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. N .
N={0, 1,2 3, ...} (1) Z(x)=0 A6
< ( ) 2 0 12349
N (2) S(x)=x+1 S
1 x 1 5
NN (3) Un'(X1, ..y Xiy «eey Xn)=Xi
- i Xi 1
1234
2003/10/20 5 d 2003/10/20
?
. f(X1, .oey Xn)
0 A =h(xy, ..., Xn-1, Xoed, F(Xq, ..., Xn=1))
r hr n g i 1 =h(xq, ..., Xn1, Xo-L, A(Xq, -, Xn1, Xoe2, F(X, .., Xo-2)))
?(xl X )-hzgl(xl Xo), - GlXs -, Xe)) =h(xe, ... Xet, Xord, WX, - Xty X2, PG QK - Xed) -2)
S = s eeeoXn)y oo Or(Xa, ..ty Xn 0
(D) (primitive recursion)
n-1 g ntl h Xn-3
n f 1 Xn-2
f(X1, +.er Xn)=g(X1, --.,Xn1) (Xn=0 ) !
f(X1, ..y Xn)=h(X1, ..., X1, Xn=d, f(X1, .oy Xn71)) (X0 O )
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(primitive recursive)

(D). (.0
(1), (1
(© )
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(4)

i | (%) an(xl, ey Xiy oeny Xn)=K

an(xl, weey Xiy «eey Xn)

S(S(.... SZ(Un (X4, ..., Xn)))-..))=k

I x 1

0k 1 ( )
x 0

Cs(X1, X2, X3, Xa, X6)=S(S(S(Z(Us'(x1, X2, X3, X4, Xs)))))
=S(S(S(Z(x4))))=S(S(S(0)))=S(S(1))=5(2)=3
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BN plus(2, 4)=S(Us’(2, 3, plus(2, 3)))=S(plus(2, 3))

(5)

(5) X1+X2
plus(X1, X2)= X1+X2
plus(xz, X2)= U11(X1) (x2=0 )
plus(xy, xz)=S(U33(x1, Xo-1, plus(x1, X2-1)))
(x2 0 )

S(S(U33(23, 2, plus(2, 2))))=S(S(plus(2, 2)))

3 (4, U, plus(<, = plus(<,
SS(S(SIUL'(2)))) 9x1)
=S(S(S(S(2))))=S(S(S(3)))=S(S(4))=S(5)=6

~
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(6)

'.-'.. (6) X1 Xo

times(X1, X2)= X1 X2
times(x1, X2)=Z(x1)=0 (%o=0 )
times(x1, X2)=p(X1, X2-1, times(x1, X2-1))
x2 O )

p(x, ¥, 2)= plus(Us"(, v, 2), Us(x, y,2))

=Xtz
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(6)

jr L times(3, 4)=p(3, 3, times(3, 3))=3+times(3, 3)

=3+p(3, 2, times(3, 2))=3+3+times(3, 2)
=3+3+p(3, 1, times(3, 1))=3+3+3+times(3, 1)
=3+3+3+p(3, 0, times(3, 0))=3+3+3+3+times(3, 0)
=3+3+3+3 3+3+3+3+0=12
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(7)

Y ; ..,.. (7) xY

power(xa, Xa)= X2 gx)
power(X1, X2)=S(Z(x1))=1  (Xx==0 )
power (X1, X2)=p(X1, X2-1, power(x1, X2-1))
=X1 power(xy, X2-1) (x2 0 )
h(X1, X2-1, f(X1, X2-1))

p(x, Y, 2)= times(Us'(X, y, 2), Us*(x, y,[2))
=X Z
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(8)

2 o

factorial (x1)= x! 9k
factorial (x1)=S(Z(k))=1 (x2=0 )
factorial (x1)=p(x1-1, factorial (x1-1))
=X factorial(xs-1) (x2 O )
h(X1-1, f(X1-1))

p(x, y)= times(S(U2"(X} y)), U2"(x,[y))
=(x+1) y
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(9)

1 (9) pdx:)

pd(x1)=0 (x1=0 )
pd(X1)= X1-1 (X1 0 )
,9(k)
pd(x1)=Z(K)=0 (x1=0 )
pd(x1)=p(x1-1, pd(x1-1))=x1-1 (x2 O )
T h(X1-1, f(X1-1))

p(x, y)= U2"(X, y)=x
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(10)

A _ (10) X1 X2

X1 X2 =X1- X2 (X1 X2 )
X1 X2=0 (X1 X2 )
X1 X2 =n-minus(X1, X2)
n-minus(xa, Xz)= Ur'(x1) (x2=0 )
N-minus(X1, X2)=p(X1, X2-1, N-mMinus(X1, X2-1))
g(x1) =pd(n-minus(xs, x2-1)) (x2 0
h(X1, X2-1, f(X1, X2-1))

p(x, ¥, 2)= pd(Us’(x, ¥,[2))=pd(2)
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(11)
g (11) | Xa-Xz |
[ X1-X2 | = X1-X2 (X1 X2 )
[ X1-X2 | = X2-X1 (X1 X2 )

| X1-X2 | =abs-minus(X1, X2)
=plus(n-minus(x1, X2), N-Minus (X2, X1))
=X1 XotX2 X1
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(12)

(12) x

sg(x1)=0 (x1=0 )
Sg(x)=1 (x2 O )

g(x)=Z(K)=0 (x;=0 )
SY(x)=SZ(Uz" (x1-1, sd(x1-1))) (x2 O
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f(X1, ..., Xn, Y)

D (X X, ¥) =0

y<0

D (K X V) = F (Ko X0,0) o £ (X X, Z21)
TTf(x,y)=0

y<0

TT X ¥) = £ (X %,,0) + ot £ (X X, 2-0)

y<z
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f(X1, ... , Xn, Y)

F(x, n)
yZ F (e Xy Y, ly"[ F (00w %00 ¥, ! 0
DO X0 W) T F e X0 ), f(x)=F(n, x)
2 F O X ) T (s X0 ), -
Ackerman
A . *
8 AKX, Y) .

1. A, y)=y+l
2. Ax+1,0) =A(x, 1)
3. A(x+1, y+1) = A(x, A(x+1, y))
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