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(1)

(2)
(3)

(4)
(5)

(6)

(2 1)

P(A,A)

AP A

18 -

, Prolog

L athe has a spindle
has. spindle(lathe)
has( lathe spindle)

(2 2)
P(ALA, ,A)
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( 2)
( n)
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4 .
(object oriented programming)
, Smalltalk C+ +
: “ " (method),
(message)
223
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(1F)
(THEN)
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231

232

(1F)

(1F)

(1F)

(THEN),

. 23.



2 4

: BASIC,FORTRAN, PAS-
CAL,C,MODULA-2 Ada

C

(object oriented programming) : ,  SmadlTalk,
C+ +

Prolog LISP

, M 1,VP-XPERT,CLIPS
GEST
: MY CIN

EMYCIN MYCIN

EMYCIN
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AGE

Knowledge, ProKappa, Craft
15 “ ”

2 5 Prolog
Prolog (programming in logic)

70 :
, Prolog
Prolog Horn

, LISP

25 1 Turbo Prolog

Turbo Prolog

EMYCIN

EMYCIN

KAS,

GURU,

Prolog GEST

, Prolog , Prolog
Prolog
Turbo Prolog TPC
, Robinson
Prolog
: Prolog

constants, domains, database, predicates, god clauses

25 -



/ *

Turbo Prolog

/*
/*

*/
*/
*/

constants
domains
database
predicates
goal

clauses

(1) Turbo Prolog

constants )

constants
zero=0
one=1
pi = 3 .141592653
yello=2

, Turbo Prolog
(2) :
( ) :

26 -

Prolog

H 031030



base- plate(integer ,integer,integer)

domains

length,width, hight = integer
predicats

base. plate(length, width, hight)

(3) :
(4) Prolog ,
, , Prolog
Prolog : Turbo Prolog : write, makewin-
dow, readln : Turbo Prolog
() , ( ) , Turbo
Prolog
(5)
Prolog
(6) Prolog : :
Turbo Prolog :
, Prolog : Turbo Prolog
, Prolog : :
25 2 Prolog
Prolog :
1.
,  Prolog
Prolog “ lathe has spindles’

has( lathe, spindles)

27 -



, “ has’

operating(machine- 1)
1

broken(machine. 2)

Prolog

Prolog

Wx H
base. plate(code, |,w, h)

base- plate :

base- plate(h031030,380,360,30)
base- plate(h031031,440,360,35)

Prolog

Caein,

flow(water) :-open(valve)

flow(water) if open(valve)
28 -

machine. 1 is operating’

if”

code

Prolog

Lx



select- base- plate :-

workpiece(W. length,W. width,. ,. ),
base. plate(B. name, B. length, B. width, . ),
B- length> W. length + 180,

B. width> W. width+ 180,

, , 180 mm ,

Prolog
, Prolog Prolog ( )

: Prolog ,

has( X, spindles)

Machine. tool
Date- 1996

"broken"
operation

2-Direction

, , has( X, spindles)
has( Equipment, spindles) Equipment X

Prolog

is (lathe, machine. tool) ( )

has (Equipment, spindle) : - is( Equipment, machine- tool) (
)
29 -



Prolog
has (lathe, What) ( 9
Prolog
What = spindle ( )

2 53 Prolog

Prolog :

has( lathe, What)

is (lathe, machine. tool)

: , has ,
Prolog

has (Equipment, spindle) :- is( Equipment, machine. tool)

,has (Equipment, spindle), :

Prolog ( ),
if ( )
Prolog has(lathe, What)
has (Equipment, spindle)
: Equipment lathe, What spindle
Prolog Is(Equipment, machine. tool)
lathe, Prolog lathe is machine- tool lathe has
spindle : ,
Prolog :
is(lathe, machine. tool)
, Prolog
Is(lathe, machine. tool)
: is(lathe, machine. tool) : has(lathe, spin-

dle) ,
30 -



254 Turbo Prolog

GDDES

Turbo Prolog

GDDES

GDDES

GDDES

THEN

| F
THEN <

Turbo Prolog
Turbo Prolog

and
ZG35SiMn,

and \Y;

15,

and

10
Ra

21

HB225

04>

“ Why

GDDES

How”

31-



21 GDDES

GDDES

Prolog

1 11)

save consult

Prolog
GDDES
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2 6 GEST

26

CLIPS (C Languge Intergrated Production System) 80
GEST (Graphical Expert System Tool) CLIPS
1 GEST
GEST ,
C )
GEST “ " (fidd),
(1) (word) GEST , ASCI| :
< | & 2+ - ()
< | & () ;
6 GEST (delimiter),

machine. center
control
FMS

caution

GEST , GEST

TOOL
tool

Tool

GEST ,
(2) (string) GEST :

33-



"Start the machine"
" Ir) # * K, %K n

teoi() 4 -

(3) (number) GEST : ,

, GEST

+3

3 .8e8

GEST ,
(1) GEST LISP ,

(2) ,
(3) : :

(4)
26 2

, : GEST
(fact) ;
(condition cutting-tool-is-broken)

(condition power-failure)

(condition machine-tool-is-out-of-order)

condition ( ) : “
(relation name) " ; :

( fact-list)
(1) assert GEST

(assert condition cutting-tool-is-broken)
(condition power-falure)

(condition machine-tool-is-out-of-order) )

(2) deffacts assert
34 -



, deffacts

(deffact condition
(condition cutting-tool-is-worn)
(condition power-failure)

(condition machine-tool-is-broken) )

“ condition” deffacts,
deffacts
(reset)
reset
(initial-fact)
(3) deftemplate

(deftemplate deftemplate-name
slots )

plate :

“ 7 (slots) (field)

(fidd fidd-name

[ (type fidd-type ) ]
[ (default ? NONE, default-value ) ])

(de template motor
(field kind
(type STRING)
(default AC-motor) )

(field power

(default ? NONE) )
(field weight

(type NUMBER)
(default ? NONE) ) )

, GEST

deftem-

35 -



(default ? NONE)
STRING STRING

(assert motor
(kind DC-motor)
(power 1)
(weight 2 3) )
(motor
(power 1.1)
(weight 1 8) ) )

1
18
(4)
(load-facts file-name )
263
THEN ... IF... THEN ...
| F
THEN
THEN , ,
GEST
: GEST

|F cutting tool is broken then stop the machine .

GEST >

(defrule operation* rulel”
(cutting-tool-is-broken)

= >

36 -

2.3

IF THEN

, GEST

BASIC,FORTRAN,PASCAL,C, Ada

LISP

WORD

11

IF ... THEN ..”

IF ...



(printout t ( stop-the-machine) ) )

defrule ;
defrule : , :
: : operation ( );

; ; operation
cutting-tool-is-broken
GEST
, , ; (agenda)
GEST
: (fire) ,
, GEST (salience) :

264

, GEST :

(1) GEST ,

? name

? node

(de rule fish

(isafish ? fish-name)

= >

(assert(live-in-water ?fish-name)))

(is-afish shark) : (live-i n-water
shark) ? fish-name shark
(printout),

(d frule fish

(is-afish ? fish-name)

= >

37 -



(printout t( ? fish-name "livesin water ." )))
(is-afish Shark) :

Shark livesin water .

(de rule chang-number
? old-fact <-(tel-number 021-422290)
= >
(retract ? old-fact)

(assert(tel-number 021-8422290) ))

(tel-number 021-422290) : (tel-number 021-

422290) : (tel-number 021-8422290)
(2) : :

(defrule firstname
(John 9
= > (printout t "There is a person , his first name is John" crlf))

(assert(John smith))
(assert( Tom ))
(assert(John henry))

265

: (activate)
(agenda) (agenda) (watch activations)
(fire)

, GEST (salience)

GEST run
(run [ limit ])

limit
38 -

limit
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(node name answer value )

name , value

(node name decision question yes-node no-node )

name , question
node no-node

(node root decision "Is the workpiece cylindrical ? nodel node?)
(node nodel decision "Hasit a hole ?'node3 node4 )

(node node3 decision "Is the hole a blind hole ?" node5 node6)
(node node2 decision "Is it a plate ? node7 node8)

(node node8 decision "Is it a box ?" node9 nodel0)

(node node4 answer CODE = 00)
(node nodes answer CODE = 02)
(node nodes answer CODE =01)
(node node7 answer CODE = 13)
(node node9 answer CODE = 14)
(node nodel0 answer CODE = 15)

4 , "root",

(de ruleinitilize
(not(node root )
= >
(load-facts " code dat")
(assert(current-node root)))

(defr le do-decision-node
? node< -(current-node ? name)

(node ? name decision ? question ?yes-branch ? no-branch)

40 -

answer

code dat

Yes-



= >

(retract ? node)

(format t " % s(yes or no)" ? question)
(bind ? answer (read))

(if(eq ? answer yes)
then(assert(current-node ? yes-branch))
else( assert(current-node ? no-branch))))

(defr le do-answer-node
? node< -(current-node ? name)
(node ? name answer ? value)
= >

(printout t "The GT code is " ?vauecrlf))

"code .rul"

GEST >
GEST > (load " code rul™)
GEST > (reset)
GEST > (run)

Is the workpiece cylindrical(yes or no) ?
yes,
Has it a hole ? (yes or no)
no,
The GT code is CODE =00

00

2 .7

271

41 -



(1)
(2)

(3)

2.0 2

4 8
16
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Feigenbaum
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2.7 3
1.
2.
: BASIC,
FORTRAN , LISP  Prolog ,
( )
OPS5, VP-EXPERT, CLIPS, OPS83,GEST, M 1 ,



: MDBS 80

GURU : SQL
3.
, I1BM LEVEL 5 Object,
Intellcorp ProKappa
4 .
, , , CIMS :
; IBM :

AD/ Cycle and Repository :
,  Carnegic Group, DEC, Ford, TI USWest
: IMKA,
I M S( )

80 : :
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31

D .Hebb

Hebb

32

20

Boltzmann

321

20

50

40

McCulloch

, 80

. F Rosenblatt

Pitts

20

3.1

M cCulloch- Pitts

40

BP

H opfield
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W=1[w w Wh |
'
O=W- X = Wi X
Zl (3 1)
y = f(0O)
fl- ] fl- 1] ,
f(x)=x : Rosenblatt
31
f[- 1]
(= = 29
X) =
0, x<0O
. 1
S : f(x)—1+e.x
32
32
X , X=[» x], , G G |,
y 33
, L= ax + bx ., rax +bx >0, X C Coax +
bx <0, X G ,
2
y = 21Wij|x c1>0
2 (32

y = ZleXj|x c, <0

48 -



33

: X
) L )
X
L,
322 BP
Rumelhart( ) 1985
BP
,BP
: Sigmoid
S : ;

— BP

back-propagation

34 BP

, BP

49 -



k=m-1,m- 2,

50 -

_ 1
T 1+ e

- X

X
e -¢€

f =
() = &5

f(x) =sin x

m ! k i ur, u
f(- ), :d=f(i) d Ul
e'.‘
P1 m J Ojn,
1 m
EP = EZ (yJ - Q)Z
EP; 1Wik"jl’k A\Mk,-jl'k
AWt = -¢ k—EFi,k
Wi, j
€>0),
Er — Eer |:< — EP. Okl
wiit K it Wit K ik
, Er
Ee _ _E _o _ o m
THREEPCEETE R G ARG DA D
Er E- iﬁ-«'l Qk
kT k+ 1 ° k
lj lj Q I
=3 Teeowne
E N
= f (if)- Z i|j<+Pl ot
.'.1’k
) ]
Awi  =-¢g. d- o
(a" - yi)- f(i"), k= m
Ko— ) )
T2ty g owe dn G m
2
d , k=m

K k+ 1

Wi 0/

(3 3)

(3 4)

(3 5)

(3 6)

(37)

(3 8)



Z wiitte dtt d’
Sigmoid :
_ 1
f(X) = 7o
f(x) = f(x)- (1- f(x)) (3 99
f(if) = d- (1-09) (3 9b)
Aw " (t+1) =-¢- d- o +a- Aw (1Y) (3 10)
0 ( )it
BP ;
323 Hopfield
1984 |, Hopfidd ——Hopfield : 35
1982  Hopfied :
Hopfield H opfield
Hopfield , (
) : i
du U
C =, = Tiu - — + |
dt Z R & (3 11)
Vi = §- (U)
,G ;Tij j |
Vi J Toog( ) :
g( ) I S ( ),
I i Ti ,
) Tij v R ) Ri i J
Ti

o1 -



1
1_ 1, < 1 312
Ti Pi Z R ( )
1pi
35 Hopfield
Hopfield , i N
i | N , (3 11)
, (3 11)
(3 11)
, Lyapunov :
E:-%Z S Tovivi+y {foi g (Vdv+ 3 v (3 13)
T=[Tij] ) E t
dE _ . dvi R
gt T2 dt 2 Vot
(3 14)
_ ¢ Qv du
DT dt
v=g(u)
dE _ oty dv
g ) v . g() s g () ’
dE dvi _ dE _
(3 15) . S0, =9 g0 E
dvi _
=0 ’



(3 11) T
Vi=[v W](s=1,2, , n n ,
.1 v 2
E = 221 (V, V) (3 16)
V=V(1ls € n) ,E :
Enn = - %NZ (3 17)
vi {-1,1, v {-1,1}, (3 .16) (3 .13)
li =0,
Ti = Z Vi- v (3 18)
T.J—Zv? Vi,(s=1,2, ,n), n
(3 11) ,
E ;
324 Bolzmann
1985 , Hinton ,
x =0 1, i=1,2, ,n
Wi = Wi L] =1,2, ,n
1 y I
: 1
P(x = 1) = —— (3 19)
= - 1+ eAEle
“ " A Ei I 1 0
AE = Z Wi« X - 0i (3 20)
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(BM
BP
(BM)
BM
33
331 Hebb
40 .D .Hebb
——Hebb
Hebb
Hebb
Hebb
IRAR
, Hebb

BM

39

3.7

Hebb

39

38

Hebb

Hebb

P(p=1,2,

, P)

55 -



Awi =n- a- a (3 22)

Wij =n§ a- a (3 23)
N
Hebb I a,a
i
332 Delta
Delta , Hebb , Widrow
H of f 1960 Widrow H off
Delta :
Aw =B(d(p) - y(p))- Li(p) =B-d(pP- li(p) (3 24)
Aw | d( p) p , Y(P) p
) IJ(p) p J ’B
Delta
E(p) = 2(d(p) - ¥(p))’ (3 25)
p : E= Z E(p) : : j
E(p)
E(p) _ _E(P _vy(p)
wy(p) Wi (3 26)
|
(3 25)
_E(p) _ . ] .
v(p) (d(p) - y(p)) o(p) (3 27)
y(p) = Z wili (p) , (3 26)
—v(p) _
W li (p) (3 28)
(3 27) (3 28) (3 26)
- 5 () (p) (3 29)
(3 24) (3 29) , Delta
E -y B (3 30)



.Delta E

333 ART
(adaptive resonance theory, ART) ,
ART : ,
ART ‘ "
: ART
ART , : "

334 Kohonen

K ohonen ,
i Xij X = { Xu
Xi2 Xin } Xi Wij , W =
{ Wi We Win } )
DX W
Kohonen * ” : W Xi
, , Kohonen

S7 -



w(t+ 1) = w(t) +a(x(f) - w(r))
o :

. Kohonen ,

X w

3 35 Boltzmann

Boltzmann ,
, Boltzmann
E=- 1 Wij - X+ X
22,
E Wij

E (3.21) , E

) :

Boltzmann ,

1) T 1) 1)
: T;
I ,
Boltzmann P(x)=e

, , T(n+1)=T(0) * (¥ log(1+ n))
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(1)

(2)

(3)

" M .Minsky

. 59.



(4)

(5)

(1)

(2)

(3)

(4)

3 .10

3 10



342

(1)

(2)

(

( red)
Is-part-of)

(

apple)

. 61 -



BP )
) : , BP
BP ,
,BP
(1) , ,
, K | Us
U.k = z Wf(Jk ' Ill(l -eki
Wi k i k-1 j , B
i i k-1 j (k=1), If
e 1
. k>1 L= fUY f S , (0 =707
(2) B = 23 (v - O
22,
BP
Awi“=-¢g- d- o’
BP
BP : € >0,
f, BP : f €
: BP :
; , , BP
) : BP
, BP
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351



Von Neumann

, , V on
N eumann

352

3 .11 :

/O :
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(1)

(2)

(3)

311

yi = fi(x +0i),

0

Xi:Z Wijs Vi, Wj
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411

(knowledge acquisition, KA) ,

. 67 -



(1)
(2)

(3)

412

1992

CAD

CAD
. 68 -

CAD
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, , CAD

2.
: CAD
1988 , CATIA
777 , 1991 6
50% ( 13 ) 50% ,
50% : uG
CAD , CADAM,CATIA,CV,UG ,Bravo3,Calma,Interg-
raph : ,
, , I-DEAS
Geomod, Prd Engineer, Euclid : :
(1) Romulus lan Braid Charles Lang 1975 Shape Data
, Romulus , Romul us
Parasolid, UG , UG ACIS ACIS
, Alan Grayer, Charles Lang lan Brad,
Romulus : ACIS
Solid
(2)
,I-DEAS GEOMOD , NURBS ,
I-DEAS NURBS ,
3.
CAD ,
, 4 4
4 .
, CIM

69 -



, 1987

modelon,
modelon ,
: modelon message board
modelon : modelon, :

(spontaneity) (autonomy) (decentralization)
(self-organization) (connection free) (transformability) (flexi-
bility)

4 2
42 1

( ) ,

( ) :
: (CAD) , 80%
20% (
) ,
(geometric model s) :
(topological element) (geometric

element) : ;

, ( )
( ),

70 -



4 2 2

4 1

(sweeping representation)

,1=1,2,3)

71 -



(1)

(2)

(1)

.72

4 2

4 3

4 2(a) (b)

4 3

(celular decomposition)

( full

)



empty ) ; , (partial )

2
4 4
7
) W 7
® // )
// /A/
O %% %
O
O B Q O
IIIVAIIOVAIQ O
Popnoo0pepo0gudd
4 4
(2)
( 45)
(full) (partial full) (empty)

(constructive solid geometry, CSG),
CSG

73 -



4 5

(1)
(union)
(intersection) (difference)
( GMsdid
Romulus ),
CSG , (glue)
(2) CSG
4 .6 CSG
CSG , ( )
( ) ( )
( ) ( )
5.
(boundary representation, B-rep)
( )

. 74 -



4 6

(1)

(2)

4.7

4 6 CSG

B-rep

( point) : (curve)
(vertex) (edge) (face)

(surface)

75 -



4.7

4 7(a) 4 7(Db)

42 3

.76 -



4 3

Design

431

(Parametric)

,  MIT

MATRA

Adaptive Design

PTC

PRQ ENGINEER
SDRC Variactiona

77 -



4 8 49

B-reg CSG
( 4.9)

4 3 2

(constraint)
R(A,B,C, ),

. 78 .



( ) ;

: : Inside(A,B),
2.
4 10
Pl, , P G Q
P
4 10 P
3.

: Parallel (L.,L2),
Parallel (L. ,L2) line-direction(L: ,A: ,B.) line-direction(L2,Az,B:) .

, inside(LPl,LPz) LP LP. ,

L: L : L Ls : L: Ls



433

CS@E
1.
Sunde
( )
2 .CsS@
csd Emmerick
CSG

3.

(1)

(4 .11)

. 80 -

(

4 11(a)

)



(2)

LISP

4 11

LISP

4 12

4 11(b)

C, PASCAL

)

81 -
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4 12



(1)

(2)

(

4 13)



d,

(3)

. 84 -

4 14(b)

4 13

4 14

(0,0)

(2,0)

D

(5.0),



)

4 15(a) BC AB, D B , s=5 |
(b) B ,C , AB BC
,C AB BC B
: 3 :
4 15
4 16
, s,;t v s 3 5, ,
4 16(b) :
, V>SS V S V=
s+ 2, ,
: v, 4 .16(c)
» V S ,
S , S : ,

(  416(d) )

4 16

( 4 17) ,

85 -



( )
( )
4 18(c)
LY, X, n
(4 18(Db)

(
4 .17
( )
(a), (b)
( 4 18(a)
)
418

);

4 19



4 19 X,y

y ) (X, X,y % )
| |5 (% )
( )(1 ) , [1] 3” “’ 5”
4 18 (a), (b) :
X' Cox = x- 1
4 4
(feature modeling),
441
80 : C .Hayes P Wright
";S.C Luby J K .Dixon
CIMS ", Dixon ¢

" ;J .Shah : : :



CSG  B-rep

4 4 2



(1)

(2)

(3)

(4)

()

(6)

443

(form features)

( )

(precision features)

( )

(material features)

)

(assembly features)

(analysis features)

(additional features)
(GT)

. 89.



(1)

),
4 20(b) )
4 20(c) )
4 20
(
)
4 21)

(

GT

4 20(a)

)



4 21

2D
2 5D :

2D

2D

4 22

3D

3D

2 5D

4 3

4 2

4 22
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(

4 23)
( 424 )
CSG- CSG
CSG-
(2)

92 -

4 23
4 24
(
; B-rep
CSG - B-rep CSG -
4 25
D L, I W



4 25

NULL,

NULL,

93 -



1SO

B-rep :
B-rep CSG
CSG
- CSG

4 26

94 -

)

(MMC)

, CSG

B-rep

CSG
B-rep (

(GT)

B-rep

(LMC)
(
(
B-rep
CSG
CSG -
CSG



(GT)

4 5

B-rep

4 26

CSG

(RM)



451

, Yoshi kawa ,

, , (design
intent),
Y oshikawa :

1.

( ),

2.

( )

96 -



(
CAD/ CAM

4 5 2

" (DFM/ DFA)

. 97.



(

4 27)

4 27
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4 28

4 28

(B-rep)



(behavior)

100 -



51

511

51

CAD

(

)

(design model)

CAD

(ASE)

(

CAD

CAD

W .Asimow

5 .1)

5 2

CAD

CASE

1962

(criteria)

52

CAD

101 -



- (GT) Popper 1972 ,

, ( ill-structure)
Simon 1973 :
(well-structure) :

(CS) :

: CAD

102 -



EDS(Edigburgh Designer System)

: 53 , DKB , Kam , Kan
, R , Ed , Ha
, R , Ds , DDD
53 EDS
5.
( ) :
512 CASE
CAD ,
CASE :
CASE (computer-aided software engineering)

103 -



CASE
CASE;

CASE

(1)

(2)

104 -

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CAD

CASE

CASE

CASE
CASE

CASE

CASE,

CASE

CASE

CASE

CASE

CASE

CASE;

CASE

CASE



3D B-rep CSG

: CASE : CASE “
CASE CASE : CASE, CASE
, CASE
2. CASE
CASE CASE ,
CASE Al ,CASE
(nearest neighbor), CASE : :
CASE, ; :
CASE CASE CASE :
CASE ,
( knowledge guided) , CASE (
) CASE : : CASE
, CASE ,
: : CASE
CASE ,
CASE Al CASE
CASE :
CASE, :
CASE : CASE
CASE
CASE,
CASE ,
CASE : CASE
CASE : CASE CASE
CASE (

105 -



)CASE CASE : CASE

CASE , ,
CASE “ " , CASE
, CASE , CASE
; CASE, : CASE
CASE
3. CASE
CASE , :
, CASE CASE
CASE , CASE, : CASE,
CASE :
CASE , CASE CASE
CASE CASE , CASE ,
CASE , CASE
CASE , “ " CASE " Al
CASE , : CASE ,
: CASE
4 .
CASE :
CASE 54
CASE,
54 CASE

106 -



CASE

CASE
CASE

52

CAD

521

Used-By

CASE

CASE
CASE

CAD

CAD

CAD

ODPSM

CASE,

CASE,

CASE

, CAD

CASE,
CASE
CASE
CASE
CASE

(ODPSM) ,

CASE

CASE

ODPSM

, STEP
CAD

107 -



, CAD , ,

(1) (ODPSM)

ODPSM

(2) ODPSM
ODPSM Action

Action ,
, [f-Then-Else ,
, ODPSM ,
ODPSM ( )
M ethod ,
ODPSM ,
ODPSM
2.

108 -



55

55

Action

Action

ODPSM

109 -



522

110 -

CAD



An

M = (Object, Attribute-space, Form)

56

, Attribute-space

(A,B),

, Form

111 -



ededadededede
CHED X €Y Y Y
AR NORO RO RO

523

ICAD
CAD

58

5 8(a)

- 112 -



| . 5 8(b)

5 8(c)
5 .8(d)
58
CIMS :

4 1) ]

, CIM CIM
CIM , , oo ,

, ( 59)

5 9(d) *

113 -



(1)

(2)

5 .10

114 -

5 8(3.) F, R
SR

5 9(d)

59

5.10

P(F, C)

5 8(b)

5 8(c)



PO(FO,G)) =To(kP,kF,R)
R Fo G ,To
Pl(Fl,Cl) =T1(k,kF, Po)
P, Fo
Pz(Fz,Ca) =T2(k,kF, Pl)
! (DFM )" (DFA)”
, P-
Ps(E,Ca) =T3(k,kF, Pz)
, R
for X» X )
1
1
1
1
1
1
1
510
3.
, CAPP

K

“ Design

115 -



(1)

(2)

(3)

53

116 -

CAD

511

CAD

60

5 .11

CAD

Montreuil



531

1. CAD
(non-trivial) :
CAD : ;
, : : CAD ,
CAD
CAD : ,
Roth J . : ,
, 384 :
; CAD
CAD : : CAD
CAD
, CAD : ;
CAD ,
2.
30 ;
(1) ,
( ) , :

117 -



()
(cutting problems) , K antorovich : Gilmore
Gomory ,
(one-dimensional cutting) (two-dimensional cutting)
( ),
(
)
: (waste minimization)
(knapsack problem)”
(dynamic programming), (tree-search techniques)
: (simulated annealing)
, () ,
(
(ill-defined)
( ) 60
( ) (rectangulars layout)
(irregular shapes layout) ( )
()
(2) 30
(discrete grid representation) :
, I j i J

118 -



a(i, j); ,

1964  Levin (adjacency graph),
Levin :
(layout)
(maxima planar graph) ,  Foulds
GTM (Graph Theoretic Model, GTM) G=(V, E),
G=(V,), B E, G
,GTM NP- : ,
GTM : Foulds 1978 deltahe-
dron : Eades 1982 (wheel expansion)
(greed) , ,
(Euclidean plane)
, Flemming :

119 -



Roth 1982 , Mitchell Roth

X y , ’ X,y
b X1 y ] ]
(wall representation) (Yale) Flemming 1978 1980
1990 :
w t(w) =(r, A, B) : A=(a, ,an)
C ) w ,B=(h, ,b) w (
w r=1 yr=-1
: R
(3)
, () :
(tree-search)

(branch and bound)
(best-first search) :

: (prone) ,
120 -



(heuristic search)

(local search) (random search)

Shaviv, Francis, Liggett ; Hiller

(constraint satisfaction techniques)

(knowledge-based system)

(case-base reasoning, CBR) Al
ICAD CBR

CBR

(shape grammar) 1980 Stiny

(formal rewrite system) (shapes)
) (finite arrangement)
Stiny Gips Krishnamurti

,CBR

p-step”

121 -



532

5 12
512
1.
( )
, : (a) AE, BW, FT, BK, LT,
RT ; (b)
;(c) , (ab-
, fbo s ); (d)
1 (@)
(b) ( )
(c)

122 -



, (b)
, ()
: (¢
Sk
S-1
nect ,
nconnect
3. AHP
AHP
(1) AHP
)
M:, M2, , Mh

, :(a)
, (
, )
(a)
) (b)
K : n ,
S-S -5 S - - S
S.1(1< i€ n), U, U
S, I-connect con-
,  1-connect ( S S) : :
A H P(analytic hierarchy process) :
AHP :
( ) (
G :
, M, M2, , M C« ,

123 -



AHP : G, Mi, M; ,

, A= (a)m Aw =Amax W,
A w, W : Mi, M, |, Mn Cx
(2) :
f(n) n , 9(n) n
, h(n) n : f(n) = g(n) + h(n)
, ( )
AHP : ( ) :
) f, (
) f f ( ) : f
' AHP
: AHP : :
( 513 ),
5 .13 : AHP
Whear ( X, V), Wareet ( X, Y, T) ,area- weight( Whear ( X,
y) X Yy , Whireet (X, Y, I) X Yy r , area.
weight )
( ) , : ,
AHP
: g(n)

124 -



g(n) =3 (Whe (X, y) (d(x,y) + 1))

+Alz Wairect ( X, Y, T) + A2 - surface

area- area weight

y

n

X, Y , d( X, y) X,y , Whear (X, Y) X
, Whireet ( X, Y, I) X 'y r T
) X y ;o dixy) were (X, Y, 1)
,surface. area n A1 A2
g(n) g(n) , , A=A =1
513
, , h(n)
h(n) = m + |
, M ;
h(n)
( h(n) )
g h f(n)=g(n) +w h(n)( w>0)
, f(n)
, e,e, ,&
M, Mz

, M«
125 -



AHP , Mo, M2, , M Wi, W,

W,
n
g(n) g(n = > v(n- w, v (n) n M
n ’ M' ’ V'(n) O '
, n
h(n) f(n) =g(n) +A- h(n)( A>0)
OPEN : ,
533
1.
( ) 1 1
(combinational opti-
mization)
: NP :
, , G D .Smith
Nissen : : Radcliffe
(1992 ) Kathryn(1996 ) :
(highly constrained problems) 1994 |, Michalewiez :
(penalty function approaches) 1996 Kathryn

126 -



(1)

(coding) GA

GA (decoding) De Jong

(2) ,

X, Y, Z )

: 0O 1
, | J 0, I 1
3.
: , (TSP)

TSP :

(penalty method),

(cost) (penalty)
127 -



,Adrian A .Hopgood

Szaa arh beg G:dh d=x X bnen S=-da& &b

b‘QCL CnZdl dn:)(l X X’sﬁ+n

( ), S S S=S|S,S =
3|S , ( ) s
( ) : , ,
( ), Ne=S|%, N=3|S
S S% S8, s g
S 3n-2n, N N ,
, S T | U2, U: : S=T:|U:
S, S 0 , T ,
0 S T vz,
Ni= S |[Vz|Uz, o= S| V2 |U2
W Vs , V- (
Vi, Vi Z (i) ) W Wi, i)
1, Wz =1, Z ,
"k {1, ,n},z(ki) =1 Z(kij) =1 Z2(j,k =1 Z(i,k =1
Wi S , W:
Ve (i, ), Vs 0 , W:
X , Mi= S| %]|U:, M= S| X |U:



M Xi, V1,24, "(i,]), (i,1) (5,1) 0,

(3)

X,Y1,Z (i,]) (j, 1) 1,
) : , (1, 1) ( i<]),
Q VY O aQ,o
(2)
()
S,
i, j( 1< i,js n, iz j);
S X,Y,Z,W, X, i)
i, X, Y Z, Y Z
X.,Y,Z,W

For (i=1;is n;i+ +)
For (j=i+1;j<s njj+ +)

{
(a) (i.]) : o ,
(b)  (i.]) 6 : 1;

X (1.1)
129 -



(c) X
For (k=1;ks n;k+ +)

{
if X(k,i)=1
X (k. 1) . XY, 20 (ki) (J. k) 0,
X(k,j)=1, (b) '
endif
if X(j,k)=1
X (k,)) , X, Y, Z (i,k) (k,i) 0,
X(i,k)=1, (b) ;
endif
}
}
For (i=1;i< n;i+ +) {0, ,5} i
5.
: (
)
E W Dijkstra 1959 Dijkstra
( )
o(n)
G L,G G, G, G, G
X ;
G=(V,E), h(v) X : f(v)=h(v),v=wv,
For v=\Vv,i=1, ,n,
if (vi,vi) E
Then f(vi) f(v)+ f(v)(j=1,2, ,n);
endif
f(w)

130 -



534

(constraint satisfactory technique)

CSP) CSP
CSP CSP
, CSP
1.
; X, X
Ro(X, , %) ,
[1] u V ”
( ),
) :
2.
CSP
Al ,
, CSP

: CSP

(constraint satisfaction problem,

(TMS)

131 -



: CSP (

(dynamic constraint satisfaction problems, DCSP)
“ " (restriction)

(relaxation) , ,
( ) :
CSP : CSP
(dual dynamic constraint satisfaction problem,DDCSP)
DCSP : Nogood :
(dead-end) : Rina Dechter
: ( ) :
Thomas Schiex  Nogood
(1)
G,G,G,G, d(G)={a1,a,c},d(G)={e,e},d(G) =

{G1,62,0},d(CG)={G1,C2,C3,Ca4} ;
((}1,(332),((}1,

G3),(C1,G3),(@1,Ga) G e
, G,G G2,GCs3,Gs, Ga
, ( ) C :
(2) Nogood CSP
: CSP , ( )
: CSP (X,0)
NogoodSearchl (1, S, Rs)
\\1t 'S ,Rs S
\\ nm=¢é ,S=C,Rs
If S=¢
Then (X ,m) , Stop .
Else

132 -



LetC S
For M. R \\Rc C
Rs -1 « Modify Value(tti. , NogoodT able)
\\ Tlc NogoodTable
Letmt’ 1t {m.}
[h,P,L] ~check(m.,mt) \\h 0,1,2
\\P
\\L
If k=0 \\
T hen NogoodSearchl(t' ,S-{c¢,Rs-(a)
Endif
If h=1 \\
Then RecordCompositeNogood( P)
Endif
If k=2 \\
Return L, Stop .
Endif
Endfor
Endif
check(rt. ,mm) C e T
: Nogood Table

: CSP

f(X)

(preference)

RS— {c}

133 -



5 .14 ,

514
(1) :
Open
(2)  Open , :
Expand- Node
(3)
v, ( Nogood
)
; Expand.- Node
(4) Ni
v )
N ogood (
),
Ni+1,i: =i+1 (4)
Y
; i+1>m, (2); :
Ni
: (3); :

134 -

, Open

Expand- Node
Nogood

Ni (1< i< m)

I+1>m,

(2);

; Nogood

Ni+1,i: =i+1

(4)



Open I+1>m, (2); : Nivi, i: =1

1 (4
(5)
Nogood
Nogood
535
1.
(facet) (granularity)
( ) (

135 -



(problem-reduction representation) ,

M = (X, f,C)

; C (X, f)

136 -

(state-space representation)

P
(quotient space)
C ; F



4

Fi (X, f)-Y,Y R , ({M}, P,
F), {Mi}, ) Miz(Xi,ri,fi,C) ) F

(1)

: (granularity-based layout
system,GBLM) ,

5.15

5 15

GBLM : :

137 -



1 1121 1n i;

, ( ),
1(1),1(2),i(3),i(4)
(2) :
: (
) : :
(3)
9, Living Room(LR), Kitchen(K), Master Bed-
room(MB), Children Bedroom (CB) , WC, Bathroom(B) , UB(Bacony), C(Corridor), E
(Entrance) ( 5.1)
1, : ;
52
51
SpaceName min area max area min length | max length | min width max width
LR 14 0 20 2 4 2 4 8 4 0 4 0
MB 10 15 0 30 4 0 30 4 0
CB 10 O 130 28 38 28 3.0
WC 10 25 08 10 12 1.8
B 30 4 0 10 20 15 30
UB 20 4 0 15 30 10 1.0
K 70 11 0 20 4 0 20 4 0
C 20 4 0 20 4 0 10 20
E 15 20 15 20 10 1.0

138 -



52

LR K MB CB wcC B UB E
LR 1 1 1 1 1 1
K 1 1 1
MB 1
CB 1
wC 1 1
B 1 1
C 1 1 1 1 1 1 1
UB 1 1 1
E 1 1 1 1 1 1
: R(1)

,c(i,j) =1 I , Nimax
, 53
53

I R(i)
1 LR 6= R(1)= 1 if R(1) >1,then ¢(1,6)=0
2 K 2> R(2)= 1
3 MB R(3) =1
4 CB R(4) =1
5 wcC R(5) =1
6 B 2> R(6)= 1 if R(6) =2, then ¢(6,10) =1
7 C 6= R(7) =23 if c(7,2) =1,thenc(7,1) =1orc(9,7)=1andc(7,1)=1
8 uB Nmax= R(8)= 1
9 E Nmax=> R(9)= 1 if ¢(9,2) =1,thenc(9,1)=1orc(9,7)=1and c(9,1)=1

, 5 4

if ToSouth(MB) then ToNorth(CB);

If Adiacency(L R, WC) then Adjacency(LR,B)
If direct(x,y,West) then direct(y, x, East) ;

If direct(x,y, East) then direct(y,x,West) ;

if connect(x,y) then adjacency(x,y);

139 -



54

MB ToSouth(MB)
B WC ShareCommanWall(B,WC)
MB K Direct(MB,K,South)  Direct(MB, K, East)
MB  C HasArcC(MB (3),C(1),0) HasArcC(C(1),MB(3),0)
HasArcC(C(4) ,MB(2),1) HasArcC(MB(4),C(2),1)
) ) ) connect
(x,y¥); adjacency(x,y)
54 CAD
CAD ,
, ICAD
541
CAD :
) , CAD
1.
( ),

140 -



I F( 1 ( 2 n))

THEN ( 1 ( 2 n))
(1F)
(THEN)
2.
Prolog
100
3.
CAD 5.16
(1)
(2)
(3)

141 -



5 16 ICAD

(4)

1 2,
(5)

(6) / (V' O)
Prolog Prolog

(7) 512

ICAD
Prolog

142 -

TurboProlog

CAD

Fotran
Fortran



Fortrand O ,
Fortran AutoCAD

Prolog : :
542 CAD
CAD
1. CAD
CAD
2.

143 -



(1) :

AutoLISP ,

( Object Attribute Value Unit )
Obj ect : Attribute

, Value , ,
Unit : , ,

- (Width "), (Length ) Width , Length

( RP Object Attribute Value )

RP , Attribute | Value
: :(KNOWEN Width Length) Width Length
: :( FP
Parameters ), Parameters : LISP
FP
( ORL 1 2 n)
( ORF 1 2 n)
i ,
LISP : T, NIL;

NIL : ,

144 -



(2) ,

, , FACTS

X=(x- *- C X)),

(Vi)[P X~ F=f(x)

P , X
, A F=1f(x)
C

3.
AutoL ISP ,
FACTS

Results
Results

P A,
FACTS

, F= f(x)

145 -



CAD N
IT< =7, : 0 95"

CAD ,

146 -

Ra< =1.6



AutoLISP , AutoCAD

’ , CAD
543
: V P-Expert
1 . VP-Expert
1 2,Windows3 1 VP-Expert
] ( ) 1
, : CPU
(Priority time) , (DDE)
V P-Expert
: IF THEN :
C )
V P-Expert FoxPro 2 5
AutoCAD 11 0 : :
AutoCAD
CPU : ,
Autolisp , C
2.
(1) :

147 -



CAD

(2)
] ( )l
(3)
AutoLisp C : ;

(layer) (ATT)

3.

5 .17 :
JLBM-1

DXF : : E

148 -
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61

611

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

(1)
(2)
(3)
(4)
(5)

150 -



(1)
(2)
(3)

612

CA PP CAPP

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
151 -



(12)

613 (CAPP)
CAPP 60 : CAM-I (com-
puter aided manufacturing-international)
1976 CAM-I" s Automated Process Planning :
CAPP CAPP (computer aided process planing)
: CAPP CAPP
(variant system) : :
CAPP ,
: CAPP :
CAPP : CAPP
CAPP :
80 , CAPP
CAPP
CAPP

152 -



CAPP

CAPP
614 CAPP
CAPP
( )
CAPP
1.
CAPP
2.

153 -



(1)

(2)

(3)
, JLBM-1 (JB Z251-85)
K K‘S ’

04306 3070
04100 3072
04102 3072
1,2,3,4,9 , )

, 61 (

61

154 -



1,2 (O5<U D<3 U D>3);
0,1,2,3 ( )i
0 ( );
0,1,2,3 (
0 ( )
0,1,2,3 (D< 150);
2,3,4,5,6 ( );
0,1 ( )
0,1 (
1,2
Il D<O 5,
3.
(1)
( )
(2)
615 CAPP
CAPP CAPP
CAPP
1.

1,2

6.1
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61

: , X :
: 6 2
6 2
>0 1 T
<01 T T
>0 1 T T
<01 T
X 1 1
2
2
>0 1, 0.1, )
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(IF) ... (THEN) ..”

6 2 6 2
>0.1
>0.1
<01
<01
6 2
616 CAPP
CAPP
: CA PP :
(1) CAD , CAPP
(2) CAPP
CAPP
CAPP
CAPP
6 2 CAPP
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CAPP
CAPP ,
( ) : CAPP

621

CAPP
(1) , (
(2)

(3)

158 -



15

622

(1)

9
( ), 4
10
3 9
13 14
CAPP
CAPP
DM dm
YZ yz
M zm
LW [w
HJ hj
CL cl
LZ 4
QM agm
YH yh

, (OPITZ)

10
JLBM-1(JB Z251-85)
15 , 1 2

, JLBM-1

10 , 11 , 12

CAPP

CAPP
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(2)

DJ

DY
JC
Y K

3:V
3:

YC
ZK
DK

2:120

1:60

YJ

GH

(3)

ZD
MK

ZX
XK

YD

PM

(4)

Cz

PX
QX

TZ

WZ

DC
YT

QT

(5)
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[ ( [, 10 1T, 10,
DN

[ [ ( [, 10 10, 10,
1) 1}

(1) (DM dm)

( )
( )
6 .3 1, 55(0 023,0 003), Ra=6 3,
DM(Ra 6 3)
(2) (YZ yz)
D L
6.3 2 ;
YZ(D 55(0 023,0 003),L 70,Ral 6)
(3) (ZM  zm)
, d, D L,
d, D A, : : ;
ZM (D60, d30,L20,Ra3 2) 60, 30, 20,
Ra=3 2
(4) (DJ)
DJL (2 * 45), 2*45
(5) (JC)
L B H
LL , RL
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JD, 6 3 2 :
JC1(L50,B16(0, - 0 05,Ra6 3),H50(0, - 0 17),DC(0 08|4),LL10,JD0)
(6)

DK21-4(D10,L0,Ra 6 3,DD140,JD0) 4 : 10,
140, L0 , Ra=6 3

4.

6 3 ,

63

DM (Ra 6 3)

2 YZ(D 55(0 023,0 003),L 70,Ral 6)
{DJL(2 * 45),JC1(L50,B16(0, - 0 05,Ra 6 3), H50(0, - 0 .17),
DC(0 08|4),LL10,JD0)}

3 DM (Ra 6 3)
4 YZ(D 75,L70,Ra 1 6)
5 DM (Ra 6 3)
6 YZ(D176,L30,Ral 6)
7 DM (Ra 6 3)

{DK21 - 4(D10, L0, Ra 6 3,DD140, JD0)}
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623 CAD

CAD ,
: CAPP :

6 4

6 4

RULE 1 ( )
| F face f: is adjacent to face f:
AND the angle between facef. and f. is 9¢°
THEN the faces f1 and f- form a step
1( )
fi
fi or
fi
RULE 2 ( )
| F face f: is adjacent to f.
AND face f: is adjacent to fs
AND the angle between f: and f2 is 90
AND the angle between f. and f; is 90
THEN the faces f. ,f. and fs form a slot
2 ( )
fi
f2 15
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fi 2 o]0

fa fs or
fi, 2 fa
(AAG) , AAG
G=(N,A,T), N , A , T A
AAG : N
a
a 1; : : 0
NP : ,
AAG , 64
RULE 3 ( )

| F graph is linear ,and
has exactly two nodes with an incident arc with attribute'
THEN

featureis a step

3 ( )

65 AAG

65 AAG

. g
AAG( 6 6(a)) 6 6(b)

6.7 , 1 , 2 3
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6 6 AAG

23
6 7
, : CAPP
CAD
624
CAD CAPP , CAPP
CAD
CAD : Euclid, Unigraphica , I-deas, CADDS,
Prd Engineer “ ) :
CAD ,
CAD CAPP
( ) : :
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STEP ,

STEP
(reference models) , ;
EXPRESS :
; STEP (file structure) ,

CAPP : STEP :
CAPP 4 : (nominal shape information
model) , : (Solids) ;

(form feature information modd ), ; (shape
tolerance model) , SO : (surface
information model),

: STEP CAD CAPP
STEP : :

CAD : : CAD : CA PP
CAPP

63

631

CAPP , , CAPP

(1)

(2)

(3) :
166 -



(4)

(1)

(2)

167 -



: }
A ,
: A ( 42mm,
25mm, H7), C ( 25m, H7)
, 25mm
1 b A B
25mm,
25mm,
(
2.
( )
7
63
(mm)

() () ( ) ()
10H7 98 10H7
12H7 10 11 8 12H7
18H7 16 17 8 18H7
25H7 23 24 8 25H7
25H7 23 24 8 25H7
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(mm)
() () ( ) ()
25H7 23 24 24 3 25H7
35H7 33 34 4 34 7 35H7
40H7 38 39 7 40H7
40H7 38 39 4 39 7 40H7
42H7 40 417 42H7 ( )
45H7 43 44 2 44 5 45H7
4TH7 45 46 2 46 5 ATH7

(1) D< 10mm

(D-0.2), DH7
(2) 10< D< 25mm
(D-2)
( ) (D-02), DH7

(3) 25< D< 60mm
(D-2)
( ) (D-0686), (D-03)
D <40mm
( ) (D-028), (D-05)
D >40mm
DH7

632

: , CAPP

: CAPP

169 -



(1)

CAPP

CAPP
| ")
| |
HRC? 38:non€’)
Rz! 16")
1T 7))
")
& &

)

CAPP

CAPP



CAPP
( 1( )
( )
( 1 )
( )
( )
( 1 )
( )
( 2 )
)
3.
( )
ELSE )
(IF) , (THEN)

(ELSE)

(IF-THEN-
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6 4

CAPP

Prolog

641

(1)

(2)

(3)

172 -

CAPP
CAPP

CAPP

CAPP

CAPP

10



Prolog ,

materid (name of the material ,
specification of the materid,
specific horsepower of the material,

modulus of dasticity of the materid) .

( :

CAD ,
ture Information File),

feature(feature number,
surface type,
surface location,
starting point x coordinate,
starting point y coordinate,
end point x coordinate,
end point y coordinate,
length of the surface,
diameter of the surface,
height of the surface,
information on whether machining is required,
the tolerance associated with the surface,
the cross section of the surface) .

( :

(Fea-

173 -



( ) : 11
11 )
+ (FIF)
3.
, CAPP

operation( peration number ,

operation type,

operation description,

list of surface to be machined during the operation,

speed ,

feed,

depth of cut) .

( :
) .
operation(8," turn ,' rough , [5,6],100,0 1,1 2) .
8 , ,
5 6, 100m min, O.1mnlr,
12mm
4.
( )

three paw chunk (brand of the chuck,
174 -



maximum outside diameter that can be held by the chuck,
smallest outside diameter that can be held by the chuck,
maximum inside diameter that can be held by the chuck,
smallest inside diameter that can be held by the chuck,
the length of each chuck paw,

the rated speed of the chuck) .

( :

—~ A~~~
~— N~ ~—

collet ( rand of the collet,
maximum outside diameter that can be held by the collet,

minimum outside diameter that can be held by the collet) .

( :

) .

mandrel ( ummy variable since the brand is unimportant to decision,
minimum diameter of hole that can be used as holding surface,

maximum diameter of hole that can be used as holding surface) .

machine tool (brand of machine tool,
maximum diameter of workpiece over way-swing of lath,

machine tool error specified by manufacturer) .

( :

fixture(operation number ,fixture name, brand, holding surface number)

175 -



fixture(operation # ,three pawchuck, greatwall , holding surface # ) :-

Rulel and
Rule 2 and
and
Rule (n - 1) and
Rule n
- Prolog “ " if Prolog
, , Prolog
( y ’ y ) -
2
(n-1)
n
; 1, 2
, Prolog
2 ( Prolog
):
fixture(10, Fixture- name,Brand, 2) ,
(10, : ,2) .
Prolog :

Brand

fix. accessories”

fix. accessories(operation number ,
fixture name,
hold surface,

name of fixture accessory) .

( ,
176 -

10,

, Fixture. name



, “ fix-chuck”

642

6 8 , 8 , Prolog

feature(1,"fce ,"Ift',0,0,0,4,0,0,4,"y'[ +0 023 , - 0] ,"cir")
feature(2,"hor" "ext",0,4,10,4,10,8,0,"y' ,[ + 0 01, - 0 01] ,"cir")
feature(3,"ver" ,"ext',10, 4,10, 16,0,0,12,"n" ,[" "] ,"cir")
feature(4,"hor" "ext", 10,16,18,16,8,32,0,"r",[" "] ,"cir")
feature(5,"ver" ,"ext',18,16,18,4,0,0,12,"n" ,[" "] ,"cir")
feature(6,"hor" "ext", 18,4, 28,4,10,8,0,"y", [" "] ,"cir")
feature(7,"fce’ ,"rgt",28,4,28,0,0,0,4,"r",[" "] ,"cir")
feature(8,"hor" ,"int’,0 1 5,28,1 5,28,3,0,"y",[""],"dir")

“ fce" “ hor” “ ver’
“ ext” “Oft” “orgt” “Int”
1 1, , X =0, Y=
0, X=0, Y=4, =0, =0, =4, ,
+0 023 0,
68
CAPP : : Prolog
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operation(10,"facé' ,"blank”,[ 7] ,120,0 01,0 8)
operation(20,"turn" ,"rough’ ,[6],150,0 15,1)
operation(30,"turn’ ,"finish", [6] ,200,0 05,0 1)
operation(40," turn" ,"finish’, [5] ,180,0 05,0 2)
operation(50," turn’ ,"finish", [4] ,180,0 05,0 3)
operation(60," turn" ,"rough’ ,[2],150,0 15,1)
operation(70,"turn’ ,"finish’, [2] ,200,0 05,0 1)
operation(80," turn’ ,"finish", [3] ,180,0 05,0 2)
operation(90,"drill" ,"blank’,[ 8] ,140,0 005,0)
operation(100,"ream”,"blank” ,[8],200,0 005,0)
operation(110," part’ ,"blank”, [9] ,160,0 004 ,0)

‘¢ face” “ turn” “odrill” ream”
13 partﬂ

Operator Fixture name Brand Holding surface
10 three paw chuck greatwal 2
10 three paw chuck greatwal |l 4
20 three paw chuck greatwal | 2
20 three paw chuck greatwall 4
20 turn. between. centers XX 1,7
110 collet milwaukee
110 collet acetools

Operator Fixture name Brand Holding surface
10 three paw chuck greatwal |l 2
20 three paw chuck greatwal | 2
30 three paw chuck greatwal | 2
40 three paw chuck greatwal | 2
100 collet milwaukee 2
110 collet milwaukee
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643

Borland Turbo Prolog :
ASCII :
65 CAPP
CAPP : 80
CAPP :
: : CAPP :
CAPP : ,
CAPP
CAPP ; ,
: : CAPP
: CAPP
CAPP CA PP :
651 CAPP
CAPP CAPP : CAPP

179 -



CAPP

(1)

(2)

(3)

(4)

CAPP

652 CAPP

CAPP

CAPP

CAPP

CAPP

653

CAPP

180 -

CAPP

CAPP

, CAPP

CAPP

CAPP

(

CAPP
CA PP :
CAPP ,
CAPP , CAPP
CAPP
CAPP
DBMS
, CAPP
CAPP CAD



(1)

(2)

654

80

CAPP

CA PP

CAPP

TeamWork

181 -



CAD CAPP
CAPP
CAPP CA PP :
: CAPP CAD :
CAPP
CAD : CAPP CAPP

CAPP CAD :

: CAD :

CAPP CAD
CAPP

182 -

CAD



71

- 183 -



{2

721

. 184 .

72

71

71



72

71

71

, CCD

,PH

185 -



(1)

(2)

(3)

(1)

(2)

(3)

186 -



(1)

(2)

(3)

7.3

Ain y

A

Xi

187 -

A



7 4 DSTJ3000

7 4 DSTJ3000

(22

188 -



75

ADC 76

76

( ), ADC

189 -



190 -

A

ADC

0

7.7

7.8

£ 2( fs

78

10Hz



MU X
79,

MUX

7 11

7 10,

CMOS
AD7503 : 8
3 AD7502,

79
7 10
Ao, AL, Az,

EN 1(AD7501
AD7503 16

(

AD7503

8

(MUX)

191 -



( )
AD7503 EN 74L.S139

CcS=0,D: =0 (AD7503) ,
74LS175( 4D ) D.,D:, Do =000,
= 001B, Us , Us

(AD7503) , D: Do3
7 11 16 M UX
16 ,
ADC , 1,
7 12 16 MUX

192 -

3

U-8

CPU

Uo

U-

Ds
. D..D:,Do
CS=0.Ds=1
Uss 8
712
16



/ ( ) AD ,
A D : ,
, / 7 13
Uc S
'S ; , S :
: /
7 .13 /
, : /
/ , AD582,AD583,LF198
/ : HTS-0025,HTC-0300,SHA-2A
/ , SHA1144,SH A-6
/ , ADS’82,
AD582 72 / ,
HTS-0025 SHA1144 , S H
, NS
72 /
AD582 ( ) H T S-0025( ) | SHA1144 (
30V +/ - 2V +/ - 10V

A 15nA 0 5nA

30MQ 10°Q 101Q

(Cw =100pF) ,6ms 20ns Fus

(Cui =1000pF) ,25u s

150ns 6ns 50ns

15ns 20ps 0 5ns
1nA 0 2mV/pu s uV/ips

X 3Q <1Q
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Al D
(1)
Al D
+ 5V oV
(2)
( )
,N ADC

(3)

(4)

(5)

(6)

194 -

ADC

ADC,

ADC ,
, 0V b5V,0V 10V,
+ 10V
BCD ,
ADC
Uimax _ no_
Uimin B 2 1
N> log 1+ 3:3:
I
= 2N
ADC
ADC
ADC :
ADC
ADC
,ADC
ADC

ADC

ADC

ov

BCD



(1) 8 8 ADC0809, AD7574
: , I/ O ,
, ADCO0809 8
(2) 10 AD7570 AD7571 10
8 , , (HBEN)

: (LBEN) 8

(3) 12 AD572, AD574 AD578,
ADC , /

2 ADC

ADC ,

ADC :

, 13 CMOS AD7550, AD7552

3.VF A~D (VFC)
V FC ADC
: , VI F
VI F ( )
- VFV VEV , VI F
; , H Vv , VFV
V FV9400, ADVF32 AD537
VFC ADC, : /
4 ADC
ADC :
, ADC ADC

ADC, :

195 -



ADC

(1)

6 ADC5010 AD6020,

ADC,

ADC

ADC0809

AD571

(2) ADC

ADC

(3) ADC
196 -

,ADC

AD572

,ADC

ADC

OFr”

ADC

ADC

ADC

/' O

AD574

ADC

,100MHz
ADC,
/
, RD
AD370,
ADC



DMA
(4) ADC
,ADC

7 14 ,

ADC AGND

723

ADC

CPU,

DMA

ADC  “ v
CPU
ADC RAM
ADC
AGND(
: u F
7 14

CPU

) /' O
ADC
DMA
DGND,
GND
+ 15V +5V

197 -



BCD

CRT

7 15

198 -

LED

CRT

, CRT

CRT

SW

RAM

CRT

, XY
, BCD
) P=1,
o\
RAM | RAM
S=Mx Nx P
RAM
, (
RAM

CRT



7 15

(A X,AY)
, CRT ,
CRT (
5x 7 7x 9 ,
24x 24
, ASCI |
) :
ASCII
5x 7
2K ROM CRT ,
25 ,
, CRT CRT
, 7 16 CRT
CRT ,
CRT ,

ASCII

80

, CRT

717

16x 16

199 -



7 16 CRT

7 17
724
1.

(programmable controller) PC (per-
sona computer) : (programmable logica con-
trollor ) 1969 :

: ( )
, o PC ,
, PC
PC :
, PC
PC ,
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(1)

30

/' O

WDT,

(2)

(3)
(4)

WDT

F1,

CPU

(

RS-232 RS-422

F2

+ 10V

+ 20mA),

7 18

201 -



7 18

(1) , /

(ON)-> (OFF) | (OFF)
(ON)] : (  10ms)
(2)

(3) : Y /

(1) CPU,

- 202 -



RAM,ROM,

/' O :

(2)

CPU

Pl O,

CPU

SIO,

CTC

CPU

/'O

203 -



,16
12

/' O

73

731

(1)

204 -

), 30

CPU

(18

/' O

, 12

CPU

),20

/' O

(12

/' O

60

CPU

(36

F1,F2

, 24 ),40 (24

/' O

CPU



(2)

(3)

(4)

(1)

(2)

(3)

(4)

- 205 -



(1)
/O

(2)

(3)

(4)

(5)

CPU

7 32

- 206 -



(1)

(2) (
SIRIES ,
/o
PC
8K,
PC /O
(3) (
, , PC
, PC

80386, 80486 Pentium

SIMATICS

128

128 1024

PC
1024

/' O

EX

8K

CPU

AD DA

GE

2K

16 32

80286,

207 -



(1)
(2)
(3)
(4)
(
7 19
7 19

- 208 -



CRT
CRT

733

( ) ( EPROM ),

(1)
(2)

(3)

- 209 -



(4)

(5)

(1)

(2)

PASCAL

- 210 -

/' O



7 4

741

(1)

(2)

(3)

(1)

(2)

742

7 20

7 20

- 211 -



75

751
( PID
PI

- 212 -

PI

Ko

K

PI

721

Vy = Kp e(t)

Vy = f e 1) dt

Vy = Ko e(t)+‘;‘ o 1) dt
T

7 21

(7 1)
Kp

(7 2)

(7 3)



Vy = Ta M (7 .4)

dt
Ta
PD , Pl
PID PD :
Vo (1) = Kp &) + Te %t—tl (7 5)
PID
Ve(1) = Ko &(t) + % e(dt+ T %?Q (7 6)
752 (DDC)
DDC
PID PID
7 22 DDC
(
)
DDC DDC
7 .22

213 -



753

1.
2 ( )
( )
’?
3.
7 23

. 214



7 23

7 23

) 7 .23 ,

754

215 -



7 24

- 216 -

()

7 24

Jj’ e (t)dt

7 25

7 25



7 6

761

(DDC)

7 .26

7 26

- 217 -



CRT

2
(1) |
( ) ’
727 |
727
(2) SCC
DDC, , 7 28 sce
’ ’ , DDC
’ ! DDC

218 -



7 28

IPC  SCC , STD
PLC DDC,

762

, 7 29
(1) ( )

(2)

219 -



7 29

(3) ( )

(4)

7 30

7.30

- 220 -



(1)

(2)

(3)

(4)

CPU

A D, DA

-2000

- 221 -
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81

8.1

81

- 223 -



50%

8 2

224 -

70%

(9 -
(t+1) -
(t+2) -

(t+ m) -

-

—

—

40%

20

90

8 .2



83

(1)

(2)

8 3

8 .2

- 225 -



(3)
( 836

831

- 226 -

8.3



= 1

AND 2
AND n
THEN 1,

“IF THEN
2.

. 227



( 836

832

- 228 -



8 5

8 4

1,2,3,4

8 4

229 -



8 6

85 86
8 6(a) 3,4
2 , 1 4 1 8 6(b)
1,2 , 3 , 4 1
(a) (b)
833
8 7 , 1,2,3,4
1 4 (1,4 2 3 (2,3)
(1,4) (2,3) , 1,2 (1,2)
3,4 (3,4) (1,2),  (3,4)
87
( )

- 230 -



1984 Bour jault :
1987 De Fazio Whitney  Bour jault

, 2" 2n(n )
1988 M .sphitani (Connectivity Graph) 1989 Homen De .Mé€llo

Sanderson , AND OR ( / ) :

petri AND OR

1.

A V, ab.c, A
E, G(V, E) , G
\% a, b, c,
( ! 1 ) H ( )1
E , a-Db a
b a b
8 8 4 1 2
3 6 : ,
G 5 ,
89
Danial F Baldwin Bour jault
, MP(p,p:) NL(p,p).(p,pR)
, MP ‘ " NL ‘ " MP(p, p) S
: : MP(p .[1]), P
: MP([], ), <
G , S
G S : 1;

231 -



V2,

232 -

V1

V>

8 8

89
S
V1 V.= V
Vin V=
V2 Wi



n G R, rank ( R)

= n-1, G
rank ( R)
< n-1,0G
G, rank(R" ),
Ry - "2
ran
- 2 ,
2. Petri
(x) / (AND OR ) S. Luiz, Homem De . Médlo
AND OR ( / ) , 1 2 3
, : 1 2 , 3; 2 3 , 1
8 10 ,
() © : : 1 6
8 10 / 8 11 /
6 6Xx 6 , 8 11
/ : ( )

233 -



/ Petri ,

(2) Petri Petri
Po = (P, T,1,0, I, As,u)
(P, T,1,0,u) Petri , U
’ IC )
: Petri Ps
L b, M(p) =1,
t2 ) pS ’
Petri Petri
8 12 Petri
8 11 / Petri
()
) p i ,
P , ,
P , ,
0 1 , : PP
b ) 2 ] Fb F)‘g
, 1 2 ’ [
pl 1 ) ]
Petri (
, Petri

234 -

As I c
8 12 Petri
t M(pR) =0,
t b
, 8 .13
( L]
Ps ,
: bt b,
1, ts
11
) ( )



8 13

834

(1)

(2)

- 235 -



(3)
(4)
()
(6)

(7)

8 14

8 14

835

(CIMS) ,

CIMS 21
: (flexible automated assembly system, FAAYS)
CIMS : CIMS : CIMS
236 -



815 A! pl’p’p3’p‘
: 8 16

8 15 8 16

8 17 : ,

(FMS) :

237 -



8 17

8 18

(design for assembly)
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836

8 19
(
8 19
60% ;
40%
1980 15% 1990

Xerox

45%

40% ;

80%

239 -



8 20

8 21

240 -

1993
60% ,
30%,

8 .20

96 %

61

HIVIP-MKI,



), ,
8 .21 HIVIP-MKI
HIVIP-MKI | ,
( ) ,
837 VA(virtiual assembly)
( ) ,

21 , ,

, , CAD CAPRH CAAPP
(computer aided assembly process planning) ,

241 -
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