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Development of Probability Computation Program
for Standard Normal Distribution

Suh-Hl, Song
Dept. of Industrial Engineering, Dong~A University

Abstract

The well-known standard normal distribution has been used within the limit of
standard variable value of x« = 3.59. However, the probability values above the
limit are not given In the literature. In this study, a probability computation
program for standard normal distribution to % =5.99 with the proportional normal
distribution approximation suggested by Abramowitz and Stegun, Hastings s
developed. The new standard normal distribution table developed by the program
is presented and will be of help to estimate of probability values for testing and
estimation of process mean value, lot acceptable probability, defective percentage »f
PPM unit of an out-of specification limit, process capability, test power of contril
charts, probability and statistics.
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2.1 o] &H 7
B0 Mills' Ml ¢} 28 FAALTF(cdf) O(x)9 BAS FFEL ASFTFAE
ALHoln b2 Pz o] 7 %3}‘/}. o] g F ]—']?l #g Aty s
HAgr dndFol AT AF2AR g A7 FAEHL AT <FE 1>2
TE BHEF d(x), 0(x), Zo, 0(x)S TS, Mills’ 8] R(x)¢t e 9 FEU
Axrek 713 z27led ezl Aol li’r[Kerrldge, Cook, 1976).

Ibbeston(1963)} Adams(1969)= 4% 7ae] <k 94 e74A] A &&A FHL == ¢
(x)& AAe7] 98 e Ee xﬂ/\] & 2, Hills} joyce(1967)€ Auls & ol B
M Aol a4 2xe7tA AEHS AT dnFE AANSFAT BEHF, 7

AUEHF 0x), FHYETF ox) 2T (IRl AF) , ¢, F, oldF ATLEY
S AEY #5252 0 FAHA FE AP FHREAETSE A7
Ad Mmool IMSLU97Y el ALsn

Beasley 2 Springer(1977)% N0, 1°) ol A #2914 Z.& Axketr] S13A 24-bit
ICLA2g ez 100003 Hzew Hgest 1.14x107° 8 7He dueEe AN
6}%@ Boxse} Muller(1958)& - MO, 1)01]*1 A A& ﬂaﬁ SYTAF
Zi, Z2% @907 (0,1) 422 was SYHEASF Uy H&e A
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Ze =(=2mU)"sin@x U,)
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T2} Mills' H| R(x!

b, [9(Za)=1- a], [R(x)={1-¢(x)}/¢(x)]

A F A 3 % 9 a5y | FagA
0(x), Bix), B (x) x = 0.000.02)3.00 15
(<) x = 3.0(0.05)5.0 10
o0 X 300020 ;
. x = 3.0(0.05)5. 7
It T BRI - I
oy a g (x x = B(1 1 o 5
Stegun(1964)° | g7 “)’, r=7 - +12] x - 000150 7
(s 1-a = 0.500(0.001)0.999 5
Za 1-a = 0.975(0.0001)0.9999 5
_Z’f 03"10r;r"4,"'y23 5
<), B(x) x = 0.0(0.01)3.99 6
x = 3.0(0.1)6.0(0.2)10(1)20,
1 &(x) 2% ,30(10)100(25)200(50)500
e Blza) l-a = 0.50(0.01)0.09(0.005)0.99
Owen(1962) (0.001)0 999(0.0001)0.9999 5
en etc. to 1-10° )
b x)/D(x) x = 0.000.01)3.99 4
Rix) 0 (x),0"(x), 8"’ (x) x = 3.0(0.1)6.000.2)10(1)20,
Rix) 25,30(10)100(25)200(50)500] 5 |
B(x), dix) x - 000001450 7 ‘
X = 4530(0.016.00 10
Pearson and | %ol ) x = 5(1)30(10)100(50)500 5
Hartley(1966) | ,, 1-a = 050(0.001)0.999 4
0.98(0.,0001)0.9999 4
1-107(c4, - - - 9) 4
B 1) 1-a = 0.50(0.001)0.999 5
7o B(za) 1-a = 0.50(0.001)0.999 10
a 1-a = 0.999(0.0001)0.9999 8
o PR TS 1-a = 0.999(0.0001)0.9999 9
earson an
Hartley(1972) =05, §(x) % = 0,0(0.02)6.20 6
dx), 0 (x)
S0 51 =3 - -9 x = 0.0(0.026.20 5 to 1
¢<\-;--o.5 x= 06)0(0'80} 3)t%((xo,ol)zx(o.l)4.9 6
d(x x = 0.000.01)3.0(0.1)4 6
ﬁfgéﬁe)t al. v 21-a) = 0.01(0.01)0.99 ; 6
; 107G=3,- - -, 9 5
21 -0(x)] x = 0.2505(05)5.0 6
_ 3.40(0.005)4,00(0,.01)4. 10
Srnirnov(1965) X = 4.50(0.01)6.00
-logrol 1-9(x)} x = 5(1)50(10)100(50)500 5
?05))( ) X 0‘%8'0134'99 5
o ~B(x x = 0.0(0.01)4.99 5
Yamauti(1972) | . ¢(x) x - 0.1(0.1)10.0 35
| 2 a = 0.0(0.001)0.499 5

? Tables complied by M. Zelen and N. C. Severo
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Box-Muller?] # 82 A8 FE 2Bxk ofuigl i3l HFEAXME ALRo] 7H53t
Sengupta®} Bhattacharya(1958)9 93] fx® FE4TAARES AHEE = Ju F
AU Egs ox)E #Wristyl Y& dREE Mils' vl9 [1-0x)]/(x)E o] &3x 3,
Laplace( 1785)"1 Feggedss x)E HPHor xF¥EA e HIF ANAE
x=2000 A4 2 (2)9F 3ol AAIEFHAT

L[ %, % (—=1)7x%*!

1, 1 [, _x
7 R T 336 2+ 1)27 (#1) * @

b(x) =

o] F4 v «7t i WE Adeue =g A FHIHIL r=n—14 o FAE
F5, 1 UeAE E,(x)Ed,

E, (0l <x® ' exp(x?/2)/[2"(2n+ DV2r]

olt}, Badhe(1977)¢ (0<x<2oM A ()& FE A2 4 (3)€ #EsAch

o(x) =0.5+2(a+y[b+v{c+y(d+ylet v{f+y(g+ I (3)
y=x*/32, 2 = 0.3989,4227.84 b = -2.1276,9007,9

c = 10.21256621,21 d = -38.8830,3149,09

e = 120.2836,3707,87 J = -303.2973,1534,19

g = 575.0731,3191,7 i = -603.9068,0920,58

0<x<2o A4 o A A |e(x)]|E 020x 1078 o)t} Kerridge®t Cook(1976)
T oxge AEo dA FHI ZALYo A (4)E ALIATH

B(x) =% + (21 & exp{

e fulE)
X } L —o<x< w @)

=t 2nt1
A7, 64 (x) =1, 91(x)=x2/29}- 0o ()2 2 5)} Zo| #8FAZ dojHr}.

2 J—
8, (x)= o {er(g’ﬂl—lg)r—l(x)}v r=1,2.3 - - - - (5)

te e, 4 (x)=x"H,(x)/7. 9714 H,(x)E »rHA= Hermite t}& 2 o]t}
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wid A B 7ol Abramowitz?t Stegun(1972), Hastings(1955)7F AjA| & @
e () <1.5210 78 7% HAHA ZFEE A4 FAA 4 B o8 ®E&
APy F§2 AT £ Qe Zg2aWe <29 1>3 go] MRstRch

(1) 2[1-0(x)) =[1+(0.196854)x + (0.115194)x* + (0.000344)°
F(0.01952Dx* 1 1+ 22 (%), x=0

le(x)] < 2.5x10 ()

(2) 2[1-9(x)] = [1+ (0.09979271)x + (0.04432014)x* + (0.00969920)x"
—(0.00009862)x* + (0.00581551)x°1 78 +2¢ (x), x>0

g(x)] < 2x107° (7

(3) 2[1-0(x)] = [1+ (0.0498673470)x + (0.0211410061)x% + (0.0032776263)x°
+(0.0000380036)x* + (0.0000488906)x° + (0.0000053830)x°1 "

+2¢e (%), x=0)

le (®)| < 1.5x1077 (i
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(C GENERATING THE TABLE OF STANDARD NORMAL DISTRIBUTION

RIZAL+8 P XX.Z PROBN BZFPP
DIMENSION PP(10),PLOT(10}

OPEN(5, FILE="N.TAB' STATUS="NEW')

DO 10 J=1,10
PLOT()=(J-1.)/1000.
10 CONTINUE
WRITE(5,100) (PLOT(]),]=1,10)
100 FORMAT(3X,'Z' 4X [, 10(6X,F4.34X))
WRITE(5,200)
200 FORMAT(" -~ == =/ 10 === = oommm == =)

Doy 20 1<1,1199
BZ=(1- 600.)/100.

DO 30 J=1,10
PP(})=0,
30 CONTINUE

DO 40 K=1,10
IF(BZ .LE. -.01) GOTO 15
7=BZ+(K-1.)/1000.
GOTO 25
15 7=BZ~-(K~1.)/1000.
25 XX=PROBN(Z)
P=1.-XX
PP(K)=1.-P
40 CONTINUE

WRITE(5,300) BZ (})P( ) K=1,10)
. 300 FORMAT(1X F5.2,2X,’|", 10(2X F12.111)

20 CONTINUE

STOP
END

@}

DOUBLE PRECISION FUNCTION PROBN(UX)
CUMULATIVE NORMAL PROBABILITY

REAL*8 UX,X,Al1,A2,A3,A4,A5A6

PROBN=1.

X=UX

IMUX.LT.0) X=-UX

[HUX.GT.10) GO TO 100
A1=(0.49867347D~1
A2=0.211410061D-1
A3=(.32776263D-2
A4=0.380036D-4

[oleiolNele:

A5=(). 488906D 4
A6=().5383D)~
c PROBN=((i({ (AG*X+A5)*X+A4)*}\+A3)*X+47)*X+Al)*X+
Lo 10
c 10 )R()HN PROBN*PROBN

PROBN:0.5/PROBN
PROBN::1.-PROBN
100 CONTINUE
C

IMMUX.LT.0) PROBN=1.-PROBN
RETURN

END
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< ¥ 3> +599 1ASIHel AEE(%)I EEFE(ppm)
T
| 2 & &
u ——— T2} 3t A FEE(%) E % & (ppm)
A F % & %
L00 31.7310638% | 158635319% | +1.00¢ 68.2689362 | 317,310.638
61 | 107 10.1005120% | 5.05025600% | +1.640 89.8994880 | 101,005.120
200 453005240% | 2.27502620% | +2.000 95.4499476 | 45500524
a5g | 107 | 098798310% | 0.49399155% | +2.58¢ 99.0120169 9,879.831
3.00 0.26996250% | 0.13498125% | +3.000 99.7300375 2,699.625
399 | 10® 0.10193100% | 0.05096550% | +3.99¢ 99.8998069 1,001,931
3.89 107 1(0.497PPM 50.2485PPM | +3.89¢ 99.9899503 100.497
400 63 578PPM 31.789PPM | +4.000 99.9936422 63.578
442 | 107 9.995PPM 4998PPM | +4.420 99.9990005 9.995
490 10° ).995PPM 0.498PPM | £4.900 99.9999005 0.995
5.00 i 0.600PPM 0.300PPM | +5.000 99.9999400 0.600
- -7
230110 0.125PPM 0.063PPM | £5.300 99.9999875 0.125
570 | 107 0.014PPM (0.007PPM | £5.790 99.9999986 0.014
599 0.002PPM 0.001PPM | £5.99¢ 99.9999998 0.002
- IS
//,/ ~ \\
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Esb g A% BF Lip) 2E Lim)el A9AE Wolbs ppmasle] ¥Fgel
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