ooooobpooooo
676 0 19880 5-15

ERDHEBOFE L ED Y

FERFEILES FH X ( Hideo Toda )
FERELH¥H /B S3E ( Harumi Ono )

1. Fx28%
IERRAAE N(O,1) OFEREE
1 1 :
) = —— —_ —12 s —00 <1< o0
¢ (1) mexp( 5 )

E#<. L.O)_t:iﬂﬂfrﬁ%& alx)

awx) = f ¢ (t)dt, x20
L9 35. ;oQU)@ﬁLﬁﬁ&kOhqu<@9§<®A&® Biehy
ETHRILANZBEES—REEOHRNDZ. ChoRRXROLAKXDKRFTE 2
JE2 =Y - TOVIF5LARHVEEXIRFEINREZILEHET S,

2. P(E 17 ¢ (1t O f:sé(t)dt 2K % WK OFHE
2.1 Villiams « IHW + —fOR
1) Williams (1946) @3
PO = [9(dt = 172 = [ 9 (Ddt = 172 — 0G0
LZOL\'C,‘ o

1 1 u2+v2
{— - ax)}¥P = — f fexp(— ddu dv
2 2 o o
2 W 2K r
 — [ [ exp(—= —)r dédr
2n o o 2
1 2x° .
= — {1 — exp(— — )} (2.1
4 n ,
1 2x2

A(x)*{1—-0Q(x)} 5 — exp(— — )
4 ;4



Mo, RO Willians ORXABRD > Hh 5.

n

2x2
0x) = {1*\/1—exp(— — )}

exp(-2x2/mn)
1 +1/1—exp(-2x2/n)
mE lE(x) 1 < 3.2+10°3 7

>

2
1
2

2) Villiams+ (WA (1964) O3

{— = a(x)}¥2 = — [ [ exp(— —)r dodr
2 n o o 2
1 1 L x2
= — — — [ exp(— — sec?29)d6
4 n 0 2 .
1 /e x2
Q(x)+{1—(x)} = — [ exp(— —— sec?9)do
n 0 2
1 2x2 L x2 ay
= — exp(= — ) 2 (-D*(—)—
k=0 2 k!

n n

/4 4
a, =J (sec2@— — )d@

ap = n/4, a =0, a» = 4(n/3 —‘l)/n,

1 2x2 2( 7 -3)
Qx)+{1—-0(x)} & — exp(— — H{1+ x4}
4 n 3n?

1 2x2 .2 -3
alx) = -—2— [1 —\/l—exp(— f‘ i+ (m-3) x4}:]

3n?

mZE IEMXI< 3.8-107

3) Williams«» (U » =2 D3\

- 1 ™ X2
Qx){1—0a(x)} = o J exp(— —2-—sec20)d6

g

1 2 o 2 A
= — exp(— X ) Z(-])k(_i(_ )k._‘i
n 2 &=0 2 !

(2.2)

(2.3)

(2.4)

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)



3

zzT
Ag = n/4
v .
{ Mo = (sec?@ —1D¥d0 = 1/(2k=1) = Aot (k=1,2,4)  (2.10)

2.2 x WhIL&x P(x) 2KD B A BAK

1) ¢ () @ Maclaurin BEOEMNES AR

P(x) =f:¢(t)dt = ﬁ_%fozexp(-— -%— $2)dt
_ 1 x ) . 1 2
E E( 1) 1 (—-) dt
1 x2k+1
= —'—Z( 1k ———s

27 ko 2kk!  2k+1

2 P(x)/ ¢ (x) OEBBEEAR

1 1
exp(— xz)fxexp(—- — t2)dt
, 2 0 2

(2.11)

2r)t!
i (2.12)

Do 21 20 ‘ 1 x.2k+1
- Z Z *
im0 21k Zkk! 2k+1
w 0 (-])k x2l+2k L
=x 2 x>
iz k7o 247K il KIQ2KeD) fes 2erl
Ulido T
o0 X2r

1
exp(—2~— xa)f exp(-— -2— t2)dt = x >
s, 2hib

' | 1
P(x) = == [ exp(- 'l t2)dt

’\/27! )
o0 x2r

1
o m—— — — 2
1/__ {exp( 2x Dex v§(2r+l) ’} =¢ (x )

Y=o (2r+1)"

(2r+1)!!

2r

Z———-—x (2.13)°

na( r+i)is



3) P(x)/p(x) ODEDEBEAR ( Shenton (1954) )
N E B

P(x) o x2r x2 x4 x®

1 + + + +
®(x)ex Y=o (2r+D)i! 143 1435 1+3+5.7
M5 Q.D. TR >T P.Henrici OEBI LV ROBHBBHBRDN S

f xer 1 ~x2/3 2x2/(3+5) —3x2/(5+7) 4x2/(7+9)
D!t 1 o+ 1 o+ ] + 1 + 1 +
1 x? 2x2 3x2 4x?

1 = 3 + 5 — 7 4 9 -«
Zh &Y, Shenton DABKRDEH>ICEMIN S.
x2 2x2  3x2  4x®

PO = B(x)e {— | } (2.18)
1 — 3 +5 -7 + 9 -

1) ¢(x) @ t=x/2 DT HVORBOIEMEA 2 (Kerridge-Cook(1976))

5(1)= o ( X )+(t-x/2) Y X Yoo b (t-x/2)r¢(”( X Y4
T g 1 2 rt 2
(2.15)
&ﬁﬂﬁﬁUt
Do 0o X X
— (2n) — . — 2n+1, 2- 6
[0 (0t =2 2@ B0 (=) = (0 D (2.16)
BRODONSB. n IRD Hermite RIHRK H,(x) 2HWT,
nH,
n!
EBLE
x 2 x? 0o X (x/2)2n+1
P(x) = [ ¢(t)dt = — - — Hon (—
(x) fa @ (1) mexp( . )Z_'o > (2 anD1
. B 2 o ‘ 1
= —= exp (= — )3 Ba0 (— ) — (2.17)
2 2n+1

N2n 8 m=0



¥1n%. 2T, | |
Hoot () = X Ho(X) = 0 Hoy (6D, (n=1,2,)  (2.18)
Do ‘ |
x2{ 8 . (X) = 6 -1 (X)}
ntl

, (n=1,2,-+) (2.19)

9a=1, 6‘n*1(x) =

PHWS.

2.3 x BAKELEE WUx) BRDS B BAR

D 00O =[] ¢ (Ddt OWEER

A oo 1 1
In = — ¢ @)t = — ¢ (x) — (n+D1.2
x tn xn*l
PHWT
' 1 : 1 13 1¢3+5 (2k-1)11!
Wx) = — o (x) {1 — + - + e (1)K }
X . X2 x4 x® x2k
+(-1)’.k+1(2k+1)!!£ ekee ¢ (t)dt | (2.20)

2) W B OB R E BEEK U CHIELRAR (—H1967) -1)

o Our (-1)"(2n-1)1! 1 n
a(x)= " E Y o {]/[:2 P (XD} (2.21)

22T

x2n-2N+1

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

(2.21) T N=0 ORI EHWOEHOfIE 0 &L, COEED

2n+1

20 1
Pa(X) = 22(-1)" ——-

A= 2"n!  2n+l

(2.1 RIS,



10

3) HiIEERHORMARHOESKER X3 HMERKAR ( —#(1967) -2)

R 111 31t 518 QN1
Wo = el =+ =0 - SOV
1 C-1V2N-1) 1! IN#1  (2N+1)(2N+3) |
+ [— $ 0 {1- + )]
X . x2N x2 x4

T [] »RHREET 3.
2N+1 N (2N+1)(2N43)

x2 x4

{1 - + -} = 65(X)

EBX QD ETELSBRIERT S E

1 2N+1 2 2N+3 242 2N+5 23
En(X) = | (2.23)
, 1 + x2+ 1 + x2+ 1 + x2 4+ 1 + -

Y5, 2T
1 11! 31! 511 ‘
Wx) = — o (x) {1 — + - + oo
‘ X . x2 x4 xe
2N-1)1!
+ (-1)N ¢ 2: 0 n(X)} (2.24)
X

HOHER/DOEHICHERE 08X 2B LARXTHS. (—#U167DK-2)

1) o(x) OFERFAOESBRRAN (Laplace (1805) )
— B 98T)DORK-2 T N=0 DIFAI Y2 3. HEsFHERHLEDKRET
Vikdo |
1
ax) = - @ (x)* 6 0(X)
1 2 3 4

1 ‘
= ¢(x) { | } (2.25)
x + x + x + x + x t e

M Laplace (1805) DR TCH 3.

3. aX}

3.1 x WKRELEE Ux) RS B HMAAD LK



11

WTROARTHHBESE RV, B EUT 10075 2HV 16 i# 14 #
15 MR THATHE VR XOFRH L LEET S,
— ¥ (1967)-2 & Laplace(1805) DR A ERIEMOLEEKEER 1WKRT.

K1 —#(1967)-2 & Laplace(1805) O HE W LERIEK

X 3 4 5 6 T 8 9 10 11
— ¥ 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

HEABRRDZOCHLRX LA S & 1 HRD S FREHIRBO 1 HER
H»5FROEIIX/RERVLBOFRIEVTCEIEERAUTSH 5. 22T, EHH
REEUREEOFREDODVTHNS.

1 1 2 3 n
Laplace : —_— - (3.1)
Xx + X + x + x + s+ x o+ e .
—r(1967)-2 OB EHIHV A TWBIE !
1 1 1 2 3 4 2n-1 2n
—_— ] (3.2)
X 1 4+ X2 4 1 4 X2 4+ 1 4 =« 4 X2 4 1 4 o
3.1) owaw
X 1+2 344 (2n-1)2n
14x2 — 243+x% — 445+x% — o+ —  dntl+x® — o

(3.3 W (3.1),(3.2) D—OBXOEMIKES X MK ROT, HHU
(A THUBBIEOFMEY I HRY. CO3AROFMEe LSBT 2. HU ¥
LHOBOFERMEZNEA N & D, (3.1) CABERERE k & 5.

EBS BRI CHEVTOCESE ¢

(3.1 (4M+1D) <k ,
(3.2): (6M+2D)+k/2 (2 FHZF &HT)
(3.3): (5M+1D)k/2

HHEFHAEDOHETRDTE G
O EUABOABATFERDBRIE 1 HE 3

| (3.1): Mk + 1D |



12

(3.2): 6M*k/2 + 1D
(3.3): 5M*k/2 + 1D
@ EHOEDSHYERRITUTVIHE
(3.1), (3.2): 1Dk
(3.3) D (IM+1D)-k/2
REDS, WIhOBALHAROFRBLULRVEV LS.

3.2 x BATLEE W) BRDZ A BAROHE

x BRELRBRDOAT, WEhOARLHEBHBEZS. 2.1 3) @
williams* I — M ORXTUKERBEOLDDHED T, 2.2 ODANTIH
172 — P(x) DB|ECHIZHEDLTHS. 2.1 3) © williams U -—RD
F& 2.2 3) @ Shenton ORXRY 2.2 4) @ Kerridge-Cook DR D2WVWT,

BIERIEUT 10715 BAV 16 # 14 # 15 YIETHRTHEVREEORLE
REBEHEDRERT 3. ‘

B 1LBEREBEED 5

Kerridge-Cook 0)4:1.‘3{ﬂizﬁ‘ﬁfilﬁﬁaﬁg?‘%‘Jﬁ’b‘%*@)kfj\é CHiEDBD .
Shenton MAK & ¥ DRV, willians- UK —ROARXBHEB BELLR |




13

< Laplace @&T&ﬁﬁ?f%%@ﬁ[ﬂifﬁ&ij}h—'c%% Fh HhERIEE
g, 1IHEZRD ZFERIE Kerridge-Cook & v A UL,

3.3 AXOHEEHEAAY b

x DREWVWE I AT Laplace ODFAERZH VS, x OD/NXTLVLEIABTHL
2 A MARRRDEIRBATHABDYE 3.
1) EREESERHIBE

0<x=2 Tl Kerridge-Cook (x=2 D& X% B¥ 2 K1)

x24 T Laplace OREAH

2<x<4 Tt WD) 2EHEUVTABLTHL.

lf“ ( te)olt+u(4)
4/271'1 P 2
COEDERDLZDIZ exp(-12/2) %2 (x+4)/2 TEKUVIEMNES T 5.
1 4-x 1 4+x 0 2n
o2e—exp (- -—(—— )2) + Q¢4) (3.4)
A2 2 xP ..,Z., 2n+1
HU
, 4-x  A+x 1 4-x 44x
6a=1, 61=—°——’ 6n+1=_—_ (——)2(6n——_ Gn-l)
2 2 n+l 2 4-x :

1) EBRERESSAEAE, HBRETOLHES
Bl 2 & ac1)>,0(2),,0(6) XHEYT 3.

L ™ exp (= —= )t + a(Ix+D)
T exp » X
COBPERDB DI exp(-12/2) & (x+[x]+1)/2 'Gliéﬁﬁblﬁﬁlﬁﬁﬁ?‘%.
1 [x]+1+x 1 [x]+1+4x w Gon ‘
020 _— — 2
s T exp ( ( » ) )g -~
{5 U | |
[xJ+1-x  [xJ+1+x
68::1, 01= * ‘ y
1 1- +1+ ‘ .
0,01 = BIEX e o, B )
n+l 2 [xJ+1-x



14

2) Williams i -— B O R & Laplace OS2 HAaEGbE 3

0<x<2.5 Tix Williams-\UF —BROAR =2.5TOLHBEBRIFLAL R
W) -

x22.5 Tit Laplace ORAEK (FELIA2YTHEMIZEBLXTEK
DTWSHKXTIE Laplace DX T x<3 D& X overflow R -» THETE

BWDOT, FII5H%E 3 I2T3) |
Williams' (U — B O LK, Kerridge-Cook, (3.4) B X Laplace D&
BETHEZHEHEEZH2ICRY. '

0} / 2 3 4 x § 6 7 8 9
B2 Williams-liP3-—#2, Kerridge-Cook, (3.4) '
B LU Laplace OMESE TLHELHK

W HFOR-REIDVEASBIHELTIBYRATHREVWEEFWE, 2212
RUEZIWBERT 5

2 % X W
[1] Henrici,P. : Some Applications of the Quotient-Difference

Algorithm, Proc. Symp. Appl. Math., 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.W.: 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] BEHEBXRZERBHER L VY : 5475 Y7075 LFAOF5 (K@
B ) , (1982).

[7] BARBE S - ¥t K@EE JSA-1972, (1972).

[8] Shenton,L.R.: Inequalities for the Normal Integral Including a
New Continued Fraction, Biometrika, 41, pp.177-188, (1854).

(9] XHER: ERSW-BHEA -, EEXRFEHERS, (1981).

(10} FHZER - NS ERSTHHEONE, HHEXZRERFTMANBR
§#& 250, pp.36-50, (1975).

[11) FH%ERE - NBSE: 2 XX ERSHHEOHEBERAZ7NIYX L, b
F#tat2, Vol.7, No.2, pp.43-58, (1878). ’

(2] WA : ERSBHICHT 080K, BS5EAYR 5307y UyRya
UAEE, N10T-114, HEEAEES, (1964).

(13] WAHZH  HOK— - —~HBE: EFHEROEOOKMBEHE XL, FKEMN,
(1972).



