELSx

Knowledge Modeling and Reasoning | (
Al
Knowledge Modeling and Reasoning 11 (

EMYCIN
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SU DENDRAL
SU Meta Dendral
MIT MACSYMA
SU MYCIN
Pittsburgh INTERNIST
SuU PUFF
MIT  PIP
SU  Teiresias
Steamer
SRI Prospector
Schlun. DipAdvisor
DEC RI(XCON)

AAAI 83, R. Davis

U " D

Program

Some Real
Use/Test

Commercial

Use

—

]

ﬂ
_
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CHs CH2 C CHz CH2 CH:2 CH: CHs

Frequency

t

Mass Spectrogram(

Mass/Charge P

Magnetic Field

HUE «——| BUFF

OBJECT Picture 6 )
Height Class
) Examp|e Q
(2.3 < Height < 2.5) «—| TABLETOP | =
Example Orientation
[
—| HORIZONTAL I—' ORIENTATION

Example Hue

a
=t

Hue Example
Hue | Height
| FLOOR
Class
OBJECT (0.1< Height < 0.1)
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ARCH | FRAME

SIZE

TOP

]

LEFT

J=n

RIGHT

.

MEDIUM

\
OBJECT FRAME \

OBJECT

(Frame)

cm

o1



CHAIR Frame

Specialization-of :

USE :
Number-of-legs :

Number-of-arms:

Seat-height :
Back-height :
Color-of-seat :
Color-of-seat :

FURNITURE
for sitting
(DEFAULT =4)

0,1,0r2

[20,60]

FOLDING-CHAIR Frame

from Seat-position to [ 70, 120 ]
(DEFAULT = GRAY)
(DEFAULT = GRAY)

Specialization-of :
Number-of-legs :
Number-of-legs :

CHAIR
4
0

Seat-height :
Back-height :

FOLDING-CHAIR-1 Frame

Specialization-of :

Color-of-seat :
Color-of-seat :
Seat-height :
Back-height :

[20,50]

from Seat-position to [ 70, 100 ]

FOLDING-CHAIR

BROWN
BROWN
45

from Seat-position to 80

HEARSAY

STOP

[ | PREDICT

| sEmANT

1 [
|

CONCAT

— WORD-SEQ-CTL

DICT <—|

WORD-SEQ

] WORD-CTL

MOW

VERIFY

POW

SEG

t-—mm ] - - -
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NP

\ /

DET AUX N PREP DET V N

N
/A I N A N S

V4
DET N V
AN

[N

||\/|\///\/

the boy saw the can on the train

—DENDRAL

— MYCIN




(suzuki-ken (date-of birth (1967 8 9))
(age (26))
(sex (male))
(institution (Naniwa University))
(address (1-1, Naniwaku Osaka))
(fields ((electronics) (artificial-intelligence)))

(suzuki-ken (date-of-birth (VALUE (1967 8 9))

(IF-ADDED ( )
(age (VALUE (26)))
(sex (DEFAULT (male))
(institution (VALUE (Naniwa University)))
(address (IF-NEEDED( )

(fields (VALUE (electronics) (artificial-intelligence))))
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(suzuki-ken (1S-A (VALUE (member)))
(date-of-birth (VALUE ((1967 8 9))))
(age (VALUE (26)))
(sex)
(institution (VALUE (Naniwa University)))
(address)
(fields (VALUE (electronics) (artificial-intelligence))))
(member (date-of-birth (IF-ADDED ( )
(sex (DEFAULT (male))
(address (IF-NEEDED ( )

(room (HAS-AS-PART (DEFAULT (wall floor ceiling)))

)
(floor (PART-OF (VALUE (room)))

)
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8.2 EAREFII-OHEEL

They buy a car with four doors.

dollars.
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- (terminal symbol, category) a, b, ...
(nonterminal ...) A, B, ...

(string) o, 3...
. (regular grammar)
A - g, A - aB
. (context-free grammar)
A-B
. (context-sensitive grammar)
- B3
- lo<|p
-0
S - NP VP
NP - DET N
| | | DET - the
NP VP
E— | ' |
DET N VP PP
\/ NP PREP NP
the boy é—‘—\ ,—‘—\
‘ DET N DET N
hits ‘ ‘
Det: Determiner( ;
PP: Postpositional Phrase the dog with a rod

(
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©oN Ok

S
NP VP

DET N VP the boy hits the dog with a rod.
boy hits the dog with a rod.
hits the dog with a rod.
hits the dog with a rod.

the dog with a rod.

the dog with a rod.

dog with a rod.

N VP
VP
V NP
NP
DET N
N

Top-Down Parsing

the boy hits the dog with a rod.
the boy hits the dog with a rod.

Top-Down Parsing

S
NP VP

1
2
3. DET N VP
4

. N VP
5. VP

10.

VP PP

11. ...

12.

13. PREP np

14.

PP

DET n

the boy hits the dog with a rod.
the boy hits the dog with a rod.
the boy hits the dog with a rod.
boy hits the dog with a rod.
hits the dog with a rod.

hits the dog with a rod
with a rod.

with a rod.

arod.
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1 DET 9
‘(f) (b) 1
DET
the - boy tr|1e boy
3 'TP 4 “;P
ZES SR
DET DET N
N ‘
e | O
boy the boy
5 S S
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|
PR b
sentence A A

<

Bottom-Up Parsing

NP — NP PP

the boy saw the dog in the  house




NP - NP PP

the

boy saw

the dog

in

the house

N

\
\
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\’P

DET DET —\U\ \

N
\ [ ]

[’REP I}} TV

\

//\/\//\

the

VTV

saw the can

N
|
hoy

A

on  the train

8.3 BIEETIIC LSRN

AT

C(A-> a)

Pla]A)= >C(A-> )

N
He wrote mtter

C(w,,w

)

P(w, —)Wj):

Score (D) = Hwi—>wjeD P(WI - Wj)

C(w;,w; ) C(w,w
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()
(,)=
(,)=

(,)=

()
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/ ( /
( 1
/ /
( /
(
/ /
/ /

Ax[have (I, x) A book (x)]

Ix[have (1, x) A book (x)]v 3x[have (I, x) A notebook (x)]
vx[girl (x) — 3y[loves (x, y) A cake (y)]]
—3x[human (x) A do —it(x)]

Vvx[bird (x) A =penguin (x) — fly(x)]
NL— parser —FPC——Database

67



break
| o 0
(a) "The window broke”

break

o A

A .
John the window
(b) ”John broke the window”

break

A . ‘O |
John  the window a hammer

(c) ”John broke the window with a hammer”

1971
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(Conceptual Dependency Theory)
Schank, R. C. : Conceptual Information Processing,
North-Holland, Amsterdam and American Elsevier ,
New York , 1975

Conceptualization

“John sold his car to Bill.”

past  Abstract Transfer
~

Bill
John P, ATRANS .O OWNERSHIP : car {

RT IR John
) o) John
Bill ..P. ATRANS 2. OWNERSNIP : money {
Bill
(o T (o B —B3 Reason
R
B «— B a — A
P: past
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“He hurt

Y

Ir

he

DO

John «—

r: result

John.”

— PHYS.ST.(<X) ~10< X <10

P L« pHYsST(x)  dead  healthy

“He killed John.”

he P
Iy
John «—

DO
PHYS.ST.(-10)

P L < PHYS.ST.(>-10)
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“John decided to leave the house.”

Direction X
—John+—PTRANS«2John
\ house
0 Physical
John P, MBUILD «— y
e o[ *CP(ohn)
LTM(John)
% W
X PTRANS)
LTM CP

“Mary cried.”

X
p 0 D
Mary <«— EXPEL <«— tears
eyes(Mary)
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“John shot Mary.”

\ b Mary ./ John
John«£—>PROPELJ)WHMt«#; A

gun  PROPEL

‘ r 0 trigger
PHYS.ST.(<X) trigger

l\/Iary~—L7< D PART(gun)
p

PHYS.ST.(X
) out in
gun trigger out in
bullet
X X

“John went to New York from Texas.”
MARGIE

JOHN CAME TO BE IN NEW YORK.

JOHN CEASED TO BE IN TEXAS.

JOHN WANTED TO DO SOMETHING IN NEW YORK.
JOHN THOUGHT HE WOULD ENJOY BEING

IN NEW YORK.
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PTRANS

PTRAI} agent PTRANS

) l Dr—7Z
Cl : X — PTRANS Y

HW

QY z

JOHN CAME TO BE IN NEW YORK.
)Y W

JOHN CEASED TO BE IN TEXAS.

B) X c1 X Y
X z

JOHN WANTED TO DO SOMETHING IN NEW YORK.
4) (3) X
JOHN THOUGHT HE WOULD ENJOY BEING IN NEW YORK.

PTRANS
PTRAN agent PTRANS
./ (0] l D —— 7
Cl : X «— PTRANS Y
HW
Y Z
Y W
X C1 XY
X Z
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P,Q, ..

~

—

P QP Q~PP-QP=0Q

P Q and
P Q or
~P not _
P-Q: implication [P [Q|P Q[P Q|P-Q|P=
Q=Q: equivalence [T [T | T T T T
TIF| F T F =
— _ FIT F T T =
PhQETQ FIF| F F 1T | T
ON(monkey, box)  ON: (predicate symbol) T or F
monkey, box:
AT(monkey, Xx) X
child(x): x child:
(term): T F

ON(x, y), AT(child(x), a)

(well-formed-formula, wff):

P.Q P QP
( IC y) LESS(x, )1,
X Yy LESS(x,y)

Q! ~P! P_’Ql PEQ
X Yy LESS(x,y),
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X 'y z[LESS(x,y) LESS(y,z) - LESS(x,2)]

Valid vvffl
X P(x) - P(a)

Unsatisfiable wff
X P(x) —~P(a)

(literal):
(clause) :

x y z[P Q R] [1] (matrix)

P-Q ~P QP=Q (P Q) (Q P)

X[~P(x) xQ(x)] X[~P(x) yQ(y) ]
~ X[Px) ~(Q() R )] X[~P(x) Q) RX)I
X[ yP(x V)] X[P(x, f(x))] Skolem-function

xP(x) P(a)

X[P(x) y~Q(y)1] x y[PKX ~Q¥]l
(A B) (B 0O A B (A C B (B 0O
A O
B
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c,=P Q Q .. Q, C=~P R, R,
cC=Q, Q .. Q, R R, .. R,
C, C, C, (resolvent clause)

Procedure unify (P, ,P,)
1 s=NIL Q;:=P;, Q,=P,
2 LOOP: D=Q, Q,
3 if empty(D) then return (s)
4 t,:=first(D), t,:=last(D)

5 if variable(t;) and not-contain(t; , t,)
thensl: = (t1/t2)
else if variable(t2) and not-contain(t2 , t1)
thensl: =(t2/ t1)
else return(fail)

6 Qp:=Qy8; Q=Qy8; s=s8
7 gotoLOOP
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v 3 P( ,v)AVYyVZ[P(a,y)—> Q(y,2)]
~Yu3awQ (u,w)

vu3awQ (u,w)
Q(u,g(u))

P( ., f(x)
~P(a,y)v~Q(y.2)

P( ()
Qu.0()) Py -~Q(y.2)
P(x, (X)) Py Q(.2)
@/x)(f @)y)
Qu,g(u))
Q(f(a),z)
(F@Mu)a(f@)/2)
NIL
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P(X,y)vQ(X,Y)

R(u)vP(u,v)
Qw,2)vS(2)
R(a)
S(b)
R(a) R(u)vP(u,v)
P(av) P(xy)vQ(x,y)
Q(a.y) Qw,2)vS(z)
S(2) S(b)

NIL
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[R] ~R P -p Qs s
[P ~p S
Q | ~R [-R s | [-p | R
NIL
P(xy)vQ(x,y) R(u)vP(u,v)
Q(x.y)v R(x) Qw.2)v  S(2)
RV S(y) R(b)
S(y) S(b)
NIL

79



P(X,y)vQ(xY) v(Px,Y)A Q(XY))
Ru)vP(u,v)

Qw,2)vS(2)
R(2)
S(b)

(Px.y)n  Q(x.Y))

R(a) RU)vP(u,v)
P@av) P(x,y)vQ(x.y)
Q(a.y) Qw,2)vS(2)
S(2) S(b)

NIL




R(a)

R(u)vP(u,v)

P(a,v)

P, y)vQ(X y)v(P(x,y)A  Q(xY))

Qay) v(P@y)n Qay))

Qw,z2)vS(2)

5(z) v(P@)a Qaz)

S(b)

NIL  v(P(@b)A

Q(a))

~Yu3awQ (u,w)

Vx3AyG(X, )
IxVy~G(x,y)=~G(a,y)

~G(a,y)

P(a,v)v~P(v,w)

NIL

P(z,1(2))

P(ug)/\/P(v,w)—>G(u,w)

P(u,v)v~P(v,w)vG(u,w)
alu, wly

P(z,1(2))

/ alz, f(a)lv

P(f(a),w)

/f(a)/z, f(f(a))w

P(z.1(2))
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~G(a,y)

vx3yG(x,y)
~G(a,y)vG(a,y) P(u,v)v~P(v,w)vG(u,w)
alu, wly
P(a,v)v ~P(v,w) vG(a,w) P(z, f(2))
/ alz, f(a)lv
P(f(a),w)vG(a,w) P(z,f(2))
f(a)/z,
f(f(a))/w

G(a, 1(f(a))

ax[have (1, x) A book (x)]

Ix[have (1, x) A book (x)]v 3x[have (I, x) A notebook (x)]
vx[girl (x) — 3y[loves (x, y) A cake (y)]]
—3x[human (x) A do —it(x)]

Vvx[bird (x) A =penguin (x) — fly(x)]
NL— parser —FPC——Database
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Ac B = Th(A) c Th(B)

default reasoning)

P:MQ
Q

BIRD(x) : MFLY (x)
FLY (x)

“Most birds fly”
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well-formed-formula W
W, D
extension
Most birds fly

W ~PENGUIN(x) ~FLY(X),
BIRD(a) BIRD(b) PENGUIN(b)

E W FLY(@)

{
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TMS

(Truth Maintenance
System)

ATMS

(Assumption-Based
TMS)
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<
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Fuzzy
100

t h p@ M@

0 30 t
1965 L.A. Zadeh:

Fuzzy Sets, Information and Control

Fuzzy

H(A  B) =min{p1(A), 4(B)}
M(A  B) =max{H(A), 1(B)}
M(A) =1 H(A)

Kleene A-B A
B 0 1/2 1
(A - B) 0 1 (12| 0
=p(~A B) 12 | 1 [1/2 |12
=max{H(~A), K(B)} L I N
HM(A - A)=1

L(A)=1/2 112
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Fuzzy

Lukaszewicz A-B Goedel A-B
M(A - B)= M(A - B)=1  pI(A) =< H(B)
min{1,1 p(A)+(B)} I (B) otherwise
A A
B 0 1/2 1 B 0 1/2 1
0 1 1/2 0 0 1 0 0
12 | 1 1 |12 12 | 1 1 |1/2
1 1 1|1 1 1 1] 1
HM(~A - A= H(A)
HM(A)=1/2 1
Fuzzy
Mamdani A-B
H(A - B)=min{p(A), 1(B)}
=ErH(A B))
A
B 0 |12 | 1
0 0 0 0
1/2 0 1/2 | 1/2
1 0 |12 | 1

88



Fuzzy

. t
t
y7]
0 \ . | | | | |
20 25 30 1 2 3 4 5
30 -
0.4 0.6
2 3 2 3
10 0 0.4 0 0.4
08 0 0.4 0 0.4
01 0.1 01 0.1 0.1 ~33
0 08 0 0.6 0.6
0 1.0 0 0.6 0.6
H A = 9
=0.001 H =
=0.94 R =0.98
=0.002 R H =0.1
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LO——"

Ex < — E;
P(X|E) = P(X|Ex. Ex)
P(Ex|X,E;)P(X[E;)
= = aP(E;
P(Ex|Ex)
=aA(X )z (X)

X)P(X|Ex)

T A

O—0—v)

Ey < — E;

z(x) = P(X|u,E{)P(u
= P(XWPUIE;) =D P(X|u)z(u)

Ex)

AX)=P(ELY[X) =2, PE[X, y)P(y[X)
= PEINPHIX) = AYPY[X)
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T A

@ — Ay (X)
VN0
7(x) =y P(X|u)P(u[E; )
AX)=] . P(E, x[X) =] ]. 2+,(X)
=112, A Py|X)

©>©< D
(O TOo—=
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Learning Structural  from
Examples

Patrick H. Winston,
The Psychology of Computer Vision,
McGraw-Hill Book Co. 1975

Tower

N onhe-part- is

: oG b
I gy S

in-front-of supported-by
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House

House

Near miss

15

a-kind-of

wedge@ brick@

- one-part-Is

___one-part-is
supported left-of
_by

a-kind-of

WedgeQ brick@

House

House

Near miss

15
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House

— one-part-is

must-be-
?gsported supported
_by
a-kind-of a-kind-of

wedge@ brick@ wedge@ brick@

House
House Near miss
Near miss Near miss
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- one-part-is

must-be- must-be-
supported supported
-by -by

must-be

WedgeO brick@ WEdeQ brick@

Arch
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Arch

Arch Near miss
A
Near miss
one-part-is

must-be-supported-by

left-of
don’t-touch

a-kind-of

I
brick@ brick@
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Arch

Arch Near miss
A
ﬂ) \i
Near miss Arch
polyhedron
t
brick or wedge one-part-is

must-be-supported-by

left-of
don’t-touch

a-kind-of

|
brickO brickO
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1958 Rosenblatt: Principles of Neurodynamics, Spartan
Books

1960
1965 Nilsson: Learning Machine
(1967 )
1969 Minsky & Papert: Perceptron, MIT Press

1975 : , 98-D
1978

1982 Hopfield: Neural Networks & Physical Systems
with Emergent Collective Computational Abilities, Pric.
Nat. Academy of Science

1986 Rumelhart, et al: Learning Internal Representations
by Error Propagation, PDP, 1, MIT Press
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ydj i;( — ZWi'kj—l,kOik—l
r=X0 -y,

or K =k
aW-kak Oj = f (IJ )
)
f(X)=Q+ex p(-x+9))™*
Wi ’nj1—1,m _) Wi ’nj—l,m—z _) Wi 1J 2
AW o _ o an
i awikjl k ai]k aWik? k
/ k=m i,-k =2
gor A o"
s 601K 8ijk
or . or
— W Kkl f' k ~ —d k
Tae WU M@ e
k=m
AW' *=—¢ df O or _ or 0o]

djk — (z WJL: k+1 d/k+1) f!

SI)/ o oor air
d"=2(0"-y) f(i"
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AW "= g d" OM

e

Wikjm’ d/:k+1 d]k
1 ' — _
f(X)=1+e>< (X1 9) f'(x)=f()@- f(x))
£(i')= 0! (1-0")
£()
1 //
o 0 X

Logistic function

(Data Mining)

KDD(Knowledge Discovery in Databases)
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F={i, 0y . iy} D
D t t 1
X ) yY(C 1D
X Y
XY XnY=¢
X Y X
Y
X D S
X X s support
X Y
X Y X Y
X c
Y X Y ¢ confide
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