0000000000
06760 19880 5-15

ERRTEEOFEE 2D REE

FERFETLTEH FH 3 ( Hideo Toda )
TERPIEE HB S%E ( Harumi Ono )

1. 28X
EHESM N, OBERKE
1 1 '
) = — - —t2), —oo<t< o0
¢ (1) mexp( 2 )

E#E<. n.o)J:iﬁ'Jﬁﬁ%z:» a(x)

Wx) = f ¢ (t)dt, x=0
&9 3. u@Qu)@ﬁtﬁﬁﬁkﬁhfdﬁ<ﬂb§<®A¢®,%kbﬂ
ECHMILANZBEEY - MELEOHENSS. ChoKXKORAROKRF L a
JEa2 =Y TV IFSLARHVELIRFEINREZIELERET S.

2. PCOE [S0(Dat, 100 [P (Ddt BRW B RKOHE
2.1 Villiams « ILP » =R DR
1) Williams (1946) O
P(x) = J:(t’(t)dt = 172 —f:‘:ﬁ (t)dt = 172 — Q(X)
lZOb\’C,V

1 1 u2+v2
{— - ax)¥ = — f fexp(— ddu dv
2 2 o o
2 W r2
£ — [ J exp(—= —)r dodr
2n o o 2
1 2x2 .
= — {1 — exp(— — )} (2.1)
, 4 n

1 2x°
Wx){1—-Q(x)} & — exp(— — )
8 m



Do, RO Williams ORABERD o 3.
| 2x°
{1—-»\/1—exp(— — )}

alx) =

n
exp(-2x2/ 1)

1 +1/1—exp(-2x2/n)

ME O IE(X)I < 3.2+10°3

*

2
1
2

2) Williamse (L (1964) @38

1 Wi Xaeel 2
{—— - 0(x)¥2 = — f f exp(— —g—)r dé@dr

1 1 x2
= —=— — — [ exp(— — sec?8)do
4 = 2 .

2x2 0 x2 ay
= — exp(—= — ) 2 (-D*(—)k—
k=0 2 k!

n n

/g

4
a, =J (sec2@®— — Hd@

ap = 7n/4, a =0, a, = 4(n/3 — 1)/, -

1 2x2 2 -3
00 11=0(0} 5 —— exp(= 2y B2 4
4 7 372
1 2x2 2 -3
wx) 5 — [1 —’\/l—exp(— =+ (n ) x*} ]
2 n |
ME OJEMX)I < 3.8-10°4
3) Williams« U « =12 D3
: 1 e x2
Q) {1—-U(x)} = — f exp(— -;—secae)de
1
1 2
= — exp(— -—-) Z( 1)“(—-— )"'—
t k=0 .

(2.2)

(2.3)

(2.4)

(2.5)

(2.6)

(2.7

(2.8)

(2.9)



2z
Apg = n/4 :

n |
Mo = (sec? @ —1*d0 = 1/(2k=1) = At (kal,2,0)  (2.10)

2.2 x BHhEOLEE P(x) 2RSS A BAK

1) ¢ (t) @ Maclaurin BEIQEMNES AR

x 1, L
P(x) _fo ¢ (t)dt = ﬁ——‘;{ exp(— -‘;' t2)dt
- Lot Ky g
CW2m ke k! 2
1 x2k+1
= —— K s 2.11)
27{%::»( b 2¥k!  2k+1
2) P(x)/ ¢ (x) OEFBKBEAR
1 1 1
exp(— x2) [ exp(~ — t2)dt
2 o 2
B0 420 x2k+1
=2 Z .
=0 21t 2"k!> 2k+1
w 0 (-])k x2lL+ak s x2r (2r)!!
= . 2.12
* E‘ ZB AR k'(2k+1) g E 2T er! (2r+1)!! ¢ )
UlPoT
1 X 1 (s xer
exp(— x2) [ exp(— — t2)dt = x >, ——
2 o . 2 Y=o (2r‘+1)"
EhB. 2h&b
1
PO — St— 2
P(x) = V——f" exp(- » t2)dt | |
‘ x2r 2r .
—— _——2Ye = . 2.13
1/2_ {exp( x ) xr§(2r+1)”} ¢ &x ) X EY;( 2r+1)1! ¢ )



3) P(x)/p(x) OEDEBHAR ( Shenton (1954) )

%% 2
P(x) o xer x2 x4 x®
= =1 + + + + -
d(x)ex =0 (2r+1)!} 1-3 1+3+5 1+3+5+7
M5 0.0, KEVE>T P.Henrici OFBIZ &Y ROEFBEHNRDN S
f x2r 1 —x2/3  2x2/(3+5) —3x2/(5°7) 4x2/(71°9)
eIt 1+ 1 o+ 1 + 1 + 1 +
| x2 2x2  3x2  4x?

1 =3 + 5 = 7 + 9 --
Zh &V, Shenton OABRD LS ICHEMIN 3S.
x2 2x2 3x2  4x?

Px) = &) {— ' } (2.10)
1 =3 + 5 — 7 4+ 9 =«

) ¢(x) D t=x/2 OPETHVORBEOIABE D A (Kerridge-Cook(1976))

X (t-x/2) X (t-x/2)r X
¢ ()= ¢ (— )+ B 1) (—— Yot e B (7 (— Y e
2 11 9 rl 2
(2.15)
BIEHMA U T
ot = 239 @M () + (— ) 2001, (2.16)
0 g 2 2 (2n+1)!
BRODSNSB. n D Hermite RIHENX H.(x) BHWT,
eﬂn==£%§9
EBLE
PO = [0 (WL = = exp (= — ) B M (— y 2T
0 V2n g =~ w=o 2 (2n+1)!
= —= exp (-—kﬁ)iee.n (-i?)-—l—? (2.17)

V2n 8 n= 2 2n+l



EhkrA5. ZIT,

Hoe1(x) = x Ha(x) = n H,-y(x), (n=1,2,~-) | (2.18)
» S |
e{8, -6 .,-
8o=1, 8,.1(x) = A LEICY 1 OO ,  (n=1,2,-+) (2.19)
ntl
PHWA.

2.3 x BREELVLEE Ux) BKRDS B AN

DA = f ¢ (Ddt O#iE R

Il

o ] !
I £ 07— (it = =80 ~ (MDLe

z X
PHVWT
1 1 1+3 1¢3+5 2k-1)11!
0(x) = — ¢ (x) {1 — + - + e+ (A1) }
X _ X2 x4 xS_ x2k
‘+(‘l)’.k+1(2k+l)!!_£( ryve ¢ (t)dt - (2.20)

2) HERRAORRELBBRFA U THELV AKX ( —#4(1967) -1)

_ pOow=r (-1 (2n-1)1! 1 n |
a(x)= - Z_'o o + e {1/52 Ppn (XD} (2.21)

ZZT

1 x2n—2N+1

(0 = N-DI S (1NN ——. C(2.22)
n=o 2"n!  2n-2N+1

(2.21) T N=0 OBFUEVIOEOHIE 0 &L, ZODEED

2n+1

De(X) = S (-1)n ——e

A=p 2""! 2n+1

W (2.11) ERI%HRRS.



10

3 WEERMORREOESKEM L 5 MEMRBAKX ( —#(1967) -2)

1 111 311 51t L aN-3)1
olx) = —x" ¢<X) {1 — ? + —x‘; - —x?'i‘ -1 o2
1 -1V (2N-1) 11 IN#1T  (N+1)(2N+3) |
+ [— ¢ (0 {1- + ML
X x2N x2 x4

T [] »3REELT 5.
2N+1 N (2N+1)(2N+3)

x?2 x4

{1 - + e} = n(X)

EBX QD ETESBIERT S

1 2N+1 2 2N+3  2+2  2N+5  2¢3
On(X) = ' (2.23)
1 + x2+ 1 + x2+ 1 + x2+ 1 + -

*hE. 22T
1 11! 31! 511
Wx) = — o(x) {1 — + - F e
: X . ) x2 x“ x6
N-1)1!
NENE 23 6 v(X)} (2.24)
X

HOHER/DOEHICHERE 08 2B LAXTHS. (—H1967DK-2)

1) o(x) OHIERMAOESIBIRRAR (Laplace (1805) )
— R (1967)DRK-2 T N=0 OB/ Y2 5. HEHERHLELIBRER
Vkdo |
]
a(x) = - @ (x)+0a(X)
1 1 2 3 4
= o(x){ ) } (2.25)

x + x + x + x + x + -

B Laplace (1805) DX CH 3.

3. aX>}

3.1 x BARELEE W) BRDB B MARD I



11

WIhOARNTHHEBELRL. FIAEULT 1077 2HW 16 & 14 #
15 Y THRTHEUV R ZOFH 2 KT 3.
—#3(1967)-2 & Laplace(1805) DFH A ERHABOLEEZR 1 CRT.

F1 —#(1967)-2 & Laplace(1805) OF B LEREHEK

X 3 4 5 6 7 8 9 10 11
— ¥R asymptotic series 4 8 12 18 24 32 22 17 15
(1967)-2 | converging factor {45 27 17 10 6 2 0 0 O
Laplace (1805) 48 31 23 18 16 14 13 12 11

»@ﬁﬁ&ﬁm%omﬁmﬁ&mh%&1@*&%?%&%&&&@1@&%
HDEFROFTERBRBRVLBOFREVTRIZIFIEUTHS. 2T, ENnE
PEEUVLBEOFRRZOVTHANRS.

1 1 2 3 n
Laplace : —_ (3.1
x + x + x + X + ot x A+ e
— 1 (1967)-2 OBEEHZHVWs R TWAE
| 1 1 2 3 4 2n-1 2n
— ] (3.2)
X 1 + x2 + 1 + x2 + 1 4 eee 4 x,2 + 1 4 eee
(3.1) OmEF
X 1+2 344 (2n-1)2n
— (3.3)
14x2 — 2+43+x% — 445+x%2 — o« — Aptl+xZ — e

(3.3) W (3.1),(3.2) O—OBXOEUHKES L 3MAROT, HRU
(R THUBHIEOTMM 1HBY. CO3AROFHALRT 2. HUE
CHVEOFEMEZLEAL M E D, (3.1) WAERIENKE kK &7 3.

EUABERACHELTVES ¢

(3.1): (4M+1D) -k ,
(3.2): (6M+2D)+k/2 QIEFEDHT)
(3.3): (5M+1D)+k/2

HEHEFHHEDOHETRDTE S EA

O EHAROSBHTRRDBHRE 1 HE 2
(3.1): &Mk + 1D o



12

S (3.2): 6Mek/2 + 1D
(3.3): 5Mk/2 + 1D
Q@ BHOELSHVEERRITUTWVLIGE
(3.1), (3.2): 1Dk
(3.3) t (IM+1D)+k/2
ut#a,hfh@%é%ﬁ%%@iﬁﬁ&bwmhtmi%.

3.2 x BHhELEE Ax) 2RDZ A RAKXOLEK

X BRELBRBRDOAT, WFROARLHEBNES. 2.13) O
williams* U — M ORXNTUKRERBORDOHEDT, 2.2 OAANTH
172 — P(x) DBBETHRZZHEDTHS. 2.13) @ williamslhpI-—H D
F& 2.2 3) @ Shenton ODRXRY 2.2 4) @ Kerridge-Cook DRI DV,

BIERIE LT 10775 2BV 16 # 14 4 15 S TARCHELRE SOLE
I L HiTE D R BT 3.

:.}:..

H

-----

1 REREKEED 54 ¥

Kerridge-Cook 0){4}3:{’.Ci;ﬁ\ﬁﬁﬁ%ﬁ@%?‘%‘Jéb‘%é’]\é < ﬁiﬁ%@ "

Shenton OARARX &k VXD RV, william8°mm°~$§'®ﬂiﬁbiﬁi‘?§'§bia%‘b’}‘?‘at




13

{ Laplace ORAR2HHTELI®HHEFI TEININ-TES. $LLEREKU
Z0h, 1HERDSZFRHI Kerridge-Cook & 94U 7zb.

3.3 aAXOHEEHEAXY b v

x ODRKEWEZ AT Laplace DB ERHVS. x O/NIVLEZIATHL
2 A BRARXZBRDEIOCBATHAADLES.
D EBEFES ZERFTEE

0<x=2 Tt Kerridge-Cook (x=2 O & XHi&EBH 2 1)

xZ4 TU Laplace DEAE

2<x<4 Tl 0(4) 2EHEUVUTHEUTSBK.

——l-f“ ( v ) dt + Q4)
A2m % exp 2
COERERDBZDIC exp(-t2/2) & (x+4)/2 TREBUEMNES T 3.
1 4-x 1 4+x Oon |
«2om— - —(— )2 + Q(4) (3.4)
J2n 2 exp ¢ ( ) ),,Z., 2n+1 ¢
BHU
4-x  44x 1 Q4x
9a=1 91= '_9 6n1=_ (_—)2(9n__ en-i)
2 2 n+l 2 4-x '
1’) Bl RLLSAEZE, Iﬁﬁgiébczﬁ%
Bl 2 a(1),0(2),--,0(6) 2HET 3.
: me ( v Yt + Q([x]+1)
ﬁ_n . exp 9 X
COMAERDBZDW exp(-12/2) % (x+[x1+1)/2 THBEUVIENBEL T 3.
1 [x]+1+x 1 [xJ+1+x w o, .
02. —_— — 2
2n 2 ex ( 2 mz 2n+1
U |
[x141-x  [xJ+1+x
Be=1, 0= ¢ —— ’
2 2 |
1 +1- +1+ ' |
6 ey = ALV 8 X 00-1)
n+l 2 [x]+1-x



14

2) Williams- i - — RO LR & Laplace OHEEHEL2MAEDLYE B

0<x<2.5 T Williams- - —OEAR =25THHMBEBRIF LAY %R
W)

x22.5 Tit Laplace OAH (RAELIA AV CEMIMEBILRTE
DTWSHFRXTIE Laplace DX T x<3 DL % overflow N » TEHETX
BWODT, FI5R%2 3 IKT5H) |

Williams- iU -— B D X, Kerridge-Cook, (3.4) B XU Laplace DA

ETRLBEZRBEZRZ2IZRY.

0 / 2 3 e . & 6 7 5 7
‘2 Williams.ihiPy+-— %2, Kerridge-Cook, (3.4) |
B XU Laplace OMABTLELHE

HE HFOR-—KRLEIDAEAFTBCBALTRBYZI3TIHTEVWEENWE, 22K
REZSWEEET S

2 F X W
[1] Henrici,P.: Some Applications of t‘he Quotient-Difference

Algorithm, Proc. Symp. Appl. Mkath.. 15, Amer. Math. Soc., pp.159-183,
(1963). '

-10-




15

[2] Hitotumatu,S.: On the Numerical Computation of Incomplete Gamma

~ Function, Comm. Math., Univ. St. Paul. 15, pp.91-108, (1967).

[3] Kerridge,D.F. and Cook,G.¥.: Yet Another Series for the Normal
Integral, Biometrika, 63, 2, pp.401-403, (1976).

[4] Khovanskii,A.N.: The Application of Continued Fractions and Their
Generalizations to Problems in Approximation Theory, translated by

Peter Wynn, Noordhoff, (1963).
[5] Laplace,P.S.: Traite de Mecanique Celeste 4, Paris. (1805).

[6] BEBRRXRZEREHER L VY : S4T7 5 Y70y 5 LF#AOF5 (KEE
), (1982).

[7] BAREBE S ¥t &@Ex JSA-1972, (1972).

[8] Shenton,L.R.: Inequalities for the Normal Integrél Including a
New Continued Fraction, Biometrika, 41, pp.177-189, (1954).

(9] XHER: ERoW-FHEBAH -, ERAFHES, (1981).

[10) FHZERE - MR ERASHHROHE, FRAFRERTMANER
& 250, pp.36-50, (1975).

[11) FH%® - NBYE: 2 X ERSHHEOHBEERZ7VITYX L, B
¥ at%#, Vol.7, No.2, pp.43-58, (1978). ‘

(12] WA= : ERDHEICHIT 2 AUME, $5EY0 5307y vKEya
JLAEMEE, N107-114, 1EBRUEE %S, (1964).

(13] WAZH  HOK— - ~HBE: EFHEROLOOKMEEHEED, fé:‘lit‘ﬁi,
(1972).



