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TABLE OF RANDOM SAMPLE SIZES, NEEDED FOR OBTAINING
NON-PARAMETRIC TOLERANCE REGIONS

In research and production questions we often have to solve the
problem of determining, on the basis of a random sample, a region within
which with given probability lies at least the given proportion of po-
pulation. Various methods -for the determination of these so-called
tolerance regions are known for the cdse of normal distribution (see e. g.
[6], [10] on tolerance regions for univariate normal distribution). But
often the assumption of normality is not fulfilled and for the determina-
tion of tolerance regions it is necessary to choose another method. The
Present contribution relates to one of those methods.

Wilks [16] has found with the help of order statistics the solution
of the problem of the determination of a one-dimensional tolerance region,
within which with the probability P lies at least the proportion p of the
Population, assuming that the distribution is continuous. Wilks has
found that if a random sample of size n» is taken and ordered, and if for
the-lower limit of the tolerance region (lower tolerance limit) the pth
Smallest and for the upper limit of the tolerance region (upper tolerance
limit) the sth largest value of random sample are chosen, then we have
the following relation between r, s, n, p and P:

(1) I,_p(m,n—m—}-l.) =P,

Where I,(a,b) is Pearson’s incomplete Beta function and m = r-s ().

This fact may be used for the determination of the tolerance region
80 that for the p, P and n given beforehand we shall determine m with
the help of relation (1), or for the p, P and m given beforehand we shall
determine » with the help of relation (1); in practice the second case
will probably be the most frequent. But we cannot explicitly solve equa-
tion (1) for » except for the simp_lesﬁ case where m = 1 (the tolerance

—————

(*) Consequently the solution does not depend on the individual values r and s
but only on their sum.



156 M. Jilek and O. Lika¥

region is limited on one side by the smallest or largest value of the random
sample), i. e. where equation (1) becomes

2) 1-p" =P,
whence
log(1—P)
(3) - _.Eli__,
ogp

In other cases it is possible to use for the determination of » the Scheffé-
Tukey approximative formula [11]:

1 1+p
(4) n = Ix?—P,zm"l_:'“

1

+ D) (m—1),
where x>, is the 100a per cent critical value of the * distribution with f
degrees of freedom. ‘

Wald [15] generalizes Wilks’ method for the multidimensional case:
Let us consider k random variables ,, &,, ..., &, about which we assume
only that they have a continuous joint probability density. Let
us take a random sample of size n and order it first according to the
sample values of the first variable, and for the tolerance limits of the
first variable let us choose the r,th smallest and the s,th largest observed
sample value (r;+s8; < n). Let us order n, — n— (r,+8,) random sample
elements for which the first variable lies within the tolerance limits just
determined; according to the second random variable and as tolerance
limits for that variable let us choose the 7,th smallest and the s,th. lar-
gest observed value (7,-+s, < »,). In a gimilar way let us determine the
tolerance limits for the remaining k¥ — 2 random variables. The tolerance
region constructed in this way forms a k-dimensional block, Wald [15]
proves that this method of determination of the tolerance region leads
to the same result as Wilks’ method for the one-dimensional case, i. e.
relation (1) is valid also for the multidimensional case, where of course

m =

(ri+8).

bg-

[
-

7

Some authors ([14], [4], [3], [2], [7]) have generalized Wald’s method,
where again between p, P, m, and n relation (1) is valid, and where it is
possible to obtain sma,ller tolerance regions than by Wald’s original
method.

Several devices had been constructed for the determination of those
non-parametnc tolerance regions, of which let us quote especially Mur-
phy’s nomograms [9] and Somerville’s table [12], which are best suited
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for the determination of m if p, P, and n are given. Although for practi-
cal purposes tables of values n seem to be most needed (one of authors
felt this lack when solving a research problem [8]) we do not know
whether such tables have been published anywhere. For this reason we
have computed a table of random sample sizes » needed for the deter-
mination of the non-parametric tolerance regions for given

m=1; 2(2)10; p = 0,60; 0,75; 0,90; '0,95; 0,975; 0,99; 0,995; 0,999
and
' P = 0,50; 0,75; 0,90; 0,95; 0,975; 0,99; 0,995; 0,999.

- The values for m = 1 were calculated with the help of nine-figure [1]
lecimal logarithms. The other values were calculated with the help of
six-figure critical values of y* distribution [13] with the exception of the
values for P = 0,999, which were calculated with the help of the Cornish-
Figher approximation [5].

- Example. A factory producing iodinated salt wishes to determine
in what region lies the resulting amount of KI content in the salt pro-
duced in that factory with the nominal dosage of 25 mg KI/kg of salt.
The task given by the factory is as follows: to determine the limits within
Wwhich lies the resulting amount of KI in at least 95 per cent of salt
Packages (p = 0,95) with the probability P = 0,99. For the XI content
in galt a normal distribution cannot yet be agsumed for different produc-
tion reasons. :

;J‘ Solution. Let us take as the lower limit the smallest and as the
upper limit the largest observed value in a random sample—i.e. #n = 2
— Where the sample size » will be found in the published table: » = 130.

A random sample of 130 packages was drawn and the smallest amount
0f KI was found to be 14,5 mg KI/kg of salt and the largest amount was
32,6 mg KI /kg of salt. These amounts form the limits of the region
Within which with the probability P = 0,99 lies at least 95 per cent of
the Population,
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needed for obtaining non-parametric tolerance regions

P ,
P 0,50 | 0,75 | 0,90 | 0,95 | 0,975 | 0,99 | 0,995 | 0,999
0,50 1 2 4 5 6 7 8 10
0,75 3 5 9 11 13 17 19 25
0,90 7 14 22 29 36 44 51 66
1| 0,95 14 28 45 59 72 90 104 135.
0,975 28 55 91 119 | 148 182 210 273
0,99 69 | 138 | 230 299 368 459 528 688
0,995 | 139 | 277 | 460 598 736 919 | 1058 | 1379
0,999 | 693 | 1386 | 2302 | 2995| 3683 | 4603 | 5296 | 6905
0,50 4| b 7 8 9 11 12 15
0,75 71 10 15 18 20 24 27 33
0,90 17 27 38 46 54 64 72 89
2| 0,95 34 54 . 94 110 130 146 181
0,975 67 | 107 | 155 188 221 263 294 368
0,99 168 | 269 | 388 473 555 662 740 922
0,995 | 336 | 538 777 947 | 1113 | 1325 | 1483 | 1847
0,999 | 1679 | 2692 | 3880 | 4742 | 5570 | 6636 | 7427 | 9251
0,50 8 10 12 14 15 17 18 22
0,75 15 20 25 29 33 37 40 48
0,90 37 51 65 76 85 97 106 126
4| 0,95 74| 102 | 132 153 173 198 216 257
0,975 | 147 | 204 | 266 308 348 398 436 518
0,99 367 | 510 | 667 773 874 | 1001 | 1094 | 1302
0,995 | 735 | 1021 | 1335 | 1549 | 1751 | 2006 | 2192 | 2609
0,999 | 3672 | 5109 | 6679 | 7752 | 8765| 10042 | 10974 | 13063
0,50 12 14 17" 19 21 23 24 28
0,75 23 29 35 40 44 49 53 61
0,90 57 14 91 103 114 128 187 159
6| 0,95 114 | 148 | 184 .208 231 259 279 324
0,975 | 227 | 296 369 418 464 521 562 653
0,99 567 | 742 | 926 | 1049 | 1164 | 1307 | 1411 | 1641
0,995 | 1134 | 1484 | 1853 | 2100 | 2331 | 2618 | 2826 | 3286
0,999 | 5670 | 7422 | 9273 | 10511 | 11666 | 13105 | 14146 | 16452
0,50 18 19 22 24 26 28 30 33
0,75 31 38 45 50 54 60 64 73
0,90 77 9 | 116 129 141 156 167 190
8| 0,95 164 | 193 | 234 260 285 316 | - 338 387
0,975 | 307 | 387 | 469 523 574 636 681 779
099 | 1767 | 968 | 1175 | 1812 | 1439 | 159 | 1709 | 1957
0,995 | 1534 | 1936 | 2352 | 2627 | 2881 | 3196 | 3422 | 8920
0,999 | 7669 | 9684 [11769 | 13146 | 14419 | 15996 | 17129 | 19622
0,50 20 23 26 29 31 33 35 39
0,75 39 47 56 60 65 71 75, 84
0,90 97 | 118 | 140 154 167 183 195 220
10| 0,95 194 | 237 | 282 311 338 371 395 447
0,975 | 387 | 476 | 566 625 680 471 795 900
0,99 967 | 1190 | 1418 | 1568 | 1705 | 1874 | 1995 | 2259
0,095 | 1934 | 2382 | 2839 | 3138 | 3413 | 3752 | 3995 | 4525
0,999 | 9669 |11913 {14203 | 15702 | 17081 | 18779 | 19994 | 22652
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M. JILEX i 0. LIKAR (Praga)

TABLIOA LICZNOSOI PROBEEK LOSOWYOH, POTRZEBNYCH
DO OKRESLENIA OBSZAROW NIEZALEZNYCH 0D ROZKIADU

STRESZCZENIE

W artykule niniejsaym jest podana tablica lieznoéei prébek losowych, potrze-
yeh do okreélenia obszaréw tolerancji, niezaleznych od rozkladu, dla m, p i P,
gdzie 4 _ ilodé elementéw n-elementowej prébki lezacyeh na zewngtrz obszaru
tOIGI'aneji’ a P — prawdopodobiefistwo, ze wewnatrz obszaru tolerancji bedzie lezala
frakeja p elomentéw populacji generalnej.

bnyc
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M, MHJEK u 0, TIUK A K (Opara)

TABJHIJA OBBEMA CIHVYAUHEIX BBIFOPOK, HYKHKIX JJIA OIIPE-
AEJEHUA HEIDAPAMETPHYECKNX TOJEPAHTHBIX OBJACTEH

PESIOME

B =Hacrosuwpeit . craTbe npuBeneHa Tabauna o6eéMa CAyHaWHHX BHOOPOK,
HYMHBX JJIA oHpefeleHUs HeIapaMeTrPUYECKUX TOJepPaHTHHIX obmacrel, mIA
m, p u P, rge m - 4MCIO DIEMEHTOB CIydailtHot BHGOPKM o0BEMa =, IemMAmUX
BHEe TojepaHTHOH oOmactu, ¥ P — BepOATHOCTH TOr0, 4YTO0 BHYTPH TOJEPAHTHON
obmacTu Gynmer jemarh Mo KpaitHeidl Mepe [I0IA P I'eHePANBHOK COBOKYIHOCTH.



