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open= ( 1(9))
Loopl:closed= ( 1(9))
open= ( 3(9) , 2(10))
Loop2:closed= ( 1(9) , 3(9))
open= ( 4(8) , 2(10))
Loop3:closed= ( 1(9) , 3(9) ,4(8))
open= ( 6(8) , 5(9) , 2(10))
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g1=0,h1=56,/1=6
golA,O)
AC |ga=3,hy=3,f3=6

gol(C,T)

ACD |g1=5:21=0,/1=5
go(D.B)

ACDB |gs=9she=3, /=6

3.10 3.4 (1)

gr =8k =3, f5—35

Loop4 :closed= ( 1(9) , 3(9) , 4(8) , 6(8))
S;= ACDE ,
open= ( 5(9) , 2(10))
, 3. 11 .

241 =0,k =9vf1 =0
gol A,C)

g3 =3.ha =8, f3=0

gotC,T»

ACD lga=5.hy=3,41=28
gotD,B)

ACDE |&=%h:=0, fs=9

311 3.4 (2)

gs=8,hs =0, f5=8

® b=4. h,=304—d,).
open= ( 1(12))
Loopl :closed= ( 1(12))
open= ( 3(12) , 2(13))
Loop2:closed= ( 1(12) , 3(12))
open= ( 4(11) , 2(13))
Loop3:closed= ( 1(12) , 3(12) ,4(11))
open= ( 6(11) , 5(12) , 2(13))
Loop4:closed= ( 1(12) , 3(12) , 4(11) , 6(11))
Ss = ACDE ,
open= ( 5(12) , 2(13))
, 3.12 o
go(A,C) , go(C,D) ,go(D,E)
( ) gs=38



3.5
)
@)
(2)

@y

(2

g1 :Oyh1:129f1:12
aol(A,C)

gol(C,I)

312 3.4 (3) 3.13

3.13 ,

3. 14 3.5
5
gO(A,B),gO(B,E)
gs:7
fi=g;th,
h;=a(3—d;)
a=(3+2+3+4+4+5)/6=[21/6 |=3
3.15 o
4

gO(A;C) ,gO(C,D) agO(DvE)

gs*8

51



52

ngo,hlzg,ﬂ:B

go(A,B) gol A, C)

(A=t ie=6.53=10 (AC)&s=3ks=6. /s =9

3.15 3.5
3.2.3
3.6 .
3. 16 s
( Do , A
F
(D ;
(2 ;
(3) . 3.16 3.6
(D
S , o
S,=A
S,=A$ F
5 .$ €{B.C.D.E}.
(2)
go(x,y) x v
S, ., S, y
: Y S; o
18 , A F
(€D

open= (1 (0) )
Loopl:closed= (1 (0) )

open= ( 3 (4) , 2 (8))
Loop2:closed= (1 (0) , 3 (4) )



open= ( 2 (8) , 4 (10) , 5(11) )
Loop3:closed= (1 (0) , 3 (4) , 2 (8))

open= ( 4 (10) , 5 (11) , 6 (15) , 7(15) )
Loop4 :closed= (1 (0) , 3 (4>, 2(8) , 4 (10))

open= ( 5 (11) , 6 (15) , 7 (15) , 9(15) , 10(16) , 8(17) )
Loop5:closed= (1 (0) , 3 (4), 28 ,4(10) ,5 (1))

open= ( 12(14) , 6 (15) , 7(15) , 9(15) , 10(16) , 11(16) , 8(17) )
Loop6:closed= (1 (0) , 3 (4) , 2 (8 , 4 (10) , 5 (11) , 12 (14) )

S = ACEF , o
open= ( 6 (15) , 7(15) , 9(15) , 10(16) , 11(16) , 8(17) )
3.17 o

golB, I go(B,E) golC,IN go(C,E)
((ABD Jae=15 ( ABE )er—15( ACD Jaa=10 ((ACE Jes=11
gl D, B I gocr,n) go(E, F)
(acDB) (acpE])  (acor)  (acEp) (AcEF)
ge =17 g:=15 gro=16 gn =16 g12=14
3.17 3.6

go(A,C),go(C,E),go(E,F)
( ) g, =14
€]
open= ( 1 (0) )
Loopl:closed= (1 (0) )
open= ( 3 (4) , 2 (8) )
Loop2:closed= (1 (0) , 3 (4))
open= ( 4 (10) , 5 (11) , 2(8) )
Loop3:closed= (1 (0) , 3 (4) , 4 (10))
open= ( 7 (15) , 8 (16) , 6 (17) , 5(11) , 2(8) )
Loop4:closed= (1 (0) , 3 (4) , 4 (10), 7(15) )
open= ( 9(18) , 8 (16) , 6 (17) , 5(11) , 2(8) )
Loopb5:closed= (1 (0) , 3 (4) , 4 (10) , 7 (15) , 9(18) )
S,= ACDEF , .
open= ( 8(16) , 6(17) , 5(11) , 2(8) )
3.18 o
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( ) g,=18
(5
fi=gith;
, g, =g.tcl,.j)
h;=a (b—d;)
, a ( )
a=U+64+8+74+7+74+5+64+3)/9=53/9~6
b , 3.16 ,
d; j , j s (b—d ;)
sh J ( )
b=3. h,=6(3—d,).
open= (1 (0) )
Loopl:closed= (1 (0) )
open= ( 3 (12) , 2 (20) )
Loop2:closed= (1 (0) , 3 (12) )
open= ( 4 (16) , 5 (17) , 2(20) )
Loop3:closed= (1 (0) , 3 (12) , 4 (16) )
open= ( 7 (15) , 8 (16) , 5 (17) , 6(17) , 2(20) )
Loop4:closed= (1 (0) , 3 (12) , 4 (10), 7(15) )
open= ( 9(12) , 8 (16) . 5 (17) , 6(17) , 2(20) )
Loop5:closed= (1 (0) , 3 (12) , 4 (16) , 7 (15) , 9(12) )
S,= ACDEF ,
open= ( 8(16) , 5(17) , 6(17) , 2(20) )

go(D,E)

@DE g7=15

golE,F)

I ACDEF |g9:18

.18 3.6

gO(A9C) 9gO(C9D)9gO(D’E)7gO(E9F)

3.19 o

b=2~5,
J



21 :Oyh1:189f1:18
gol AL, C

golALB)
H3=4rhs=12sfs=15
2o(C,E)

[ ACE Jgs=11,hs=6,/5=17

;5,’2:8gf'm:12, f‘2:20

golC,D)
g4:l(),h4:6,f4:16
go(D, F)

ACDB | gs=17,hs =0, /s =17 |A(;DE|g7=15,h7=O,J'7=15 ACDF | g8 =16,ha=0U, f3=16

go(E,F)
I ACDEF lggilS,hg =—6,fo=12

3.19 3.6

go(A,C),go(C,D),go(D,E),go(E,F)
( ) g,=18

3.7 o
A~E 3. 20 ,

@D
S ’ 3.20 3.7

S,=A
S,=Ax,x,x520,A
22, €{B.C.D.E}, x,#x;3i, j=1.2.3.4,

(2)
go(x,y) T y
S, x; S,
K 5, y=A o
y S, .
20 , A E
3.3 3.1,
(€D
fi=g;,th,

gj:g,"’c'(iaj)

55
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h;=a (b—d;)

, a ( )
a=(7T+74+10+10+13+6+9+10+5+6)/10 = 83/10 8
b , ,b=5; d; j
, J s (b—d ;) J
sh ( ) sh; =8(5—d;),

J

open= ( 1
Loopl:closed= (1

open= ( 3 (38) , 2 (39) , 4(42) , 5(45) )
1 (40) , 3 (38) )
open= ( 7 (35) , 6 (37) , 2(39) , 8(39) , 4(42) , 5(45) )
Loop3:closed= (1 (40) , 3 (38) , 7 (35) )

open= ( 10(33) , 6(37) , 9(37) , 2(39) , 8(39) , 4(42) , 5(45) )
Loop4 :closed= ( 1(40) , 3(38) , 7(35), 10(33) )

open= ( 11(35) , 6(37) , 9(37) , 2(39) , 8(39) , 4(42) , 5(45) )
Loop5:closed= ( 1(40) , 3(38) , 7(35) , 10(33) , 11(35) )

open= ( 12(34) , 6(37) , 9(37) , 2(39) , 8(39) , 4(42) , 5(45) )
Loop6:closed= ( 1(40) , 3(38) , 7(35) , 10(33) ., 11(35) , 12(34) )

S, = ACDEBA ,
open= ( 6(37) , 9(37) , 2(39) , 8(39) , 4(42) , 5(45) )
, 3.21

Loop2:closed= (

go(A,B)

gz:'?.thSZ.
=39

2:=13,h;=32,
fr=45

ga{C,R)

=18,k =21 gr=11,h; =24, ,
N ooyl ey PRSI
go(D,B)

ACDB ) g: = 21,2, =16, f, =37

ACDE |g1w=17h1 =16, f1u=23
go(E,B)

ECDEB g1 =27,h11 =8, f11=235
go(B, A

| ACDEBA |.£.’12=34rt"112 =0, f12=34

3.21 3.7

go(A,C),go(C,D),go(D,E),go(E,B),go(B,A)
( ) g1, =34
3.8 . 3X3 1~8
) 3.22(a) , 3.22(b) .
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2 8 3 1 2z 3
1 G 1 8 1
7 5 7 6 5
() (b
3.22 3.8
(@) ;(b)
(D
S 3X3 s :
S=la;lss a;€{1,2,3,4,5,6,7,8}
2 8 3
S;= 11 6 4
7 5
1 2 3
S,= |8 4
7 6 5
(2)
F={F,,F,,F;,F,}
Fi: a;=""2Na;;-F" "D>(a;=a; ;- ) Na;;—="")
Fo: ay=""2Na;m;Z" "D>(a;=a;1;) Nai—,;="")
Fo: Gay=""YNa; 1 Z" "D>(a;=a; ;1) Na; -1 ="")
Fi: Gay=""2Na;,;Z" "D>(a;=a;1;) Na;,;="")
(3
fi=g;th;
s g;,=gitclig)
cli, =1, g,=g.+1=d;,
h, . j S, S, .
S, ) h;
1, sh; J o

open= (1 (4) )
Loopl:closed= (1 (4) )

open= ( 3 (4) , 2 (6) , 4(6))
Loop2:closed= (1 (4) , 3 (1))

open= ( 5 (5) , 6 (5) , 2(6) , 4(6) , 7(6))
Loop3:closed= (1 (4) , 34 ,5(5))

open= ( 6(5) , 2(6) , 4(6) ., 7(6) , 8(6) , 9(7))
Loop4:closed= (1 (4) , 3 (4>, 5(5), 6(5))
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open= ( 10(5) , 2(6) , 4(6) , 7(6) , 8(6) , 9(7) , 11(7))
Loop5:closed= (1 (4) , 3(4) , 55,6 (5, 10(5))

open= ( 12(5) , 2(6) , 4(6) , 7(6) , 8(6) , 9(7) , 11(7))
Loop6:closed= (1 (4) , 34 .5 () ,6 (), 1005 , 12(5))

open= ( 13(5) , 2(6) , 4(6) , 7(6) , 8(6) , 9(7) , 11(7) , 4(7))
Loop7:closed= (1 (4) , 34,55 ,6 (5 ,10(5) , 12(5) , 13(5))

1 2 3
SH: 8 4 0 o
7 6 5
open= ( 2(6) , 4(6) , 7(6) , 8(6) , 9(7) , 11(7) , 14(7))
. 3.23 o s
2 83 glz()
16 4| |M=1
75 |h=t
F Fz Fy
28 3\ |m=1 28 17 |as=1 2 8 2] |g=1
18 4| k=5 1 4 hy =3 1 6 4| |he=5
7 5) |78 76 5)[f+=1 7 5 Fi=6
F F3 F
2 8 3 gs=2 2 3 g =2 2 83 gr=2
1 4 h; =3 1 8 4 =3 1 4 Ay =4
76 5 |f5=5 76 5)|fs=5 7 % 5) [fr=F6
£y Fy Fy Fa
8 3 g5 3 2 8 3 g973 2 3 gme 2 3 gn:S
[2 1 4| |ha=3 7 1 4| |he=41 1 8 4| |hn=2 1 8 4| [Au=1
7 6 5) |fs=56 6 5l |FH=7 7 8 5) |fu=2 7 & 5 |f=7
Fy
1 2 3 g1z =4
8 1 A1z=1
7 6 5) |fe=5
F Fy
1 2 3 Z13=25 1 2 3 g11=5
8 4| | ha=0 7 8 4| |hu=2
7 6 5)[S15=5 6 5) [Fe=7
3.23 3.8
F;,F,,F,F,,F;
b ’ b ’ o
( ) g'ljg:&_)
3.9 o 1.2.3 1 A.B,
, C , A , 3. 24(Ca) o s

2 2 , s o 3
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h'j: a1\+aB+a(‘: Eak

1 2 3 1 2 3
(€ (b
3.24 3.9
;(b)
, 3.24(b) o
(L
S
S=(x, 25, x3)
s Iy n ° ’ ’
C>B>A, C B B A .
S,=(CBA,J.,)
S.,=(J.,,CBA)
(2)
Mk ,n,m) mi;k€e{A,B,.C},n,m&{1,2,3)
: S, X, k,
k C>B>A,
S, X
k,
3.2 ,
3.2 3.9
Fk Fk Fk
Fy M(A,1,2) F; M(B.,1.2) Fis M(C,1.,2)
F, M(A,1,3) Fg M(B.1.3) Fyy M(C,1,3)
F; M(A,2,1) Fy M((B,2,1) Fis M((C,2,1)
F, M(CA,2,3) Fyo M(B.2.,3) Fis M((C,2,3)
Fs M(A,3,D Fq M(B.3.1) Fy; M(C,3,D
Fg M(A,3,2) Fi M(B.,3,2) Fs M((C,3,2)
3
fi=g;ith;
. g, =g.tcl,j), c(i, =1,

gj:gi_’_lzdj°
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l

Loopl:

Loop2:

Loop3:

Loop4:

Loop5:

Loop6:

Loop7:

Loop8:

Loop9:

Loopl0:.

Loopll.

Loopl2.

S, . k Se
kS, s kE€Exy, x3;=CBA
k 1 2 . k€Ex, kEx,
k 3, S,
open= ( 1 (3))

(1@
(2 ,30GN
(1@3),2UU»
open= ( 3 (5) , 4 (6))
closed= (1(3) , 2 ), 3G
(
(
(
(

closed=
open=

closed=

4 (6) ,5(6))

13,2, 305, 406))

506) , 7(7) , 6(8))

closed= (1(3) ,2 ) ,3() ,4(6),56))

open= ( 8(6) , 9(6) , 7(7) , 6(8))

closed= (1 (3) , 2 (4) , 3(5) , 4 (6),5(6) , 8(6))

open= (9(6) , 10(6) , 7(7) , 6(8))

closed= (1 (3) , 2 (4) , 3(5) ,4(6),56),8(6).9(6))

9 . Ss5S5.S7,

open= ( 10(6) , 7(7) , 6(8))

closed= (1 (3) , 2 (4) , 3(5) ,4(6),5(6),8(6), 9(6)

open= (7(7) , 12(7) , 6(8) , 11(&))

closed= (1 (3) , 2 (4) , 3(5) ,4(6),5(6),8(6),9(6)
10¢6) , 7(7))

7 . Si5S6:Ss.

open= ( 12(7) , 6(8) , 11(8))

closed= (1 (3) , 2 (4) , 3 (5 ,46),56),8(6),9(6)
10€6) , 7(7) , 12(7))

open= (13(7) , 6(8) , 11(8))

closed= (1 (3) , 2 (4) , 3 (5 ,4(6),506),8(6),9(6)
10€6) » 7(7) , 12(7) , 13(7))

open= (15(7) , 6(8) , 11(8) , 14(8))

closed= (1 (3) , 2 (4) , 3 (5 ,4(6),5(6),8(6),9(6)
10¢6) , 7(7) , 12(7) , 13(7) , 15(7))

Si;=(J.J, CBA) ,
open= ( 6(8) , 11(8) , 14(8))
3.25

open=
closed=

open=

b

b

b

b

b

10(6))



g1=10
(CBA,,EN ) =3
Si=3

M(A,LZ)

(CB, A, &)

M(B,1,3) M(B,1,2)

J5=6
M{A,3,1)

M(ALZ,3)

ga=3

hg=3

Jo=56

M(ALL D) _

£15 =1

h];:O

f11=8 J15=7

3.25 3.9

M(A,1,3),M((B,1,2),M(A,3,2),M(C,1,3),M(A,2,1),M(B,2,3),M(A,1,3)

g1 =17
3.10 1,2,3 1
A,B,C , C , A , 3. 24(a) o
) 2 2 , , . A
1, B 2, C 3, 3
, 3.24(b) . o
(D
S
S = (x,,x,,x3)
s Ly n o ’ ’ ’

C>B>A. C B .B A
S,=(CBA,J , &)
S.= (. .CBA)

(2)

Mk ynym) k n m.ke{A,B,C}),n,me{1,2,3}

61



: S; x ke x
k C>B>A,
x, k , X, k.,
MCA,n,m) c(A,n,m)=1
MB,n,m) c(B.n,m)=2
MCC,n,m) c(Cynym)=3
(€D
fi=g;th;
) g, =g.tclk,ing)
cCkyivg) S, MC(Ckyn,m) k S;
hi=anc(Ayivj) +apc(B,iyg) tacc(C,i,g) = Eakc(k,i,j)
a S, .k S,
0 kS, s, kE€xy, x;=CBA
a,=-<1 k 1 2 . k€x, kEux,
2 k 3, S,

open= ( 1 (6))
Loopl:closed= (1 (6))
open= ( 2 (7) , 3 (8))
Loop2:closed= (1 (6) , 2 (7))
open= ( 3 (8) , 4 (10))
Loop3:closed= (1 (6) , 2 (7)., 3 (8))
open= (5 (9) , 4 (10))
Loop4:closed= (1 (6) , 2 (7) , 3(8), 5(9))
open= ( 6(9) , 7(9) , 4(10))
Loop5:closed= (1 (6) , 2 (7)), 38 , 59 ,6(9)
open= ( 8(7) , 7(9) , 4(10))
Loop6:closed= (1 (6) , 2 (7) , 3(8) ,5(9) , 609 , 8(7))
open= (10(8) , 7(9) , 9(9) , 4(10))
Loop7:closed= (1 (6) , 2 (7) , 3 (8 .5 (9) , 609 ,8(7) , 10(8))
open= ( 11(7) , 7(9) , 9(9) , 4(10))
Loop8:closed= (1 (6) , 2 (7) , 3(8) , 5 (9, 6(9) , 8(7), 1008 , 11(7))
open= (12(7) , 13(8) , 7(9) , 9(9) , 4(10))
Loop9:closed= (1 (6) , 2 (7) , 3(8 .59 ,6 9,87, 10 ,
11 (7) . 12 (7))
Sp=(J.J, CBA) .
open= (13(8) , 7(9) , 9(9) , 4(10))



g1=10

(CB, &, A)

M(B,1,3) M(BE,1,2)
g1=2 g: =2
(C,A,BY ) Ai=8 hs =T
© iy CBA )T T

M(A, 3,1
g7v=a
h;':ﬁ
8= fr=9

M(C, 1,33

M(A,Z,3)

wo—o

hip=3

S Fro—§

M(B,2,3)

gn==28
B1z=1{ g13=7
(2, ,CBA) Y Rz =0 his=1
Ffre=7 fus=28

3.26 3.10

M(A,1,3),M(B,1.2),M(A,3,2),M(C,1,3),M(A,2,1),M(B,2,3),M(A,1,3)

gu="7
3.2.4 A"
. . , A .
1. A~
S . A ,
flx) = g(x) +h(x)
@ g(a) g () yg(x) >0, g" (o) S, .

b . °
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A~ yg(x)
glx)=g" (),
h(x)
A*
2. A
(1) A°
(
A~ R
@® AT
(2) o
@) ,
A’ h(x)
9f(S()>9f(1~1)9f<172)9"'yf(1~m>
AX
Se .2
) A”
A s

glx)=g" (x,),

b

hx,)=0, f(x,)=g(x,),

A s

, () <h™ (x)

) ;

FGH < f1(SH
So s X1 9 X2 ,"'71,,,752'

h(x)<<h’™ (x)

So

open

,open

,open

b

fGH < 1Sy

: A"

g ' (x,) =d" (x,) Xe

g(x,)=d” (x,) Xe

fx)=d” (x,) Xe
.d*(x,)

9d* (l‘,,)

FCSy)s f(SH=f"(So),

So s L s gt

s Ly s
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QA
A , t . A
WO =g@®>f"(Sy)
@ ., A ,open z’, ,
SO (S
AT x t, . AT
A . . A”
X H
SO (S
(2) A~
A h(x), h(xo)<<h" () yhi(x)
o h(x) ) , )
() [ () :
f1()=g,(x)+h, ()
[ ()=g,(x)+h,(x)
AL A filo fa(a) AT a
hy (2)<<h,(x)
, Aj A . AL
Aj
k k=0 ,
Al Aj ; , .
Al A
k—1 , A kR—1 s A
, Al k A3
WA k—1 A7 s A7
So  x s Al Sy x4 ,
g1 (x)<g,(x;)
Al X Al

il =f" (S
gi(x)thi(z)=f"(Sy)
g1 (x)<g,(xy) ,
hi(x )= (Sy)—g,(ay)
holx ) =71 (S —g.(x,),
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h1(1)<h2(1)
“A—)le
(3) h(x)
A” ,
h(I) ’
h(x)
D h(S,)=0;
@ x
5Sg ;C(I,yxj)
X
) A"
© A z
@ A
h(x)
s, h(x)
3.3
/
3.3.1

hl(l‘k)>hz(1k)

A

hix)—h(x))<c(x;,x;)

X ; X j

hx)<h(ax ) +clx,x;)

X
h(x) )
glx,)=g" (x,)
S
s / .

open closed
X X
; @
A
/



(@YD)
(2)
(3
4
S,

3 N 67

open

open={( ),

open

J

i

open

closed

’

(6),

open

b

, / or, Jj

ID) open o
3,

i R closed o

closed , J
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(2),
5 J « S; ) J ,
. , ; , (2,
(6) i ( ), z
i open closed , (2).
3. /
/ open closed

j S, F, d; and/or y/n i

’dj ] 9dj:d,'+1°
(D open closed ( i) open ,
dmax o

(2) Open:( )7 H ’ (3)0

3) open / i , closed

€9 i d i< d s ( ),

i Sia H ’ (6)0
j S, open , closed , j

o j open , j , (5); ,
(2),

(5) J « S, ) J ,
o b ’ ’ (2)0

(6) Z ( ), i

i open closed ) (2),
3.3.2
. /

/ ’ .

1.

c(x,y) x v ,g(x) x ,
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TP(f(2)

QU f(yw),y) N TR(f(y))
QUf(yw)sy) AN 'Sy

W—L

W—(L, AL,

W—L,, W—L,

FiANF, N+ AF,
F,(i:1’2""977> D

{F15F27""Fn}
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B s o
@© / .
@ B / . B
@ @ ’ o
4.16 o
(1)
F,:DOG(Fido) Fido
F,: " BARKS(Fido) Fido

F,:WAGS-TAIL(Fido) Fido
F,: MEOWS(Myrtle) Myrtle

r1: (WAGS-TAIL(x,) ADOG(x,))—=FRIENDLY(x,)

r;: (FRIENLY (x,) A "BARKS(x,))—"AFRAID(y,,x,)
r; : DOG (x3)—>ANIMAL(x ;)
r:CAT(x,)—>ANIMAL(x,)

:MEOWS(x5)—>CAT(x;)

(F2)(FW[CAT(x) ADOG (y) A TAFRAID(x, ) ]
4. 17 .

[ CATG ADOGGY A AFRATD(, )|

CAT(2) [ pocey | [ = aFRAIDG, 3 |
(/s Fido/y} [iarsn srany
[ caTiz | m| DOGeFido | | TAFRAIDG, ) |
I's T2
[ MEOWSG) | [ =BarRks(yy | [ FRIEENDLY(» |
{Myrtle/x} ﬂ Fido/y} M ty/arh
7| MEOWS(Myrle) | F] —IBARKS(Fido) | | FRIENDLY(z) |
/<%\
[ wacs Tags | [ pocin |
{Fido/y) u <Fido/v}

B[ wacs-TAIL(Fido) | F| DOGFido) |

4.17 4.16
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8 )
{Myrtle/x} {Fido/y} ,

CAT(Myrtle) ADOT(Fido) A TAFRAID(Myrtle, Fido)

Myrtle Fido ,
4.5.3
1.
/ .
b
4.11
0:{(91902""’0,1}
7 0.(i=1,2,,n)
0i=ta/Tastn/Tins" slinir /T incir )
9[[]‘ s X jj (j:1729"'9771(i))7 6
T = {t11 9812 slim) sF21 9" sLam@ »°** 5L iy )
X = {xy 2125 ST 1)L 219" s T 2m(2) 2" 9T () )

O ={x/yt.0.={y/z}. 0={0,.0.} .

O, ={f(glx ) /xy.f(x)/xi} 0, ={x,/x5.8(x ) /xs}s 0
{
{

{601.0:}
0,=1{A/x}.0,={B/x}, 0=1{0,,0,}

0,= g(y)/f},ﬁz:{f(x)/y}s 6:{61702}

~
eS|
oo)

) / ( ) ,
, / 4.18(a) s B

r;:S(z) > P(B)
r;:R(y) - P(y)
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{A/x,B/x}
s R Iy,
{A/x.2/y}
, r, , / , 4. 18(b) o

(a) (b

4.18

=~
= W DN
o

e T
© o NN O

4.10 F . . F .
(1) F={P(A,B).P(x.y)}

(2) F={P(f(2).B).P(y,2))

(3) F={P(f(2).3).P(y, f(B)))

(1) F={P(f(3)+y,2) s P(xs f(A). f(B))}

4.11

(D (Y (Y ) (Pryy) AQ(rsy))

(2) (V) (Y ) (P(asy)>Q(xsy)
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3) (Y (T (Plxyy) V(Qx,3»)>R(x,3)))

(D (V) (T (T (Pa,y)>Q(xsy) VR(x,2))

B (FH(AWMVDD(Fw (T (Fw) (Pla,y,zusv.w) N(Qx,y 2 usv,w) V Rz, 2,w)))
4.12

(1) S={7PVQ,Q,P, P}

(2) S={PVQ,PVQ,PV 7Q, PV Q}

(3) S={P(»VQ(y, P(f(ax))VRA}

(4) S={7P(x)VQx), P(y» VR(y.P(A),S(A).7S(2) VR(2)}

(5) S={7P(»V Q(»V L(x,y),P(A), "R(») VL(A,2),R(B),Q(B)}
(6) S={T7P(x)VQUf(x),A), "P(h(y))VQUf(h(y)), AV TP(»)}

(7)) S={P(x)VQ(x)VR(x), "P(3» VR, QA , R(B)}

(8) S={P(x)VQ(x)."Q(y»VR(y), P(x)VQ(2), R(w}

4.13 G F

(1) F:(3x)(FyP(x.y)

(2)

(3)

4)

(5)

G:(VW(Ix)Plx,y)

Fi: (V) (P() A QA V QB
G:(Fx)(P(x) AQ(x))

Fi1:(3) (I Pf()) ANQUF(B)))
G:P(f(A) NPy ANQ(y)

Fi: (V) (P(x)—>(Y ) (Qy)—>"L(x,y)))
Fo: () (P A Y ) (R(—>L(xsy)))
G: (V) (R(x)—>"Q(x))

Fi: (Vo) (P)—(Q(x) NR(2)))
F,:(F2)(P(x) AS(2))

G:(F2)(S(x) ANR(x))

14 ,ALB,C o ,
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S—>(XA\Y)VZ
Fido (BARKS) (BITS) , Fido (DOG) ,
(TERRIES)
(NOISY) ,
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5.1
. 1965

DENDRAL s )
5.1.1
1.
1983 ,Hayes-Roth , 10
(1)

DENDRAL N HEARSAY,
HASP/SIAP , . o
(2)
. , CLOT,

DART, FALCON ,

(3)
o , VAX/VMS TIMM/TUNER,

Drilling Advisor

b



170

(4)
N ACE,
(5)
GUIDON  STEAMER .
(CAD
(6)
(7)
CARG .
MOLGEN
(8)
. .VAX
KBVLSI,
(9)
AIRPLAN,

(10)

1w
ROPES
KNEECAP
PST
REACTOR,

EXCHECK

~

XCON,

VM
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o , MUD MVS
YES/MVS | .
) 10 )
. .MYCIN o
1985 ,Clancy , ,

(1)

(4)

5.1.2

5.1 ) o

(1)
(Knowledge Base) ) s

o b b

(2)
(Global Database) “ 7,
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ity S LB

[ Aren | [ mwsm |— g |

B | [ sema
5.1
(3)
(Reasoning Machine) )
(4)
(Expositor) , “
(5)
(Interface) o
(6)
2.
(1)
@ o ’ b
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@ .
® .
(2)

@ .
@ .
©) .

1000 ,

5.2

50~100

’
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500 ~
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500~1500 s s o
® . ,
5.2 LISP
LISP 30 s , . 20
80 , LISP . LISP . 1984 ,
Common LISP LISP , LISP .
PC GCLISP Common LISP .
, Common LISP .
5.2.1 LISP
, LISP o
1. LISP
(1)
, . FORTRAN, PAS-
CAL C )
o , , . LISP
, LISP o , LISP
. , LISP
, LISP

s ,prog.go s , LISP .



LISP

(3)
LISP

(5)
LISP

LISP

LISP

2. LISP

LISP

LISP

( %

LISP

LISP

o

b

( %

o

o

LISP

o

LISP

, LISP

CAD
LISP

o

)

LISP

(setq y

2 3 D

setq

(%

’

LISP

LISP

2 3 4

, LISP

nil,

, setq

. LISP

y
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) (% 2 3 4 24 ,(setq vy
y=24,
LISP ) . LISP
(load  "my.1 sp"
. load5
5.2.2 LISP
LISP 400 s
1.
(1)
“_._”‘ “ ”‘ “*”‘ 5‘/”‘
1= 0+ %
(setq x 10)
( x« 2 2)
2.5,
1+ 1— 1 1.
(2)
D (exp n)—>e”
@ (expt y n)—>y"
® (og x y—log,x
¥ log o .
@ (sgrt x)—>/x
® (xys n)—|n|
® (signum n)— —1,0,1
n<0, —1; n=0, 0; n>0,
(3)
logior, logxor,

( *

1

2 3 4

“1_’_”‘

logand,

1
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lognot
( logior 25 30 )—31
( logxor 25 15)—>22
( logand 30 42 )—10
2.
(1)
LISP o , LISP
, LISP quote o
(quote (a b )
(a b o), quote “hr
LISP (setq x '(a b o) x (a b o,
, LISP (setq = (a b o)) ) LISP a
) a s 9LISP °
(2)
setq ) N ~
. Setq ,
(setq = (1 2) v 2
setq x a1 2, y X y a1 2,
(3)
LISP . values , values-list
(values (* 2 3)(+ 4 5)—6 9
(values '(a b)) (¢ d)—=>(a B d
(values-list "(a b o))—>a b ¢
3.
LISP , LISP s , LISP
(1)
@D car ,

(car '(a b ¢))—>a

@ cdr ,
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(edr "a b ))—>(b 0
® car cdr s
(car(edr(edr(cdr "a b ¢ d e D))

(cadddr '(a b ¢ d e D)

cadddr LISP , d, LISP car  cdr
4, ) a d
@ first car
® second cadr
©® third caddr
@ rest cdr .
® nth ,
(nth 3 (a b ¢ d))—d
:a 0
(2)
D cons R 2
2 o

(cons a (b e))—(a b o©

(cons '(a b) (¢ d)—>(a b ¢ b
@ list o

(list a b ¢ > b ¢ d

(list "(a by (¢ d)H)=>a b) (c d))
@ append .

(append "(a b) (¢ ) ‘e D)>(a b ¢ d e D

(3)

@D list-length o
(list-length  "(a (b ¢)))—>2
@ member
(member item list)
item list ., member list item

, ), nil,

(member b '(a b ¢ d)—>(b ¢ d

(member '(a b) '(a b ¢ d)—()

(member (b ¢ '(a (b o d)—=Ub o b

(t) (nil) ,



nil,

(1)

D atom

@)
@ listp

® null

@ stringp

® characterp
©® symbolp

’ (a b)
@ numberp

b

integerp.

nil,

(2)

equal,

D and
@ or

® not

LISP
(1) if

5
(atom ())—t
) (
(symbolp (a b))—t
(symbolp '(a  b))—>nil
,a J(a b
minusp. plusp.
evenp, oddp
, N
<= =\
t; N nilo
(equal '(a b o '(a b o))—>t
(equal () niD —t
(equal '"(a b ¢ '(a (b ¢)))—>nil
and., or,
nil, ts
nil,
nil, t; s

1

nil,
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(if test then [else])
test nil, then , if then ; , else
if , else, if nil, if ,else
. L] .
(2) when
when
(when test {form} ")
,test ,form ,{form} * . test
nil, form , form when ; .
when nil,
(3) unless
unless
(unless test {form} ")
test nil, form , form unless
; ,unless nil,
(4) cond
cond
(cond (exp;, expi; )
(exps  expiy  ***)
(exp,; €exXp,, **) )
cond n , (exp,; expn ) cond .
exp , .
LISP expis expg nil,
s cond ;
nil, cond nil, cond
exp;ss expa nil, cond exp nil .
6.
(1) defun
defun .
(defun name lambda-list {form} *)
,name ,lambda-list name ,{form} ~
name .
5.1 defun compare, xr oy, IT=y,
“numbers are same”; x>y, “first is bigger”; 1<y, “first is smal-

ler”,



compare
(defun

(cond

compare (x y)
((= x y) (print
((>x y) (print

"first is smaller”))))

"numbers are same”))
"fist is bigger”))
(t  (print
LISP
(compare (3 5))—"first is smaller”
(2) lambda
, LISP

defun ,

b b

lambda

lambda

(lambda lambda-list {form} * list)

, list lambda-list
{form} *

(lambda (x) (=* 3)—>27
(lambda (x ) (+ = 3y (1 3)—4

xr x x)

g(f(x,y))  flx.y)

R 2t

defun

. lambda

. ' &

, g:Zf(z'):f(m>+f(m+1)+---+f(n),f

g , f g
’ ’ g

5.2 sum-sqares sum-cubes,

(defun sqare (m)
(x m m))
(defun cube (m)
(x m m m)
(defun
Gl (< m n
(+ (sqare

sum-cubes (m n)

sum-sqares (m n)

I+ m )

m) (sum-sqares
(defun
Gaf (< m n)

(+ C(cube 1+ m )

m) (sum-cubes

7

m
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5.2 s sum-squares square m?, sum-
cubes cube m?, .
sum-item, sum-item square ;
cube . , )
apply . apply
(apply function arg)
apply function ,apply
arg function . function {arg} ",
5.3 apply sum-item,
(defun sum-item (func m n)
G (< m m
(+ (apply func (list m)
(sum-item (func 1+ m) n))))))
sum-item sum-item
sum-item func, .
(sum-item (square 2 3))—>2?+3%=13
(sum-item (cube 2 3))—>2°+3°=35
apply . apply .
function , function “ apply function
. function apply
(apply ‘cons ‘(a (b )))—>(a b ©)
(apply '+ (1 2))—3
5.2.3
, . LISP
, defun
1.
LISP . o
(1)
goto s s
. LISP do .
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do
(do ((varl initl updl)
(var2 init2 upd2)
)
(condition actionl action2 -+-)
{form} * )
,varl,var2,--- ,initl ., 1nit2, ==+ .
, nil, updl,upd2,--- R
) . (condition actionl
action2-++) ,  condition nil, , actionl,
action2, ++- , action do ; ,
{form} ",
5.4 n factorial (),
(defun factorial ()
(do (G 1 1+
(result 1))
((> ¢ n) result)
(setq result (% ¢ result))))
, factorial ne
(factorial 4)—>24
(2)
LISP prog. g0 return o
@ prog
(prog ((varl initl) (var2 init2)--)
expl exp2 )
,varl,var2,--- ,initl, init2, «-- ,
, nil, expl.exp2, - go
. return ° go return,
prog, prog nil,
© go
(go symbol)
g0 ,LISP  prog symbol ( ) ,  prog
; ,  prog symbol
@ return

(return form)



124 [N

return , form prog, prog form o
prog s go return » prog
(3)
, LISP map ,
@D mapcar
(mapcar function {list} *)
,function , {list} ~ . function
, mapcar function ,
, mapcar . function “”_ LISP  function
, function mapcar,
(mapcar ‘car '(a b (¢ d) (e fH))—>(a ¢ e
(mapcar 'factorial (1 2 3 4)—>(1 2 6 24)
@ maplist
(maplist function {list} *)
maplist function {list} ",
maplist 1 , {list}” cdr 2 s
{list} * cddr 3 FEYTRTR {list} * .
(maplist "append '(a b ¢ (1 2 3)
—>a b ¢ 1 2 3 Wb ¢ 2 3) ( 3N
2.
. , LISP . LISP
. LISP s
LISP ) o
o LISP
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5.3

5.3.1

1.
, , R
(FIANF; ANFDOVF, AF;)— H,VH,
4
Ry: FIAF, AF;—H,
Ry,: F,AF;—H,
R, : F AF,AF;—H,
R, : F,ANF;—H,
’ ’ :Rll RIZ HI’RZI
R, H,. ,
Ry Ry, sRo R, o
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LISP . ,

af « < 2)+( n))
(then ( < 2)( m)))

3 ) , if
, then
n+1 m—+1
2.
LISP , N
N . , 3 ,
. if then
3 . 1 if  then,
/
setq ’
) setq
) /
5.5 ; /
R rule, ,rule,,-++,rule;s , rules.,
setq 15 rules:
(setq rules
((rulel
(if (animal has hair)) (F»
(then (animal is mammal))) (M
(rule2
(if (animal gives milk)) (Fy)
(then (animal is mammal))) (M)
(rule3
(if (animal has feathers)) (Fg)
(then (animal is bird))) (M)
(ruled
(f  (animal flies) (Fi)
(animal lays eggs)) (F.»)

(then (animal is bird))) (M)

15



(rule5
(if (animal eats meat))
(then (animal is carnivore)))
(rule6
(if (animal has pointed teeth)
(animal has claws)
(animal has forward eyes))
(then (animal is carnivore)))
(rule?
(if (animal is mammal)
(animal has hoofs))
(then (animal is wungulate)))
(rule8
(if (animal is mammal)
(animal chews cud))
(then (animal is wungulate)))
(rule9
(if  (animal is mammal)
(animal is carnivore)
(animal has tawny color)
(animal has dark sports))
(then (animal is cheetah)))
(rulel0
(if  (animal is mammal)
(animal is carnivore)
(animal has tawny color)
(animal has black stripes))
(then (animal is tiger)))
(rulell
(if (animal is ungulate)
(animal has long neck)
(animal has long legs)
(animal has dark spots))
(then (animal is giraffe)))
(rulel2
(if (animal is ungulate)

(animal has black stripes))

5 27

(F3)
(M)

(F»
(Fs5)
(Fg)
(M3)

(M)
(F»
(M)

(M)
(Fg)
(M)

(M)
(M)
(Fiz)
(Fi3)
(HpD

(M)
(M)
(Fq1z)
(Fi5)
(H»)

(M3)
(Fs)
(Fi»
(Fip)
(H3)

(M)
(Fi5)
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(then zebra)))

(rulel3

(animal is
(if (animal 1is bird)

does not

has
has
(animal is
(then
(rulel4

fly)
neck)

(animal

(animal long
legs)

and white))

ostrich)))

long
black

(animal

(animal is

bird)

not

(if (animal is

(animal does fly)
swims)

black

(animal is

(animal
(animal is and white))

(then
(rulelb

penguin)))

bird)
well))
albatross))))
LISP )
, 3 o
, F,~Fy
., H,~H, . 15
R,: F,—M,
R,: F,—M,
R;: F,—M,
R,: FiwAF,—M,
R;: F,—M,
R¢: F,AF; ANF{—M,
R:: F;AM,—>M;
Rs: FsyAM,—>M,;
Ry: Fu, AF; AM, AM,—~H,

(if (animal is
(animal flies
(then

(animal is

setq rules,

Ri: FLAFs AM, AM,—~H,

Ry: Fu AFLAF s AM;—H;

Ry: Fis AM;—H,

Riy: FuANFs AFy AF s AM,—H;
Ruy: FyAFsAFw AM—H;

Ri: Fouo AM,—H;

(Hp

(M)
(Fi)
(Fs)
(Fi»
(Fis)
(Hs)

(M)
(Fi)
(Fi)

(Fig)
(Hg)

(M)
(Fs0)
(H;)
15

’ M1NM4



s

5.4

5.3.2

LISP

(1)

(2)

129



130

2,

LISP , facts
LISP , , LISP o
(1) recall

(recall fact)
fact facts ,recall fact
; R nil,
( defun (recall fact)
( cond ((member fact facts) fact)
(t niD))
(2) test-if
( test-if rule)
rule facts ,
test-if t; y nil,
(defun (test-if rule)
(prog (ifs)
(setq ifs (cdadr rule))
loop
(cond ((null ifs)(return ©))
(recall (car ifs))
(t  (return nil)))
(setq ifs (cdr ifs))
(go loop)))
(3) remember
(remember new)
new facts ,remember nil;
, new facts ,  remember new .
(defun (remember new)
(cond ((member new facts) nil)
(t (setq facts (cons new facts)) new)))
(4) use-then

(use-then rule)
rule facts

facts . use-then nil; s facts facts



use-then t,
(defun
(prog
(setq

(use-then rule)

success)

(cdddr

(thens
thens rule))

loop

((null

((remember

success) )

thens))

(cond thens) (return
(car
(car rule))
(print| DEDUCES]|
(  setq

(cdr

(print
(car thens))

)
thens))

success
thens

loop)))

(setq
(go
LISP

use-then print,

2 “| “ | ”»
o ’

print

. rule s

(5) try-rule
(try-rule rule)
rule
facts facts .

facts ,try-rule t; ,try-rule nil,
(defun
(and

(6) step-forward

(try-rule rule)

(test-if rule) (use-then rule))

(step-forward rules)
rules , rules
facts
, step-forward t; rules )
(defun
(prog
(setq

(step-forward rules)

(rule-list)
rule-list rules)

loop

((null

((try-rule

(cond rule-list) (return nil))

(car rule-list)) (return

rule-list  (cdr rule-list))
(go loop)))

(7) deduce

(setq

step-forward rules R

DEDUCES

facts

facts

step-forward

)

facts

LK)

thens

facts

facts

nil,
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, facts , facts rules
, facts , , facts .
deduce step-forward .
(deduce facts)
rules , s
facts facts ., facts , facts
facts , .
facts , deduce t; ,deduce nil,
(defun (deduce facts)
(prog (progress)
loop
(cond ((step-forward rules)(setq progress t))
(t (return progress)))
(go loop)))
5.6 , Fi; . Fi. .F;  Fo,
deduce, o
setq facts:
(setq facts
((animal has dark spots)
(animal has tawny color)
(animal eats meat)
(animal has hair)))
facts=(F,; F,, F; F),
(deduce facts), rules 5.5 .
D rules facts=(F,; F,, F; F,)
s R, R, facts M, facts facts
facts=(M, F,, F, F, Fp,
, facts=(F,;, F,, F, Fp, R;, R F,
facts . ,  step-forward ,
rules s R, facts
facts=(M, F,, F, F, Fp,
@) facts  rules , R,, R, M,
facts R,. , Rs, R; M,
facts R:, R; facts M, facts facts  facts=
(M, M, F, F, F, Fp»,
) facts  rules R, Fi.



F,.M, M, facts , R, i Ry H, facts
Ry R, H, facts facts=(H, M, M, F,, F, F, Fp,
@ facts, rules facts
facts , 4 , . deduce pro-
gress t,o
) 5.4 / o
, facts H,, (animal
is cheetah),
3.
fact, . fact
verify, verify 4
D fact facts , fact R verify .
@) fact facts rules fact
relevantl, relevantl . fact , fact , fact
facts verify .
® relevantl R try-rule relevantl R
fact, fact, fact , fact facts verify R
@ fact, try-rule-+ relevantl R
fact, fact, fact , fact facts verify .
try-rule+ try-rule :try-rule
test-if facts ,test-if recall
» try-rule+ test-if+
facts , test-if+ verify . ,
verify o
(1) thenp
(thenp fact rule)
fact rule , , thenp
fact ; ,thenp nil,
(defun (thenp fact rule)
(member fact (cdddr rule)))
(2) inthen
(inthen fact)
rules ,
fact, , inthen

, inthen .

5 L K
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(defun (inthen fact)
(apply 'append
(mapcar '(lambda  (rule)

(cond ((thenp fact rule )(list rule))

(t niD)
(rules)))))
inthen , mapcar, mapcar lambda
rules » lambda ;. rules
rule cond , fact rule , list rule
, lambda ; fact rule , lambda
. ,mapcar rules s
inthen apply append, append mapcar,
append . append  mapcar (
) , . , ,
(3) test-if +
(test-if + rule)
rule
; , test-if + t; s test-if+ nil .

(defun (test-if+ rule)

(prog (ifs)

(setq ifs (cdadr rule))

loop

(cond ((null ifs)(return 1))
(verify (car ifs))
(t (return niD))

(setq ifs (edr ifs))

(go loop)))

test-if + , verify, verify
ifs ( rule ) o
(4) try-rule+
(try-rule+ rule)
rule
, facts , facts
facts try-rule—+ t; ,try-rule+ nil,

(defun ( try-rule+ rule)
(and ( test-if+ rule) Cuse-then rule)))



(5) verify
(verify fact )

L R

fact )
verify t; ,verify nil,
(defun (verify fact)
(prog (relevantl relevant2)
(cond ((recall fact)(return ©)))
(setq relevantl (inthen fact))
(setq relevant2 relevantl)
(cond ((null relevantl)
(cond ((member fact askes)(return nil))
((and (print |IS THIS TRUE: fact)(read))
(remember fact)
(return t))
(t (setq asked (cons fact asked))
(return nil))))
loopl
(cond ((null relevantl)(go loop2))
((try-rule(car relevantl))(return t)))
(setq relevantl (cdr relevantl))
(go loopl)
loop2
(cond ((null relevant2)(go exit))
((try-rule+(car relevant2))(return t)))
(setq relevant2 (cdr relevant2))
(go loop2)
exit
(return niD))
verify , 4 0
@ recall . fact facts , fact , veri-
fy t; , (inthen fact )  rules
relevantl, fact, relevantl relevant2 .
©) relevantl y fact R
“IS THIS TRUE:fact” , fact .
LISP read t, and t, (remember fact), fact
facts . remember fact facts , verify t; fact facts
,  remember fact facts verify to
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, and nil, (setq asked (cons fact
asked)), fact asked , verify nil .
® relevantl , fact , verify
loopl fact
relevantl , (try-rule ((car relevantl)), (car
relevantl) facts facts
facts verify t; , relevantl try-rule
. fact ,verify t,
relevantl fact .
loop2 o
@ relevant2 try-rule+ o
,try-rule+ test-if +,  test-if + verify,
fact , verify t;
fact ,  verify nil,
(6) diagnose
verify )
o hypo ,
rules o
(diagnose hypo)
hypo ,
(defun (diagnose hypo)
(prog (poss)
(setq poss hypo)
loop
( cond ((null poss)
(print |[NO HYPOTHESES CAN BE CONFIRMED|)
(return))
((verify (car poss))
(print |HYPOTHESES]| (car poss))
(print |IS TRUE[)))
(setq poss (cdr poss))
(go loop)))
diagnose hypo poss,  poss R
“NO HYPOTHESES CAN BE CONFIRMED”, diagnose 5 poss ,

verify poss ,

“HYPTHESESX X X XIS TRUE”, s X XXX

b

’ poss
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,diagnose .
5.7 , H,. diag-
nose H, s o
setq H, hypo:
(setq hypo
((animal is cheetah)))
hypo=(H ),
(diagnose hypo ), rules 5.1 .
@O  (diagnose hypo) poss=(H,), (verify H,), ,facts=( ),
(recall H,), fact=H,, facts (inthen H,), rules
H, Ry, relevantl=relevant2=(R,),
relevantl=(R,)7#( ), (try-rule Ry); R, facts
) H, o
relevant2=(R,)#( ), (try-rule+ Ry, (test-if+ Ry), R,

ifs, ifs=(F,, F,; M, M,), (test-if+ Ry)
(verify F,) . (verify Fi3).Cverify M,) (verify M,),
) (verify F,), Jfacts=( ),

(recall Fi5), fact=F, facts (inthen F.,), rules
Fi, , relevantl =relevant2=( ),
relevantl=( ), :“IS THIS TRUE.F,.”, Fi, ,
Fi, facts ,  facts=(F,,),
® (verify Fi3), Jfacts=(F1,),
(verify F,), :“IS THIS TRUE:F.,” , Fi
R Fis facts , facts=(F;; Fy),

@) ( verify M), Jfacts=(F,; F,),
(recall M,), facts=M, facts (inthen M), rules

M, R: R,, relevantl=relevant2=(R; R,),
relevantl=( R, R,), ( try-rule R,) (try-rule Ry), R,
F, R, F, facts M, o

relevant2= (R, R,), ( try-rulet+ R,) (try-rule+ R,).

(test-if+ R,), R, ifs, ifls=(F,) , ( test-if+ R )
(verify F,), s (verify F,),

(verify F ), (verify F,), “IS THIS TRUE.F,”
s F. , F, facts , facts=(F, F,;, Fi..),

(verify F,), “IS THIS TRUE:F,” , F, ,

F, facts , facts=(F, F, Fi;; Fu),
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® (verify M,), sfacts=(F, F, Fu Fu,
(recall M,), fact=M, facts (inthen M,), rules

M, R: Rg, relevantl=relevant2=(R; Rg).
relevantl=(R; Ry), (try-rule R;) (try-rule Rg), R
F, R F,.F; F; facts M,
relevant2=(R; Ry), (try-rule+ R;) (try-rule+ Rg),
(verify F3), (verify F,).(verify F;) (verify Fy), 4
) Fg \F1 \F5 Fg . faCtS:(F(, F5 F,1 Fg
F, F, Fi Fp,
, (verify Hy) , L“HYPOTHESES H, IS TRUE”,
(setq poss (cdr poss)) poss , (diagnose hypo) .
, 5.4 /
5.7 , ,
/ , .
5.3.3
( ) o
(Metafact) (Metarule) o
1.
) 4 o



(2)

1200m,

then

CHCHS)

’

rules

139

rules

MYCIN

1000 ~

b

(1000,1200),
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if x
then ,
if x sy 2 ) z
then 2 ,
2.
OPS(Official Production System) CLIPS (C Language Integrated Pro-
duction System ) , ,

o

5.4
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5.4.1

b o
H i
H
b o
b b
o b
o b
o
o
1.
’
’ o b
b ° b
b o
b b
o ’
b o
b o

, o Why How
’ Why “ ” ’ How

Why ’ ’

° HOW ’

y , Clancey
NEOMYCIN )

o s NEOMYCIN

° ’ 3
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3.
° Why .
,Swartout XPLAIN .
4.
1985 ,Neches XPLAIN ,
, (Explanable Expert System) ,
5.4.2
LISP ,
, Why How o
1.
(1) try-rule
(try-rule rule)
rule facts
facts facts , facts
facts rule rules-used , try-rule t; R
try-rule nil,

(defun (try-rule rule)
(cond ((and (test-if rule)(use-then rule))

(setq rules-used (cons rule rules-used))

)



try-rule+
(try-rule+ rule)
rule

) facts

facts rule
nil ,

(defun
(cond (and
(setq

)

try-rule+
(try-rule+ rule)
(test-if+
rules-used
(3) usedp
(usedp rulen)
,usedp nil,
(defun

usedp t;

(usedp rulen)

(prog (poss)

(setq poss rules-used)

loop

(cond ((null poss) (return
rulen (car

(cdr

((equat
(setq poss poss))

(go loop)))

2. How

LISP )
How
(how fact)

fact

facts ,

(how fact)

defun

(prog (poss success)

(setq poss rules-used)
loop

(cond ((null poss)

rule) Cuse-then

(cons

, facts

rules-used , try-rule+ t;

rule))

rule rules-used))

rulen ,

nil))
)

poss)) (return

) fact
fact

R ,fact
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(cond (success(return  t))
((recall fact)(print fact WAS GIVEN ) (return t))
(t  (print fact IS NOT ESTABLISHED ) (return
niD)))
((thenp fast (car poss))
(setq success t)
(print fact IS DEMONSTRATED BY )
(mapcar '(lambda (a)(print a)
(cdadr (car poss))))
(setq poss (cdr poss))
(go loop)))

rules-used s thenp rules-used
) fact 1) ]
“ fact ” ,
fact “IS DEMONSTRATED BY”
rules-used , rules-used fact
recall , fact facts ) ;
fact “WAS GIVEN”
fact “IS NOT ESTABLISHED”
3. Why
Wl’ly “ ” i
(Why fact)
fact , fact
s , fact
. fact facts , . ,fact

(defun (why fact)
(prog (poss success)
(setq poss rules-used)
loop
(cond ((null poss)
(cond (success (return t))
((recall fact ) (print fact WAS HYPOTHESIS )

( return t))
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(t print fact IS NOT ESTABLISHED ) ( return nil))))
((ifp fact (car poss))
(setq success t)
(print fact NEEDED TO SHOW )
(mapcar '(lambda (a) (print a)
(cdaddr (car poss))))
(setq poss (cdr poss))
(go loop)))
, ifp fact if . ifp :
(defun (ifp fact rule) (member fact C(cdadr rule)))
fact rules-used
, “ fact ? , : fact
“NEEDED TO SHOW” o
fact , fact facts ; )
:fact “WAS HYPOTHESIS”,
, : fact “IS NOT ESTAB-

LISHED?”,

5.5

5.5.1
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(2)

(3)

(4)

(1)

e

”»



(2)

”»

147
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R.:
R

R;:

if
if

if
if

R,

if PAQ then R
if PCATQ

R

PAQ
QAP

R R,

b

then R
then R

it P

then R

then R



if P then R

2.
R,: if P then Q,
Rg: lf P thel’l QZ

Qi=7Q;, R, R, o
R,: if P then Q
R,. if Q then R
R;: if R then S,
R,: if P then T
R5: if T then Sz

’R1\R2\ R.‘S 7R’1 R5 2

F)0 S]Zﬁ57a ° ’
R]: lf P then Q (CF])
Rz: lf P then Q (CF2>
R, R, s (CF,#CF,),
3.
R, R, , Ry R, ) R, R,

R,: if PANQ then R
R,: if P then R

R, R; o

@ R] Rz ’ R]a RZo

@ R, Q , Ry, R:.

@ ’ b

4.
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R,. if P then Q
R,: if Q then R
Ry: if R then S
R,: if S then P
4 o , o
S.
6.
5.5.3
1.
. A B ,L(A) L(B)
A B , A B LA A i .B;
B j . L(AY#L(B), A B . L(A=L(B, B

A . B B, A A,



5 R sy

2,
(1)
(2)
) IF-IF

; THEN-THEN .

IF-IF . o

THEN-THEN
(3)
. ; THEN-THEN
3.
IF-1F .
. IF-1F
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, ) THEN-THEN

IF-THEN ,
) IF-THEN ,
, IF-THEN ,

5.6

(1)
. LISP



PROLOG , o
C++, C PASCAL o
(2)
EMYCIN MYCIN o
(3)
( LISP PROLOG ) o
D OPS(Official Production System) , OPS1 OPS5.,0PS5
-+ .0PS5e,0PS83, ., OPS LISP s
o OPS83 )
. PASCAL C o
OPS . N . .
@ KEE(Knowledge Engineering Environment) ,  Intellicorp
1984 o N . ’
, . KEE

® ROSIE(Rule-Oriented System for Implementing Expertise)
, , . ROSIE  Rand
1981 , InterLISP C o N N
. 1982 ,Rand ROSS,

o
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@ CLIPS(C Language Integrated Production System ) 20 80
) , C
. ) . CLIPS
(NASA) 1985 s s
® ART(Automatic Reasoning Tool) Inference 1984
, LISP C .
(4)
Inference 1993 ART * Enterprise
s . N (Case-Based Reasoning)
(GUI with Multimedia) . N . N
2.
) ) ,EXPERT-EASY

TEIRESIAS o



facts

ul al wl

ol (@] al l ul l
© (o] ~ (op} at =~ w Do [l

—
o

(@Y
(2)

(1)
(2)

5.12

(@Y
(2)

(@Y
(2)
(3)

LISP
LISP
LISP

prog

rules:(R1 ’Rz 7R3 7R,1 vRs)

our-member,

Ry: Fi1AF,—>M,
R,: F;AF,—M,
R:: F;AF;—M;,
R,: M;AM,—~H,
R;: M, AM;—H,

3.3 12
facts

3.6 18
facts

3.7 20
facts

facts=(F,,F,.,F;,F;),

deduce

deduce

deduce

deduce

deduce

deduce

,facts

3.3

12

’

5 R 155

sumup(n) ,
expt(m,n) , m  n

member o

deduce

. deduce

, S,

facts=(S,=A ,S,=A$E),

18
facts =(S,=A

20

bl

7Sg:A$F)9

rules,

facts=(S;=A .S, =Ax x,x:2,A),

3.9

’

S.#S,

, facts

S,# S,

,facts



156 [

D
(2)
3

oo oo oo o1 ot

.15

.16
.17
.18
.19
. 20
.21

3.9 9

,facts

H,

facts

5.1
diagnose

H,

facts=(S,=(CBA,J,&) .S, =(J,J,CBA)),

H4’ hypo:( H4)9

F]5 \F7\F2 ’
FIS \FS \F7

’

’
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s : 100
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o b
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b
“ ”»
b b
o ,“I saw a man with a telescope”
o
o b
b
; .
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(4)

’ ’
°
°
’ ’ ’
o b
o
2.
’
° s ’
°
°
“
’ 9
‘“ ” “ ”»
’ ’
” “ ”
’

(2)
; 40°C, )

(3)

100%

”»
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€1+5€2,5°°° €,
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MU,,MU,,--,MU,,

o

et Ney, N Ne,sn

MU= (MU, ,MU,,--,MU,)
) .
e1sey e, erVe,VeVe,,n
MU=g(MU,.MU,,---.MU,)
® .
e e e;
MU=¢(MU )
(2)
if e; then h h, MU,;,: = 1,
s N, n s s h
MU=p(MU, ,MU,,--,MU,)
(3) ( )
if e then ¢’ if ¢’ then A MU, MU,, ,

if e then h

MU:S<MU1 9MU2)
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gp.s ’ ’

6.2

(Certainty Factor),

6.2.1
(E. H. Shortliffe) (Theory
of Confirmation) , MYCIN
1.
6.1 MB (h,e) e s h o
MD (h 96) e ) h ° MB(}l 9@)
MD(h ,e) [0,1],
1 P(h) =1
MB(h,e) = {max(P(h | ), P(h)) — P(h) (6-1
1—PCh) P 71
1 P(h) =0
MD(hse) = 4 min(P(h | ). P(h)) — P(h) (6-2)
TR PCh) #£0
,P(h) h sP(h|e) e , h

s MB(h,e) MD(h,e)

6.1 ( ) e hs )
MB(h,e) >0, MD(h.,e)=0;
MD(h,e) >0, MB(h,e)=0,



—1,

6 . 61
6.2 P(hle)>P(h), e h , ,
h o
P(hle)>P(h), (6-1) ., MB(h.,e)>0; (6-2) ., MD(h,e)=0,
6.3 P(hle)=P(h), e h ,
h , e h o
P(hle)=Ph), (6-1) , MB(h,e)=0; (6-2) ,  MD(h,e)=0,
6.4 P(hle)<<P(h), e h )
h o
P(hle)<<P(h), (6-1) , MB(h,e)=0; (6-2) ,  MD(h,e)>0,
2.
) MB MD
6.2
CF(h,e) = MB(h,e) —MD(h,e) (6-3)
CF(h,e) MB(h ,e) MD(h,e) (6-3) .(6-D (6-2) MB MD
, CF(h.e)
1 P(h) =1
POLO LU pay | o) = Pany
CF(h,e) =<0 P(h | e) = P(h) (6-4)
PG ‘;z};P(’l) Ph | &) < P(h)
—1 P =0
(6-4) CF(h,e) o
D CF(h,e)>0, P(hle)>P(h), e h ,
h ,CF(h,e) , h . CF(h,e)=1,
P(hle)=1, e h .
©) CF(h,e)<<0, P(hle)<<P(h), e h s
h ,CF(h,e) , h o CF(h,e)=
P(hle)=0, e h
® CF(h,e)=0, P(hle)=Ph), h e R e h o
P(h)  P(hle) CF(h,e), , )
P(h) P(hle) ,CF(h,e) o
CF(h,e) : e h , CF(h,e) >0,
h , CF(h,e) ; . CF(h,e)<<0, e h ,
CF(h.e) 5 e h s CF(Ch,e)=0,
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6.3 e CF(e), e—>h ( )
CF(h,e), h
CF(h) = CF(h,e) X max(0,CF(e)) (6-5)
(6-5)
@D CF(e) < 0, e , e
h o
@ CF(e)=1, e , CFh)=CF(h,e), h
3.
CF .
(1)
@ .
6.4 e, CF(e,), e, CF(e,), e, e,
e, Ne,
CF(e; A e;) = min(CF(e,),CF(e,)) (6-6)
MB(e; A\ e,) = min(MB(e,),MB(e,))
MD(e; A\ e,) = max(MD(e,) ,MD(e,))
@ .
6.5 e, CF(e,), e, CF(e,), e, e,
e1 Ve,
CF(e, V e;) = max(CF(e;),CF(ey)) (6-7)
MBC(e, V e;) = max(MB(e,) ,MB(e;))
MD(e, V e;) = min(MD(e,) ,MDC(e;))
(2) ( )
6.6 e h CEF(h,ey), e, h
CF(h,e,), e, e h CF(h.e e,)
CF(hse) 4 CF(h,e,) — CF(h,e )CF(hse,) CF(h,e,) = 0,CF(h,e,) =0
CF(hse) +CF(hse;)

1—min(| CEGivey) |+ | CRChue,) D Chhen) CEOe.)

CF(h,.e,) + CF(h,e,) +CF(h,e )CF(h,e;) CF(h,e,) << 0,CF(h,e,) <O
(6-8)

CE(h,ee,) = 1



6
(3) ( )
6.7
if e, then e,
if e, then &
e, e, CF(eysey), e,
CF(h,e,), e, h CEF(h,ey)

CF(h,e,) = CF(h,e;) X max(0,CF(e,.e;))

MB(h,e,) = MB(h,e,) X max(0,CF(e,,eq))

MD(h,e;) = MD(h,e,) X max(0,CF(e,se;))
6.7 , CF CF MB
, CF(eyse;) max(0,CF(eyseq) ), , CF(e,,e,)<<O0,
MB(h,e;)=0,MD(h,e,)=0, ,CF
6.1 5

R,: a—=>c¢ CF(c,a)=0.8
R,: b6—>c CF(,b)=0.5
5: ¢—~>d CF(d,c)=0.7
R,: d—f CF(f.d)=0.9
R;: e>f CF(f,e)=—0.3
a.b.e f CF(f,abe) .,
, CF(a)=1,CF)=1,CF(e)=1,

@ 65 R, ¢

CF, () =CF(c,a) Xmax(0,CF(a))=CF(c,a)=0.8
R, .

CF,(c) =CF(c,b) Xmax(0,CF(5))=CF(c,b)=0.5
CF(c,a)=0,CF(c,b) =0, (6-8) a.b

CE(csab)
CF(c,ab)= CF(c,a) +CF(c,b) — CF(c,a)CF(c,b)
=0.840.5—0.8X0.5=0.9

P 63

(6-9)

MD
CF(h,el):09

b

a.b.e
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©) (6-9) a.b .d CF(d,ab)
CF({d,ab)= CF(d,c) X max(0,CF(c,ab))
=0.7X0.9=0.63
® (6-9) a.b . f CF(f ab)
CF(f.ab)= CF(f,d) X max(0,CF(d,ab))
= 0.9 X0.63 =0.567

@ R f
CF(f)=CF(f.e) X max(0,CF(e)) =CF(f,e) =—0.3
CF(f,ab)>0,CF(f,e)< 0, (6-8) a.b.e
CF(f»abe)
. _ CF(f.ab)+CF(f.e) _0.567—0.3_
CEvabe) = (TCF(foab) | [CFCen ) 1—0.3 381
CF(f,ab)=0.567,CF(f,abe)=0. 381, e ,
, CF(f,e)=—0.3<0, e f
6.2.2
, CF
1.
if e then h (CF(h,e),))
@ e ,
@ CF(h,e) s , s
0<<CF(h,e)<1,
@ A ’ ’ e
CF(e) = A 0<A<1,
2.
(1)
CF ,
6.8

CECe; A es A = A e,) = min(CF(e;),CF(e;),-,CF(e,))
CF(@l \/ € \/ b \/ e”) - maX(CF(el),CF(eg)y"‘7CF(67,))

f

(6-10)



(2)
6.9
@ .
@ .
&) .
(3)
6.10
R,: if
R,: if

CF(e)=A1 s

CF(62)>A2 .

’“><” “

6.2.3

b

if e, then h (CF(h,e), A1)
lf € then h (CF(}Z,@Q);)\Z)

if e, then h (CF(h.e,)s\,)

CF(@,))A{ 1=1,2,,n
CF. (b,

CF,(h):CF(h9€,)><CF(€,) i:1v27"'9n
h CF(h),

n  CF,(h) ,

CF(h) = max(CF, (h),CF,(h),+,CF,(h))

CE) -

CF(h) — —— SYCF(hse,) X CF(e))

DICF(he)
i=1

n  CF,(h) CEF(h) .

CF(h) = min( > CF,(h).1)
i=1

( )

e; then e, (CF(ey,e1),41)
€ then h (CF(ha@z)aAz)

R1 ’ ()
CF(@Q)ZCF(ez 961)><CF<@])
R2 . h

CF(h)= CF(h,e,) X CF(ey)
= CF(h,eg) X CF(@Q 9(31) X CF(@])

” “ ”»

P 165

(6-1D

(6-12)

(6-13)

(6-14)
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[

(6-15)

(6-16)

1.
if e;(wi)Ne,(wy) A+ ANe,(w,) then h (CF(h,e),))
D w e s 0<w,<l,i= 1,2,
S 1
i1
@ e h ’ e 3
2.
(1)
6.11
e=e (wi) Ne,(wy) N Ne, (w,)
n s, n
CF(e) = >)w X CF(e)
i=1
n , n
CF(e) = —— S (w0, % CF(e,))
Zu’ii 1
i—1
(2)
y 6.11
CF(e) ) , (6-11) .(6-12) (6-13)
CF(h), (6-14)
CF(h),
3.
6.2
if (0.3)
(0.2)
(0.2)

(0.13)
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(0.13)
100kg  (0.04)
then (0.95,0.8)

CF(en=1
CF(e,)=1
CF(e;)=1
CF(e,)=0.8
CF(e;)=0.6

CF(e)= > w;x CF(e)
i=1

=0.3X14+0.2X140.2X140.13X0.840.13X0.6

= 0. 882
A= 0.8, CF(e)>A, , “
”, h
CF(h)= CF(h,e) X CF(e)
= 0.95 X 0. 882
= 0. 84
4.

R,: if e, (w;)Ne,(w,) then h, (CF,,A,)

Rzz lf 63(7/&'3)/\64(%’4)/\65(7/05) then hg (CFz,Az)
CF(€1A62)>/11

CFCes Nes Nes) >,

9 o

100 kg
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, . CF(es; Ney Ne; ) >CF(e; A
€3 R,
6.3 :
Ry:if €,(0.6)ANe,(0.4) then e; (0.8,0.75)
R,:if e5(0.5) Ae,(0.3)Ne;(0.2) then e; (0.7,0.6)
Ry:if e4(0.7) Ae;(0.3) then h (0.75,0.6)
e ey 5., €5,
CF(e;)=0.9 CF(e;)=0.8 CF(e;)=0.7
CF(e,)=0.6 CF(e;)=0.5
h CF(h) .
R, ,
CF(e; N e2)= w, X CF(e) +w,yX CF(ey)
=0.6X0.9+0.4X0.8
= 0. 86 6.2 6.3 /
A= 0.75, CF(ey Aesd>2. Ry
R, ,
CFCes A es N es)= w; X CF(ey) +w, ;X CF(e,) + w; X CF(e;)
=0.5X0.74+0.3X0.64+0.2X0.5

= 0.63
A;):O.6a CF(€3A€f1A€5)>A29 Rg o
CF(e; Ne;)>CF(e; Ne, Nes)s R, . €5y €5

CF(@(;): CF(@sqel /\ 62) ><CF<€1 /\ 62)

= 0.8X0.86
= 0.69
, R, ers ey
CF(e; )= CF(e;ses N e, N\ e5) X CE(es A\ e, A\ e5)
=0.7X0.63
= 0.44

) R; ,
CF(es A e7)= wsX CF(es) + w; X CF(e;)
=0.7X0.69+4+0.3X0.44
= 0.615
A;=0.6, CF(esAe)>2;5, R, , he h
CF(h)= CF(h,es N\ e;) X CFCes A e7)
= 0.75X0.615
= 0.46
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6.3
1965 (Zadeh) ,
1978 (Fuzzy Logic) (Possibility Theory) ,
6.3.1
U.v.w o U A
DA p () s
A={x|x€U, x p(x)}
©) .
()= 1 x€A
pant 0 x¢A
, x A, = palx)=1; x A, =x
/l/\(x):Oo , “ ” “ ” ,
, U A B , AUB,
ANB, A
pavs () =max{ps () ,pup()t VaeU
,u,mg(f):min{pA(I)»,uB(x)} VacU
#;(I):l_pf;(r) VIEU
1.
6.12 U= {z} A pa() spa ) [0,1]
x A , 1,x A ,
’ U:{l} U X



, U 0 120 s
_ 1 _
p ()= 5 x=0,1,2,,120
1+(i)
30
“ ” 6. 3 \ \ . \ \ ‘
O 20 10 60 80 100 120
s 6.13 6.3 * ”
6. 14 o
6. 13 U ) U:{.Tlaflﬁzv""xn}vU A
A= palx ) /xvFpala)/xot o+ pala,)/x,
= Z/JA(Ii>/l”i
i—1
giale)  x A N ) pa () /z;
’ ° /lA(fi) - O’ A
palx)/x, o
120 2 1
- x;
- ,Z;(l+<3o) ) /I"
U={1,2,--,9}, A 5 , A
A=0.1/1+0.2/2+0.4/34+0.7/4+1/5+0.7/6+0.4/7+0.2/8+0.1/9
6.14 U U A
A= J,Mu)/x
reU
, U R.,A , A
A :J<1+12>*1/x
R
6.15 U X s ‘LLA(.Z'):;LB(I'), A
B , A=B,
6.16 VeeU, pa(o)<pp(a), A B , AC
B. ACB, VazeU, pa(a)<<pp(a), A B , ACB,



6 7

6.17 AB U A B AUB, ANB A
pansCa) =max(ua () spup()) =pa() Vpp ()
pang () =min(ua (@) spup (@) =pa () A pp ()
pi()=1—ps(2)
, “ V ) max., “ /\ ” min, .
“\/” “/\” y s
6.18 U , A B N

CD U:{I“Iz,"‘,xn}» A:E/M\(Ii)/me:2/13(1‘1-)/11'»
i=1 i=1
AUB= > (ualx) V ppa))/x,
i=1
ANB= > (ualx) A ppla))/z,
i=1

A=D1 A0—pus(x))/x,
i=1

@ U , A= J,uA(x)/x,B: J/u;(x)/x,
xeU

XeU

AUB= J en () V(o)

xeU
AN B= J (alx) A pp(a))/x
xeU
A= j(l—,m(x))/x
€U
6.4 U:{115127I391191'5}7

A=0.2/2,4+0.7/2,+1/2;+0.5/x;
B=0.5/x,40.3/2,+0.1/2,+0.7/z;
AUB.ANB A,
6.18,
AUB=(0.2V 0.5/x,4 0.7V 0.3)/x,+ 1V 0)/zs+ OV 0.1)/x,4 (0.5 V 0.7)/x;
=0.5/x,+0.7/x,+1/23+0.1/2,+0.7/x;
ANB=10(00.2 A0.5/x,+0.7A0.3) /a0 A O/x; 4O A0.1/x,+ 0.5 A 0.7 /x5
=0.2/2,+0.3/2,+0.5/x;
A=U0—-0.2)/x,+A—=0.7/z,+ A —=1D/xy+ 1 —0) /x4 (1—0.5)/x;
=0.8/2,+0.3/x,+1/x2,+0.5/x;

9

6. 19 AlsAga"‘,A,, UlsUga“'yU,, 5A1’A2,"',A,,
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Ay XA, X XA,, U=U, XU, X-- XU, ,

LA XA, X XA (g say . ’In):#/\l (zy) /\/JA2 (ay) A /\,u/\“ (x,)

AXA e XA, = D7 (ua (@) A pa, () A A pa (@) /(g sxy s sx,)

b

Al>< A2>< o ><A7,:J‘(ﬂ/\1(1“1> /\ HA, (Iz) /\ oo /\ MA, (17"))/(1'191'29"'91'7,>
U

6.5 U,=U,={3,5,7},A,=0.5/3+1/5+0.6/7,A,=1/3+0.6/5, AL XA,,
A XA, =O.5AD/3,3)+AAD/(5,3)+ 0.6 A1)/(7,3)
+(0.5MN0.6)/(3,5+(1A0.6)/(5,5)+ (0.6 A0.6)/(7,5)
=0.5/(3,3)+1/(5,3)+0.6/(7,3)4+0.5/(3,5)+0.6/(5,5)+0.6/(7,5)

3.
6.20 U V : R UXV={(xsy) | 2EU.yE
V) R pr(xsy),
U={xis sz, V=Ay1s 3.} i =pr(xy;) U xz, V
i ’ R
wn o,
R=| : .
o
) U, XU, X-- XU, n R
prx 25500 ,2,)
UXU U o
s U={xi xz,25) UXU “ ” R
R=1/(x,,2)+0.7/(x1,2,)F0.5/(x1,25)+0.9/(xs,x:1)+1/(x2,x>)
+0.4/(xy,25)+0.5/(xy,2)+0. 1/ (xy.2,)+1/(x5,235)
1 0.7 0.3
R=10.9 1 0.4
0.5 0.1 1
spa=1,i=1,2,3, spse =pr (25 .2,)=0.1, T3 X

s ,uz:%:;LR(l'z sa3)=0.4, X ary ’ s L2 X3 Xy Xy

o



6.21 R,.R, UXV ,
O R, €R,, pur, (xs ) <pg, (x.y) . V2eU,VyeV,
) R,=R,, ur, () =pg, (2 ), VaeU, ¥ yeV,
® R, R, R, UR,
pur Uk, (eay) =max(ug (xsy) s pr, (s 3)) =pr, (xs3) Vg, (2. y)
@ R, R, R, NR,

i nr, (xsy) =minlug, (2ay) s pr, (o)) =pr, (s3) A g, (s y)
® R R
prlxsy)=1—pr(x,y)
6.22 R, UXV »R, VXW , R,
R, R,°R, UXW ,R,°R,
pr, ok, (xs2) = max(min(ur (x.3)spr, (y+2))
=y\€/V (ur, (xs3) N pr, (ys2)) VY (x.2) € (UXW)

’ ’ A A

6.23 A=lay; s B=[by]ns a; by A
B P A B NN
AUB=1[a;V byl
ANB="La; N b;la
A=[1—a;].mm
A=la; ey B=1by ] xns A B
AeB=[r; ],

q
i =r}1fllx(m1n(a,k sh 1))

q
ri=V (au Nby)

0.1 0.2 0.3 0.2 _
=[P [ O mausans
0.3 0.1 0.1 0.7

Z7{1*0.1 1*0.2}7[0.9 0.8}
1—0.3 1—0.1 0.7 0.9
[O.IVO.S 0.2\/0.2}7[0.3 0.2}

AUB=
0.3V0.1 0.1V0.7 0.3 0.7
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0.1N0.3 0.2A0.2
| |

0.1 0.2
0.3AN0.1 0.1A0.7 [O.l 0.1}
A"B:[”z‘j]zxz
, ru=VaunAbusan Nbyy)=V (0.1A0.3,0.2A0.1D)
=V 0.1,0.1)=0.1
re=V0@nANbisa Nby)=V (0.1AN0.2,0.2A0.7)
=V (0.1,0.2)=0.2
ra=V (an Abusan Nby)=V (0.3A0.3,0.1A0.D
=V (0.3,0.1)=0.3
o=V (an Nbrzsasx Nbyp)=V (0.3N0.2,0.1A0.7)
=V (0.2,0.1)=0.2

T T 0.1 0.2
an=[" =l o]
T Y 0.3 0.2

6.24

A:{/x/x(ul)a/z/x(uz)v"'a/l/x(un>}
U , R UXV ,

6.7 A R
A={0.2,0.5,0.3}
0.2 0.7 0.1 0
R=]0 0.4 0.5 0.1
0.2 0.3 0.4 0.1

b

B=A-R={0.2,0.4,0.5,0.1}
6.8 ’ : (u1>\ (uz)\

U={u, tussus}

, ;o (o), (vy)

(v, V.
V={v,v5,v5,04})
“ 7(uy) :60% ‘209
“ 7, “ ? {0.6,0.2,0.2,0},
“ 7 (uy) {0.8,0.1,0.1,0}, “ 7 (usy)

“

(ug)v

('Ug)\

”’20%

{0.3,0. 3,
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0.3,0.1}, R
0.6 0.2 0.2 0

R=10.8 0.1 0.1 0

0.3 0.3 0.3 0.1

,30% (u,),30%
(usy),40% (us), U A
A=1{0.3,0.3,0.4}
R A B:
B= AR

0.6 0.2 0.2 0
= {0.3,0.3,0.4} - (0.8 0.1 0.1 0
0.3 0.3 0.3 0.1

= {0.3,0.3,0.3,0.1}

B V ) B 30% “ ”,30%
“ ”,30% “ ”’10% “ ”o s
A R .

6.3.2

1.

(1)

o “1.75m 7 ) ,
x is A
x is A (CF)

» X ’ ;A ’

;CF ,
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V={

(2)

o T

A=0.6,

d(A.B),
(1)

6.9

b

if E then H (CF,))

’

s H ;CF
, A
if x is then y is (0. 6)
x s
, “x s ? A,
is ? B.

U:{1,2,394’596973899910}

A=1/1+0.8/2+0.6/3+0.4/4+0.2/5

B=1/1+0.89/2+0.77/3+0.63/4+0.45/5
A B

b

0(A,B)=2, A B

’

A B U:{u19u29...7u71}

(A.B) — %[A B4 (1—AOB)]

A B ,AOB A B ,
A.B:\(/ (IUA(UI) /\/l]j(u,))

’

U:{dabyCvdae’f‘}
A=0.6/a+0.8/b+1/c+0.8/d+0.6/e+0.4/f
B=0.4/a+0.6/b+0.8/c+1/d+0.8/e+0.6/f
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6.25,

A+B=0.4V 0.6V 0.8VO0.8VO0.6VO0.4=0.8
AOB=0.6 NA0O.S8ATA1TAO0.8AN0.6=0.6

(A,B) = %[O.8+(1—O.6)] — 0.6

0(A,B) = (A,B) = 0.6

(2)
A B d(A,B) A B .
6.26 A B U:{u“uz,‘“eu”}
d(A.B) = %2 | paCu) — pn ) |
i=1
d(A,B) - 1><JZ(/JA(M,) —p,;(u;))2
«/; i=1
1 : ta
d(A.B) = [;x D0l paud) —puCu) \‘1} q=1
i=1
d(A,B) = max{ | paCu) —ppCu) |}
’ ’ q_l ’
q=2

d(A,B),

6.10 U:{anuz’us}
A=0.3/u+0.5/u+0.2/u,

- O. 5/u1+0. 8/u2+0. 4/113
6. 26, A B

d(A,B) Z%X(IO.S—O.S [4+10.5—0.8 |+]0.2—0.4[) = 0.233

d(A,B>:i>< (0.3—0.5)2+(0.5—0.8)24+(0.2—0.4)?
V3

= 0.237

d(A,B)=max{|0.3—0.5],]0.5—0.8],]0.2—0.4]}=0.3
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6.27 A B U:{ulﬂuzﬂ'.'9un}

me{luq(u,) 9/13(141)}
r(A,B) = =1

Zmax{,ulq(u{)e/xu(uﬂ}
i=1

Zmin{;m(u,-)’/u;(u;)}
r(A.B) = —

XD Gua () ()
i=1

Emin{#lq(u{),pu(uﬂ}
r(A.B) = =

D0 VA ) X s Cu)

i=1

6.11 U={a,b,c,d}
A=0.3/a+0.4/0+0.6/c+0.8/d
B=0.2/a+0.5/64+0.6/c+0.7/d

0.3 A0.2+0.4 AN0.54+0.6 AN0.64+0.8 A 0.7

r(A,B) = 1 = 0.93
?X(O.3+O.2+0.4+0.5+0.6+0.6+0.8+0.7)
(A.B) = 0.3 AN0.2+0.4 AN0.54+0.6 AN0.6+0.8 A0.7 — 0.93
0.3X0.2+ +/0.4X0.54+40.6X0.6++0.8X0.7
(4)
) ° ZI,GU,/,L/\(H)
A s xr  u , x A palu),

6.12 U={1.2.3.4.5.6.7.8,9.10}
p =1/140.8/240.6/3+0.4/4+0.2/5
p  =1/14+0.89/240.77/3+0.63/440.45/5
p =0.2/4+0.4/5+0.6/6+0.8/7+1/8+1/9+1/10



p (5 p

(5)

6
R,: if z= is then y is B, (0.15)
R,: if x is then y is B, (0.25)
R,. if x 1is then y is By (0.3)
e: x 1s 5
“ ,"“ ’,\“ ” uiS y
,U (5)9
oC w9 = (6) =0.2
o( »0) = (5) =0.45
oC 5 =pu (B =0.4
Ri.R: R;
6C 5 >2,=0.15
o( »9) >A,= 0.25
6C 5 >2;=0.3
’ 9 Rz o
E=(x, is A) A (x, is A,) A (xy is Ay)
X1 iS All
X 2 iS A;
Al 0(A L AD,i=1,2,3,

b

“ 9 “ 9

°

S(E,E") = min{6(A,,A)) | i = 1,2, ,n}

S(E.E'

S(E.E") = [[ecA,.AD
i=1

) As ;

179
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6.3.3
1.
(1)
A B u Vv )
if  is A then y is B
U A’ A . y is B, BV

if x is A then y is B
x is A’
y is B

if (x; is ADNANCG, is A A=Az, is A, then y is

x, is A T, is A, x, is Al
y s
(G )
(2)
A B u Vv s
if x is A then y is B
\% B’ B . x is A", A" U
if  is A then y is B
y is B’
z is A
(3)
A.B.C Uu.v.w ,

if x is A then y is B
if y is B then =z is C

if = is A then 2z is C



6 L RE

b

if  is A then y is B
A B R, R

B, B'
B'=A"°R
R, R
(1)
’ Rm; ’ Ruo
A B u Vv ,
A= fus/u B=[upo/o
U \4
Rm R’\
R.,= (AXB) U (AXV)
= J(/M(u) A pp(o) V (1 —paw))/(usv)
UXV
R,= (AXV)® WU X B
= Jl A (1_/1‘4(M>+;LB(’U))/(M9‘U)
UXV
D . R. R, B, B

B,=A"cR,=A"-[(AXB) U (AXV)]
Bi=A"-R,=A" - [(AXV)D WU XB)]
pg, (0 =V @0 A [GuaC A (@) VA= s @) )
g (@) =V @ ATEA A= pa GO A s (o))
@ . R, R, Al Al
AL,=R, B =[(AXB) U AXW]-B
Al=R,-B =[(AXV)DWXB)]-B

pa () = \€/V{[/1A(u) N ps(o) V=g ] A py (o)}
;x/\;(u) = \e/v{[l A (1—p‘4(u)+#3('v))] A /115'(7))}

6.13 U=V={1.2,3,4,5)
A=1/14+0.5/2
B=0.4/3+0.6/441/5

is



182 [N

if  is A then y is B

(D A B R. R..
(2) x is A, A’
A'=1/140.4/2+0.2/3
B, B,
(3) y is B, B’
B'=0.2/140.4/2+0.6/3+0.5/440.3/5
A, AL
(1) A B R. R, i j
R.Gi,j),

RoGyj) = (uaud) N pp(o;)) V (1T —palu))
R.Gj)=1NAQA—=palu) +puplv;))
R. R, ,
R.(1,3)= (uau) N ps(vs)) V (1 —palur))
=0 AN0LDHYV A—-D
= 0.4
R.(2,3)=1N (0—paluz) +pploy))
=1A0Q—0.5+0.4)

=0.9
R. R.
0 0 0.4 0.6 117
0.5 0.5 0.5 0.5 0.5
R,.= | 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1 ]
0 0 0.4 0.6 1
0.5 0.5 0.9 1 1
R.= | 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
(2)
y is B’
R.., B' BL; R.,
B, B, B

R .G, j)



3

6 L X

o 0 0.4 0.6 117
0.5 0.5 0.5 0.5 0.5
= {1,0.4,0.2,0,0} - | 1 1 1 1 1

= {0.4,0.4,0.4,0.6,1}

B,=A"-R,
rT0 0 0.4 0.6 17
0.5 0.5 0.9 1 1
={1,0.4,0.2,0,0y - | 1 1 1 1 1
1 1 1 1 1
11 1 1 1]

= {0.4,0.4,0.4,0.6,1}
B
B,=0.4/140.4/240.4/340.6/441/5
B.=0.4/140.4/240.4/3+0.6/4+1/5

.B.=B, , , .
x is A
R.. Al AL R.. A
A, Al
Al,=R,- B
0 0 0.4 0.6 17 710.27
0.5 0.5 0.5 0.5 0.5 0.4
=11 1 1 1 1 |- ]0.6
1 1 1 1 1 0.5
1 1 1 1 1 J [0.3]
= {0.5,0.5,0.6,0.6,0.6}
AL =R, B
0 0 0.4 0.6 17 0. 27
0.5 0.5 0.9 1 1 0.4
=11 1 1 1 1] (0.6
1 1 1 1 1 0.5
1 1 1 1 14 L0.3]
= {0.5,0.6,0.6,0.6,0.6}

Al
Al =0.5/1+0.5/2+0.6/3+0.6/4-+0.6/5
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A'=0.5/1+0.6/2+0.6/3+0.6/4-+0.6/5

(2)
(Mamdani) , R..
R.
R.=AXB
= J/L«(u) A ps o)/ (uyv)
vkv
@ - R. B!
B.=A" R,
=A" - (AXB
ww (0) :u\G/U Lpa () A CuaC) A pp(o)) ]
@ . R. Al
A=R.- B
= (AXB) B
e (w) :v\e/v LuaC) A pp(o) A py (0]
6.14 6.13 s o
() A B R. i j
R.G.j) = palud) N pp(o;)
R. , R.
0 0 0.4 0.6 1
0 0 0.4 0.5 0.5
R.= |0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
(2) y is B, R.. B" B,
B
B.=A" R,
M 0 0.4 0.6 17
0 0 0.4 0.5 0.5
= {1,0.4,0.2,0,0} - |0 0 0 0 0
0 0 0 0 0
L0 0 0 0 0 J

- {09090.490.671}
B/
B.=0.4/340.6/4+1/5



3)
A/ A/
A'=R.- B
A/
(3)
(Mizumoto)

R..R,.R,.R..R..R..R,

(LA B

R,(Z,]) :/AA(M,);\’/,!B(‘U]) {

A

Rg(l,]) - #A(u;)TﬂB('Uj) {

A

;l/\(u) —g’#lg(v) {

B,

R

B,

g

Mo

S O O O

SO O O O O

Rs

o

x is A’
0.4 0.6 1 ro.
0.4 0.5 0.5 0.
0 0 0 |- |O.
0 0 0 0.
0 0 0 LO.

Al=0.5/1+0.5/2

b

UXV

UXV

/JA(u) —V’/,z,;(v)

b

i

R,

— = = O O

R. R,

/,{B('U)

— = = O O

w U1 Oy = DD

— {O. 590. 5709050}

R.— J Lpen () — e () 1/ )
R.= J[#A(u)T/JB(v)]/(u,v)
_jl ,UA(M)gfus(?O

BTN e
1

#q(u) <ILLB(“U)

—_ = = = O
= e

1
/JB('UJ')

/L/\(u) >/13("U)

R, R

g

1 #A(u,’)</13('0]‘)
O F,LA(M,)>/LB("U,>

/,tA(u,-) </JB("U])
/zA(u,) >/13(7)_,>)
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M 0 0.4 0.6 17
0 0 0.4 1 1
L~ (1 1 1 1 1
1 1 1 1 1
11 1 1 1]
(2) y is B', R., B’
R,. B' B, B! B.:
=A" R,
= {0.2,0.2,0.2,0.4,1}
= A R,
= {0.2,0.2,0.4,0.6,1}
y is B’ B’
B.=0.2/140.2/240.2/340.4/44+1/5
B,=0.2/14+0.2/24+0.4/3+0.6/4+1/5
6.13~ 6.15 )
) R,
R, R. R, R, .
3.
R,: if  is A then y is B
R;: if y is B then 2 is C
,A.B.C U.v.w . R, A B
UXV R(A,.B), R, B C VXW
R(B.,O), , U X
R(A,C)
R(A,C) = R(A,B) - R(B,C)
xz is A, z is C, C'
C'"=A"+R(A.CO)
z is C', is A, A’
A" =R(A.C) - ('
6.16 U=V=W=1{1,2,3.4.5}

A=1/1+0.6/240.2/3
B=0.3/3+0.7/44+1/5



C=0.09/3+0.49/4+1/5
R. R, o
A.B.C
A={1,0.6,0.2,0,0}
B={0,0,0.2,0.7,1}
C=1{0,0,0.09,0.49,1}
) R, ,

0 0 0.3 0.7

1

0.4 0.4 0.4 0.6 0.6
R.(A,B) = (0.8 0.8 0.8 0.8 0.8
1

1

1 1 1 1 1
1 1 1 1 1
rl 1 1 1 7
1 1 1 1
R.(B,C)={0.7 0.7 0.7 0.7 0.7
0.3 0.3 0.3 0.49 0.7
L O 0 0.09 0.49 1 ]
ro 0 0.09 0.49 17
0.4 0.4 0.4 0.49 0.6
R.(A,C)=]0.8 0.8 0.8 0.8 0.8
1 1 1 1 1
L1 1 1 1 1]
R.(A,B) R.(B,0O .
0.3 0.3 0.3 0.49 17
0.4 0.4 0.4 0.49 0.6
R,.(A.B) - R,(B,C) = (0.8 0.8 0.8 0.8 0.8
1 1 1 1
1 1 1 1 1]
s R, (A,B)°R,(B,C)#R,(A,O), R.. o
@ R, ,
0 0 0.3 0.7 17
0 0 0.3 1 1
R,(A,B)= 1|0 0 1 1 1
1 1 1 1 1
11 1 1 1]

R 17
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111 117
11 1 11

R, (B,O)= 10 0 0.09 1 1

0 0 0.09 0.49 1
0 0 0.09 0.49 1]
0 0 0.09 0.49 17

0 0 0.09 0.49 1

R, (A,O)= 10 0 0.09 1 1

11 1 11
11 1 11

R,(A,B) R,(B,O)

0 0 0.09 0.49 17

0 0 0.09 0.49 1

R,(A.B) R, (B,O)= 1[0 0 0.09 1 1

11 1 11
11 1 11

\R,(A,B)°R,(B,C)=R,(A.,C), R, .

, R..R,.R,.R,.R,.R, .R;

Rm’-Rn’Rb o

6.3.4

df(x, is ADAN(x, is ADAAN(x, is A, then y is B

x, is A, x, is Al x, is Al
y is B
A, A U, ,i=1,2,,n,B B’ A% .
B/
1.
@ AI’AZ’...’AU ’ Ae

A=A NAN-NA,

— | O A ) A A g, ) G )

U XU, X XU |

@ A B R(A,B), R(A A, -,
A,.B),
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@ Alr 9A£""9A7/, ’ A,a
A'=A'NA N NA,

— [ O A ) A A ) )

U XU, X XU

@ . A" RA.,B B',
B = A"+ R(A.B) = (AN A =+ NA) -RA A, A,.B)

6.17 U=V=W={1,2,3,4,5}, U Vv
A,={1,0.6,0,0,0} A,=1{0,1,0.5,0,0}, w B=1{0,0,1,0.8,
0}, u Vv A1=1{0.8,0.5,0,0,0} A;={0,0.9,0.5,0,0},

R..R. R, B',
( n=2) , s

A NA,={0,0.6,0,0,0}
AN A= {0,0.5,0,0,0}

(D R, ,
11 11 17
0.4 0.4 1 1 0.4
R.(ALA,,B)=1]1 1 1 1 1
1 1 1 1 1
11 11 1]
B.= (A'N Ay - R.(A,.A,,B) = {0.4,0.4,0.5,0.5,0. 4}
(2) R, .

M1 1 1 1 17

0.4 0.4 0.6 0.6 0.4
1 1 1 1
1 1 1 1
1 1 1 1]

R.(A,A,.B)= | 1
1
1
Bl.= (ATN A} e R,(A,,A,,B) = {0.4,0.4,0.5,0.5,0.4}

3 R, .
m 1 1 1 17
00 1 1 0
R(ALA,,B)=1]1 1 1 1 1
11 1 1 1
1 1 1 1 1]
B.= (ATN A} e R.(A,,A,.B) = {0,0,0.5,0.5,0}

(Zukamoto) o
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o A,
R(A,.B) i=1,2,.n
@ Al B/,
B'= A R(A.,B) i=1,2,.n
© B/ R B',
B"=B'NB.N -~ N B,
6.18 6.17 ; R, ’
B',
A A, B, R, ,
0 0 1 0 0]
00 1 1 0
R(A,.B)=|1 1 1 1 1
11 1 1 1
1 1 1 1 1]
m 1 1 1 17
00 1 0 0
R(A,,B)=10 0 1 1 0
11 1 1 1
1 1 1 1 1]
Al A, ,

B/S]: A/]° Rs(AlvB) - {09070.890.590}
B/Sg: A/g° RS(AQ 9B) - {050,0.930.590}
B/
B.= B, N B.= {0,0,0.8,0.5,0}

3.
(Sugeno)
Bi= A}-R(A,.B)
B,= A%+ R(A,.BD)
B = B,=A’-R(A,,B, )
6.19 6.17 . R, .
B,
A, B. R, . Bl .,
m o0 1 0 07
00 1 1 0
R(A,,B)=11 1 1 1 1
1 11 1 1
11 1 1 1/




B,=A-R.(A,,B) = {0,0,0.8,0.5,0}

A, B.., R, .
m 1 1 1 17
00 0 0 0
R.(A,,B.))=10 0 1 1 0
1 11 1 1
11 1 1 1]
A, R.(A,.BlD) . B,

B.=B,= A, R.(A,,B,) = {0,0,0.5,0.5,0}

6.3.5
s CF )
1.
:if x is A then y is B CF,
x is A’ CF,
y is B' CF
,CF, CF, ,CF
is B, CF, ,
’ ’ CFO
(1)
A A’ , A=A, CF

@O CF=CF, XCF,
®@ CF=min{CF,,CF,}
® CF=max{0,CF,+CF,—1}
(2)
A A’ . A#FA", A A

LBy
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S(ALA ) =R . CF
@ CF=6(A,A") XCF, XCF,

@ CF=§(A,A") Xmin{CF,,CF,}

® CF=6§(A,A") Xmax{0,CF,+CF,—1}

@ CF=min{8§(A,A").CF,,CF,}

2.
df (e is ADA(x, is AD A A(x, is A,) then y is B CFy
x, is A, CF,
z, is A, CF,
x, is Al CF,
y 18 B' CF
CF .
6.3.2 )
S(ELE'), .
S(ELE") = min{s(A,. A | i = 1.,2,+.n}
S(EL,E") = 6(A, A} X8(A,,A,) X« XA, . A
S(E,EH=a, ; , )
’ CFp.,
CFp= min{CF;| i = 1,2, ,n}
CFp=CF, XCF,X -+ XCF,
CF

b

b

@O CF=§(E,E") XCF; XCFp

@ CF=4§(E,E") Xmin{CF,CFy}

® CF=§(E,E") Xmax{0,CFz+CFp—1}
@ CF=min{8(E,E"),CF;,CF}

3.

y 18 B, CF,
y is B, CF,



6
y is B
CF.
B = BN B,
CF = CF,+ CF,— CF, X CF,

6.1

6.2

6.3 5
R,: if e, then A CF,=0.8
R,: if e, then h CF,=0.6
R;: if e; then h CF;=—0.5
Ry: if e;ACe;Ves) then e, CF,=0.7
R;: if e;ANeg then ey CF;=0.9
CF(e,)=0.8, CF(e;)=0.5, CF(e;)=0.6
CF(es)=0.7, CF(e;)=0.6, CF(es)=0.9

h CF(h),

6. 4 3

R,: if e;Ne,Nes then e, (0.6,0.5)

R,: if ey then h (0.7,0.3)

Ry: if e, then A (0.8,0.6)

CF(e;)=0.9, CF(e;)=0.8, CF(e;)=0.6, CF(e;)=0.7
. h CF(h) .

6.5 3
Ri: if ¢ (0.7)Ae,(0.3) then h, (0.9,0.6)

R,: if €300.4)ANe,(0.3)Nes(0.3) then &, (0.8,0.5)
Ry: if €(0.3)AR,(0.5) ANh,(0.2) then A (0.6.,0.2)
CF(e;)=0.9, CF(e,)=0.85, CF(e;)=0.85
CF(e,)=0.7, CF(e5)=0.75, CF(es)=0.9

h CF(h),

6.6 U={xi,xs,x3,x1,x25},A B U
A=0.6/x2,+0.4/x,+0.3/x5;+0.2/x,+0.1/x;
B=0.8/x;+0.6/x,+1/xs
ANB.AUB.A,

6.7 U={uiussus} 3 Uy Uy U

. u; Vs

“1n;

R 193

V={v.v;.v3.0,}
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U={uysussust,

(vy),
, 0v;,=0.3),

R.(A,B)

s u Vv
6.8
.4 00.5 0.1 .2 0.8
R,=10.2 0.6 0.2|, R,=10.4 0.6
0.5 0.3 0.2 0.6 0.4
R, R, R,°R;,
6.9 o (u) s (uy) o (uy),
NN s (v). (vy) . (v3)
V=A{v1,v2,03,04} 50, « 30%
“©7 : 10.6,0.2,0.2,0}
“©o : {0.8,0.1,0.1,0}
o : {0.3,0.3,0.3,0.1)
0.3, 7 0.4, s s
6.10
if x is A then y is B (0.7)
x is A
A A U={u ussuy} :
A=0.3/u1+0.5/u;+0.2/u;
A'=0.5/u; +0.8/us+0.4/u;
(D A A , s
(2) ,
6.11 5 U=V={a,b,c,d,e},
if x s then y s
z€U,yeV, , 5
A=1/a+0.5/b
B=0.4/c+0.6/d+ /e
(@Y A B R.(A.B) R.(A.B),
(2) ,
A'=1/a+0.4/b+0.2/c
, 5 .
3 s
B'=0.2/a+0.4/b+0.6/c+0.5/d+0.3/e
s S
6.12 6.11 . R.(A.B),
6.13 6.11 R.(A,B) R,(A.B),
R, (A,B) o
6.14 6.11 s
if x is then y is CF,=0.7 x1=0.8



U=V={a,b,c,d.e

(@Y A A’
(2)

6.15
Rl: lf X
Rg: lf X
Ry: if =«
’A7B7C
R..R..R,
6.16

if (x, is

. !
T, 1s A
. /
x, is A,

JALVALBAT A

6 P 195

A=1/a+0.5/b
B=0.4/c+0.6/d+ /e

A'=1/a+0.4/b+0.2/c CF,=0.75

; R.(A.B), , 4

U=V=W=({1,2,3,4,5,6}

is A then y is B
is B then =z is C
is A then =z is C

A=1/1+0.8/2+0.5/34+0.4/440.1/5
B=0.1/2+0.2/34+0.4/4+0.6/54+0.8/6
C=0.2/340.5/4+0.8/5+1/6

1 o

U=v=w={1,2,3,4,5}

AD)DAN(xy, is A,;) then y is B

A,=1/1+0.8/24+0.6/3+0.4/4
A,=0.2/1+0.4/2+0.6/3+0.8/4+1/5
B=0.5/3+0.7/4
A;=0.8/1+0.7/2+0.5/3+0.3/4
A;=0.2/1+0.3/2+0.5/3+0.7/4+ 0.9/5
, B. Bl
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7.1

(Inductive Learning)

b
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(2)
(Genetic Algorithm) .
(3)
(Artificial Neural Networks)
b o < ) .
7.2
7.2.1 CLS
Hunt CLS . CLS
1979 ,J. R. Quinlan CLS , 1D3 .
1. CLS
CLS , )
AttrList=(A,,A,,**,A,), A; Value (A;),
, o Class={C,,C,,
= Cote n=1,m=2, T={<X,C>}
<X9C>y <X7C> X:(CLl’az’"'aa,,)a a ; Z
A, ,C ,C e Class,
CLS,
CLS

(@Y
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; T
, AttrLiSt:(Al’Azy"'aA,‘a"'vAn);

Value(A,),Value(A,),+,Value(A;),--,Value(A,)

(2) 9 H ’ (3)0
(3) AttrList=0( ), ; , 4,
4) 1 A, ) A,
(5) A, Value(A;) s , s
’ A, ]
Cj’ b
C,‘ H . . ’
(6) 1 , (2),
2. CLS
7.1 »3 N N
H P N,

Value( )={ , , }

Value( ={ ,

Value( )={ . )

AttrListZ( 9 ’ )o
8 T, 7.1 R
7.1 7.1

1 P 5 N

2 N 6 P

3 P 7 N

4 N 8 N
[@D) CLS i
(2) o
(3) , o

(D 7.1 T (T
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T = (1(P),2(N),3(P),4(N),5(N),6(P),7(N),8(N))
AttrLiSt:( ’ ’ )

Loopl 1 i ’ Tz
o T,=(1(P),4(N),8(N))
o T,=(2(N),3(P),5(N),6(P),7(N))
1 ,  AttrList=( , )
Loop2 1 i ) T Tes
LoopZ21 “ i T, 3 ’
_« » Ty =(1(P).8(N))
—« T,=0 '
—« » T3 =(4(N)) ' N
Loop22 “ 7 . 3
. » T, =(2(N),6(P))
—« > T.=(3(P)) ’ :
e T =(G(N),7T(N)) ’ N
1 » AttrList=( )
Loop3 1 "’ i Tu Ta,
Loop31 “ i Ty 2 )
_« » T =(1(P) | :
—« T, =(8(N)) ' N
Loop32 “ i To 2
—« » T, =(6(P) | .
—« T2 =(2(N)) ' N
1 »  AttrList=()
Loop4 ’ °
CLS 7.1 o

Cee) () ()
3 u A
(e) ()
7.1 7.1 CLS
(2
R,: C = "HANC  =* HINC =S ) =P

R.: (=% MHAC =" HAC = ) =N



Ri: (=" HAC =" 7> =\
R,I: ( =“ 7 A ( o« W — e —«p»
R;: ( =“ "YA( _« "y A ( o« ”y > —“N”
Re: (=% "A( =% ">  —«p
R;: ( =% YA ( = 7)—> =“N”
(3
I{3 R7 . —" »_y :“N”
Rg R5 . ( =« ”) /\( — ”)4, :“N”
R, R, : ( =¥ ”) N (C = 7y > —“p»
R6: ( _« ”)/\( T4 ,,)_) :“P”
7.2.2 1ID3
CLS AttrList A,
T A, , .CLS
. Quinlan 1D3 . s
AttrList = (A |, A, -, Ay, A D A,
Value (A)={V ,=,V .,V } s T, e, s
Ty s T s TR T A V..
Tk ClaSS:{C] 7C29"'9Cj9"'9c,”},
[ ) ) Ci eh.(cj),1<j<m, Zeh(cj):ekr’
j=1
Ty C, P,=e.(C)/ew,
T
I(Tff,)) _ Epjlogzpj:* 2 €/U,((/,-)log2€,u((/,-)
j=1 i=1 €hx €
Ai Tk N )
(T, A) = > %I(T;ﬁ
=1 k
T, A. T,
) T, )
min{I(T,,A,) | A, &€ AttrList}
A, o
1D3 CLS I (T,,AD

T



2,

1D3
@)

(2)

(3)

(4)
I(T:.AD

@

€]
:Tﬁ ’

@

2 € pr

(5
7.2
(@)
(2)
(D

I(T") =—

’ T?

. AttrLiSt:(AlyAgs'" 7AI‘"

b

Value(A,),Value(A,),

“ ”»

T =1(P),4(N),8(N)),

(e] (P)log e, (P)
2

e €

el(N)l e; (ND
08>

€ [}

+

- (drs

61:39

3

..’A”);
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,Value(A,),-+,Value(A,)

, ; ) 3,
AttrList=(), ) 4,
A, A; T,

, A, .
A, Value(A;) s , T, e,
Tig s s T s T A, .

Ty —— 30 €=y 0w (C))
= € €
T ser (C)) C, o
A, T,
(T AD = 2 ST
T, )
min{I(T,,A)}
T,, A, o
C;, )
T, A, (2),

1D3 7.1, AttrList=( ) s )6
1D3 o

7.1 T :

T = (1(P),2(N),3(P),4(N),5(N),6(P),7(N),8(N))

AttrList=( ) , )
T, T e=38, 3 .3 o
1 “ ” T 2 o

e (P)=1,e,(N)=

2

zlo
3 08273

):0.918
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@) =“ 7 TV =(2(N),3(P),5(N),6(P),7(N)), e; =5, e, (P)
:Zsez(N):gs Té”
Dy (2 23y 3N
(T = (510g2 =+ log. )7 0.971
““ ”»” T
__ € [@}) €3 1) _ 3 5 o
I(T, ) = ST+ =H(TEY) = 2 X 0,918+ = X 0.971 = 0. 951
Loopl2 2 “ ” T 3 .
D = ” T® =(1(P),2(N),6(P),8(N)), e, =4, e, (P)=
Z,EQ(N):Za TiZ)
Dy (2o 2 4 200 2\ _
(TP = <4log24 +4log24>—1
@ = ” T =(3(P)), e, =1, e, (P)=1,e,(N)=0,
T;Q)
I(TY) =— (%logz%Jr%logz%): 0
® = ” TP =(2(N),5(N),7(N)), e; =3, e; (P)=0,e5;(N)
:3’ T§2>
I(T®) =— (%logZ%Jr%logz%): 0
“ ”» T
(T, ) =9I1(T®) +21(Te) + 91Ty = L1+t wor2xo=05
e e e 8 8 8
Loopl3 3 “ ” T 2 .
@ = ” TES):(1(P)93(P)94(N)95(N)96(P)>9 (31:59
e (P)=3,e,(N)=2, T
@y (Boe. S L 200 2\
I(TY) = (510g2 =+ log. )7 0.971
@ =« 7 TP =(2(N),7(N),8(N)), e, =3, e, (P)=0,e,(N)
=3, T
I(T{) =— (%10g2%+%10g2%>: 0
“ ”» T
KT, ) = I + 21T = % % 0. 971+% X0 = 0. 607
T .
1 (T, )y > 1 (T, ) > 1 (T, )
“ ” T 3

T,=1(P),2(N),6(P),8(N))
T,= P



Loop22

J— T ”

T(’)

T ”»

T,

Loop3
1D3
(2)

T,=(2(N),5(N),7(N)) , N
7, AttrList=( , )
T17T1 6:40 2 72
1 “ ” Tl 2 .
T =1(P),8(N)), e1=2, e, (P)=1,e,(N)=1,
oy (Lo, 1y
I(TY) = (210g22+210g22>—1
TP =(Q2(N),6(P)), e, =2, e, (P)=1,e,(N)=1,
(@) P i i i i _
(TP = (210g22+210g22)—1
T,
__ € ) Wy _ 2 2 _
) = —=I(TY; )+ I(T = =-X1+-—-—X1=1
e 4 4
2 “ ” Tl 2 s
T =(1(P),6(P)), e =2, e (P)=2,e,(N)=0,
(2) - 2 1 Q Q J—
(TY) = (Zlog22+zlog22)—o
T =(2(N),8(N)), e, =2, e, (P)=0,e,(N)=2,
(2) - Q Q 2 1 J—
(TY) = (Zlog22+zlogz2)—o
T,
>:€11(T”>>+€—21<T§§>> — 2o+ Zxo0=0
e 4 4
(T, )y > I(T,, )
2 :
T, =(1(P).,6(P)) , P
T,,=(2(N),8(N)) , N
7 AttrList=( )W
7.2 .
”)/\( o« ”)4’ —«“p”
”)/\( :“ ”)*> :“N”
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7.2 7.2 ID3
R;: = 7 =%“p”
R,: = V> =*“N”
7.2.3
7.3 .3
; Y( N( Do
Value( )={a,.as.a;)}
Value( )={b,,b,}
Value( Y=A{hyh;}
AttrList=( , , Do
8 T 7.2
7.2 7.3
1 ai b1 h Y 5 as by h N
2 a by h N 6 a by h Y
3 as be h Y 7 as by hs N
4 as b1 h N 8 ai b1 hoy N
D) CLS .
(2)
(€D ) .
@) AttrList=( , ) s CLS
(5 1D3 .
(D 7.2
T = (1(Y),2(N),3(Y),4(N),5(N),6(Y),7(N),8(N))
AttrList=( ) ,
Loopl 1 “ ? T 3
=%a,” T,=00Y),2(N),6(Y),8(N))

T,=3(Y))



Loop2

Loop3
Loop31

Loop32

Loop4
CLS

=
~ N~ o~

,AttrList=(

1

“

:“b ”»
1
:“])Z”

,AttrList=(

1

”»

:“hl”

j— “]l 5 ”»

“

”»

:“hl”

j— “]l ) ”»

“

Tll

T:;=NN),5(N),7(N))

b

”

)
T, 2

T, =CY),8(N))
T, =(2(NN),6(Y))

Do

”

2

Tll TlZo

Ty, = 1Y)
T, = (8(N))

TlZ

2

T, =06(Y))
T122 :(Z(N))
,AttrList=( ),

7.3 .
(ki)

531

(L]
Guz)
b1 !'72
(kg2

h? h.l }12

“])1”)/\(
“bl”)/\<
“bz”)/\<

:“bz”) /\(

— “Y”
— “N”

“
="a,

&
="a,

— “Y”
— “N”

NN
NN

:“hl”)*>
:“hg”)»
:“hl”)»

:“hg”)‘>

:“hl”)»

:“hz”)%

— “Y”
— “N”
— ““ Y”
— “N”

j— “Y”
— N”

B 205

. N
, Y
. N
, Y
. N
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€9
T=01Y),2(N),3(Y),4(N),5(N),6(Y),7(N),8(N))
AttrList=( , ,
Loopl 1 “ ” T 2
=%“p,” T,=0Y),4(N),8(N))
=%“p,” T,=2(N),3(Y),5(N),6(Y),7(N))
1 s AttrList=( , Do
Loop2 1 “ ? T, T,,
Loop21 “ ” T, 2
=%a,” T, =1(Y),8(N))
=%a,” T,,=C)
=%a,” T,,=(4(N)) )
Loop22 “ ” T, 2
=%a,” T, =2N),6(Y))
=%a,” T,,=(3(Y)) )
=%a,” T, =(5(N),7(N)) ,
1 s AttrList=/( )
Loop3 1 “ v T Tu,
Loop3l “ ” T, 2
=%“n,” T =0Y)) )
=%“n,” T, =(8(N)) ,
Loop32 “ ” T, 2
=%“n,” T, =06(Y)) )
=%“n,” Ty, =(2(N)) )
1 JAttrList=( ),
Loop4 , o
CLS 7.4 .
()
(
7.4 7.3 CLS
Ry :( =“b,") A\ ( =%a,”) N\ ( =“h,”)— =“Y”

=
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R, :( =“b,") A\ ( =%a,”) A\ ( =%h,")—> =“N”
R;:( =“b,") N\ ( =45, ") >  =%N”
R, :( =“b,") N ( =%a,”) N\ ( =%h,")— =“Y”
R;: ( =“b,”) N ( =%a,”) N\ ( =%h,")—> =“N”
R : ( =“b,") N\ ( =%a,”)—> =“Y”
R7:( =“b,") N\ ( =“a;")— — N
R, R, : ( =%“a,") N\ ( —“p My =y
R, Rs : ( =%a,”) N ( =%h,")—> =“N”
R; R; . —ty, —«N”
Ry ( =%b,") A ( =“q,”)—> =4“Y”
5
T=(1(Y),2(N),3(Y),4(N),5(N),6(Y),7(N),8(N))
AttrList=( , R ),
Loopl T, T e=8, 3 ,3 .
Loopll 1 “ ” T 3 .
O =“aq,” TP =1Y),2(N),6(Y),8(N)), ey =4, e, (Y)=

2,e,(N)=2, T
Y)logzel(eY) +61(N)logzel(N)):— (210g7£+%10g22): )

e
e

1 € (] 4 h4 4
@ =“g,” T =(3(Y)), e =1, e, (Y)=1.,e,(N)=0,
Tél)
1 1,0 0
My [+ 4 Y = =
I(TrsY) = <1logzl+1logzl> 0
®) =“g,” T =(4(N),5(N),7(N)), e, =3, e, (Y)=0,
eg(N):ga Tén
by (04 0 3. 3y
I(TP) = <310g23+310g23> 0
“ ” T
I(T. ) = AT 21Ty 41Ty =L 1L wor3 xo=o0.5
e e e 8 8 8
Loopl2 2 “ ” T 2 .
D —“p,” T® =(1(Y),4(N),8(N)), e, =3, e (Y)=1,e,(N)
:2, T(12>
o) (Loe 2o 2
I(T®) = (3log23+3log23>—0.918
@ —“p,” T =(2(N),3(Y),5(N),6(Y),7(N)), e,=5,
ez(Y):Z,ez(N):?), T;Z)
, 2 2 3 3
(2) — = ,— - ,— | =
[(T®) = (510g_5+51og_5) 0.971

“ 2 T



208 [N

ICT, ) = ST + 1) = % % 0. 918+% % 0.971 = 0. 951
Loopl3 3 “ ? T 2 .
D —“p,” T =(1(Y),3(Y),4(N),5(N),6(Y)), e =5,
e (Y)=3,e,(N)=2, T®
(3) - i i 2 é p—
I(TY) = (510gz 2+ = log. >_ 0.971
) —“p,” T =(2(N),7(N),8(N)), e, =3, e, (Y)=0,
e, (N)=3, T
(3) P Q 2 é i _
I(TY) = <310g23 +310g23>—0
“ ”» T
I(T, >:“11(T”>>+ I(T‘”) %XO.971—|—%><0:0.607
T ,
I(T, ) > I(T, ) > I(T, )
“ ”» ’I‘ 3 .
“g.” T,=(Y),2(N),6(Y).8(N))
—“gq,” T,=(3(Y)) . Y
“a,” T,=(4(N),5(N),7(N)) , N
“ 7, AttrList=( , )6
LOOpZ T19T1 C':/lo 92
Loop21 1 “ ” T, 2
D —“p,” T8 =(1(Y).8(N)), e =2, e (Y)=1,e,(N)=1,
T
oy (L1 1 1y
I(T ( logzerZlogzz)—l
©) —“p,” P =(2(N),6(Y)), =2, e, (Y)=1,e,(N)=1,
T(l)
wy (L 1.1 1y
I(TY) = (210g22 + 210g22>—1
“ ” Tl
I(T,. ) = SAITO) + 21Ty = 2 x1+ 2 x1=1
e e 4 4
Loop22 2 “ ” T, 2
D —“p,” T =(1(Y),6(Y)), e, =2, e (Y)=2,e,(N)=0,
®
2 2 .0 0
(2) . = y — i b — | =
(T®) = (Zlogu2 +21°g22) 0
© =“p,” T =(2(N),8(N)), e, =2, e, (Y)=0,e,(N)=2,

(2)
12
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TR = (4flogaiy + Sloga o) = 0
. S
(T, . >:%I<T§%>>+%I<T§§>>:%xw%xo:o
T, :
1(T,, ) =1 (T,, )

“ "o, 2 .
—p Th=10Y).6(Y)) :
—p,” Th=(2(N).8(N)) :

“ 7, AttrList=( Do

Loop3 ) o
1D3 7.5 o

7.5 7.3 ID3

R,:( =“a, ") A — > =Y
R, ( =“a,”) N\ ( =“h,")— =“N”
R, g, =Y
R,: =%“q,"— =“N”
7.4 . . 4 1D3
Y) (ND o
Value( )={aisaz.as}
Value( )={b1,by.,b,}
Value( d)={ciscy}
Value( Yy={d,.d;.,d;}
AttrList=( , , ) )
24 T 7.3 o
7.3 7.4
as b e di N || 13 as bs e di N
as by ¢ d; N || 14 as by e ds N
as by ¢ ds N || 15 as by cs di Y
ar b 1 d Y || 16 as bs cs ds Y
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5 a b cl ds Y 17 as b Co d N
6 as by 1 d N 18 as by Cco ds N
7 as b3 cl d; N 19 as bs Co d; Y
8 as b Co d Y 20 as by Co ds Y
9 as b3 Cco ds N 21 a, b, cq ds Y
10 as b1 Co d; N 22 ai b c1 ds Y
11 a, b3 Co d> Y 23 a, by Co d Y
12 a b3 [ d; Y 24 as bs c1 d; N

(D D3 .

(2

(1 7.3

T=1(N),2(N),3(N),4(Y),5(Y),6(N),7(N),8(Y),9(N),10(N),11(Y),12(Y),13(N),
14(ND ,15(Y),16(Y) , 17(N),18(N) ,19(Y),20(Y) ,21(Y),22(Y) ,23(Y),24(N))

AttrList=( ’ ’ ’ )o
Loopl T.T e=24, 4 4
Loopll 1 “ ” T 3 .
D =%“q,” T =4(Y),5(Y),11(Y),12(Y),21(Y),22(Y),23(Y)).,
7 el(Y)_7,€1(N)_O, Tﬁ”
(Y) el(Y) el(N) El(N) 7 7 0 0
(@) —_ [ — 5 — — o— | =
I = ( g T o ) == (Floga - loga ) = 0
@ ag” T3 =(1(N),2(N),3(N),13(N),14(N),15(Y),16(Y),

19(Y),20(Y)),
6229, ez(Y):49€2(N):5, T;”

Wy (A A 5 5L
I(T;Y) = <9log_> 5 + 9logz 9 )—0.991
©) —“q,” T =(6(N),7(N),8(Y),9(N),10(N),17(N),18(N),
24(N)) .,
e, =8, e, (YD)=1,e,(N)=7, T
1 17 7
1) _ — b — R  — | =
I(T) = (810g_ ¢ T glog: 8) 0. 7499
“ ” T
I(T, >:€11(T“)>+ 1(T“>>+ I(T‘”)
:ixo+—><o 991+—><o 7499 = 0. 6261

Loopl2 2 “ ? T 3 .
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@) =“b,” TP=1(N),2(N),3(N),4(Y),5(Y),8(Y),10(N),
23(Y)),
61:8’ €1(Y):47€1(N):47 T§2> :
oy (4 44 LR
I(T?) = (810g28+810g28>—1
@) =“b,” T =(6(N),7(N),13(N),14(N),17(N),18(N),19(Y),

200Y),21(Y),22(Y),24(N)),
62:119 eZ(Y):49€2(N):79 TEZ)

oy (Ao A T Ty
(T = <1110g211+111°g111)_0'9456
©) —“p,” T® =(9(N).11(Y),12(Y).15(Y).16(Y)).
e; =5, e; (Y)=4,e,(N)=1, T
(2) - i i l l —
[(TY) = (SIng =+ log. = )— 0.7218
“ ” T
I(T, ) = %I(Tﬁ”)—|—%I(T§”)+%I(T§Z’)
_ 8 11 5 _
= 57 X 1 5, X 0.9456 + % X 0.7218 = 0.9171
Loopl3 3 “ ” T 2 .
0 —“c,” T =(1(N),2(N),3(N).4(Y),5(Y).6(N),7(N),13(N),

14(NDL21(Y),22(Y).24(N)),
e =12, e (Y)=4,e,(N)=38, T

Dy (Ao b L8, 8\
I(Ty) = (1210g212+ lzlogzlz)— 0.9183
@ =%“c,” T =(8(Y),9(N),10(N),11(Y),12(Y),15(Y),16(Y),

17(N) ,18(N) ,19(Y),20(Y),23(Y)),
62:12’ €z(Y):8,€2(N):4, T;S)

@y (8 8 4,4
I(TY) — <1210g212+1210g212)—0.9183
“ ” T
I(T, ) = %uﬂ”) +%I(T§3’)
_ 12 12 _
= 57 X 0.9183 + 57X 0.9183 = 0. 9183
Loopl4 4 “ ” T 3 .
D —“d,” TO=(1(N),4(Y),6(N),8(Y),13(N),15(Y),17(N),

23(Y)).

e, =38, e (Y)=4,e,(N)=4, T :
wy (A A Ay A
I(T{Y) = (810g28+810g28>—1
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@ =%“d,” T3 =(2(N),10(N),11(Y),20(Y),21(Y),24(N)),
62:69 6‘2(Y):39€2<N):39 Té“

Wy (3 3.3 3\
I(TY) = (610g26+610g26>—1

® =“d” T2 =(3(N),5(Y),7(N),9(N),12(Y),14(N),16(Y),
18(N),19(Y),20(Y)),

({‘3:10, 63(Y):5763(N):57 TH)

[(T®) —— (—logz d +—1 0g, ) 1

10 10
“ ” T
I(T, ) = %I(Ti’“) +%I(T§“)—|—%I(Té’”)
= S X1+ 2 X1+ 0x1 =1
T ,
I (T, ) > 1 (T, ) >1 (T, ) > 1 (T, )
“ 7, T, 3

o =%q,”

T,=04(Y),5(Y),11(Y),12(Y),21(Y),22(Y).,23(Y)) , Y

L =%“a,”

T,=1(N),2(N),3(N),13(N),14(N),15(Y),16(Y),19(Y),20(Y))

° =%“a,”

T,=6N),7(N),8(Y),9(N),10(N),17(N),18(N),24(N))

“ 7, AttrList=( , ) ) e

Loop2 T,,T, e=9, 3 .3

Loop21 1 “ ” T, 3 .

D =%“p,” T =(1(N),2(N),3(N)), e, =3, e, (Y)=0,
e (N)=3, T3y

i) —— (o + S )

@ =“p,” T5 = (13(N),14(N),19(Y),20(Y)), e, =4,

e, (Y)=2,e,(N)=2, 5
I(T) =— (%bgz%—l—%logz%): 1

® =“p,” T =(15(Y),16(Y)), e; =2, e; (Y)=2,e;(N)

=0, TS

(1) - é 2
I(T) = (210{%2

0 0y
5 +?log2—>— 0

2
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7
““ ” T2
I(T,, ):%I(Té”)Jr 1<T“>>+%1<T§;>
_ 3 4 2 5=
= 5 X0+ 5 X1+ X0 =0.4444
Loop22 2 “ ? T, 2 .
D —“c,” 2 =(1(N),2(N),3(N),13(N) . 14(N)),
e, =5, e (Y)=0,e,(N)=5, T
oy (04 0 5, 5\
I(TY (510g15+510g25>—0
) —“c,” T =(15(Y),16(Y),19(Y).20(Y)),
62249 ez(Y):4yez(N)209 ;g)
oy (Ae d 0, 0
(TY) = <410gz4 + 410gz4>f0
“ ” T2
I(T,, ) = 6‘1<T<’>)+%21(T;§>
_ 5 40
=5 X0+ 5X0=0
Loop23 3 “ 7 T, 3 o
0 —“d,” T =(1(N),13(N),15(Y)),
61239 €1(Y):1961(N):29 T(S')
1 1 2 2
3y L R il £ )=
(TS =— (g loge 3 + S loga s ) = 0.9183
) —“d,” @ =(2(N),20(Y)).
e, =2, e, (Y)=1,e,(N)=1, T
1 1 1
3y [ L = = S — | =
I(TY) = (210g22+210g22> 1
©) =“d,” T =(3(N),14(N),16(Y).19(Y)).
63:49 €3(Y):29€3<N):29 ;g)
2 2 2 2
By [ 2 R = ,— | =
I(TY) = <4logz4+4log.4) 1
“ ” TZ
I(T,, )=%I(Té’?)+%I(T§§’)+%I(T§§)
=%><O.9183+%><1+%><1=O.9727
T ,
I(T,, ) >TI1(T,, > >1(T,,

“ ”» T N 2
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:“Cl” T“:(l(N),2(N),3(N)913(N),14(N))
:“CZ” T22:(15<Y)916(Y)919(Y)920(Y))
“ 7, AttrList=( , ).
Loop3 T,,T, e=28, 2
Loop31 1 “ 7 T, 3 o
D =“p,” TV =(8(Y),10(N)),
61:2, Cl(Y):19€1(N):19 (2})
(@8] —_— i l i l —
I(TY) = (210g22+210g22)—1
® =“p,” 5 =6(N),7(N),17(N),18(N),20(N)),
e, =5, e, (Y)=0,e,(N)=5, T
oy (O 0 5y 0
I(TY) = (510g25+510g15>—0
©) =“p,” T =O(N)),
e, =1, e; (Y)=0,e;(ND=1, T
(@8] —_— Q Q l l —
I(TY) = (llogzlJrllogzl)—O
“ ” T3
I(T ) = ST + 1T + ST
3 e 31 e 32 e 33
2 5 1 .
—§><1+§><O—0—§><O—O.25
Loop32 2 “ ? T, 3 .
D =%d,” T =(6(N),8(Y),17(N)),
€]:39 €](Y):17€](N):27 T(Z>
1 1 2 2
(2) — _ - = — | =
I(T¢ (3 log. - + 7 log. 5 ) 0. 9183
@ :“dZ” (2)_(10(N) 24(N))
62:2, ez(Y):anz(N)ZZa (3?
(2) —_— Q Q é 1 —
I(TH) = <Zlog22+210g22>—0
Q@ =%d;” T =(7(N),9(N),18(N)),
e; =3, eg(Y):ang(N)ZSa (3%)
oy (O, 0 3, 3N\ _
I(TY) = <3log23 +310g23>—0

“ » T
3

I(T,, )*elI(T‘Z’)+—I(T“)+%I(T§§>

52
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e, (Y)=1,e,(N)=0,

e, (Y)=0,e,(N)=1,

7
=%><o.9183+%><o+%><o=o.3444
T, s
I1(T,, ) >1(T,, )
“ ” T, 3 :
=“p,” T4 =(8CY),10(N))
[} =%“p,” T, =06NN),7(N),17(N),18(N),20(N))
[ ] =“p,” T3 = (N))
“ 7, AttrList=( )6
Loop4 T;,T, e=2,
1 “ ” Ty 3 o
) =%d,” T =(8(Y)), e =1,
Tih
(T =— (%logz%Jr%logz%): 0
&) =%d,” TS =(10(N)), e, =1,
T5h
I(T$)) =— (%logz%Jr%logz%): 0
©) =%d;” T =0, e; =0, 0,
(T =0
“ » T.,
I(T, . ) = ST + 1T + ST (T
=%XO+%XO+%XO=O
,Loop4 o
“ 7 Ty 3
° =%d,” T3, =8(Y))
=%d,” T3, =C(10(N))
[ ] =%d,” T,:=0)
“ 7, AttrList=( ),
Loop5 , o
1D3 7.6 o
(2)
R,: =%“q,"— Y)
R, ( =%“a,”) N ( =%“c,")—> (N)
R;: ( =%“a,”) N\ ( =%c,")—> )
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H R

7.6 7.4 ID3

R]:( :“ag”)/\( :“[)1”)/\( :“dl”)_) (Y)
R;: ( =%a;") N\ ( =“b,”") N ( =“d,”)—> (ND)
R;:( :“ax”)/\( :“])2”)_) (N)
R;:( =“a,;") N ( =%p,”)—> (ND)
7.3
(Genetic Algorithm,GA) ,
J. Holland , ,
7.3.1
s DNA, ,
s (Genetype) (Phenotype)

, (Individuals) .



(Population) ,

(Crossbreed)
3 ,

(Genetic Operations) ,

B
@
©
©
@ ;
® .
5
7.5
(1)
) O’\’gl
01000,2=13
(2)
n=4%4,
, 4
=10011,
(3)

7 217

(Population Size) o

(Fitness),

7.7

° [ mimmwmbrikeg |
, (Selection) . *

|2 e 1 BT E i B

(Mutation)

7.7

f(x)=2xa" ,x€10,31],

0~31 ’

5 R ,x=28
01101

4 .
x,=13=01101,2,=24=11000,25,=8=01000,2,=19

(First Generation) R
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o f(x)=2"* s flx)=2"’ x R
’ ] f(l') X
. f(-T):xz X fi X;
’ X ’ X ngo
(4)
, W ,
fi S(f{>y S(fi) Si ’ .
® X fi’i:]929 M, pi:fi/
DV fiei=1.20 0, D) pi=1,
i=1 i=1
@ n ’ °
b n , LI=(x x5, 5x,)
X 2 Ty , 1 .,
(Mating Pool)
7.4 . 4 1']:24‘1'2:19‘13:13 1,1:89
fi=xt f1=576,f,=361,f,=169 fi=64, sz:f,/z [ P
i—1
=0.49,p,=0.31,p5=0.14 p+=0.06, 4 (24,19,13,8), X,
2 . X, X 1, Zio R MP (24,24,
19,13}, , , , {11000, 11000,
10011,01101},
(5)
) 2 o
@ ° X i i j9
x; (1<, j<n,i#j),
® o ’ m °
, 5 . m=>5,
ko 1<b<m,2 1 k
( ), 2 o
) 1, mo

, MP={11000,11000,10011,01101},



, =1 j=4, 1=2
=3, MP x,=11000 x,=01101 ,  x,=11000 x;=10011 R
2 ° (.T1,14) k=3, X
3 s 2 11101 01000, 2
8, (x5,x3) k=1, Xy, X 1 , 2
11001 10010, 2 25 18, s
MP={29,25,18,8},
(6)
2 o
(blt) “O” “17’_ “1”
b b ’ b
“0”0 . s
, s 0.01, , 20X0.01=0.2 s
o b
b b o
5 s s 7.4
x=31,
7.4 7.5
i fi pi ( )|« ) X k ( ) |«
24 576 0.49 2 24 11000 Xy 3 11101 29
19 361 0.31 1 24 11000 x3 1 11001 25
13 169 0.14 1 19 10011 X2 1 10010 18
8 64 0. 06 0 13 01101 T 3 01000
29 841 0.453 2 29 11101 X3 1 11101 29
25 625 0.337 1 29 11101 x4 2 11110 30
18 324 0.175 1 25 11001 X 1 11001 25
8 64 0.035 0 18 10010 ZTo 2 10001 17
30 900 0. 339 2 30 11110 xy 1 11111 31
29 841 0.317 1 30 11110 x3 4 11101 29
25 625 0.235 1 29 11101 xo 4 11110 30
17 289 0.109 0 25 11001 X 1 11000 24
31 961 0.293 2 31 11111 X2 2 11111 31
30 900 0.275 1 31 11111 X1 2 11111 31
29 841 0. 256 1 30 11110 x 1 11111 31
24 576 0.176 0 29 11101 X3 1 11100 28
31 961 0.262 2 31 11111 X2 1 11111 31
31 961 0.262 1 31 11111 X1 1 11111 31
31 961 0.262 1 31 11111 x 2 11111 31
28 784 0.214 0 31 11111 X3 2 11111 31
7.4 LI(1)=1(24,19,13,8) . ,

LI(2)=(29,25,18.8),
LI(Z), (11913):(19918) (12914):(2598)3 (xl?IS)
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k=1, (x,,x,) k=2, LI(3)=1(30,29,
25,17,
LI(3), (x1,24)=0030,17) (x3,23)=0(29,25), (x,,x,)
k=1, (x:,x3) k=4, LI(4)= (31,30,
29,24),
LI(4), (x1:2,)=0(31,30) (x3,2,)=(29,24), (x;.2x,)
k=2, (x3,x,) k=1, LI(5) = (31,31,
31,28),
LI(5), (x1,22)=0(031,31) (x3,2,)=0(31,28), (x,,x)
k=1, (x3,x,) k=2, LI(6) = (31,31,
31,31,
s , , =31,
7.3.2
7.6 flx)=2a"? ,x€[0,637, n=4,
{56,31,24,8}, fo)==z%,
(D 3 2 ,
1 .
(2) 2, 1 )
1 .
(D 7.5 .
7.5 7.6 (1)
o fi s k
56 111000 3136 3 111000 Ty 3 111111 63
31 011111 961 1 111000 3 1 111000 56
24 011000 | 576 0 111000 v 1 111000 56
8 001000 64 0 011111 ) 3 011000 24
63 111111 3969 3 111111 T3 1 111111 63
56 111000 | 3136 1 111111 Yy 2 111100 60
56 111000 | 3136 0 111111 ) 1 111111 63
24 011000 | 576 0 111000 2 2 111011 59
63 111111 3969 3 111111 ) 2 111111 63
60 111100 3969 1 111111 X 2 111111 63
63 111111 [ 3600 0 111111 v 1 111111 63
59 111011 3481 0 111111 3 1 111111 63
, . =63,
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(2) 7.6 o
7.6 7.6 (2)
X ; X
fi ; k
56 111000 3136 2 111000 T3 3 111111 63
31 011111 961 1 111000 Ty 3 111000 56
24 011000 | 576 1 011111 z 3 011000 24
8 001000 64 0 011000 v 3 011000 24
63 111111 3969 2 111111 T 4 2 111100 60
56 111000 3136 1 111111 X3 2 111100 60
24 011000 576 1 111100 X2 2 111011 59
24 011000 | 576 0 011000 1 2 011011 27
60 111100 3600 2 111100 X3 1 111100 60
60 111100 3600 1 111100 x4 2 111111 63
59 111011 3481 1 111100 X1 1 111100 60
27 011011 729 0 111011 z 2 111000 56
63 111111 3969 2 111111 X2 2 111111 63
60 111100 3600 1 111111 X 2 111111 63
60 111100 3600 1 111100 X 1 111100 60
56 111000 | 3163 0 111100 z 1 111100 60
63 111111 3969 2 111111 x3 2 111111 63
63 111111 3969 1 111111 X 1 111110 62
60 111100 3600 1 111111 X1 2 111111 63
60 111100 3600 0 111100 X2 1 111101 61
63 111111 3969 2 111111 X2 1 111111 63
63 111111 3969 1 111111 X 1 111111 63
62 111110 3844 1 111111 X 1 111110 62
61 111101 3721 0 111110 X3 1 111111 63
63 111111 3969 2 111111 X3 1 111111 63
63 111111 3969 1 111111 Xy 4 111111 63
63 111111 3969 1 111111 x1 1 111111 63
62 111110 3844 0 111111 X 4 111111 63
) o =63,
"‘ b ” o
) ) N (Grey Model),
, .

7.7 1984 2005 ( ) 7.7 s
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7.7 1984 2005
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
720 542 189 714 846 1106 1616 3097 2586 2381 2235
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
1819 1985 1854 2011 2636 3185 2816 3187 3926 4427 4550
@)
7.7 1984 2005 .8
o ’ b b
ok m /AN
5000 |
4 000 |
3 000 |
2000 F
1000 b
O 1 1 1 L L L L L 1 1 1 1 1 jﬁE
1984 1986 1988 1990 1992 1994 1996 1998 Z000 2002 2004
o b b b
5 ’
) H ) ’
Logistic . Logistic
dy
—= = a(b—y)
dz Y
y = b
1+ me
’ ( ) s
sm  C a.b
Logistic 7.9 )
. Logistic
Logistic
1984 Logistic “
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., Logistic . 5
v = At [
) .
7.8 . 1984
.. O f
2005 7.9 Logistic
. . 7.9 Logistic
7.8 )
Logistic )
b s t
y = (dJril—i—me’”)X (1*pe “sm[n(F—O—u”)
s P wh C Dsu '8 o
8 bievdsmipigh u, 8 ,
(),
(2)
) .
8 x=Cb,c,dsm,p.g.h,u),
) .
7, n T =(An s@in s@iz s@ig sQis sQis sQi7 sQig ) 51—
1,2,+,n, x; k a» (1<<E<8) x; k .
©) .
(@ v (1)
) 1984 2005 y(®) v () o )
2
Fhocsdampagohaw) = D) | v — 3" (@) |
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5 0.1588 0.1622 0.1611 0.1615 0. 1685 0.1789
6 0.1622 0.1611 0.1615 0.1685 0.1789 0.1790
n, m=3n, W=
[wq]nXmo ) U:(uj)mo
BP , k o
@©
ap= Ew,jx,k, j=1,2,-.m
i=1
©)
bp=thCa), j=1,2,.m
®
cr= Zujbjk
=1
@
y,= th(cy)
® m

Si=— (yi— vy f(c) =— (yi—y)th (¢
Auj:ﬁakBjk’ j:1729"'9771
© n m
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Sup=f"Ca) D u;d,=1th"Cau) Dud,s j=1.2,m

j=1 i=1

Awy= 90 uZlas = 1,2, m, j=1,2,,m

@
w; = w;t+Aw;, =1,2,>n, j=1,2,,m
w;=u;+Au;s j=1,2,m
’ @’\’@ ’ @’\’@ o
6 ( 7.11 ) 1 max , BP
2001~2005 , DO~®
. 10* 2006 o ’ 2002~2006
2007 o s
Xy ’ o
, BP o
(1)
, ,
, o
6 . o
’ y
s s ,
, s
, o
(2)
, o
o ,
% max s % max
7.11 , 5X15X1 BP 6
, 6 7.12 ( 10,
6 Y17 Ve 6 v}k k
Dy (1) ~7y,(6) o
7.12 5X15X1 BP
k yr (D) yr(2) yr(3) yi(d) ye(5) v (6) Vi
1 1556. 36 1552. 96 1664. 99 1550. 46 1538. 47 1581. 94 1547. 20
2 1610. 40 1606. 85 1610. 55 1603. 05 1599. 24 1631. 34 1610. 24
3 1629. 54 1622. 75 1623.61 1640. 05 1636. 15 1619. 04 1628.52
4 1686. 96 1691. 98 1700. 33 1673. 83 1665.13 1704. 25 1687. 08
5 1707. 27 1706. 67 1715. 38 1698. 63 1693. 20 1728. 24 1708. 23
6 1770. 16 1758. 84 1772. 07 1760. 41 1752. 60 1790. 05 1767. 36
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7.12 ) L max ’
, ye (1D ~y,(6)
(3)
, . BP 5X15X1,6 X18X1
7TX21X1 s 1995 2005 7.13
o 5X15X1 s 6 ;0 6X18X1 s
6 , 5) ;0 7TX21X1 , 4 o
7.13 BP
5X15X1 6X18X1 7X21X1
" Ve YETVE Yk YETYE Yk YeTYE
2000 1622 1556. 36 —65. 64
2001 1611 1610. 40 —0.60 1612. 92 1.92
2002 1615 1629. 54 14. 54 1613.99 —1.01 1612. 25 —2.75
2003 1685 1686. 96 1. 96 1687. 10 2.10 1693. 69 8.69
2004 1789 1707. 27 —81.73 1789. 36 0.36 1788. 35 —0.65
2005 1790 1770.16 —19.84 1790. 38 0.38 1794. 05 4.05
1Y
7.13 618X 1 E=5 20 emo)?
E=1
X18X1 L7 X21X1 ,oX15X1
6X18X1 2006 1829. 25 ) 2006
1829 ) o
(4) BP
BP ) ,
BP s , s ’
, m BP ,
m m R ,  m BP s Y, =
(ViksYors sy m) m ViksYoes s Yk °
(5)
N 2000~2005
7.14 o
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7.14
Vi
Ve VETYE Vi VETYE Vi Ve VE
2000 1622 1629. 36 7.36 1625.73 3.73 1637.18 15.18
2001 1611 1666. 79 55.79 1664. 42 53.42 1670. 03 59.03
2002 1615 1679. 11 64.11 1677. 36 62. 36 1680. 44 65. 44
2003 1685 1703. 79 18.79 1703.58 18. 58 1700. 71 15.71
2004 1789 1728. 02 —60.98 1729.71 —59.29 1719.93 —69.07
2005 1790 1755. 24 —34.76 1759. 56 —30. 44 1740. 75 —49. 25
7.13 7.14 s 6 X18X1 7TX21X1 BP
b o
7.1 o
7.2 B
7.3 o
7.4
7.5
.6 ; o
7.7 BP
,BP
7.8 o
7.9 BP o
7.10 BP Aw Aw
7.11 ,
7.12 8 s
o s . Y)
Value( )={ai.az.as}
Value( Y={b,,by.b5}
AttrList= ( s DN

T

(N),
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7
1 ai by N 5 as bs Y
2 a by Y 6 ai b3 Y
3 as by N 7 a by Y
! a b Y 8 ai b N
D CLS .
(2) o
7.13 3
N . 3 1 Y( ) N( )
Value( Y={a,,az.a;}
Value( )={by,b,:b;5}
Value( Y={h,,h,}
AttrList=( , s Do
8 T
1 a by hy Y 5 as by hy N
2 a by ho N 6 al by h Y
3 as b3 hy Y 7 as by hoy N
| as by h N 8 ai bs ho N
(D CLS o
(2) o
(3) , o
4 AttrList=( s , ) o
(5) 1D3 o
7.14 .
(DQ) . AJz272Y) . (YJZD . (YJHE)
1D3
Value(DQ) ={a,,a, a3}
Value(JZZY) ={b1,b, b5}
Value(YJZ])={ci,cy.c5}
Value(YJHF) ={d, .d,}
AttrList=(DQ.JZZY,Y]Z],YJHF),
24 T
DQ 1272Y YJZ] YJHF DQ 1272Y YJZ] YJHF
1 as b1 c1 di N 13 as by c1 d N
2 as b1 ¢ di N 14 as by C3 d N
3 as b c3 d N 15 as by c1 d; Y
4 ai b1 cq di Y 16 as bs c3 d; Y
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DQ JZ7Y YIZ] YJHF DQ 127Y Y1Z] YJHF
5 ai b1 C3 di Y 17 as by 1 ds N
6 as b c1 d N 18 as b c3 d N
7 as b c3 d N 19 az b c3 d Y
8 as b1 c1 d; Y 20 as by Cco ds Y
9 as b c3 d» N 21 ai by ) d Y
10 as by c2 d; N 22 ai by c3 d, Y
11 ai bs co d; Y 23 ai b [ d; Y
12 ai b3 C3 d» Y 24 as by ) d N
(D 1D3 o
(2) VIP .
7.15
o 5 N N N
o (Y. (N,
Value( )= { , }
Value( )= }
Value( )={4 4 .6 )
Value( Y={a,sa;sa;}
Value( Y={b,,b,.,b5}
AttrList=( , , , )
16
1 4 ai by Y
2 6 as by N
3 6 as by Y
4 4 a b3 Y
5 4 as by Y
6 4 as bs Y
7 4 as b3 N
8 4 ai b Y
9 4 ai b1 N
10 4 as by Y
11 4 as by Y
12 4 as b3 Y
13 6 as by Y
14 6 as bs Y
15 4 ai b3 N
16 6 a b1 Y
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D 1D3 o

(2) .

(3 s , o

7.16 f(x) =z ,x€[0,127], n==6, LT(1)=
(110,86,68,47,32,17) , 3 2 s

1

7.17 x?—1=63 ,x€[0,31], n=4, LT(1)=1(24,19,
13.8), flo)y=]a?—64], 2,

, 1 .
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