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ACCEPTANCE CONTROL CHARTS
BASED ON THE EXACT AND NORMAL APPROXIMATIONS TO

THE BINOMIAL DISTRIBUTION

by
Carlos Amado

Richard S. Leavenworth
Richard L. Scheaffer

ABSTRACT

Procedures are developed for finding the sample size and control limit
for Acceptance Control Charts for proportion of nonconforming units using the
exact binomial distribution, the standard normal approximation to the
binomial, and a normalized arcsin transformation of the data. The user must
select an Acceptable Process Level and a Rejectable Process Level and the
associated risks for each. The approximation methods are compared to the
exact method over a wide range of design specifications. It was found that
the arcsin transformation is considerably more accurate than the standard
normal approximation and, although more complex to figure, is preferable if
the user is familfar with small scientific pocket calculators. If a micro-
processor or minicomputer is available, the exact binomial may be used with
ease to achieve at least the stipulated risk protection desired. FORTRAN

programs for the three formulations are included.
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ACCEPTANCE CONTROL CHARTS
BASED ON THE EXACT AND NORMAL APPROXIMATIONS TO
THE BINOMIAL DISTRIBUTION

INTRODUCTION

The control chart for fraction rejected, or p-chart, probably is the most
widely used of all control chart procedures. It may be applied to one or more
than one quality characteristic whether measured on a go, not-go, basis or as
variables measurements. So long as the result of an inspection is to classify
an item as meeting specifications (acceptable) or not meeting specifications
(unacceptable), a single p-chart may be used.

When the sample subgroup size is constant, the chart for np may be used
conveniently since it records the actual count of rejected units in a subgroup

of size n rather than the proportion rejected. In either case, the binomial

probability density function may be used to model the process.
The standard Shewhart control chart for np places the upper and lower

control limits at:
np + 3 /np(1-P)

where:
np is the average count of rejected units for a series of subgroups

of constant size, n.
/ np(1-p) is the standard deviation of the binomial count (?ﬁﬂ)'

Thus these limits are standard 3-sigma limits of the Shewhart control chart.
While varjation beyond these limits at random should occur very rarely indeed,
the same probabilities often associated with random variation beyond 3 sigma

1imits on an X chart should not be applied. Nevertheless, exact probabilities

...........




calculated from the binomial distribution may be found for np control charts
with 3-sigma limits or any other set of limits which are a multiple of iﬂl'

In the case of the Acceptance Control Chart, at each point a sample is
selected a decision is to be made either to accept the hypothesis that the
process is operating as specified, at the acceptable quality level or better,
or that the actual quality level is beyond an acceptable level (a higher
value of p). The decision criterion is the upper control limit on np,
np + 1y 132' where y is the probability of acceptance of the hypothesis
with respect to p using a normal approximation to the binomial distribution,
(LY equals 3 for the standard Shewhart control chart.)

This paper explores the development of Acceptance Control Charts for
binomial counts of the number of units rejected. Two parameters are to be
found, one the value of the control limit, and the second, the appropriate
(constant) sample size, n.

The problem is formulated in three ways, using the exact binomial dis-
tribution, using a standard normal approximation to the binomial, and using
a normalized arcsin transformation. Analytical results of application of
the three methods are compared and the results of a simulation study using

computer-generated synthetic data are presented.
PROBLEM FORMULATION: EXACT BINOMIAL

If samples are being drawn from a continuous process generating noncon-
forming items at a constant rate, p, the binomial distribution describes this

process accurately. The probability density function is
n, r n-r
f(rin,p) = () p (1-p) (1)

where r = no, of units rejected

n = sample (or subgroup) size.




The probability that the number of units rejected is less than or equal to
some fixed value, ¢, is:
S ayor n-r
Plr <c|n,p] = 20 (M) p (1-p)"™" =y (2)
r=

Limits for acceptance control charts, like acceptance numbers for

sampling plans, usually are designed by selecting two points on an (Operating

Characteristic (0C) curve, as illustrated in Figure 1. One point assures that

L;.‘
El an Acceptable Process Level (APL), py, has a high probability of being
- accepted of at least l-a; the other assures that a Rejectable Process Level

(RPL), pp, will have a suitable low probability of acceptance of at most g.

t! a and B are the design risk levels associated with the process quality levels
! Py and py, respectively, where Py is greater than Ppe
E The two equations needed should express the fact that it is desired that
i - the OC curve pass through, or pass as close as possible to, the two points
: specified as the design criteria, namely, (p;,l-«) and (22,3). These
;i equations are:
R .
PLr < clnpyd = 1 (2) P (1-p ™" > 1-a (3)
Plr < c|n,p,] = réo (1) pp(1-p,)"" < (4)

They are expressed in inequality form because, for any integer values of
n and ¢, it is unlikely that the cumulative probability can exactly satisfy

1-a and B. As the result there are an infinite number of (n,c) pairs satis-

fying (3) and (4) above some minimum combination. The complete formulation

thus requires the further stipulations:

e
&«

minimize n and ¢
& (5)
- where: Py > py and 1l-a > B
=
-
Fe

o "
. .




Probability of Acceptance

1.0f—ce — - -¥
a = Producer's Risk

AQL Py = RQL ]

Fraction Rejected

P

Figure 1. Design Operating Characteristic (0C) Curve for np Chart.
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Referring to Fig. 1, equation (3) assures that the resulting 0OC curve will
pass above and to the right of the design curve at the point (24, 1-a).
Equation (4) assures that the resulting OC curve will pass below and to the
left of the point (EZ,B). Stipulating the choice of the minimum (n,c) pair

assures that the resulting OC curve passes as closely as possible to the

design curve,

;ij The value of n, of course, yields the constant subgroup size to be used
in sampling. Thus the np chart becomes a reasonable and easily understandable
alternative to the p chart. The value of ¢ is the maximum count of rejected

units that should lead to no corrective action on the process. Only if (c+1)

Control Limit (ACL) is plotted exactly at the value of £, the user may become

confused as to whether or not to take action. In accordance with the rules of

Y

i

b-\

‘?‘ or more units are rejected should action be taken. However, if the Acceptance
3

b

[

control chart interpretation, this is not a coin-flip situation. A reasonable

procedure is to plot the Acceptance Control Limit at:
ACL = ¢ + 0.5 (6)
thus avoiding any confusion in chart interpretation.
PROBLEM FORMULATION: NORMAL APPROXIMATIONS

Working with the binomial formula presents a number of mechanical prob-
lems some of which are discussed subsequently. Suffice it to say at this
point in the discussion that no closed form solution for the values of n and ¢
exists. Its application involves repetitive use of some form of search
algorithm, Therefore no one should be surprised that considerable attention
and ingenuity have been applied in the development of useful approximations

to the cumulative binomial.
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Johnson and Kotz (1969) provide a rather extensive survey of binomial
approximation techniques and Raff (1956) has compared the accuracy of several
of them. The two presented and compared in this study are the standard normal
approximation and a normalized arcsin transformation. The standard normal
approximation is the most familiar and used as alluded to in the Introduc-
tion. It is easy to app]y since n and ¢ may be obtained directly with the
use of a slide rule or pocket calculator and a table of the standard normal
curve. The arcsin transformation is somewhat more complicated but easily

adaptable for use on a programmable pocket calculator.

Standard Normal Approximation

The mean and standard deviation of the binomial distribution are:

E(r) = np
o, = Y np(l-p).

The distribution of the standardized binomial variable
Z = (r-np)/ /' np(1-p)

tends to the standard normal distribution as n becomes large. (See Johnson

and Kotz, 1969.) That is, for any real number, X:

1 X 2
Lim P[Z < X} = — exp(-u /2) du
N ar J-m Pl

which values may be found in a table of the normal curve or solved for on many
programmable pocket calculators. Thus, if given the value of an ACL (say,
derived from the exact binomial, non-integer, and equal to c+ 0.5), the

probability of ¢ or less occurrences with n and p known, &(Z), requires only

the calculation of:

Z, = (ACL-np}//np(1-p] (7)

and ¢(ZY) = y from a cumulative (left-hand) normal curve table.




Arcsin Transformation

The arcsin transformation

y = sinl J(r + 3/8)/(n + 3/4)

produces a random variable, y, which is approximately normally distributed.

(See Johnson and Kotz, 1969.) Thus a normalized random variable, Z, produces

a statistic, the asymptotic distribution of which is normal, where:

{ | _ -1 /c + 3/8 -1

F; ZY = 2/ n [sin nr 34 - sin /p] (8)
. and Q(ZY) = y is then found on a cumulative normal curve table.

%i PROBLEM SOLUTION - EXACT RINOMIAL

Restating the problem, the objective is to find an (ng) pair such that:

minimize: n,cC

subject to:

Pr < c|n,p1] » 1-a (3)

P(r < cln,pz] <B (4)
where:

Py <P, and B< 1-c (5)

Guenther (1969) develops a search procedure for finding (n,c) pairs that

satisfy equations 3, 4, and 5*., While Guenther's algorithm is aimed at

*Actually Guenther's paper is devoted to finding sample sizes (n) and
acceptance numbers (c) for single sampling acceptance plans. The procedure,
however, is the same. In his paper, the hypergeometric, hinomial, and Poisson
distributions are used.
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deriving plans by hand calculation and the use of tables, it is an iterative,
brute-force technique more amenable to computerization than to hand
calculation,

Hailey (1980) programmed Guenther's algorithm to find the minimum single
sampling acceptance plan satisfying equations (3) and (4). His paper contains
the FORTRAN IV computer code for deriving plans using either the binomial
distribution or the Poisson.

The algorithm operates basically as follows. For any stipulated value of
C, there is a minimal sample size, n, satisfying equation (4). That value is
designated n_, a minimal value of n. For the same value of c, there also
exists a max;ﬁum value of n satisfying equation (3). That value is designated
n» 2 maximum value for n. If the solved value of g_zis less than the solved

value of n for fixed ¢, no feasible solution exists for that value of ¢ or

any lesser value, If_gﬂ is greater than (or equal to) Ngs then any value of n

n,<nc<n o is feasible for that value of

(a unique solution) is the range
€. In fact, feasible solutions exist for any value of c greater than the
designated value, as well. That is, an infinite number of plans exist
satisfying equations (3) and (4).

The search procedure begins by setting ¢ equal to zero and solving

for ﬂs and n . The value of ¢ is increased by one and the process repeated

until a feasible range of n is found. Hailey's program immediately selects

the minimum n, ﬂs’ and terminates with a series of output options. A

variation of this program was used to derive sample sizes and ACL's based on

the binomial distribution, The sample size, n, was set equal to n and the

Acceptance Control Limit

ACL = ¢ + 0.5

o = PO VR T S S Sy S S WP
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in order to avoid any confusion in the intepretation of points falling on the

control limit,

PROBLEM SOLUTION: NORMAL APPROXIMATIONS

Hand calculation using the algorithm stated in the previous section would
become most tedious and time-consuming. Available tables of the binomial may
not cover the ranges of n or p required. To evaluate the binomial where c
equal 50 requires the calculation and summing of 51 terms, which is a large
task even with the aid of a sophisticated pocket calculator or small com-
puter. This procedure would have to be repeated many times before the minimum
(n,c) pair are found. However, approximations usually require the evaluation

of only two equations. one for n and one for c.

Standard Normal Approximation

If Za denotes the value that cuts off an upper tail area of a under the
standard normal curve, as illustrated in Figure 2, then the acceptance plan

(n,c) pair can be found from the following equations:

c-np

Zl-a = -
/n P ll-pli

c-np

1. = 2

S P, (T-p,)

Solving these equations simultaneously yields:
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Figure 2. Acceptance Control Charting
Scheme for Binomial Counts.
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=2
]

[(2y_q /oy () + 2y_o/55(Tp9) ) (pypy) T’ (9)

(2]
]

2, 7m p,(1-p)) + np, (10)

-1 -p /n py(1-p,) + np,

1

The values of n and ¢ may be calculated rather quickly by hand or by the use
of a programmable pocket calculator. This is the simplest formulation of the

problem. The value of n, of course, is rounded to the nearest integer,

Arcsin Transformation

The acceptance control chart plan (E;S) pair can be found by solving the

following equations:

_ -1 /¢ +3/8 -1
Zl_a = 2 /n [sin Nt 3/ - sin /51]

. =1 /c + 3/8 -1
7)o = 2/ [sin ;;j% - sin”! /)

Solving these two equations simultaneously yields:

0= ((Fyq * Iy g)L2 (sin” /55 -sin”t /a)1Y (11)
¢ = (n+ 3/8) [sin [2,_/(2 /A) + sin" /5y0)° - 378 (12)

Again, the value of n is rounded to the nearest integer. The derived function
sin-1 (x) = tan-1 (x//1 - x2 ) may be used to obtain the inverse sin of «x,
where -1 < x < 1, in computers which do not have an inverse sin function,

(Standard Mathematical Tables, 1973).




ANALYSIS

;! The three methods of calculating (n,c) pairs for Acceptance Control

. Charts were investigated using the popular risk levels of « equals 0,05

_if and B equals 0.10. The value of p, ranges from 0.005 to 0.06 in increments of
El | 0.005. The value of p, changes iteratively in order to maintain specified
levels of the discrimination ratio, D = p,/p;. The value of D ranges from 1.5

o to 5.0 in increments of 0.5.

Acceptance Control Chart plans in terms of (n, c) pairs are presented in
Table 1. The three methods are labeled BINOMIAL, NORMAL, and ARCSIN to iden-
tify, respectively the cumulative binomial distribution, standard normal
approximation, and normalized arcsin transformation.

Subgroup sizes, the n's, obtained from the two approximations, ARCSIN
and NORMAL, have been rounded to the nearest integer. The acceptance control
limits, the c's, where not converted to integers because values from these
approximations yield different risk protections depending on whether a
continuity correction is added or subtracted from ¢ before it is converted.

For example:

Acceptance Risk
Control Limit Truncate Protection
(Integerized) Value of ' Favored

c' = c + 0.5 Type I error
c = c Inconsistent
c* = ¢ - 0.5 Type II error

where 0.5 is a continuity correction implicit in Laplace's Theorem. (See
Johnson and Kotz, 1969, p.53.) Thus, the conversion of c to integer is
performed after determining the continuity correction which will yield the

type of risk protection most favorable to the quality control program,

12
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For all three methods, n and ¢ decrease as the difference between the AQL
(py) and RQL (pp) increases. This can be observed by either maintaining a
constant discrimination ratio (D =.E?/p1) and increasing p;, or by maintaining
a constant p; and increasing D. N B

Tables 2, 3, and 4 indicate the risk over-protection, or under-protection
(negative values), which each plan provides. The table values are the
differences between actual (P[k<c|p]) values and stipulated (1-« or g) risk
protection probabilities. The actual probabilities were obtained using a
FORTRAN program, in single precision mode, on a POP 11/34 computer. The
probabilities obtained from this program compared with published binomial
probability tables [N.B.S. (1950), Romig (1953), and Harvard (1955)] with an

0.00001 accuracy.

Binomial Distribution

As evidenced in Table 2, ACC plans obtained from the binomial distribu-
tion over-protect both the producer and consumer by having low probabilities
of committing Type I or Type II errors; i.e., rejecting good quality products
or accepting bad quality products. The largest difference between actual and
stipulated probabilities is 2.21%. The over-protection is due to the fact
that since n and ¢ are both integers, an OC curve usually cannot pass exactly
through points (21, 1-a) and QEZ’ B), thus the search procedure finds the

minimum n and ¢ which satisfy inequalities (3) and (4).

Standard Normal Approximation

The acceptance control plans obtained from the standard normal approxima-
tion generally have smaller subgroup sizes, n, than the plans obtained from
the other two models. As evidenced in Table 4, this method consistantly

protects against Type II error when c* is used, but the underprotection

17

. PP~ § VN SO = I W P AP P S N S ST SR S S G RN e e B,

RPN




.

Aa.

.. *1 @1qel uf sueld @oupidadow jJo S3TITIFqeqoad (P 10 »-1) pazendyls pue
Qa_o.v-u:mv tenjoe uaamiaq (Y) 9oUSIIIIFP UOTIVIIoad YSTI UOFINQIAISTP IVINONIE °Z 2I9el

., YYE0°0 VY00 HE£00°0  ZE00°0  6¥00°0  ¥BOO'OT $£00°0  Z£00°0  ¥000°0  B£00°0  HOVO'O 01000  0°S g
: 6L00°0  ¥EI0°0  L£O0°0  ¥LO0°0  TLOO'O  0L00°0  @Y00°0  9900°0  ZT00°0  ¥Z00'0  000°0 6000°0  G°v
_ 8110°0  ZOTO'0  ¥I00°0  ££00°0  0T00°O0 0800’0  FL00°0  9000°0  £000°0  HZ0O'O  $000°0 ¥000'0  o°v 1
[ $000°0  £000°0  LZO0'0  4200°0  ¥£00°0  ££00°C  0800°0  £000°0 9200°0 ¥ T00°0 9000°0  ¥000°0 &°f 1
25 8000°0  TT00°0  ££00°0  BYV0°0  £Z00°0  BI00'0  4Z00°O0  BY00°O0  Z000°0  BI00°0  0000°e $000°0 O°f ;
] 9900°0  £V00°0  4T00°0  IV00'O  IL00°0  9Z00°0  TT00°0  Y000°0  £100°0 1000 S000°0 Y0000 g ©
] 6T00°0  I£00'0  TI00°0  Z000°0  ©000°0  £000°0  ZTV00  O00°0  £000'0  Z000'O Y000°0  Z000°'0 0°Z —
4T00°0  T000'0  ZY00°0  ¥000'O  HO00'O0  Z0V0°O V000  Z000'O  £000°0  $000°0 1090°0  T000°0 ¢°% )
. LZ4]d%d - ¢ =y ]
6S10°0  0ST0°0  4ST0°0  9¥PIVC0  £2T0°0  VOY0'O  LOTO'O  T400°0  YBOO'0  Z900°0  BLU0*O TVO0*0 oS :
IY00°0  Z¥ZO'0 400000  JEZO'O  3ZZO'O  0ZZO°0  TOZO'0  04T0°0  £4I0°0  &Z10°0  ZLY0°0 ZYT0°0 ¥ s
9600°0  £800°0  £0T0°0  0£00°0  BZ00°0  OVVO'O  YWOO'O  OV00'0  £ZOO'0  £000°0  0000°0 66X0°0 0O°¥ .
81Y0°0  LOT0°0  £800'0  S£00'0  9¥00°0  @VO0°0  4200°0 ZL00°0  £T00°0 VOO0  HZTO0°O TLI0°0 g
HS10°0  £VT0°0  SEF0°0  £270°0  ZIFO'0  ZOT00  6E800°0  TH00°0  $£00°0 0Y00°0  $S00°0 £Y00°0  o°¢
YETO'0 00100  $600°0  THOO'O  GL00°0  K900°0  Z900°0  £600°0  &£00°0  4200°0  £200°0 (500°0 &2
ZSO0°0  IV00°0  4£00°0  L£00°0  0Z00°0  VIO0'O  4Y00°0  £900°0  £S00°0 8VO0'0  L££00°0 62000  0°Z
£000°0  £000°0  8F00°0  £Z00°0  Y000'0  4Z00°0  ZZUOO  T000°0  ¥000°0  FT00‘0  8000°Q v000°0  $°¥
to-3) - na;_cvxuu =3 a
0090°0  0S80°0  0050°0  OLYO'O  0OVO*0  USEO'O  VOSO'0  0SZ0°0  0020°0  O0SK0'0 00T 0800°0 HUI

. . e e, T ettt Y
‘. } S n....-.\.\..... T
o - - - l." . . qn. taa .--.t- -\. 0... Y S O




’o.

4.0
"s
".

..’
".
’.s

3.8
4.0

Table 3.

0.00%0 0,0100

re penge’ et - (1-a)s

.0037 ~0.,0017
0.0139 =0,004%
0.0093 0,011
0133 06,0174
$,0023 0,003%
0.0030 0.0040
0.0303 0.0M¢
0.0122 0.0144

-
R=f - PCkge’|r23
-0.0182 -0.0021
-0.0384  6,0007
-0.0243 -0.6304
~0.0339 -0.0404
~0.0107 =-0.0140
-$.0118 -0.0172
~0.0006 -0.0842
~0.0270 -0,0317
Re PORGe|p1) -
-0.0104  +0.0017
~0.007% -0.0043
~0.0300 =9.0247
-9.0310 ~9.0273
9.0023  0.0033
0.0030  0.0040
-0.0190 -8.013¢9
0.0122  0.0144

Ref - P(h(c' 23
0.0043 <-0,0021
0.,00%4 0.0007
0.0243 0.0224
0.0243 0.0237
~$.0107 ~0.0140
-9.,01108 =0.0172
0.0148 o.011Y
=0.0276 <0.0317

k= PeheM P13 - ¢
-0.0108
~0.0372
~$.0247

=0.0104
...“"

«0.0017
~0,0003
06,0130
e.019v7

0.0174

(L-q)$

-0.0174
«0003
~0.0213
-0.0230

0.0079

0.0080
-$.0124

=0+,0492

0.0143
=0.,0049
0.0194
0.0194
-9,0204
-9.0201
0.0079
0.0447

teavd

“$.0174
-9,0333
-0.0218
-9.0230
«9,0400
-$.0722

ET 13

0.0141
$.0314

0.0294
0.01974

0.0434.

.'“”
.0448
©.0447

0.0200

e’s (¢
o. 000y
.CMM
0.0173
*.0215

-0.0100
«0.,0100
«0.0412
-0.0527
-0.,0274
=0.0259

©.0037
-0.0443

e = (c)
=0.00460
0.0030
-0.0174
-$.0196
o.0110
0.01008
-0.0088
-9.0644

0.0427

e's (¢
=9,0040
-$,02688
-$.01764
~0.,0194
«9,0341
=0.0444
-0.1298
=0.0444

0.0044
0.0278
0.,0130
0.0147
0. 0398
0.04%4
0.0433
0.0427

0.02%¢ 0.,0300 0.0370
40.3) truncated,
-0.0013 0.0033
0.0043 0,000
0,0195 0.0217
0.0240 06,0240
0.0133 0.0149
0.013X0 06,0140
«0.0043 <-0.0021
0.022% 06,0234

0.0077
0.0127
~0.,00%8
~0.,0092
0.0102
0.0173%
0.00X3
0.0253

-0.0178
~0.0304

0.0012

0.,0033
-0.0437
=0.,0408
=0.0173
=0.0443

«0.,0071
=0.023%
=0.0342
=0.0704
-0.0349
-0.0308
-0.00%%
-0.03574

-0.0014
«0.0144
~0,0473
-..“u
-0.,0323
-~0.03%7
=0.0038
-0.0344

truncatad.
=0:.0013 ,0.0033%
00043 -0.0188
-0.0139 =0.0101
-0.,01408 -0.0108
“0.0497 <=0.0444
0.0138 =0.0387
=0.0043 -0.002t
«0.0574 <-0.0530

-0.0077
-0.0144

..C”“
=0.,0092
-0.0378

0.003%
-0.0304

0.0077
0.,0134
0.0082
0.,0053

=0.0071
0.0103
0.0074
0.0040
0.0344
0.0379
~0.0033
0.0384

=0.0014
=0.0144
0.0117
0.0108
0.03738
«0.,0X37
-8.0038
0.’.8.4

0.5 trunentad.

0.,0250 0.0147 0,0077
0.0232 6.0183 0.0134
0.0117 0.0074 0.0440
0.0108 0.0040 0.03352
0.0%75  0.0344 0.0300
0.0421 6.0399 §.0373
0.0424 0.0420 0.0372
0.0384 0.0384 6.0341

~0.0328

0.0400

«0.00253
0.0149
-0.0082
=0.0041
0.0198
0.019%
0.0043
0.020%

«0.0003
=0.034Y
=0.0019
-0.0029
-0.0404
=0.0443
-0.0142
-0.0823

«0.002%
-0.0112
«0.0032
=0.0041
«0.0348
«0.0484

0.004%
-0.0418

=0.000%
0.0103
-0.001¢
«0.002%
0.0293
¢.0370
-0.0141
©.0202

-8.0207
-0.0112
=0.0344

0.0228
0.0103
0.044%
9.0308
0. 0293
9.0370
¢.0383
0.0202

0.0450

0.0032
0.0184
0.0007
-0.0019
0.0212
0.0231
0.0038
o.0208

-0.000¢
=0.0433
«0.0088
-0.0081
-0.0517
=0.0413
=0.014%
«0.0780

0.0032
=0.003?
0.0007
-0.0019
«0.0X39
-0.0402
°o°°5.
=0.0413

-0.008?
0.0027
-0.0008
-0.0031
0.0263%
0.0297
«0.0145
0.0312

=0.0437
«0.0039
=0.0499
-0.0714
=0.0339
«0,0402
=0.1009
-0.0413

0.0133
0.0027
0.0402
0.0498
0.0283
0.0297
0.0304
0.0312

0.0%00

o.00n1
-0.0031
0.0033
0.0003
0.02Y7
0.0241
0.0113
0.0311

-0.0108
-0.0008
-0.0122
«0.0074
=0,0409
«~0.0619
-0.0318
-0.0717

=0.0074
-0.,0031

=0.0%49

0.0080
=0.,0000
0,022
=0.0074

0.0234

0.0300
-0.0318

0.025%

=0.0076
-0.0370
=0.0440
=0.0479
«0.0284
-0.0381
-0.0884
-~0.0349

0.0000
0.0362
0.0363
0.0408
0.0234
0.,0524
0.025%

0.0310

0.0004
"0“77
-G.0184
«0.0144
-0.0724
«0.0700
-0.0429
~0.0903

~0,0022
0.0011
0.0044
0.0040
-0.0230
-0.,0303
0.01%0
«0.0334

0.0004
.00“”
-~0.0184
«0.0144

0.017S
0.0217

0. 0;73

«0.0210
-0.0337
=0.0404
~0.0613
-0,0230
=0.0303
-0.0801
“0.0334

0.0233
0.0318
0.0344
0.,0453
0.0178
0.0217
®.0401
0.0272

Standard NORMAL approximation risk protection difference (R)

actual (P[kiclp]) and stipulated (l-a or B) probabilities of
. Plans in Table 1.

tance
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0.0334

“0.0064
=0.0133
-0.0234
-0.0238
~0.081%
=-0.0003%
-0.,0413
BRI

0.0020
0.004%

0.0224

between
accep-
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0.0100 0.01%0 0.0200 6.02%0 0.0300 0.,0330 0,0400 0.0450 0.0500 0.05%50 0.0400

Pt 0.00%0
D ke PERGe’] P12 - C1-any e’® (e $0.5) truncated.

1.5 0.0077 0,008  0.0017 0.0067 0.0104 0.0015 0.005¢ ©0.010% 0.0017 0.0040 0.0097 0.0140
2.0  0.0022 0.0050 0,002 0.0112 0.0I35 O0.014F 0.0194 0.0210 0.0035 0.6070 0.0092 0.0123
2.5 0.022¢ ©0.0248 0.02A4 0.0057 . 0,0062 0.0087 0.0122 0.0138 0.014 0.0489 0.020%  0.022¢
3.6 0,0299 0,004  0.00A8 0,0095 0.0120 0.013% 0.0154 0.0187 0.0204 0.0228 0.0242 0,025
3.5 0.0261 0,0278 0.0293 0.0304 0,031  0.0337 0.0337 0.004é6 0.007F 0.0172 0.0142 0,0156
4.0 0.0292 0.0306 0.0317 O0.03%% 0.031Y 0.0357 0.0344 O0.0078 0.0070 0.0403 0.0130 0.0142
4.3 0.0220 0,023 0.0254 0.0244 0.0280 0.0304 0.0314 O0.037¢ 0.0347 0.0344 0.0353  0.0373
S.0  0.0348 0.0378 0.0383 0.0374 0.0091 0.0105 0.0137 0,0140 0.0185 0.0202 0.0178  0.02%57

weB. - peigefr2d

1.3 -0300AY <-0.0143 0.0004 <~0.0073 =-0.014% 0.0011 <-0.0070 =0.014é 0.001F =-0.0075 =-0.0142 <~0.0253
2.0  0.0019 -0.0030 <-0.0003 -0.0139 <0.0199 -0.0257 =-0.03I8 <=0.0387 0.0002 =-0.0043 <0.00v3 <~0.01%4
2.5 =0.0396 <~0.0442 -0.0817 0.001% <0.0021 <0.0057 -0.0134 =-0.0157 <0.0230 ~-0.0201 -0.0298 ~0.0NA?
3.6 -0,0610 0,0029 -0.0004 ~0.0054 <0.0098 ~0.0117 =0.0151 =-0,0244 <0.0200 ~0.0357 -0,0384 ~0.0434
35 =0.0422 -0,04R4 -0.0537 ~0.0392 -0.06X5 <-0.0709 =-0.0727 0.0074 0.0027 -0.0084 <-0.0113 =~0.0124
4.0 ~0.0500 <0.0550 <~0.05R4 <0.0A58 <0.0680 <~0.0812 -0.0858 0.0010 0.0075 0.0014 =-0.0036 ~0.0034

4.5 =0.024¢
N0 ~0.074%

=0,0204 -0.0330 <0,0339 =0.0378 -0.0317 <=0.0364 <=0.0415 -0.073F ~0.,0424 -~0.045% -0.0830
~0.08350 <«0.0R63 ~0.09R1 0.00%7 32,0038 =0,0033 ~0,0070 <-0.0127 <0.01%0 <0,0071 ~0.0332

(1-a)s e = () truncated.

Re r:uel-u-
1.5 0.0077 <0,0021° 0.0017 0.00A7 <0.0038 0,003 0.0039 ~0,0034 0.0017 0.0040 =0.0051 0.000%

2.0 0.0022
2.3 =0.0034
3.0 0.0013
3.3 ~0.0942
4.0 =0,0132
4.5 0.0220
5.0 -0.001¢

0.0050  0.0082 0.0112 -0.011% <0.0077 -0.0033 -0,0007 0.003F 0.0070 0,0092 0.0123
-0.,0020  0.0007 0.0037 0.,0044 0.0087 0.0522 0,018 0.0148 -0.015¢ -0.013I8 ~0.0089
0.004F  0.0048 06,0093 0,0120 0,0133 0.0154 0.0107 0.0204 <=0.0182 ~0.0157 +~0.0124
-0.,0107 -0.0077 <~0.0048 -0.,0024 0.0007 0.002% 0.0044 ©0.0075 0.0122 0.0142 0.0154
<0.0302 -0.0078 ~0.0045 <=0.0024 0.0019 0.0040 0.0078 0.0070 . 0.0103 0.0130 0.0142
0,023  0.0234 =0,0294 =0.0264 <~0.0205 <-0.0173 <«0,0143 -0.0094 «0.0108 -0,0084 =0.00246
0.0054 ©0.0031 0.0044 ©0.0073 0.0105 0.0137 0.0140° 0.0105 06.0202 0,018 0.02%7

"8 - r:u(:k»zz
1.3 -0,00RY 0,007Y 0.0004 <~0.0073 0.0082 0.0011 -0,0070 0.0084 0.0017 -0.007% 0.0093 0.0019
2.0 0.0019 <0.0030 -0,.0083 ~0,0139 0.0199 0.0138 0.00%¢ 0.0044 0:.0002 ~0.0043 <-0.0093 -0.01%4
2.8 6.0141 0.0097 0.0061 0,001 «0.0021 ~0,00%57 -=0.0134 <-0,0157 -0.0230 0.0241 0.02%2 0.0198
3.0 0.0048 0.0029 -0,0004 ~0.0054 <0.0098 <0.0112 -0.0151 =0.0244 <—0.0290 0.0293 O0.0280 ©0.0233
3.5  0.0240 0.0224 O0.0L78 0.0160 0.0144 0.0105 0.0099 0.0074 0.0029 -0.0004 -0.011S -0.0124
4.0 0.02%Y 0.,0234 0.0217 0.0381 0.0173 0.0108 0.0080 0,0010 0.0073 0.0014 «0.0036 +~0.0034
4.3 <0.024% -0.02R84 =0,033I8 $.0407 0.0392 O0.03IF5 0.,0314 0,0294 0.0237 0.0304 0.0296 0.0213
3.0  0.014Y 0.0120 0.0128 0.0068 0.0037 O0.003I8 -0.,003F =0,0070 <0.012¢ ~0.0150 <6.0071 -6.0332
&= PIRGe*|r13 - (1-aMb o' (r =0.5) truncated. ,
1.3 =0,0074 <=0,0021 =0,0131 =0.0087 <=0,0038 «0,01%84 <0,00/F =0,0034 «0.0158 <0.0100 -0.0058 - 0.0003
2.0 =0,0283 <0,0243 ~C.0LP8 <=0.013F <0.0117 ~0,0077 «0.,0033 <«0,0007 =0.0287 «0.0233 <«0.0204 =9.0157
2.5 <0,0034 <~0.0020 0.0007 <=0,0404 <=0,034F <«0,0320 ~0,024% <=0,0244 <=0.0194 <0.0138 =-0.0130 -=9.000?
- 0 0,001% <0.0313 «0.,0474 <=0.,0424 <0.0382 =~0,03%9 <~0.0322 <0,0235% «=0.0224 =0.0182 =0.0137 =0.0124
RS ~0,0142 <0,0107 <0.0077 -0.0048 <=0.0024 0.0007 0.0023 <0.0403 -0.0430 -0.0336 =~0.0498 <-0.0472
4.0 -0,0132 <~0.0102 -0.,0078 <=0.0043 <~0.0024 O0.00LY 0.,0040 <=0,074Y <0.0770 <0.0704 -0.0647 -0.0423
A4S =0.,0377 <0,0343 -0.0322 -0.0294 =0.0244 ~0,020%3 <~0.0173 <0,014% <=0.0094 <0.0108 <0.0084 <-0.0024%
.0 =0.0014 0.0014 00,0038 0.0064 —0.0708 <~0.0881 <~0.,0008 <0.07I8 <=0.0497 =0.0437 =0,0477 =0,0321
-xef - rcue*Jp:: : ’
1.3 0.0142 0.007v 0.02014 0.0138 0.00R82 0.0231 0.0843 0,008 0.0242 0.0143 0.0093% 0.001¢
2.0 9.0353 0.0318 0,.0208 0.0242 00199  0.0158 0.0097 0.0064 .- 0,033F @.0314 0.0294 0.0251
2.3 o.0141 0.0097 0.0042 0.0438 0.0418  0.03¥7 0.0340 00,0337 0.0291 0.0242 0.02%2 6.0193
3.6 0.0068 0.0302 0.0484 0.04357 0.0433 0.0428 ° 0,0408 06,0334 0.0330 0.0293 0.0280 6.02%3
3.3  0.0240 0.0224 0.0198 0.0168 0.0144A 0.0105 0.009% O0,0374 0.0574 0.0%521 0.,0%07% 0.0%507
4.0 06,0259 0.0234 0.0217 0.0104 0.0173  0,0101 0.0080 00,0404 0.0437 0.0413 0.0594 0.03598
4.5 0,041 0.0437 0.0413 0.0407 0.0392 0.03X% 0.0314 00,0294 0,023 0.0304 0.0294 0.0213
s.0 0.0149 0.0120 0.0120 0.0048 0.04%30 0.0642 0.0437 0.0424 0.0404 0.0602 0.0440 0.0338
Table 4. ARCSINE transformation risk protection difference (R) between actual

:
3
i

PN

(P[k:clp]) and stipulated (l-a or B) probabilities of acceptance.
Plans in Table 1.
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against Type I error may be as large as 14%. When c' is adopted, protection
against Type I error is usually attained, or is at most 1.25% below the

stipulated producer's risk probability, but under-protection against Type II
error may be as large as 10%. When no continuity correction is used with ¢,
there is no consistent risk protection, and under-protection against either

type of error may be as large as 6%.

Arcsin Transformation

As evidenced in Table 5, acceptance control plans obtained from the
arcsin transformation consistently provide one-tail protection. When c* is
used, protection against Type II error 13 attained, but not against Type I
error. Under-protection against Type I error may be as large as 9%. When c'
is adopted, protection against Type I error is attained, but under-protection
against Type Il error may be as large as 10%. When no continuity correction
is used with ¢, no consistent protection is attained, and under-protection

against either type of error may be as large as 3%.

SIMULATION STuDY

A computer program simulating item manufacture and control charts,
written by Davis (1977), was used to analyze the performance of ACC's derived
from the binomial distribution, standard normal approximation, and arcsin
transformation. Twenty replications of this simulated process were made,

using common random numbers for variance reduction,

Process Description

It is desired to have producer and consumer risks of 5% and 10%,
respectively. The cost of a Type I error is considered to be greater than

that of a Type II error in this simulation; thus, c' is used with the

21
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Table 5. BINOMIAL ACC Plan Simulation Results.

SuB NONCON- SUB NONCON- SUB NONCON-
GROUP  FORMANCES GROUFP  FORMANCES GROUF FORMANCES
1 3 21 3 41 4
2 2 22 2 42 3
3 0 23 2 43 2
A 4 24 4 44 3
5 0 25 3 45 1
6 S 26 3 46 3
7 1 27 3 47 3
8 2 28 2 - 48 S
9 3 29 3 49 3
10 4 30 2 50 1
11 S 31 3 51 12
12 2 32 S 52 8
13 2 33 0 53 8
14 4 34 1 54 6
15 4 35 1 55 13
16 5 36 1 56 8
17 5 37 3 57 7
18 2 38 2 58 12
19 3 39 2 59 10
20 7 40 o 60 14
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approximations because of its increased Type I error protection. In Table 1,
when an APL of 1.5% and a discrimination ratio, D, of 3.5 are chosen (i.e.,

RPL = 5,25%), the acceptance control plans are as follows:

Method n c [ Plan_Chosen
BINOMIAL 175.0 5.00 (175, S)
ARCSIN 182.0 6.73 7 6 (182, 7)
NORMAL 168.0 5.11 5 4 (168, 5)

Thus the Acceptance Control Limits were positioned at 5.5 for the
binomial and standard normal approximation and at 7.5 for the normalized
arcsin transformation. The simulation "manufactured" 10,500 items. Initially
the manufacturing process had a nonconforming percentage of 1.5, the AQL.
After the 8,750th item produced, the process shifted to 5.25% nonconforming,
the RQL level. Thus there was a shift from the expected acceptable process
level to the rejectable process level to test the plans at the stipulated

extremes.

Control Chart Analysis

The control charts in Figures 3 and 4 show the number of nonconforming
units found in each subgroup of the three acceptance plans. Tables 5, 6, and
7 contain the simulated data used to plot these Figures. The process shifted
to the RPL after the 50th subgroup for the exact binomial plan, and in the
middlie of the 49th and 53rd subgroups for the arcsin transformation and normal
approximation plans, respectively.

The binomial plan made one Type I error (subgroup 20) in S0 subgroups of
good quality and no Type Il errors were made in the final 10 subgroups. The
arcsin transformation plan made one Type I error (subgroup 32) out of 48 good
quality subgroups and no Type II errors in the last ten subgroups. The

standard normal approximation plan made no Type I errors in the first 52
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[ B Table 6. ARCSINE ACC Plan Simulation Results.
g SUB NONCON- SUR NONCON- SUB NONCON-
G GROUP  FORMANCES GROUP FORMANCES GROUP FORMANCES
% 1 3 21 3 41 S
T 2 3 22 1 42 4
.- 3 0 23 2 43 2
» A 3 24 6 a4 3
o S o 25 1 45 2
= 6 é 26 0 46 2
7 o 27 3 47 2
{ 8 1 28 2 48 6
= 9 4 29 2 49 9
[ 10 4 30 0 S50 10
11 5 31 2 S1 ?
12 2 32 8 52 11
13 1 33 7 53 8
14 3 34 6 54 12
15 2 35 3 55 12
16 3 36 4 56 8
17 3 37 2 57 8
18 3 38 0 58 10
19 0 39 3
20 6 40 4
Table 7. NORMAL ACC Plan Simulation Results.
SUB NONCON- SUR NONCON- SUB NONCON-
GROUP FORMANCES GROUP FORMANCES GROUP FORMANCES
1 3 21 2 a1 2
- 2 2 22 1 42 .2
- 3 0 23 1 43 2
- A 4 24 3 44 1
5 1 25 2 45 3
s 6 5 26 2 46 o
e 7 1 27 3 47 1
= 8 2 28 5 48 1
g 9 3 29 S 49 2
g 10 4 30 2 50 4
“ 11 4 31 3 51 0
12 2 32 1 52 1
o 13 2 33 3 53 &
3 14 3 34 2 54 11
[ 15 3 35 S S5 8
& 16 4 36 2 56 15
% 17 0 37 2 57 5
- 18 1 38 5 58 .
4 19 3 39 2 59 8
p - 20 5 40 1 60 8
3 61 &
[ 62 10
- &3 3
L
L
t. ’ 26
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subgroups, but had three Type Il errors (subgroups 57, 58 and 60) in the last
eleven subgroups, when the process had shifted to the RPL.

The total number rejected in a subgroup may be expected to exceed the ACL
for either of two reasons, (1) the existence of assignable causes, or (2) the
existence of a quality level which exceeds the APL. In either case, the only
clue given by the acceptance control chart as to the cause of lack of control
is the time at which lack of control at the desired level was observed. For
this reason, immediate corrective action should be taken whenever a point
exceeds the ACL. This simulation did not include such corrective action
because it was desired to observe the consistency of each control chart in

providing the desired risk protections.
CONCLUSIONS

Three methods for obtaining subgroup sizes and acceptance control limits
were compared. In addition to utilizing the exact binomial distribution, the
standard normal approximation and a normalized arcsin transformation were
used. Acceptance plans obtained by using the binomial distribution provide
the stipulated risk protections (guaranteed over protection) for both producer

and consumer. This results from the strict application of the inequality

constraints of equations (3) and (4). When a continuity correction of 0.5 is
added to (subtracted from) the ¢ derived from either of the latter two
approximation methods, strict risk protection against Type I (Type II) error
is attained, but not against both error types. If no continuity correction is
used, the risk protection from these approximations is inconsistent; i.e.,.
risk protection alternates against both types of errors, with no discernable

pattern.
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;:i For the risk levels studied (1-a = 0.95 and g = 0.10) and the wide range
:n of values of p; and D studied, the normalized arcsin transformation yielded
results closer to design than did the standard normal approximation. Risk
protection losses ranged as high as 2.96% for the producer (l-a) and 3.38% for
i.. the consumer (pg) with no continuity correction factor applied. These are the

maximum (underlined) negative numbers in Table 4, With a continuity correc-
tion factor of 0.5 added to the solving value of c, the producer received at

least the required protection but the consumer loss of protection reached as

high as 9.81% (nearly doubled). With 0.5 subtracted from the solving value of
;.. €, consumer protection at the specified level was assured but loss of producer
h protection increased to 9.08%, i.e., from a design level of 0.05 to as high as
0.1408. Unless protection at one level is vital, as opposed to protection at

the other level, no continuity correction is recommended when the arcsin

transformation is to be used.

Results from the standard normal approximation were not as good, in
general, as those achieved by applying the arcsin transformation. Without
adjustment by a continuity correction factor, loss of producer protection
ranged as high as 6.92% and loss of consumer protection as high as 4,29%
(negative underlined values in Table 3)., With 0.5 added to the solving value
of ¢, loss of producer protection was reduced to 1.2% but loss of consumer
protection was increased markedly to 10.19%. With 0.5 subtracted from the
solving value of ¢, loss of producer protection increased to 13.64% but con-

sumer protection at the design level was assured. As was the case with the

normalized arcsin transformation, no continuity correction can be recommended

unless it is imperative to meet (or nearly meet) the design level of protec-

i
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tion at either the producer or the consumer quality protection level.
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Both the standard normal and arcsin transformation require the evaluation
of only two equations to obtain an ACC plan (n,c) pair. These equations
easily may be evaluated using Standard Mathematical Tables or a scientific
calculator, since they only require the use of square root, sine, and inverse
sine functions. The binomial distribution requires at least Ef_evaluations of
equation 2, which contains factorial and exponential terms, and a search for
the minimum n among various (n,c) pairs that satisfy the inequalities in
equations 3 and 4. However, even most home computers have the capability of
performing these evaluation and search tasks quickly; they would be tedious
and time consuming if performed using tables and/or pocket calculators.

Finally, to assure the desired protection for both producer and consumer,
the exact binomial should be used to obtain ACC plans, provided computer
facilities are available. The normalized arcsin transformation is preferable
to the standard normal approximation because its likely degree of under-
protection is about half that of the standard normal. Possible under-protec-
tion afforded by the standard normal is about double that of the arcsin in
absolute terms.

A complete listing of the computer prugrams used to develop and evaluate

the various plans is provided in the Appendix.
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10
20
30
AQ
50
40
70
80
90
100
110
120
130
1A0
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
F20
J30
340
350
360
370
380
390
A00
A10
AR
A30
AAD
A0
ALQ
470
480
490
S5O0
510
320
B30
GAQ
550
460
570
G580
G50
600
4510
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REMK KKK KK KK KK KK K K 2K KK KK KK KKK oK KK K K K KK 2K K K KK AOK K oK oK K KK Kok K K K K ok K

REMX FROGRAM: BRINOMIAL ACCEPTANCE CONTROL PLAN (NsC) 3
REMAKKKOK R AR KKK KK AR K 30K K 0K 30K 0K K 3K K 3K KK 0K 3K KK 00K 3 0K o K 0K oK KK 3K 0K ok ok K K KoK K 5k

NIM SUMLLOGC1000)
NMAX = 1
SUMLOG(NMAX) = @
INFUT "ENTER PRODUCER & CONSUMER’S RISKS *s AR
TNFUT “"ENTER ACCFRTARLE & REJECTARLE FROCESS LEVELS "s F1,F2
GOSUR 1320
FRINT "SURGROUF SIZE N = *35N
FRINT *"CONTROL LIMIT C = *i(C
E'N
IN AP $ 2325880833323 2383833 +403 033832323203 0382333333433¢3333322335¢4%9417

REMX SUEROUTINES SINGLE SAMFLING FILAN SFARCH X
REMX X
REMX REFFRENCES  GUENTHER (1969) 8 HATLEY (1980) X
RE M X
REM¥ GIVEN: A =  FRODUCER’S RISK *
RE M B = CONSUMER’S RISK X
RE Mk P1i =  ACCEFTARLE QUALITY LEVEL (AGL) X
REMX F? =  REJECTARLE QUALITY LEVEL (RQL) X
REMX . X
REMX FINDS: N =  MINIMUM SUKGROUF SIZE X
REMX ¢ =  NONCONFORMANCE CONTROL LIMIT *
hkMx**x*x**x***xx****w**#*xx*x*x*xxx*x***xxx*x*xx**********x*xx**xx*
N =
¢ = —1
C o= C 41
F o= F2
N =N +1
GOSUE 370 \ REMXXX CALL BINOMTIAL (F2s Ns C» FACE)

IF PACC > B THEN 300

Fo= P
GOSUR 370 \ REMXX¥ CALL EINOMIAL (Fi, N» C» FACE)

IF FACC < (1-A) THEN 280
RETURN

REMAOKK KK ROK K OK HOK 0K 3K K XK KKK K K oK oK K oK K K K 0K KK 0K KKK K KKK KKK KK K KK KR KKK K K

REM: SUBROUTINE: CUMULLATIVE BINOMIAL PRORARYLITY :
REM

REMX GIVEN? N = SURGROUF SIZE X
REMX C = NONCONFORMANCE CONTROL LIMIT %
REMX Froo= FPROBARILITY OF NONCONFORMANCE X
REMX X
REMX FINDS: PACC = FRORABRILITY OF ACCEFTANCE (CUM. BINOMIAID X
REZMOK KKK MK 3K K A K oK KKK KKK KK K K 0K KKK KKK 3K K KKK KKK 0K K KKK KK KK K K KKK K KK K K KKK K K

Q= 1-F

CUMULA = Q7N

TE € = O THFN 600

TF N <= NMAX THEN %40 N REMX%xX LOG SUMS ALRFADY IN MEMORY

FOR K = (NMAX41) TO N \ REMX%k% COMFUTE ONLY NFW LOG SUMS
SUMLLOG(K) = LOGL1O(K) +SUMLOG(K-1)

NEXT K

NMAX = N N\ REMX%X  LARGEST LOG SUM (FACTORIAL)Y TN MEMORY

FLOG = LOG1OCF)

.06 1 0GLOCQ)
FOR K = 1 TO C \ REMXXX COMFUTE CUMULATIVE FROBRARILTITY

FACTOR = SUMLOG(N) -SUMLOGIN-K) -SUMLOG(K)
CUMILA = 107 (FACTOR +KXFLOG +(N-K)XQLOG) +CUMULA
NFXT K
FACC = CUMULA

RFTURN
a2
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0001
0002
0003
0004
Q005

0006
0007
oo08
0010
o012
0014

0015
0016
0017

0018
0019
0021
0023

0024
0025
0026
0027
0028
0029
0030

003X1

0032
0033
0034
0035
0036

0037
0038
0039
0040

0041
0043

0044

Ce
cc

cc

CC
cC

127

¥
126

129
128

132

C

PROGRAM?: COMPARES SINGLE SAMFLING PLANS FOR A FROCKESS
UWHICH HAS BINOMIALLY NISTRIRUTEDT NDEFECTIVES.

PROGRAMMIER! CARILOS AMADOD FALL /81
RESEARCH FOR: NR. R.lL . LEFAVENWORTH» TSFE NEFTy UNIV. OF FLORIDA
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DIMENSION CLUC2)Y: CLL(2)
CALL ASSIGN (2, SINGLF.NAT’) ' OQUTFUT FILE

CALL. PUTCHR (2655) ! CLEAR CRT SCRFEN

WRITE (S5¢131)
FORMAT (/OFNTER NDATA  (START TN 18T LETTER OF TITLEY //
‘PO AL.FA F1 RETA TTER8’)

"RFAD (52133+FRR=130) FPOs ALFAy Fis RETHy ETER®

FORMAT (S5(F7.4,1%X))

IF (FOLLE.O) GO TO 199

IF (POEFQ.PL1)Y GO TO 127
TF (FTER8.NF.0) G0 TO 124
GO TO 129

WRITE (S5e%) :
WRITE (Sy%) ‘FO CAN NOT FQUAL F1 (7FRO DIVIDE ERROR)‘

G0 TO 194

calLl YTER8 (ALFAs FOs RETA» FP1s» Ay ETERS)
IF (AEQ.’Y’) 6O TO 196

IF (AFQ.7R’)Y GO TO 194

60 TO 130

WRITE (2:128) PO ALFAr Fly RETA
FORMAT (/777 GIVEN (FO» Ay Ply B)1/3A4(F7.4:2X))

CALL ARCSIN (ALFA» PO, BETAy Fls SNs Cr CLU» CLL)
WRITE (5s%) SNs Cr ‘ FROM ARCSINE

WRITE (2:%) ¢ ¢

WRITE (2s%) ‘ARCSINE TRANSFORMATION'

M= 1

GO TO 134

CALL NORMRT (ALFAs FOy» BETAy Pls SN» Gy CLU» CLL)
WRITE (2,%) * ~

WRTITE (2+%) /NORMAL APFROYIMATION’

M= 2

GO TO 134

CALL GUNTHR (ALFAs FOy, RETAy F1y SNs ()

WRITE (2»%) *
WRITE (2:5%) ‘EXACT RINOMIAL
M= 3

IF (C.EQ,9299.) GO TO 199
CALL EXACT (SNsFOsCrRYLFCeN)

CALYL EXACT (SNyP1:CsFHIN)
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SINGLEsSINGLE/ZLY $ 1=SINGILE
0045 WRITE (2s5s13%) SNr RXLECs Cs F
0044 135  FORMAT (7 SINGLE SAMPLING FLAN:‘//

T /7 SAMPLE SI7Z7E  =/»F9.2+3X>

1 P 1-A = ¢F9.4/

I ‘ MAY. MEFECTS =/ yF2.295Xy

T M S - =/ sFQ@ . A)
0047 GO TO (13251346130 M
0048 124 WRITE (55X%)
0049 WRITE (S5eX)’ INFUT FRROR! TYFE *R* TO RESTART'
0050 1926 RFEATN (55197) A
0051 1927 FORMAT (A1)
Q052 IF (AFQR.’R.OR:A.FQ,‘N’) GO T 130
o054 199 WRITE (S5eX)
Q05% STOP HAVF A GOOn L IFE’
0054 ENNT)

C ___________________________________________________________________________
ad




SINGLE s SINGLE/ZLLT$1=SINGLE

0001 SURROUTINE GUNTHR (ALFAs FOs RETA» Fls SNy C)

cC FROGRAMS: ORTAINS EXACT RINOMIAL SINGLE SAMFLING FLAN

G REF?! GUENTHFR: W.C.r» “USE OF RINOMTAL s HYFERGFOMETRICs ANN
cC FOXSSON TARLES TO ORTAIN SAMFLING FLANS®, JJOURNAL OF
C AUALTTY TECHs: V0L 1s NO. 2 AFRIL 1969 FF 105-109.
£ o o oon o e o e o 1 ook 42 o o o e e e o o o o A o S i e B o A ot o 2 = 1t e 2 e om0 £
0002 i C= =1, ! START AT C=0
0003 SNS= 1, | START AT SN§=2
¢
0004 2 = O+ 1.
X ¢
t} 0005 3 SN&E= SNS+ 1.
), 00064 CALL FYACT (SNSs Pis Cr RBXLECs N)
L 0007 IF (BXLFEC.GT.RETA)Y GO TO 3
. ¢
i‘ 0009 SNL= 8NS~- 1., | SMALLER SNI. NOT NEELET
: G010 4 SNL= SNIL+ 1.
()
) 0011 WRITE (Sek) SNEr Cs SNLy RYLEC
.. 0012 CALL EXACT (SNl.» FOs Cs RYXLEC, N)
*ﬁ 0013 F (BYXLEC.GF.(1.-ALFA)) GO TO A
L 0015 SNIL.= SNL- 1. ! PREVIOUS SNI. IS THE ONE WANTED
0014 TF (ENS.GT.SNL)Y 60 TO 2
3 0018 SN= GNS§
3 0019 RFETURN
L 0020 END
. () o= e e o £ e e e o

~

abd
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_______________________________________________________________________ 4
GIVEN? SN = SAMPLE NUMBER (SIZE)
F = FROR. OF DEFFCTIVES

D = 1.-F d

SURROUTINE EXACT (SNr Py C» BXLEC: N)

FROGRAM! COMPUTES EXACT CUMM. RINOMIAL PRORARILITY OF Y.LF.C

METHON S

fe "NY NUMRER OF LOGC(10) SUMS ARE COMFUTEI ONCE, ONLY,
AN STORET IN *SUMLOG(T) " VECTOR.

B. 10XX( SUMLOG(T) ) REPRESENTS I-FACTORIAL { THEREFORFE
FACTORIAL MULTIPLICATIONS ARFE REDUCET TO SUMMATIONS»
ALL FACTORIALS NEEDEN ARE IN STORAGE UF TO SUMI QG(N)

C. WHENEVER ITERATIONS ARF RUNs THE SUMLOGCI)Y ‘S IN MIEMO
ARE. NOY RECOMFUTEYD.

. N = € x 0F N-FAC » C-FACSH AND SUMLOG(NY > SUMLOG(C).

Fo SUMLOGC(T) SURTRACTION = I-FACTORIAL NIVISION,

Fo LOGC1LO)Y ALLOWS EFFICYENT HANDIL ING OF LARGE NUMRERS.

FROGRAMMER: CARLOS H. AMAND: XSE DEFT., UNIV., OF FLORINA

¥ # OF NDEFECTIVES IN SAMPLE

COMFUTES: RXLEC RINOMIAL FPROR (X.LE.C) l
SUMLOG(T) = VECTOR CONTAINING SUM OF 1LOG(1) THRU 1.0G

VIRTUAL SUML0OG(F000)
NN = SN

=rr BRINOMIAL PROR, WHEN C=0 <<
CESUMS = Q XXNN
IF (C.EQ.0.) GO TO 333

x> AVOTN RECOMPUTING SUMLOGC(X) ‘S ALRFADY IN MEMORY <<«

TFE (NNLGT.2000) GO TO 998
IF (N-NN) 100,211,211

M N+ L
Fr COMPUTE N SUMLOGS --EQUIVALLENT TO N-FACTORIAL <<<

IF (M.6T.1) GO TO 110
SUMLOGCLY — O,

Moo= 2
nO 111 T= Ms NN
SUMLOG(T) = Al OGIO(FLOAT(I)) +SUMLOG(T-1)

CONTINUE

»rx COMPUTE € CSUMS ~~FQUIVALLENT TO SUM OF PROR COMRINATIONS 4
T.FE.r CUMMULATIVE RINOMIAL NISTRIRUTION COMPUTATION

KC =~ €
MN:: NN

ab




SINGLE » SINGLE/LT 1 =G INGLE
G 2> SUM (ACCUMULATE) FPRORARILITIFS <<«
c
0021 PLOG= ALOGLO(F)
0022 QLOG= ALOGIO)
0023 no 322 K= 1s KC
00NA CSUMS = 10.,%2%X( SUMLOG(N) -SUMLOG(N-K) -SUMIL.OG(K)
V4 +KXPLOG +(N-K)XQLOG ) +CSUMS
0025 322 CONTINUF
C
0026 33T RYLEC= (CSUMS
0027 RETURN
0028 9298 WRITF (5:999) SNs Fs C
0029 299  FORMAT (/OWHOOPS! 1! SAMPLFE SI7E ='sF10.2//
7 AT P =/3F10.4y° ANN C =’ F10.4)
0030 STOF
0031, END
e e e i e et et e e e e e e o o e i et e e A ’
a7
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VT RS IRV T

0001

0002
0003

0004
00005
0006
0007
0008
0009
0010
0011
0013
0014
0015
0016
0017
o018

0019
0020
0021

0022
0023

0024
0025

0026
0027

SINGLE s SINGLE/ZLT$1=SINGLE
SURROUTINE NORMRI (ALFA» PO» RBRETA» P11y SNr C» CLU» CLL)D
C(‘: ______________________________________________________________________ e |
M P FROGRAM: COMPUTES A SINGLE SAMPLING PLAN USING THE
Ce NORMAL. APPROYXIMATION FOR A RINOMIAL NISTRIRUTION
e
CCm o et e e e e o e e e e 2 e e o 2 o e e e e o o e e e e e e £
NIMENSION CLUCR)s CLLAD2Yy ZVUC12)y ZTCL2)s 702
NATA ZV(L)/2.326/7s 2V(2)/72.054/y ZV(3)/1.881/¢ ZU(AY/1.751/
ZUCS) /1,645y 7V /1,555 77y ZV(7Y/1.474/y ZV(8)/1.405/y
V(R /1.3A7s 2VC10)/71.282/7y 7V /71,0367y ZVUL12)/.8BAD/
nnp 292 I= 1y 10
29 ZT(I)= 1.~ 1(/100,
IT(11)= 8%
ZT(12)= .80
F7= 1.-ALFA
K= 1
30 no 31 (= 1 12
IF (PZ.NE.ZT(1)) GO TO 31
Z(K)= ZV(I)
GO TO (325335 K
X1 CONTINUFE
WRITE (S:X) ‘FRROR! ALFA OR RETA NOT IN NATA STATEMENT
C= 999,
RFETURN
C
32 FZ= 1.-RETA
K= 2
60 TO 30
Cc
33 PRO= (1- FPOYX FO
PQI= (1- P1)X F1
SN= ((Z({1)%X SART(PRO) + Z(2)% SART(FAI))/ (Fil- FO))%XX2
C= 7(1)% SQRT(SNXPQRO)Y+ SNx PO
C
RETURN
END
m e e e e o e o e e e B e e e e -
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e - SINBLEsSINGLE/LY S L=SINGLE
—
' 0001 SURKOUTINE ARCSIN (ALFA» POy BETAs P1: SNy C)
! ] g ;
CC  PROGRAMI SINGLE SAMPLING PLAN USTNG AN ARCSINE RORMAL I7ING
( ce TRANSFORMATIONX TO APPROXIMATE A RINOMIAL PROCESS.
re
cc 1.  NORMAL ARCSTNI TRANSFORMATION
ce 7. FREEMAN & TUCKEY (F & T)  ° .
ce
CC REF:  JOHNSONs Ny S. KOTZ»/DIST. IN STATISITCS -DISCRETE DIST,”
cc HOUGHTON MIFFLIN €0y BOSTONs 19695 P &S5,
ce
CC  GIVEN:  ALFA = PRODUCER’S RISK PRORARILITY OF REJECTION
cc BETA = CONSUMER’S * “  ACCEFTANCE
ce PO = ACCEFTARLE FROCESS LEVEL
ce PI = REJECTARLE  *
ce
CC  COMPUTES: SN = SAHPLE SIZF .
ce ¢ = MAX NUMRER OF DBEFECTIVES IN ACCEFTANCE
. ce
CC  VARTARLES!
, ce 7C1) = Z(=ALFA)
g ce 7¢2) = Z(1-BETA)
N ce SINV(1) = ARCSINE OF SORT(1-ALFA)
s ce SINV(2) = « *  (1-RETA)
ce S5(1> = GAMPLE SIZE OF NORMAL ARCSINE TRANSFORMATIO
ce §6(2) = =+ F 8T . .
ce P(1) = ACCEPTARLE & DEFECTIVES IN NORMAL — *
ce N(2) = ACCEPTARLE # DEFECTIVES INF 8 T .
(‘C ____________________________________________________________________
t! { o002 DIMENSION Z(2)» SINV(2)» §5(2)» N(2)y ZT(12)y ZVU(12)y P(2)
g 0003 DATA ZV(1)/2.326/1 ZV(2)/2.0547, ZV(3)/1.8817, ZV(A)/1.751/,
| 1 ZVC5)/1,6457y ZVUCB) /155570 ZV(7)/1.4747s ZV(R)/1.405/,
I ZV(9I /1,347 ZUC10)/1.282/, ZVC11)/1,03675 ZV(12)/.842/
3 0004 no 29 1= 1, 10
0005 29 7TCI)= 1,~ 1/100,
A 0006 ZT(11)= .85
0007 ZT(12)= .80
0008 F(1)= PO
000% F(2)= P
c
, 0010 P7= 1.- GLFA
& 0011 K= 1
§ 0012 30 MO 31 I~ 1, 12
3 0013 TIF (FZLNE.ZTCO)Y 60 TO 31
3 0015 7CKY= ZU(1)
9 0014 SORF~ SORT(F(K))
K 0017 SINV(K)= ATAN( SQRF/ SQRT(-SQRFXSORF4+1) ) | ARCSIN
& 0018 60 TO (32:33), K
; 0019 31 CONTINUF ‘
0020 WRITE (5,%) ‘ERROR: ALFA OR BFTA NOT IN DATA STATEMENT
0021 C 999, |
0027 RETURN

(
0023 x2 PZ= 1.-RETA

a9 1
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SINGLE »SINGLE/LIS1=SINGLF
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a

0024 K= 2
0025 GO TO 30

Chb e vt be 4

C
i 0026 33 SE(M)= ( (ZCH+7C2))/ (SINV(2)-SINV(1)) HXXD
: 0027 S8(1)= 88(2) /A
g 0028 X= SINV(1)+ 7(1)/ (2XBART(8S(1)))
L 0029 NCLY= (88(1)40.75) % (SINOOIXXD) —-(3./8.)

0030 8N= 8S8(1)
0031 C= ML)

k.
. 0032 RETURN
003X END




GINGLE » SINGLE/L I 1=SINGLE

0001 SURROUTINE ITERS (ALFAs PO» BETAy Fls As FTERS)
I o o o o e e e e e e o ot e s e i i e e e e e o e e o e e e B e e 3 o o e e e -
CC  PROGRAM: DETERMINES SEVERAL SINGLE SAMPILING FLANS
[ ce RY CHANGING PARAMETER UALUES IN FACH ITERATION,
F e T s
0002 BIMENSION S§(3)s CC(3)» RO(I)y RI(3I)
0003 COMMON /ETER/ O sAS:AHrRLy RSy RHaPOL s FOSs FOHsF1L s P16, F1H
0004 WRITE (55101)
0005 101 FORMAT (‘OENTER ITERATION (STEF) ANN HIGHEST VUALUES’//
7 © (ALFR) ALFA  (FO) PO (F1)  P1 (RETA) RETA
0006 READ (5:103) AS: AH» POS» POHy P1Ss F1Hs RSs RH
0007 103 FORMAT (8F7,4)
c
0008 TF (AS.LT.0,0R,AH.LT.ALFA) GO TO 194
0010 F (RS.GT.0) GO TO 104
00172 BG= 4G
0013 BH= AH

0014 104 XF (FPOST.0.0RFOHJNMTFOL.ORFIS.LT.OORFPIHLT.FLLOR,.
7 P1S. . T.POS.OR.RH.LT.BETA) 6O TO 194

0016 AL~ ALFA
0017 RlL.= RETA
0018 POL= PO
0019 PilL= P1
0020 IF (ETFRB.EQ.8.) GO TO 114
0022 GO TO 110 ! REGIN ITERATIONS
c
0023 106 Pil= P14+ P18
& 0024 IF (FL1..E.FIH) GO TO 110
0024 Pi= P
0027 PO= FO+ FOS
0028 F (POLLE.POH) GO TO 110
0030 FO= FOL
00321 ALFA= ALFA+ AS
0032 IF (ALFA.LE.AH) GO TO 110
0034 ALFA= AL
- 0035 RETA= RETA+ ES
- 0036 IF (BETA.LE.RH) GO TO 110
- 0038 WRITE (5sX)
- 0039 WRITE (S»%)/ END OF ITERATIONS! END SESSION? [Y/N1’
y 0040 A= ‘'Y’
& 0041 RETURN
3 0042 194 A=’R’
= 0043 RETURN
o c
- 0044 110 CALL ARCSIN (ALFAs FO» BETA» P11y SS(1), CC(1))
0045 CALL NORMRY (ALFAy FO» RETAy Fls 88(2)y CC(2))
0046 CALL GUNTHR (ALFAy PO» BETAs Fls SS(3)s CC(3))
0047 no 112 I= 1, 3
0048 CALL EYACT (SS(I)s POy CCCIYr ROCTI)e N
0049 112 CALL EYACT (SS(Id» Pils CCCI)s RIC(D)s N
0050 A= 1.-ALFA
0051 WRITE (2:113) Als RETAy FOr Flr S8(3)» CC(3)y ROCZ)» R1(3),
7 88(1)y CCC1)r BOCL)s RI(L)» SS(2)y CCC2)y ROCD)s R1CD)

all
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SINGLE »SINGLE/LI1=SINGLE

00%52 113 FORMAT C(‘OGIVEN (1-As Ry POy P1)S/2A(F7.45727)//

 SINGLE SAMPL ING PLANS N‘y7¥s’C Fr1-A FiR/
© EXACT RINOMIAL 2 +8Y»2F8.2,2FR.4/

‘ ARCSINE TRANSFORMATION’»2FR.2,2F8.4/

‘ NORMAL. AFFROXTIMATION ‘+2F8.2,2F8.4)

0053 GO TO 1064

0004 114 CALL TTERBR (ALFAs FOs RETAs Fils A)

055 RETURN

0054 ENN

N NN N

PTG S P TR T WP SR AN, Ami el MU P PE S Sy . & o St - PUBRy S Pa— - |
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SINGLE»STNGLE/LI ¢ 1=SINGLE

0001

0002
0003
0004
0005

0006
0007

0009
0010
0011
0012
0013
Q014

0015
0016

0017
0018
0019
0020
0022

0024
0025
0026

0027
0029

0030
0031

0032
0032

0034
0035
0036
0037
0038
0039

0040

0041

00A2

G

(===

114

1S

C
116

C

111

122

117

119
in

L A=

123

P oo g J

F\

SURROUTINE ITER88 (ALFAs FOs RETAy F1s» A)

ROUTINF. POMPARFS DESCRIMINATION RATIOS (F1/F0) J

R e e o e T o T L Dl TE T D T T Y gy
mEmasmar 2 1 iteabii g S ot nk k- at-g—22-4 13- 24§ ¥

DIMENSTON S8(9)s CC(9)y RO(9)Yy RI(D)y FPA(I)» PR(I)
COMMON /ETER/ AL sAS» AHYRLIRS»RHeFOL s POSsFOHSP1L s F1SF1IH
WRITE (S5sX)

URITE (5is%) ‘ENTER DN-STEFP FOR P17

REAN (SsX) NS
TF (DSLT.0) GO TO 11D

Al= 1.-ALFA

WRITE (25115) ALsALFASRETA

URITE (15115) A1»ALFARFETA

FORMAT (7OGIVEN (1-Ar Ar BYI/»3(F7.4975'))
FACL)= POL

FR(1)= FIL

FH= F1H+ 0.001
SP1= F1S

n= SPIL/POS

ng 111 M= 1, 3
nn= PR(M)/FA(M)
IF (4001 LENLORIN-0.01.GE.TV) GO TO 128
IF (FR(M) .GT.FH)Y 6O TO 126

CaLL GUNTHR (ALFaAy PA(MY» BRETAr PR(M):» 885(M)» CC(M))
CALL ARCSIN (ALFA» PA(M)» RETAs PR(M)» SS(ME+3). CC(N+3)1

CALL NORMRI (ALFAs PA(M)» BETA» FR(M)y SS(M+6)r CC(M+A)

T (M.GE.3) GO TO 111
FA(M+1)= PA(MI+ POS

PR(M+1)= FR(M)+ SP1
CONTIRUE

NO 122 M= 1, 9
I= §8(M)Y+ 0.5

S8 (MY= 1T
n 121 M= 15 3
NO 119 I= Ms» 99 3
CALL EXACT (SS(D)oFPAM)sCC(T)»RO(TI o ND
CALL EXACT (SS(I)sPR(M)YCC(I)»RICI)I I N)
CONTTINUE
UWRITE (25123) (FA(D s T=1s ) e Ne PR 2SS 2 COCLI s FRI2) s 8S ) s COC
PR(3YsSS (I s CCCXI 9T FR(1) s 85(4) s CC(C
FE(2) 2SS (N s CCCT) s PR3 2SS (A1 CC (L)
NsPRC1D»SS(7)s (7)) s PR(2) rSS(R) HOC(
FR(Z)»E8(9)»CC(P)
FORMAT (7 OMFTHON M\P1=/»3(FB.4y" N’ 27Xs’C )/
C RINOMIAL pF& 1 r3(FB.AsFB.1,FR.2)/
C ARCSINF “+F6.15s3(FB.4:FB.1,F8.2)/
’ NORMAL  “sF4.1:3(FB.4:FB.1:FB,2))

WRITE (1125 (PA(D) 2 I3 e NsFPROVISROCIIsRLICLI P PR s RO(D) s RI(
PRI s ROCEI s BRI e Ne PRI »ROCA) p R1(




\\\\\\ ECEa A A s

. SINGLE »SINGLE /LY $1=SINGLE
F FR(MIIRO(SIsRI(E) s FR(IISROCK) 2 RL(A
T NsFROLIPROCZIyRI(Z) 4 FR(2)I s RO(B) s R1
s FR(I)sRO(DIeRL(D)
( 00AT 125 FORMAT (/OMETHON INP1=',3(F8.4" F>r1-A PR Y/
M  RINOMIAL vyF7.1s9F8.4/77 ARCSINF 9F7.,159F8.A/
F. ‘ NORMAL ‘sF7.159F8,4)
0044 FRO1L)=- FROID+Y DS
0045 SF1= (1 0.5) XPA(D) —FPR(1)
0046 GO TO0 116
(N
0047 126 RBETA= RBRETA+ RS
Q0AR TJF (RETALLEJRHY GO TO 114
0050 RETA= R
2051 AlLFA= ALFa+ AS
0052 IF (ALFALEF.AS) GO TO 114
0054 WRITE (GiyXx)
Q055 WRTTE (SsX)END OF ITERATIONS! ENN? LY/NDY/
Q0% & A=Y’
Q057 RETURN
(N
oong 128 WRITF (% X)
0059 WRITE (SeX) 'NESCRIMINATION RATIO ERRORF Y=/ sNie’  NJ=7/ 9T
G060 A= ‘R’
Q061 RETURN
0062 FNI
[ ot e e o e ek e T .t ot o S e e e o
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| S B R I A S AR T M ,v,rj
Fi SINGLE»STNGLE /L ¢ 1=SINGLE
t,'.-
. 0001 SURROUTINF NORMAL. (Xs Us SNy 7TARy, TARZ)
¢ (o e et e e e et e e e e e e e o e e e o i e o
g ?F FROGRAMS NORMAL FROBABRILITY NISTRIRUTION APFROXTIMATION
;‘ ce CUM. NORMAL= 1 = F(X) X (RY X T + R? X TXX? 4+ R % Tw
X oo + RA X THXA + RS % TX
L ce MIN. ACCURALYS 4= 0.000 000 075
CC
B ce REF: ABRAMONITZ: M.s» T. STEGUNs FDS., *HANDROOK OF MATH.
. cc FUNCTS. WITH FORMULAS» GRAFHSs AN MATH TARLES®, AL
F! ce MATH SERIFS #55: WASH. NCy NAT‘L. RUREAU OF STHS.» 196
_ oo
oo GIVEN: Y = SAMPLE STATISTIC
ce U = NISTRIRUTION MEAN
cg SN = STANDARD TEVIATION
o
ce COMPUTESS 2TAR = NORMAL CUMMULATIVE FRORARICLITY
ce TARZ = (1 - 7TAR)
(:(: _____________________________________________ oy g e EES $WP S Sme M e Gree Gme e W WS ———
00022 NATA B1/0.31938153/5 R2/-0.356563782/y RI/1.781A477937/5 NUMY/0.
. RA/Z=1.821255978/y RS5/1.330274429/s CONST/0.39894728/
0003 7= (X - U)Y/8N
0004 IF (7.GE.0.) GO TO 23
0006 7= -7
0007 NUMY = 1.
0008 21 T = 1./(1.47 X0,23146419)
C C = 1/SART (2% 3.141526%5346)3 SFE DATA
0009 F o= Gk EYF( —(ZXX2)/2,)
0010 TARZ = FX (R1K T 4R2% TRK? $RIK TEKIT +RB4AXK TEkA +RS5K TKKS)
0011 IF (DUMY.FQ.0.) GO TO 23
0013 TAR? = 1.-TARZ
0014 23 7TAR = 1.-TARZ
0015 RETURN
0016 END
als
RO » 1 e e e e ——a oo 4
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Claatn Shesh 20t S anea s

0001 SURRODTINE RFUNOK

FRORABRILTY NDISTRIRUTION

e FROGRAM?! REVERSE NORMAIL

7 ~'-._.rd".v. R
O™
[ BEam ]

Y= T =(CO+ CI1xT4+ €% THRA /(14 NIETH N2K TEE24+ NAK TR

T 'I'ﬁ'

AR AG A o

A

L AIRIRAE SRR AR S0 o L2/
[ .

v

e

A -_7,‘.

o o v
- EI"‘"YY'

MV P S PN S B

S TS e me e e Gt WRe eSS GRS S Mae Mot WU TP WP ML G Gme S SR LA om e S SRS s G e ML e T e W e G WS wed S Sar s W e WIS SR ke Gwe R D SN G & e M . S SUE ecm Aes e S e wos we e e

ce MIN. ACCURACY! 4= 0,000 45
cc 1
e RFF: HATSTINGS., ‘AFFROXS FOR OYGITAL COMPS‘s FRINCET(
= (M NJr FRINCETON UNIV,
ce
h! e GTIVEN: U = NTSTRIRUTION MEAN
ce en = STANTIARD DEVIATION
ce ZTAR = CUMMULATIVE FPROBARTLITY
ce TARZ
cc
(MY COMFUTES? X STATISTIC
00 = o o e et et 0 £ e 2 e S e e e o £ 2 e e 8 T e e i e o o 2 o e 2 ot
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