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1. Uniformity of candidate varieties of self-fertilized and vegetatively propagated species 
is normally assessed on a basis of the number of off-types recorded in tests. The question is 
now: how many off-types should we accept? This number should be chosen such that the 
probability of rejecting a candidate variety, which meets the standard of that species, is small. 
On the other hand the probability of accepting a candidate variety that has many more off
types than the standard of that species should also be low. 

2. The methods described here address the problem of choosing the number of acceptable 
off-types for different standards and sample sizes so that the probability of making errors is 
known and acceptable. The methods involve establishing the standard for the species in 
question and then choosing the sample size and the number of off-types which best satisfy the 
risks that can be tolerated. 

3. This document also outlines procedures when more than one single test (more than one 
year for instance) is done and also mentions the possibility of using sequential tests to 
minimize testing effort. The methods are intended to be applied at the time of preparation of 
new or revised test guidelines to help the experts to fix a strategy for testing for off-types. 

INTRODUCTION 

4. When testing for uniformity on the basis of a sample, there will always be some risk of 
making a wrong decision. The risks can be reduced by increasing the sample size but at a 
greater cost. The aim of the statistical procedure described here is to achieve an acceptable 
balance between risks. 

5. The procedures given here require the user to define an acceptable standard (called the 
population standard) for the species in question and then the methods described enable 
him/her to determine the sample size and the maximum number of off-types allowed for 
various levels of risks. 

6. The population standard can be expressed as the percentage of off-types to be accepted 
if all individuals of the variety could be examined. 

ERRORS IN TESTING FOR OFF-TYPES 

7. As mentioned, there will be some risk of making wrong decisions. Two types of error 
exist: 

(a) Declaring that the variety is too heterogeneous when it in fact meets the standard 
for the species. This is known as "type I error." 

(b) Declaring that the variety is uniform when it in fact does not meet the standard for 
the species. This is know as "type II error." 

3 2 ·.· 



TC/34/5 
page4 

8. The types of error can be summarized in the following table: 

True state of the variety Decision made 

accepted 

uniform correctly accepted 

rejected 

type I error 

heterogeneous type II error correctly rejected 

9. The probability of correctly accepting a uniform variety is called the acceptance 
probability and is linked to the probability of type I error by the relation 

"Acceptance probability"+ "probability oftype I error"= 100% 

I 0. The probability of type II error depends on "how heterogeneous" the candidate variety 
is. If it is much more heterogeneous than the population standard then the probability of type 
II error will be small and we will have a small probability of accepting such a heterogeneous 
variety. If, on the other hand, the candidate variety is only slightly more heterogeneous than 
the standard, we will have a large probability of type II error. The probability of accepting 
such a variety will be large and approaches the acceptance probability as the candidate variety 
approaches the population standard (but the severity of this will also be smaller and smaller). 

11. Because the probability of type II error depends on "how heterogeneous" the candidate 
variety is, assuming some degree of heterogeneity is necessary before this probability can be 
calculated. Here the probability of type II error is calculated for three different degrees of 
heterogeneity: 2, 5 and 10 times the population standard. 

12. In general, the probability of making errors will be decreased by increasing the sample 
size and -vice versa- be increased by decreasing the sample size. 

13. For a given sample size the balance between the two errors may be changed by changing 
the number of off-types allowed. 

14. If the number of off-types allowed is increased then the probability of type I error is 
decreased but the probability of type IT error is increased. On the other hand if the number of 
off-types allowed is decreased then the probability of type I errors is increased while the 
probability of type II errors is decreased. 

15. By allowing a very high number of off-types it will be possible to make the probability 
of type I errors very low (or almost zero). However, then the probability of making type II 
errors will become (unacceptably) high. If only a very low number of off-types are allowed, 
the result will be a small probability of type II errors and an (unacceptably) high probability of 
type I errors. This will be illustrated by examples. 
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16. From experience it is found that a reasonable standard for the species in question is 1%. 
So the population standard is 1%. Assume also that a single test with a maximum of 60 plants 
is done. From tables 4, 10 and 16 the following schemes are found: 

Scheme Sample size Acceptance Maximum number 
probability of off-types 

a 60 90% 2 

b 53 90% 1 

c 60 95% 2 

d 60 99% 3 

17. From the figures 4, 10 and 16 the following probabilities are obtained for the type I error 
and type II error for different percentages of off-types (denoted by P2, P5 and P10 for 2, 5 and 
1 0 times the population standard). 

Scheme Sample Maximum Probabilities of error 
SIZe number of 

off-types 

Type I Type II 

Pz=2% Ps=5% Pw = 10% 

a 60 2 2 88 42 5 

b 53 1 10 71 25 3 

c 60 2 2 88 42 5 

d 69 3 0.3 97 65 14 

18. The table lists four different schemes and they should be examined to see if one of them 
is appropriate to use. (Schemes a and c are identical since there is no scheme for a sample size 
of 60 with a probability of type I error between 5 and 10% ). If it is decided to ensure that the 
type I error should be very small (scheme d) then the probability of the type II error becomes 
very large (97, 65 and 14%) for a variety with 2, 5 and 10% of off-types, respectively. The 
best balance between the two types of error seems to be obtained by allowing one off-type in a 
sample of 53 plants (scheme b). 
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19. In this example a species is considered where the population standard is set to 2% and 
the number of plants available for examination is only 6. 

20. Using the tables and the figures 3, 9 and 15, the following schemes a-d are found: 

Sche- Sample Acceptance Maximum Probability of error 
me size probability number of 

off-types 

Type I Type II 

P2=4% Ps= 10% PIO = 20% 

a 6 90 1 0.6 98 89 66 

b 5 90 0 10 82 59 33 

c 6 95 1 0.6 98 89 66 

d 6 99 1 0.6 98 89 66 

e 6 0 11 78 53 26 

21. Scheme e of the table is found by applying the formulas (1) and (2) shown later in this 
document. 

22. This example illustrates the difficulties encountered when the sample size is very low. 
The probability of erroneously accepting a heterogeneous variety is large for all the possible 
situations. Even when all five plants must be uniform for a variety to be accepted (scheme b), 
the probability of accepting a variety with 20% of off-types is still 33%. 

23. It should be noted that a scheme where all six plants must be uniform (scheme e) gives 
slightly smaller probabilities of type II errors, but now the probability of the type I error has 
increased to 11 %. 

24. However, scheme e may be considered the best option when only six plants are 
available in a single test for a species where the population standard has been set to 2%. 
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25. In this example we reconsider the situation in example 1 but assume that data are 
available for two years. So the population standard is 1% and the sample size is 120 plants (60 
plants in each of two years). 

26. The following schemes and probabilities are obtained from tables and figures 4, 1 0 and 
16: 

Sche- Sample Acceptance Maximum Probability of error 
me SIZe probability number of 

off-types 

Type I Type II 

P2=2% Ps=5% PIO = 10% 

a 120 90 3 3 78 15 <0.1 

b 110 90 2 10 62 8 <0.1 

c 120 95 3 3 78 15 <0.1 

d 120 99 4 0.7 91 28 1 

27. Here the best balance between the two types of errors may be obtained by scheme c, i.e. 
to accept after two years a total of three off-types among the 120 plants examined. 

28. Alternatively a two-stage testing procedure may be set up. Such a procedure may be 
found for this case by using formulas (3) and (4) later in this document. 

29. The following schemes can be obtained: 

Scheme Sample size Accepting Largest number Largest number Largest number 
probability for acceptance before reject to accept after 2 

after year 1 in year 1 years 

e 60 90 can never accept 2 3 

f 60 95 can never accept 2 3 

g 60 99 can never accept 3 4 

h 58 90 1 2 2 

33. 
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30. Using the formulas (3), (4) and (5) the following probabilities of errors may be obtained: 

Scheme Probability of error Probability 
of testing in 

a second 
year 

Type I Type II 

P2=2% Ps=5% P10 = 10% 

e 4 75 13 0.1 100 

f 4 75 13 0.1 100 

g 1 90 27 0.5 100 

h 10 62 9 0.3 36 

31. Schemes e and f (which are identical) result in a probability of 4% for rejecting a 
uniform variety and a probability of 13% for accepting a variety with 5% off-types. The 
decision is: 

Never accept the variety after 1 year 
More than 2 off-types in year 1: reject the variety and stop testing 
Between and including 0 and 2 off types in year 1 : do a second year test 
At most 3 off-types after 2 years: accept the variety 
More than 3 off-types after 2 years: reject the variety 

32. Alternatively, scheme h may be chosen but scheme g seems to have a too large 
probability of type II errors compared with the probability oftype I error. 

33. Scheme h has the advantage of often allowing a final decision to be taken after the first 
test (year) but, as a consequence, there is a higher type I error. 
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34. In this example we assume that the population standard is 3% and that we have 8 plants 
available in each of two years. 

35. From the tables and figures 2, 8 and 14 we have: 

Sche- Sample size Acceptance Maximum Probability of error 
me probability number of 

off-types 

Type I Type II 

P2=6% Ps= 15% PIO= 
30% 

a 16 90 1 8 78 28 3 

b 16 95 2 1 93 56 10 

c 16 99 3 0.1 99 79 25 

36. Here the best balance between the two types of error may be obtained by scheme a. 

INTRODUCTION TO THE TABLES AND FIGURES 

3 7. In tables 1 to 21 the maximum number of off-types and the corresponding sample size is 
given for different combinations of the population standard and the acceptance probability for 
a single test. An overview of the tables and the figures are given in table A on next page. 

38. For each maximum number of off-types (k) the corresponding jump of the sample size 
(n) is listed. E.g. in table 1 for k=2 the corresponding sample size nisin the range from 11 to 
22 and for k=10 from 126 to 141. 

39. For small sample sizes the same information is shown graphically in figure 1 to 18 with 
the actual risk of rejecting a uniform variety and the probability of accepting a variety with a 
true proportion of off-types 2 times (2P), 5 times ( SP) and 1 0 times (1 OP) greater than the 
population standard. (To ease the reading of the figure the risks for the individual sample sizes 
is connected by lines although the probability can only be calculated for each individual 
sample size). 

33~ 
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Table A. Overview oftable and figure 1 to 18. 

Population standard Acceptance probability 
% % 

10 >90 

10 >95 

10 >99 

5 >90 

5 >95 

5 >99 

3 >90 

3 >95 

3 >99 

2 >90 

2 >95 

2 >99 

1 >90 

1 >95 

1 >99 

0.5 >90 

0.5 >95 

0.5 >99 

0.1 >90 

0.1 >95 

0.1 >99 

40. When using the tables the following procedure is suggested: 

(a) Chose the relevant population standard. 

See table and figure no. 

19 

20 

21 

1 

7 

13 

2 

8 

14 

3 

9 

15 

4 

10 

16 

5 

11 

17 

6 

12 

18 

(b) Write down the different relevant decision schemes (combinations of sample size 
and maximum number of off-types) with the probabilities of type I and type II errors read 
from the figures. 

(c) Chose the decision scheme with the best balance between the probabilities of 
errors. 

41. The use of the tables and figures is illustrated in the example section. 
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DETAILED DESCRIPTION OF THE METHOD FOR ONE SINGLE TEST 

42. The mathematical calculations are based on the binomial distribution and it is common 
to use the following terms concerning the calculations: 

(a) The percentage of off-types to accept in a particular case is called the "population 
standard" (or nominal standard) and symbolized by the letter P. 

(b) The "acceptance probability" is the probability of accepting a variety with P% of 
off-types. However, because the number of off-types is discrete, the actual probability of 
accepting a uniform variety will always be greater than or equal to the "acceptance 
probability." The acceptance probability is usually denoted by 100 - a, where a is the 
probability of rejecting a variety with P% of off-types. In practice many varieties will have 
less than P% off-types and hence the type I error will in fact be less than a for such varieties. 

(c) The size of the random sample examined are called the sample size and denoted 
byn. 

(d) The maximum number of off-types in a random sample of size n is denoted by k. 

(e) The probability of accepting a variety with a too high percentage, Pq%, of off
types is denoted by the letter ~ or by ~q • 

(f) The mathematical formulae for calculating the probabilities are 

(1) 

k 

P, = 1oo~ [:) (2) 

P and P q are expressed here as proportions, i.e. percents divided by 100. 

33S 
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MORE THAN ONE SINGLE TEST (YEAR) 

43. Often a candidate variety is grown in two (or three years). The question then arises of 
how to combine the information on heterogeneity from the individual years. Two methods 
will be described: 

(a) Make the decision after two (or three) years based on the total number of plants 
examined and the total number of off-types recorded. (A combined test). 

(b) Use the result of the first year to see ifthe data suggests a clear decision (reject or 
accept). If the decision is not clear then proceed with the second year and decide after the 
second year. (A two-stage test). 

44. However, there are some alternatives (e.g. a decision may be made in each year and a 
final decision may be reached by rejecting the candidate variety if it shows too many off-types 
in both (or two out of three years)). Also there are some complications when more than one 
single year test is done. It is therefore suggested that a statistician should be consulted when 
two (or more) year tests have to be used. 

DETAILED DESCRIPTION OF THE METHODS FOR MORE THAN ONE SINGLE TEST 

Combined Test 

45. The sample size in test i is ni. So after the last test we have the total sample size n = L 
nj. Now a decision scheme is set in exactly the same way as if this total sample size had been 
obtained in a single test. Thus, the total number of off-types recorded through the tests is 
compared with the maximum number of off-types allowed by the chosen decision scheme. 

Two-stage Test 

46. The method for a two-year test may be described as follows: In the first year take a 
sample of size n. Reject the candidate variety if more than r1 off-types are recorded and 
accept the candidate variety if less than a1 off-types are recorded. Otherwise, proceed to the 
second year and take a sample of size n (as in the first year) and reject the candidate variety if 
the total number of off-types recorded in the two years' test are greater than r. Otherwise, 
accept the candidate variety. The final risks and the expected sample size in such a procedure 
may be calculated as follows: 



• a 

n 

= P(K1 > r1) + P(K1 + K2 > r I K1) 
= P(K1 > r1) + P(K2 > r-K1 I K1) 

,, 
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n 

I pi (1- p l-i + I pi (1- p l-i I 
i=r 1 ~J n i=a 1 

n 

i i 

Pq = P(K1 < a1) + P(K1 + K2 :S r I K1) 
= P(K1 < a1) + P(K2 :S r-K1 I K1) 

orl 

j=r-i~ 1 

r-i 

pi (1- p l-j (3) 
n 

j 

=I 
i=O n 

P~(l- Pql-ii P~(l- Pq/-1 (4) 
J=O n 

i i j 

,, 
ne = n 1 + I pi (1- P Ti (5) 

i=a, n 
i 

where 

P = population standard 
a = probability of actual type I error for P 
pq = probability of actual type II error for q P 
Ile = expected sample size 
r1, a1 and rare decision-parameters 
P q = q times population standard = q P 
K1 and K2 are the numbers of off-types found in years 1 and 2 respectively. 

47. The decision parameters a1, r1 and r may be chosen according to the following criteria: 

(a) a must be less than a.o, where ao is the maximum type I error, i.e. ao is 100 minus 
the required acceptance probability 

(b) P5 should be as small as possible but not smaller than a0 

(c) if Ps < ao 11e should be as small as possible 

48. However, other strategies are available and no tables/figures are produced here as there 
may be several different decision schemes that satisfy a certain set of risk. It is suggested that 
a statistician should be consulted if a 2-stage test-or any other sequential tests-is requi
red/desired. 

3 3 ', 
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49. The two-stage test mentioned above is a type of sequential test where the result of the 
first stage determines whether the test needs to be continued for a second stage. Other types 
of sequential tests may also be applicable. Such tests may be relevant to consider when the 
practical work allows analyses of off-types to be carried out at certain stages of the 
examination. The decision schemes for such methods can be set up in many different ways 
and it is suggested that a statistician should be consulted when sequential methods are to be 
used. 

NOTE ON TYPE I AND TYPE II ERRORS 

50. Because the number of off-types is discrete, we cannot in general obtain type !-errors 
that are nice preselected figures. The scheme a of example 2 with 6 plants above showed that 
we could not obtain an a of 10% - our actual a became 0.6%. Increasing the sample size will 
result in varying a and ~values. Figure 3 -as an example - shows that a gets closer to its 
nominal values at certain sample sizes and that this is also the sample size where ~ is 
relatively small. It is also seen that increasing the sample size for fixed acceptance probability 
is not always advantageous. For instance a sample size of five gives a = 10% and ~2 = 82% 
whereas a sample size of six gives a = 0.6% and ~2 = 98%. It appears that the sample sizes, 
which gives a-values in close agreement with the acceptance probability are the largest in the 
range of sample sizes with a specified maximum number of off-types. Thus, the smallest 
sample sizes in the range of sample sizes with a given maximum number of off-types should 
be avoided 

DEFINITION OF STATISTICAL TERMS AND SYMBOLS 

51. The statistical terms and symbols used have the following definitions: 

Population standard. The percentage of off-types to be accepted if all the individuals of a 
variety could be examined. The population standard is fixed for the species in question and is 
based on experience. 

Acceptance probability. The probability of accepting a variety with P% of off-types. Here P is 
population standard. However, the actual probability of accepting a uniform variety will 
always be greater than or equal to the acceptance probability in the heading of the tables and 
figures. The actual probability of accepting a uniform variety can be seen in the graph with 
the symbol •. The decision schemes are defined so that the actual probability of accepting a 
uniform variety is always greater than or equal to the acceptance probability in the heading of 
the table. 

Type I error: The error of rejecting a uniform variety. 

Type II error: The error of accepting a variety that is too heterogeneous. 



P Population standard 

TC/34/5 
page 15 

P q The assumed true percentage of off-types in a heterogeneous variety. P q = q P. 

n Sample size 

k Maximum number of off-types allowed 

a Probability of type I error 

~ Probability of type II error 

3 3 '~ 
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TABLES AND FIGURES 

Table and figure 1: 

n 

1- 2 
3- 10 

11- 22 
23- 35 
36- 49 
so- 63 
64- 78 
79- 94 
95- 109 

110- 125 
126- 141 
142- 158 
159- 174 
175- 191 
192- 207 
208- 224 
225- 241 
242- 258 
259- 275 
276- 292 
293- 310 
311- 327 
328- 344 
345- 362 
363- 379 
380- 397 
398- 414 
415- 432 
433- 449 
450- 467 
468- 485 
486- 503 
504- 520 
521- 538 
539- 556 
557- 574 
575- 592 
593- 610 
611- 628 
629- 646 
647- 664 
665- 682 
683- 700 
701- 718 
719- 736 
737- 754 
755- 772 
773- 791 
792- 809 
810- 827 
828- 845 
846- 864 
865- 882 
883- 900 
901- 918 
919- 937 
938- 955 
956- 973 
974- 992 
993-1010 

k 

0 
1 
2 
3 
4 
? 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Population Standard = 5% 
Acceptance Probability <!:90% 
n=sample size, k=maximum number of off-types 

----· act:.ua1 type :t error 
- - - - type :t:r error ~or 2 P 
- - - ~:YJP>• :r:t error ~or S P 
--type :r:t error ~or 1CP 
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Table and figure 2: 

n k 

1- 3 0 
4- 17 1 

18- 37 2 
38- 58 3 
59- 81 4 
82- 105 5 

106- 130 6 
131- 156 7 
157- 182 8 
183- 208 9 
209- 235 10 
236- 262 11 
263- 289 12 

'lO- 317 13 
... !8- 345 14 
346- 373 15 
374- 401 16 
402- 429 17 
430- 457 18 
458- 486 19 
487- 515 20 
516- 543 21 

p 
Z' 

544- 572 22 0 
b 

573- 601 23 -b 

602- 630 24 1. 

i: 631- 659 25 e 
660- 689 26 

y 

690- 718 27 0 
S! 

719- 747 28 • 
748- 777 29 

Z' 
Z' 

778- 806 30 
0 
Z' 

807- 836 31 
837- 865 32 
866- 895 33 

~,. 896- 925 34 
. 926- 955 35 
956- 984 36 
985-1014 37 

1015-1044 38 
1045-1074 39 
1075-1104 40 
1105-1134 41 
1135-1164 42 
1165-1195 43 
1196-1225 44 
1226-1255 45 
1256-1285 46 
1286-1315 47 
1316-1346 48 
1347-1376 49 
1377-1406 so 
1407-1437 51 
1438-1467 52 
1468-1498 53 
1499-1528 54 

100 

90 
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Population Standard = 3% 
Acceptance Probability ~90% 

3 4 ·, 

n=sample size, k=maximum number of off-types 

~ \ 
I \ 

I I \ 
\ I \ 
\ I \ ~\ 
\ 11 \ I \ ,,r, , 1 , 

'~I\ \ I ' 

--- act:.ua1 t:.ype :t error 
---- ~:,ype :I:t error ~or 2P 
-- _ t:.ype :t:I error ~or SP 
-- 1:ype :t:t error ~or l.OP 
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Table and figure 3: 

n 

1- 5 
6- 26 

27- 55 
56- 87 
88- 122 

123- 158 
159- 195 
196- 233 
234- 272 
273- 312 
313- 352 
353- 393 
394- 433 
434- 475 
476- 516 
517- 558 
559- 600 
601- 643 
644- 685 
686- 728 
729- 771 
772- 814 
815- 857 
858- 901 
902- 944 
945- 988 
989-1032 

1033-1076 
1077-1120 
1121-1164 
1165-1208 
1209-1252 
1253-1297 
1298-1341 
1342-1386 
1387-1431 
1432-1475 
1476-1520 
1521-1565 
1566-1610 
1611-1655 
1656-1700 
1701-1745 
1746-1790 
1791-1835 
1836-1881 
1882-1926 
1927-1971 
1972-2000 

k 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
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Population Standard = 2% 
Acceptance Probability ~0% 
n=sample size, k=maximum number of off-types 

---- actual. type :X error 
100 

1\ 
I I \ 
I I \ 
I I \ 

- - - - type :X :X error ~or 2 P 
- - - type ::r::r error ~or 5 P 
--type :z:::r error ~or 1.0P 

90 I' I \ ~, 
I ~ 1 \ I \ 

\1, \ I \ 
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8o I I\ ' ' ' ' II \ \ t \ I \ I ,I \ I\ 

Ill \ \1 \ I \ ,, \ ~ \ : \ •, 
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• I'~' \ \J \ 1 \ . 
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1 I \ \ v \ I \ 1\ 
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Table and figure 4: 

n k 

1- 10 0 
11- 53 1 
54- 110 2 

111- 175 3 
176- 244 4 
245- 316 5 
317- 390 6 
391- 466 7 
467- 544 8 
545- 623 9 
624- 703 10 
704- 784 11 
785- 866 12 
867- 948 13 
949-1031 14 

1032-1115 15 
1116-1199 16 
1200-1284 17 
1285-1369 18 
1370-1454 19 
1455-1540 20 p 

1541-1626 21 r 
0 

1627-1713 22 b 
• 1714-1799 23 b 

1800-1887 24 i 
~ 

1888-1974 25 t 
:Y 

1975-2061 26 0 

2062-2149 27 r 

2150-2237 28 • r 
2238-2325 29 r 

0 

2326-2414 30 r 

2415-2502 31 
2503-2591 32 
2592-2680 33 
2681-2769 34 
2770-2858 35 
2859-2948 36 
2949-3000 37 
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Population Standard = l% 
Acceptance Probability ~90% 
n=sample size, k=maximum number of off-types 

100 

' i', 
' 
'
\ I ' 

---- actual. type J: error 
__ - - type J::t error ~or 2 P 
___ t:.ype J:J: error ~or SP 
-- t:.ype J:J: error ~or l.OP 
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Table and figure 5: 

n 

1- 21 
22- 106 

107- 220 
221- 349 
350- 487 
488- 631 
632- 780 
781- 932 
933-1087 

1088-1245 
1246-1405 
1406-1567 
1568-1730 
1731-1895 
1896-2061 
2062-2228 
2229-2397 
2398-2566 
2567-2736 
2737-2907 
2908-3000 

k 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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Population Standard = .5% 
Acceptance Probability 2:90% 
n=sample size, k=maximum number of off-types 

---- actual. type ::t error 
- - - - t:ype ::t::t error ~or 2 P 
- _- t:ype ::t::t error ~or SP 
-- t:ype ::t::t error ~or 10P 
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Table and figure 6: Population Standard = .1% 
Acceptance Probability ~90% 

n k 

1- lOS 0 
106- 532 1 
533-1102 2 

1103-1745 3 
1746-2433 4 
2434-3000 5 

n=sample size, k=maximum number of off-types 

---- actual. type :t error 
- - - - type :t:t error ~or 2 P 
---type :t:t error :for SP 
--type :t:t error :for 10P 

::LOO 

" I \ 
\ I \ 

\JI \ :\ 
\ \ I \ 

ft\\ \ I \ t; I \ 

',, \ \ : \ ~' 
80 l I \ \ \ I \ 

Ill \ \ : \ : \ 
\ \ \1 \ I \ 

,,1 \ ~ \ : \ " 
II I \, i \, ! \\ 

90 

70 

i ' I ' r, 
P \ I \ I, 

~ 60 I \ . , ,\ : ,\ : \, 
f 11 I \ ·~ \ : \ 
; 50 • +t ~- .. \ .... t ......... ············· .............................. ~-'; i·· ........ ~ \:~·· .. 
• r 
r 
0 
r 

40 

30 

20 

10 

\I \ \ I\ ' ' 
, 

\ \ I \ 
\ \ I \ 

\ I \ 
\ \ I \ 

\ I \ 
\ \I \ 

\ ~ \ 
\ ', ,, 
\ \ : \ 
\ ',, ', 

················~·······~·····························T/·· ················•· 

\ ' ...... ...... 

--.....___ - -r----
0~--------~--------~--~~~~~~~;:~~~~~~:;~==~~=T 

3000 
0 500 :1000 :1500 2000 2500 

Sample •i.ze 



TC/34/5 
page 22 

Table and figure 7: Population Standard = 5% 
Acceptance Probability ~5% 

n 

1- 1 
2- 7 
8- 16 

17- 28 
29- 40 
41- 53 
54- 67 
68- 81 
82- 95 
96- 110 

111- 125 
126- 140 
141- 155 
156- 171 
172- 187 
188- 203 
204- 219 
220- 235 
236- 251 
252- 268 
269- 284 
285- 300 
301- 317 
318- 334 
335- 351 
352- 367 
368- 384 
385- 401 
402- 418 
419- 435 
436- 452 
453- 469 
470- 487 
488- 504 
505- 521 
522- 538 
539- 556 
557- 573 
574- 590 
591- 608 
609- 625 
626- 643 
644- 660 
661- 678 
679- 696 
697- 713 
714- 731 
732- 748 
749- 766 
767- 784 
785- 802 
803- 819 
820- 837 
838- 855 
856- 873 
874- 891 
892- 909 
910- 926 
927- 944 
945- 962 
963- 980 
981- 998 

k 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4'1 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

n=sample size, k=maximum number of off-types 

---- actua1 type X error 
- - - - type :t:t error ~or 2 P 
--- type :r:r error ~or SP 
-- type :r:r error ~or l.OP 
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Table and figure 8: 

n k 

1- 1 0 
2- 12 1 

13- 27 2 
28- 46 3 
47- 66 4 
67- 88 5 
89- 110 6 

111- 134 7 
135- 158 8 
159- 182 9 
183- 207 10 
208- 232 11 
233- 258 12 
2!\Q- 284 13 
2 - 310 14 
311- 337 15 
338- 363 16 
364- 390 17 
391- 417 18 
418- 444 19 
445- 472 20 
473- 499 21 
500- 527 22 
528- 554 23 
555- 582 24 
583- 610 25 p 
611- 638 26 r 

639- 666 27 
0 
b 

667- 695 28 
a 
b 
.1. 

696- 723 29 l. 
.1. 

724- 751 30 e 

752- 780 31 
y 

0 

781- 809 32 t: 

810- 837 33 • 
j138- 866 34 

r 
r 
0 

';57- 895 35 r 

ci96- 924 36 
925- 952 37 
953- 981 38 
982-1010 39 

1011-1040 40 
1041-1069 41 
1070-1098 42 
1099-1127 43 
1128-1156 44 
1157-1186 45 
1187-1215 46 
1216-1244 47 
1245-1274 48 
1275-1303 49 
1304-1333 so 
1334-1362 51 
1363-1392 52 
1393-1422 53 
1423-1451 54 
1452-1481 55 
1482-1511 56 
1512-1541 57 
1542-1570 58 
1571-1600 59 
1601-1630 60 
1631-1660 61 

100 
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Population Standard = 3% 
Acceptance Probability ~5% 
n=sample size, k=maximum number of off-types 

--- actual. type J: error 
- - - - type J:J: error ~or 2 P 
---type J:J: error ~or SP 
- - type J:J: error ~or l. 0 P 
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Table and figure 8 continued: 

1661-1690 62 
1691-1720 63 
1721-1750 li4 
1751-1780 65 
1781-1810 66 
18.11-1840 67 
1841-1870 68 
1871-1900 69 
1901-1930 70 
1931-1960 71 
1961-1990 72 
1991-2000 73 
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Table and figure 9: 

n 

1- 2 
3- 18 

19- 41 
42- 69 
70- 99 

100- 131 
132- 165 
166- 200 
201- 236 
237- 273 
274- 310 
311- 348 
349- 386 
l87- 425 
426- 464 
465- 504 
505- 544 
545- 584 
585- 624 
625- 665 
666- 706 
707- 747 
748- 789 
790- 830 
831- 872 
873- 914 
915- 956 
957- 998 
999-1040 

1041-1083 
1084-1126 
1127-1168 
1169-1211 
1212-1254 

-- 1255-1297 
1298-1340 
1341-1383 
1384-1427 
1428-1470 
1471-1514 
1515-1557 
1558-1601 
1602-1645 
1646-1689 
1690-1732 
1733-1776 
1777-1820 
1821-1864 
1865-1909 
1910-1953 
1954-1997 
1998-2000 

k 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

p 
~ 
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Population Standard = 2% 
Acceptance Probability ~5% 
n=sample size, k=maximum number of off-types 

--- actua1 type X error 
---- type l:l: error t'or 2P 
- - - type :z::r error f'or SP 
--type :z::r error t'or l.OP 
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Table and figure 10: 

n k 

1- 5 0 
6- 35 1 

36- 82 2 
83- 137 3 

138- 198 4 
199- 262 5 
263- 329 6 
330- 399 1 
400- 471 8 
472- 544 9 
545- 618 10 
619- 694 11 
695- 771 12 
772- 848 13 
849- 927 14 
928-1006 15 

1007-1085 16 
1086-1166 17 
1167-1246 18 
1247-1328 19 
1329-1410 20 
1411-1492 21 
1493-1575 22 
1576-1658 23 p 

1659-1741 24 r 
0 

1742-1825 25 b 
• 

1826-1909 26 
b 

i 
1910-1993 27 j, 

1994-2078 28 e 
y 

2079-2163 29 0 

2164-2248 30 f! 

2249-2333 31 • r 

2334-2419 32 
r 
0 

2420-2505 33 
r 

2506-2591 34 
2592-2677 35 
2678-2763 36 
2764-2850 37 
2851-2937 38 
2938-3000 39 

100 
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Population Standard = 1% 
Acceptance Probability ~95% 
n=sample size, k=maximum number of off-types 

I' 

\ ~ ', .. 
'')\ ', :',, 

--- ac:tua1 type :t error ___ - cype :t:t error ~or 2 P 
- __ tYP• :t:t error ~or SP 
_- cype :t:t error ~or 10P 
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Table and figure 11: Population Standard = .5% 
Acceptance Probability ~5% 

n 

1- 10 
11- 71 
72- 164 

165- 274 
275- 395 
396- 523 
524- 658 
659- 797 
798- 940 
941-1086 

1087-1235 
1236-1386 
1387-1540 
1;41-1695 

6-1851 
1852-2009 
2010-2169 
2170-2329 
2330-2491 
2492-2653 
2654-2817 
2818-2981 
2982-3000 

k 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

n=sample size, k=maximum number of off-types 

---- ect ual. type J: error 
- - - - type J:J: error ~or 2 P 
--- type J:J: error :for SP 
--type J:J: error ~or l.OP 
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Table and figure 12: 

n k 

1- 51 0 
52- 355 1 

356- 818 2 
819-1367 3 

1368-1971 4 
1972-2614 '5 
2615-3000 6. 
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Population Standard = .1% 
Acceptance Probability ~95% 
n=sample size, k=maximum number off-types 

---- actual. type :I error 
- - - - type :I :I error t:or 2 P 
- -- type :I:I error t:or SP 
--type :t:I error t:or l.OP 

l.OO ,, 
' ~ ' •' 

90 'l\ \ i \\ ~' 
\ I \ I ', 

\ \1 \ I \ 

f.! I \ ' \ i \, i''' 
so ' \ \~ \ I \ r, 
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Table and figure 13: Population Standard = 5% 
Acceptance Probability ~9% 

n 

1- 3 
4- 9 

10- 17 
18- 26 
27- 37 
38- 48 
49- 60 
61- 72 
73- 85 
86- 98 
99- 111 

112- 124 
125- 138 
p-- 152 
1- ,. 167 
168- 181 
182- 196 
197- 210 
211- 225 
226- 240 
241- 255 
256- 270 
271- 286 
287- 301 
302- 317 
318- 332 
333- 348 
349- 364 
365- 380 
381- 395 
396- 411 
412- 427 
428- 444 
445- 460 
J61- 476 

i'7- 492 
493- 508 
509- 525 
526- 541 
542- 558 
559- 574 
575- 591 
592- 607 
608- 624 
625- 640 
641- 657 
658- 674 
675- 690 
691- 707 
708- 724 
725- 741 
742- 758 
759- 775 
776- 792 
793- 809 
810- 826 

k 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 

100 

90 

80 

70 

n=sample size, k=maximum number of off-types 
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\ I ' ' ,, l \f \ I ' ' 

\ ~ \I \ I' 
I • \ I \ 

--- ac:tual. type :t error ___ - type ::t:t error ~or 2 P 
___ type ::t::t error ~or 5 P 
_-type ::t::t error ~or :LOP 
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Table and figure 13 continued: 

n k 

827- 843 57 
844- 860 .. 58 
861- 877 59 
878- 894 60 
895- 911 61 
912- 928 62 
929- 945 63 
946- 962 64 
963- 979 65 
980- 997 66 
998-1014 67 

1015-1031 68 
1032-1048 69 
1049-1066 70 
1067-1083 71 
1084-1100 72 
1101-1118 73 
1119-1135 74 
1136-1153 75 
1154-1170 76 
1171-1187 77 
1188-1205 78 
1206-1222 79 
1223-1240 80 
1241-1257 81 
1258-1275 82 
1276-1292 83 
1293-1310 84 
1311-1327 85 
1328-1345 86 
1346-1362 87 
1363-1380 88 
1381-1398 89 
1399-1415 90 
1416-1433 91 
1434-1451 92 
1452-1468 93 
1469-1486 94 
1487-1504 95 
1505-1521 96 
1522-1539 97 
1540-1557 98 
1558-1574 99 
1575-1592 100 
1593-1610 101 
1611-1628 102 
1629-1645 103 
1646-1663 104 
1664-1681 105 
1682-1699 106 
1700-1717 107 
1718-1734 108 
1735-1752 109 
1753-1770 110 
1771-1788 111 
1789-1806 112 
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Table and figure 14: Population Standard = 3% 
Acceptance Probability 2:99% 
n=sample size, k=maximum number of off-types 

n k 

1- 5 1 
6- 15 2 

16- 28 3 
29- 44 4 

--- actual. type :t error 
---- type :r::r: error ~or 2P 
--- type :t:r: error ~or SP 
--type :r::r: error ~or l.OP 

45- 61 5 
62- 79 6 
80- 98 7 
99- 119 8 

120- 140 9 
141- 161 10 
162- 183 11 
184- 206 12 
207- 229 13 
230- 252 14 
2 - 276 15 
2/1- 300 16 
301- 324 17 
325- 348 18 
349- 373 19 
374- 398 20 
399- 423 21 
424- 448 22 
449- 474 23 
475- 499 24 
500- 525 25 p 

526- 551 26 Z' 
0 

552- 577 27 :1::1 • 
578- 603 28 :1::1 

604- 629 29 t 
630- 656 30 e 

y 

657- 682 31 0 

683- 709 32 f! 

710- 736 33 • Z' 

737- 763 34 Z' 
0 

764- 789 35 Z' 

:10- 816 36 
wl.7- 844 37 
845- 871 38 
872- 898 39 
899- 925 40 
926- 953 41 
954- 980 42 
981-1008 43 

1009-1035 44 
1036-1063 45 
1064-1091 46 
1092-1119 47 
1120-1146 48 
1147-1174 49 
1175-1202 50 
1203-1230 51 
1231-1258 52 
1259-1286 53 
1287-1315 54 
1316-1343 55 
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1457-1484 60 
1485-1513 61 
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Table and figure 15: 

n k 

1- 7 1 
8- 22 2 

23- 42 3 
43- 65 4 
66- 90 5 
91- 118 6 

119- 147 7 
148- 177 8 
178- 208 9 
209- 241 10 
242- 274 11 
275- 307 12 
308- 342 13 
343- 377 14 
378- 412 15 
413- 448 16 
449- 484 17 
485- 521 18 
522- 558 19 
559- 595 20 
596- 632 21 
633- 670 22 
671- 708 23 
709- 747 24 
748- 785 25 p 

r 

786- 824 26 0 
b 

825- 863 27 a 
b 

864- 902 28 .1. 
l. 

903- 942 29 .1. 
t 

943- 981 30 y 

982-1021 31 0 
~ 

1022-1061 32 • 
1062-1101 33 r 

r 

1102-1141 34 0 
r 

1142-1182 35 
1183-1222 36 
1223-1263 37 
1264-1303 38 
1304-1344 39 
1345-1385 40 
1386-1426 41 
1427-146i 42 
1468-1509 43 
1510-1550 44 
1551-1591 45 
1592-1633 46 
1634-1675 47 
1676-1716 48 
1717-1758 49 
1759-1800 so 
1801-1842 51 
1843-1884 52 
1885-1926 53 
1927-1968 54 
1969-2000 55 
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Population Standard = 2% 
Acceptance Probability ~9% 
n=sample size, k=maximum number of off-types 

--- actual. type X error 
---- type XX error ~or 2P ___ type XX error ~or SP 
--type XX error ~or l.OP 
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Table and figure 16: 

n k 

1- 1 0 
2- 15 1 

16- 44 2 
45- 83 3 
84- 129 4 

130- 180 5 
181- 234 6 
235- 292 7 
293- 353 8 
354- 415 9 
416- 479 10 
480- 545 11 
C\46- 612 12 

l.3- 681 13 
682- 750 14 
751- 821 15 
822- 893 16 
894- 965 17 
966-1038 18 

1039-1112 19 
1113-1186 20 
1187-1261 21 
1262-1337 22 
1338-1413 23 p 

1414-1489 24 r 
0 

1490-1566 25 ):> 

• 
1567-1644 26 ):> 

j. 

1645-1722 27 i 
1723-1800 28 t: 

y 

1801-1879 29 0 

1880-1958 30 t: 

1959-2037 31 • r 
2038-2117 32 r 

0 

2118-2197 33 r 
--. 
~198-2277 34 
~278-2358 35 
2359-2439 36 
2440-2520 37 
2521-2601 38 
2602-2683 39 
2684-2764 40 
2765-2846 41 
2847-2929 42 
2930-3000 43 
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3 5 '. 

Population Standard = I% 
Acceptance Probability ~99% 
n=sample size, k=maximum number of off-types 

--- actual. type l: error 
---- type l:l: error 1!or 2P 
---type l:l: error 1!or SP 
--type l:l: error 1!or :LOP 
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Table and figure 17: 

n k 

1- 2 0 
3- 30 1 

31- 87 2 
88- 165 3 

4 
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Population Standard = .5% 
Acceptance Probability ~9% 
n=sample size, k=maximum number of off-types 

---- actual. type :I error 
- - - - type :t:r error ~or 2 P 
- _ - type :I :I error ror 5 P 
--type :I:I error ror 10P 

166- 257 
258- 358 5 
359- 467 6 

l.OO ~' ~' ,...... .... ... 

1\, "r ...... , : ... ... ... ; ... ... ... , ... 
468- 583 7 
584- 703 8 
704- 828 9 
829- 956 10 
957-1088 11 

1089-1222 12 
1223-1359 13 
1360-1498 14 
1499-1639 15 
1640-1782 16 
1783-1926 17 
1927-2072 18 
2073-2220 19 
2221-2369 20 
2370-2519 21 
2520-2670 22 
2671-2822 23 p 

r 
2823-2975 24 0 

b 

2976-3000 25 .. 
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Table and figure 18: Population Standard = .1% 
Acceptance Probability ~9% 

n k 

1- 10 0 
11- 148 l 

149- 436 2 
437- 824 3 
825-1280 4 

1281-1786 5 
1787-2332 6 
2333-2908 7 
2909-3000 8 

n=sample size, k=maximum number of off-types 

---- actual. type :r error 
- - - - type :r:r error ~or 2 P 
---type :r:r error ~or SP 
--type :r:r error ~or l.OP 
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Tabel and figure 19 : Population Standard = 10% 
Acceptance Probability ~ 90% 

n k 

1- 0 

2- 5 1 

6- 11 2 

12- 18 

19- 25 

26- 32 

33- 40 

41- 47 

48- 55 

56- 63 

64- 71 

72- 79 

80- 88 

89- 96 

97- 104 

105- 113 

114- 121 

122- 130 

131- 138 

139- 147 

148- 156 

157- 164 

165- 173 

174- 182 

183- 191 

192- 199 

200- 200 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n=sample size, k=maximum number of off-types 

·· lOol 

l~ 
gdl 

70 l j 
·~ 

PLOT ~ oc!cal type ! :r~o; 
+++ iype II error lor 2P 
~type II error for :J~ 
.,._._.type II error for 10; 

60 ~'l 
~ .uL-1' _J~~~ ~--:-:----------
~ 11 

~ !Oj 1 
j !1 

30 i 
i 
' ' 

l 

rsj 
20 l 

J It i 
! I 
i ~ 

i I 
1 o : I It"! " • 1 :I ·1 ·i 4 :1 ..-1 .-1 -·~ X! v·.., 

11 ~ ~f. ;II : I : .: l i / ! ... v-·· v v ll' V\ '\. f 
11

•1 ""' • • : .. •• ~ ~ "1'-
1 I I illif •• • • 
~ ,: li.~ • 
' • s 

0"'. % 
I . . I . . I . 

D 20 40 
.,. 
Oti 80 100 

Sample size 

I . • I . 

120 140 160 lBO 2 00 



TC/34/5 
page 37 

• 1 Table! and figure 20 : Population Standard = 10% 
Acceptance Probability ;:: 95% 

36. 

n=sample size, k=maximum number of off-types 

n k 

1- 3 

4- 8 2 

9- 14 3 

15- 20 4 

21-
100 ~. PLOT ~ oc!uol tyDe ! error 27 ~ 

If 
+-H- iHe II erior ior 2P 

28- 34 6 x~ type II error for 5P 
._..... type II error for lOP 

35- 41 7 90 

•I 42- 48 8 

40 56 9 ~ 

57- 63 10 
I 

80 

~L 64- 71 11 
II I I 

72- 79 12 
I 

I ll 
80- 86 13 70 

1 l 87- 94 14 

95- 102 15 

103- 110 16 - 60 
C> --

111- 119 17 ... 
-C> 

120- 127 18 - 50 
128- 135 19 

..... 
136- 143 20 C> ..... 

C> 

lA>!_ 152 21 ~ 

40 1 
b3- 160 22 

30 j 
I 
II 

161- 168 ·23 

169- 177 24 

178- 185 25 

j I X 

186- 194 26 II 

J\f\J\ 
195- 200 27 20 ~ 1 

j I 
I 

10 j f-r \~ 
I \ft..~ 

0 . I , I I , 

0 20 40 60 80 100 120 140 160 180 2 00 

Somple size 



n 

1-

3-

6-

10-

15-

20-

26-

32-

38-

44-

51-

58-

65-

72-

79-

86-

93-

100-

108-

115-

123-

131-

138-

146-

154-

162-

169-

177-

185-

193-
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Tabel and figure 21 : Population Standard = lOo/o 
Acceptance Probability 2:: 99% 

k 

2 

5 2 

9 3 

14 4 

19 5 

2S 6 

31 7 

37 8 

43 9 

50 10 

57 11 

64 12 

71 13 

78 14 

85 15 

-92 16 C> --
99 17 ... 

-C> 

107 18 =-

114 19 
-= 

122 20 
C> 

-= C> -
130 21 Q... 

137 22 

145 23 

153 24 

161 2S 

168 26 

176 27 

184 28 

192 29 

200 30 

n=sample size, k=maximum number of off-types 
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