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Using Mathematica to build Non-parametric Statistical Tables

Abstract

In this paper, I present computational procedures to obtain statistical tables. The
tables of the asymptotic distribution and the exact distribution of Kolmogorov-Smirnov
statistic D, for one population, the table of the exact distribution of Kolmogorov-
Smirnov statistic Dy, » for two populations, the table of the distribution of the runs
R, the table of the distribution of Wilcoxon signed-rank statistic W and the table of
the distribution of Mann-Whitney statistic U, using Mathematica, Version 3.0 under
Windows98. I think that it is an interesting cuestion because many statistical packages
give the asymptotic significance level in the statistical tests and with these procedures
one can easily calculate the exact significance levels and the left-tail and right-tail
probabilities with non-parametric distributions.

I have used mathematica to make theses calculations because one can use symbolic
language to solve recursion relations. It’s very easy to generate the format of the tables,
and it’s possible to obtain any table of the mentioned non-parametric distributions
with any precision, not only with the standard parameters more used in Statistics, and
without transcription mistakes.

Furthermore, using similar procedures, we can generate tables for the following
distribution functions: Binomial, Poisson, Hypergeometric, Normal, y? Chi-Square,

T-Student, F-Snedecor, Geometric, Gamma o Beta.
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1 Introduction

This work is divided in two sections. In the first section I describe the procedures and the code

to generate the tables and in the second one I present the computational results i.e. the tables.

To build the tables of the mentioned distributions I have used the commands Dol] to repeat
calculations, Sum[] to sum series, FindRoot[] to solve equations, Flatten[] to join list of values,
GrayCode[] to generate subsets of the list of values generated with Range[], Extract[] to extract
clements of the list, IntegerPart[] to calculate the integer part, Join]] to join lists, Frequencies[] to
calculate the frequencies distribution and some commands to do the tables and style specifications

as Table]] to generate a table of values, Prepend([], TableForm[], Print[] and StyleForm][].

To calculate the tables of the following distributions: Binomial, Poisson, Hypergeometric,
Normal, x? Chi-square, T-Student, F-Snedecor, Geometric, Gamma or Beta the essential commands
are PDF]] (Probability Distribution Function) and CDF[] (Cumulative Distribution Function).

2 Procedures to obtain tables.

2.1 Table of the asymptotic distribution of statistic D,

This table is used in the goodness-of-fit Kolmogorov-Smirnov test with sample size n > 40,

Hy: F(x) = Fo(z) Vo € R
{Hl s F(x) # Fy(z) for some x € R.

The Kolmogorov-Smirnov test is designed for continuous distributions Fp. The sample have not
been grouped in categories as in the chi-square goodness of fit test.

The Kolmogorov-Smirnov one-sample statistic is based on the differences between the
hypothesized cumulative distribution function Fy(z) and the empirical distribution function of the
sample F,(z) = Mnﬂ, where N(x) is the number of sample values less than or equal to x.

The deviations between the true distribution function and its statistical image should be small
for all values of x and we can use the statistic D,, = maz,|F,(x) — Fo(x)| to measure the accuracy
of our estimate. Given the significance level «, the critical region is D,, > Dy, 4.

This table it is also used in the kolmogorov-Smirnov two sample test with n,m > 10,

{Ho 1 F(z) = G(z) Yz € R
H, : F(z) # G(x) for some x € R.

If the null hypothesis is true, the population distributions are identical and we have two samples
from the same population.

This test is based on the differences between the empirical distribution functions of the two
samples. Under Hy, these deviations should be small and we can use them to do the test with the
statistic Dy m = _max |Fn(z) — Gm(z)], where Fy(z) and G () are the respective proportions

of the two samples which are less than or equal to z. Given the significance level «, the critical

region is Dy, pm > Dy oo



It's known that lim ¢n(z) = . (=1)Fe %" = 1 — k(2) where ¢n(2) = p(Dn < 55).

In the table of the asymptotic distribution of Kolmogorov-Smirnov statistic Dy, the probabilities

k=—o0

nm
n+m

n11‘11)10o p(Dy > \/LF) = k(z) are calculated. Also the asymptotic distribution of Dy, m is exactly
the same as the asymptotic distribution of \/nD,,.

Because the limit distribution is known, it’s only necessary to calculate the sum of a serie using
Sum(], generate the table with Table[] and put the style specifications edit> preferences of GridFrame
with value true, RowLines with value {0.5false} and ColumnLines with value true to obtain the
output format. See table T1.

The code is,
<< "Statistics'"
<< "Graphics™"
<< "Statistics DataManipulation’"

Kol[k ,2z ] :=(-1)“KKE*(-2*(kkz)"2)

Swnal[z ]:=1-Evaluate[Swn[kol[k,z],{k,-o,=}1]

Ti=H[Table[{z 5wumal[z] ,z+0.44 ,Sumal[z+0.44] ,z+0. 88,
Sumal[z+0.88],2+1.32,5umal[z+1.32] ,2+1. 76 ,5umal[z+1.76]}, {z,0.32,0.75,0.01}],6]
T2=Prepend[T1,{"z(KS}" ,"k{z}","z{K5}","k{z}"," z{KS}" ,"K{z}"

2K} kiz)" " 2{KE)" "R (2)"}]

StyleForm[TableForm[T2] ,FontSize -- 12]

2.2 Table of the exact distribution of statistic D,,

Given the significance level a, the critical region is D, > Dy o. To obtain d = D, , that satisfies

P(Dy, > Dy o) = a we solve

[n(1-d)] , .
P(DF >d)=(1—d)" +d ; <’;> (1—d— %)"*J’(d + %)H = %
where D} = max,[Fn(z) — Fo(z)].

The values of the probabilities a are 0.2, 0.1, 0.05, 0.02 and 0.01. One can change these values
to other values in the program. The previous result due to Birnbaum y Tingey (1951) is used to
make these calculations. This formulation is computationally efficient for n < 40.

Five equations have been solved using FindRoot[] and a table has been built.

The style specifications are edit> preferences, GridFrame with true, RowLines {0.5,false} and
ColumnLines {0.5,false} to obtain the table. See table T2.



The code is,
<= Statistics"

Do[
nl=m;
ntegerFact [nd+(1l-r)] ) .
£2[v 1= {1-1) s ¥n [. Z (Binomial[n1, 3]« (1-v-j /a7 (‘-'+j-’n1)(]“1):| i
ja

{rcalcula el doble de lo pedido para Dn con D++);

R[m] = Join[

{FindRoot[£2[v] == 0.1, {v, {0.1, 0.5}}]1},

{FindRoot [£2[v] == 0.05, {v, {0.1, 0.5}}]1},

{FindRoot [£2[v] == 0.025, {v, {0.1, 0.5}}]},

{FindRoot [£2[v] == 0.01, {v, {0.1, 0.5}}]1},

{FindRoot [£2[v] == 0.003, {v, {0.1, 0.5}}]1}]1:

T[m] =v/. A[m];

T2[m] = T[m];

Ti[m] = Prepend[T2[m], nl]:

Lin={"n","0.2", "0,1", "0,05", "0,02", "0.01"}, {m, 1, 40}]:
TT = Prepend [Table[T1[m], {m, 1, 40}], Lin]:

TahleForm[TT]

2.3 Table of the distribution of statistic D,,,,

In this case, the probabilitiecs P(mnDy, , > d) = « are calculated for n,m = 2,.

from 10 to 15. This can be written P(Dy,pn > min) = «, where Dy, p, = max
P(Dpp>d)=1— ‘?EZL[;)

.,10 and for n =m

|Fom () — G ()]

where a(m,n) satisfaces the recursion relation a(m,n) = a(m — 1,n) + a(m,n — 1) with boundary

conditions a(0,n) = a(m,0) = 1.

Do[], Iff], Length[] are used. Furthermore, I use the symbolic lenguage of Mathematica to

define functions. The specifications are edit> preferences GridFrame true, RowLines {0.5,false} and

JolumnLines {0.5,false} to obtain the output format. See table T3.



The code is,
<< "Statistics "

== "DigcreteMath "
ppl=1;ml=10; nl= 10;
Do[Do[Do[
ml = p2;
nl=mpl:;
disl=-pl~d;
Dol
Inf[n, disl] = Max[0, IntegerPart[{ml+ {n -dis1) fnl1}] + 1]:
ITf[ml« {n-di=sl} /fnl < 0, Inf[n, disl] = 0];
If[n==di=l, Inf[n, di=sl1l] = 1]:
TE[Infn, disl] == (Ml {n - dis1) fnl), Inf[n] = {(ml« (n-dis1) fnl) + 1];
Sup[n, di=l] = Min[ml, IntegerPart[{ml+ {(n + di=1}) fni)]]:
If[Sup[n, disl] == (Ml (n + dis1) fnl), Sup[n, digl] = {(ml+ (n+dis1) fnl) - 1];
{+xPrint [{Inf[n di=l] , Suwp[n di=1]}]~),
in, 0, n1}]:
Dol
Infi[m, disl] = Max[0, IntegerPart[{nl~m,/ml - dis1}] + 1]:
If[(nirmiml -disl < 0, Infl[m, dis1] =0];
If[nlirmiml ==disl, Infl[m, di=s1] =1]:
If[Infl[m, ddsl] ==nlrm/ml - disl, Infi[m, di=sl] = {(nlwvm/ml -di=1} + 1];
Supl[m, disl] = Min[nl, IntegerPart[{nl~m/ml + di=s1}]1]1:
ITf[Suplm, di=l] == {(nl+m/ml + di=l), Supl[m, di=sl] = {nl+m fml +di=l1}) - 1]:
(+Print [{Infl[m,dis1],Supl[m,dis1]}]+},
{m, 0, m1}]:
Dofa[fm, 0, dis1] =0, {m, 1, m1}]:
Dofa[m, 0, dis1l] =1, {fm, Inf[0, disl], Sup[0, dis1]}]:
Dofa[d, n, dis1] =0, {n, 1, nl1}]:
Dofafd, n, disi] =1, {n, Infi[0, disl], Supli[0, disi]}];
a0, 0, dis1] = 0;
Do[Do[a[m, n, dis1] =0, fm, 1, m1}], {n, 1, n1}]:
Do[Dof[a[m, n, disl] =a[m-1, n, di=sl] +a[m, n-1, di=l], {m, Max[Inf[n, di=z1], 1], Swn, dis1] ], {n, 1, nl}]:
Dol
Do[F[m, n, digl] =a[m, n, di=l] f Binomial[m+n, m]:
pm, n, di=l]=1-F[m, n, di=l], fm, 0, m1}]:
Tl[n, di=1] = Table[a[m, n, di=s1], {m, 0, m1}], {n, 0, n1}];
T2 = Table[T1[n, dis1], {n, 0, n1}],
{d, 0,1, 1/{ml«pl)}l:
Té[pl] = Prepend[Table[dr~ml~pl, {d, 0, 1, 1/ {p13}], "d/n"]:
{+Print[T6[p1]]1+);
L6[pl] = Length[T6[p1]1]:
Td[p2, pl] = Tabhle[H[p[p2, pl, dvpl], 41, {4, 0, 1, 1f {p1)}]:
Lia[pl] = Length[T4[p2, p1]1] + 1;
(+Print [T4[p2,p1]]«):
T4[p2, nl] = Table[H[p[p2, nl, d+nl], 4], {d, 0, 1, 1/ {n1}}]:
L44[pl] = Length[T4[p2, p1]1] + 1,
{pl, 1, nl1}]:
Do[L[pl] = L4[nl] - L44[p1], {pl, 1, nl}]1;
TT[pl ] :=Table[" ", {k1, 1, LIp1]1}]1:
Té = Prepend[Table [Prepend[Join[T4[p2, pl1], TT[p1]1]. p»1]1. {pl, p2, ni}], T6e[nl]]:
Print["m=", p2];
Print [TableForm[Transpose [TE]111]
-, A2, 2, mi}]



2.4 Table of the distribution of the runs R

It is known that the probability distribution of the number of runs R is,

2(32(80)

W if r is even .
p(R:fr) = nl,lnl no—1 ny—1 ng—1
(&71)'(7‘_7171)+<7‘;171)‘<ﬂ71) . .
2 ) 2 if r is odd.
ny

This distribution is used in the test of randomness. It is one of the best known and easiest to apply.
The data can be dichotomous or it can be classified into a dichotomous sequence. In this test based
on the total number of runs, both too few and too many runs suggest lack of randomness. Given
the level o, the critical region is R <rg and R > r’% that p(R < r%) < & and p(R > r’%) <3
This distribution can also be used to compare distributions in the Wald-Wolfowitz runs test. In
this case R is the number of runs in the combined sample. Given the significance level « usually

this test has the critical region R < rq, where p(R <r,) < «
The table shows the values P(R > r) = a where r =2,3,...,n1+ng for ny, ny < 10. The probability

distribution is defined in two parts for r even in plni, ne, rpar] and for r odd in p2[nq, ne, rimpar],
some sums are evaluated to obtain p(R < r) = p(R < r — 1) with Sum([] and the program saves in
tables the probabilities of the complementary sucess p(R > r).

The specifications are edit> preferences GridFrame true, RowLines {0.5,0.5false} and

ColumnLines {false,0.5,false} to obtain the output format. See table T4.



The code is,
<< "Statistics™"

<z "Graphics""
<< "Statistics 'DataManipulation’"
Pi[nl , n2 ,rpar ]:= (2+Binomial[nl-1, rpar/2-1]+

Binomial [n2-1, rpar f 2-1] ) /Binomial [nl +n?, nl]:
B2[nl , n? , vimpar ]:= (Binomial[nl-1, {rimpar -1}/ 2]«

Binomial[n2 -1, {rimpar - 3) /2] +

Binomial[nl-1, (rimpar - 3) /2] vBinomial[n2 - 1, (rimpar - 1) /2] )
JfBinomial [nl +n?, nl];
Sumasi[nr ] :=Table[P1[nl, n2, nr], {nl, 2, 10}, {n2, n1, 10}];
Swmas2[nr ] :=Table[P2[nl, n2, nr], {nl, 2, 10}, {n2, nl, 10}];
C1=Flatten[Table[{nl, n2}, {nl, 2, 10}, {n2, nl1, 10}], 1]:
C11 = Prepend[Column[C1, 2], "n2"];
C12 = Prepend[Column[C1, 1], "nl1"];
Swmatot [nrachas ] :=Prepend[H[Flatten[Sum[Sumasi[nr], {nr, 2, nrachas, 2}] +
Sum[Suma=2?[nr], {nr, 3, nrachas, 2311, 41, -nrachas];

T5 = Table[1- Sumatot[k], {k, 2, 9}1]:
T4 = Prepend [Prepend[T5, C11], C12];
T1 = Transpose [T4]:
T2 = Prepend[T1, {" ", " ", " " W w w w_uu uRachag ", 0w, 0w wou1].
StyleForm[TableForm[T2], FontSize -- 12]
T51 = Tahle[1- Swmatot[k], {k, 10, 19}];
T41 = Prepend[Prepend[T51, C11], C12]:
T11 = Transpose [T41];
T21 - Prepend[T11, {" " ", v v v v wuw w0 URachas " " " " " 0 0AY;
StyleForm[TableForm[T21], FontSize - 12]

2.5 Table of the distribution of Wilcoxon signed-rank statistic W™
The Wilcoxon signed-rank test is a test of location,

Hy: M., =m.
Hy : M. #+ m.

where M, is the unknown median of the distribution.

The Wilcoxon signed-rank statistic W+ gives the sum of the ranks of the positive differences
where the differences are defined as D; = X; — m. If m is the true median of the symmetrical
population, the expectation of the sum of the ranks of the positive differences W+ equals the
expectation of the sum of the ranks of the negative differences W~. Given the significance level «,
the critical region is W+ < k1 and W+ > k2 where p(WT < k1) < § and p(W™T > k2) < &.

2
The probabilities p(WT < k1) = p(WT > k2) are calculated where p(WT = k) = %ﬁ where

u(k) is the number of ways to assign plus and minus signs to the first n integers such that the sum

of the positive integers equals k, with sample size n < 16.



To calculate u(k) the commands GrayCode and Frequencies are used. And finally, to obtain
p(W+ < k1) T use the command Sum(] to sum probabilities. See table T5.
The specifications are edit> preferences GridFrame false, RowLines false and ColumnLines false
to obtain the output format.
The code is,
<+ Statistics’
<< DiscreteMath’
Share[]
{rn=07)
Dol
Partez[n] = GrayCode [Range [n]]:
L[n] = Length[Partes[n]];
Ti[n] = Table[fpply[Plus, Extract [Partes[n], i11, {i, 1, L[n]1}:
F1[n] = Frequencies[T1[n]]:
rango [n] = Column[F1[n], 2]:
freg[n] = Column[F1[n], 1]:
prob[n] = H[freq[n] /2" n, 4];
rangol[n] = rango[n]:
F[n , k ]:=S5um[prob[n][[m]], {m, 1, k}];
Lim[n] =n~{n+1) 7 2;
c[n] = IntegerPart[n+{(n+1) F4]:
TC1i[n] = Table[F[n, nc], {nc, 1, c[n] +1}];
S1[n] = Table[c-1, {c, 1, c[n] +1}]:
52[n] = Table[Lim[n] -c +1, {c, 1, c[n] + 1}]:
TOT = Table[{n, S1[n], TC1[n], S2[n]}, {n, n, n}]:
TOT2 = Prepend[TOT, {" ", " ", o my;
TOT1 = Prepend [Prepend[TOT2, {* ", " ", "p{W=k2)"," "}],
fim, VKLY, Vp W=k} Y, "k2V 1]
TOT3 = Append[
Fampend [XOTE (0 by W (0 i) Wk M Sk Wy,
Print [TableForm[TOT31], {n, 2, 16, 1}]

2.6 Table of distribution of de Mann-Whitney statistic U,

The Mann-Whitney U test is used to compare distributions,
Ho: F(z) = G(x) Vo € R.
{Hl : F(z) # G(x) for some x € R.
The Mann-Whitney U test is based on the idea that the particular pattern exhibited when the
samples of the random variables X and Y are arranged together in increasing order of magnitude.
It provides information about the relationship between their populations. Mann-Whitney statistic

U, is defined as the number of times an X precedes a Y in the combined ordered sample,

R 1 s1X; <Y
U, = Z Z Zi where Zii=4¢0 siX;>Y];
i—1 j—1 % si X; =Y



Given a, the critical region is U, < uy and Uy > uz where p(Uy < uy) < § and p(Uz > ug) < 5.
The probabilities p(U, < k) are calculated for nq < ny and ny=2,3, ..., 10.
Firstly, the probabilities p(U, = k) are calculated using the recursion relation for m from 1 to

ny and n from 1 to no,

n m
Pmn—1 (k’) +

e ] _ k _ )
n+m n+ ,]n[)m 1 n)

pm,n(k) =

where k takes values from 0 to nins and the boundary conditions are defined as follow,

Pman(k)=0if k <0

Pm.0(0) = po,n(0) =1

Pman(k)=01if k<0

pm.o(k) = pon(k) = 0if k # 0.

The probabilities p(U, < k) are calculated with Sum[]. The specifications are edit> preferences
GridFrame true, RowLines {0.5,0.5,false} and ColumnLines {0.5,false} to obtain the output format.
Sece table T6.

The code is,

<< "Statistics""
<< "DiscreteMath®"
ppl=1:nnl=2; nn2 = 10;
Do[p[0, n, u] =0, {n, 1, nn2}, {u, -nnl~nn2, -1, 1}];
Do[
Do[
(+nml=nl+«mLlf2; +)
nmml=nlsmlf2;
Do[p[m, n, u]l =0, {m, 1, m1}, {n, 1, n1}, {u, -nml, -1, 1}]:
Do[p[m, 0, u]l =0, {m, 1, m1}, {u, 1, nmi}];
Do[p[m, 0, u] =0, {m, 1, m1}, {u, -mml, -1, 1}]:
Do[p[0, n, u]l =0, {n, 1, n1}, {u, 1, nmi}]:
Do[p[0, n, u] =0, {n, 1, n1}, fu, -mml, -1, 1}]:
Do[p[m, 0, 0]=1, {m, 1, mi}];
Do[p[0, n, 0] =1, {n, 1, n1}];
Do[p[m, n, u] =
(n/n+m))«pm, n-1, u]+ M/ (n+m)}+pm-1,n,u-n], {m, 1, m1}, {n, 1, nl1}, {u, 0, nml}];

p2[ml, nl1] = H[Table[p[ml, ni, u], {u, 0, IntegerPart[nm1]}], 41:
F1[k ] :=Sum[p2[ml, n1][[ul]], {ul, 1, k+1}];

T4 = Prepend[Join[Table[k, {k, 0, IntegerPart [nml]}],

Table[" ", {k, 0, IntegerPart[nl+nl/ 2] - IntegerPart [nm1]}]], "k/nl1"];
Ti[ml, nl] = Join[Table[F1[k], {k, 0, IntegerPart[nmi]}],
Table[" ", {k, 0, IntegerPart [nl+nl/ 2] - IntegerPart [nm1]}]1]:

Do[p[m, n, u] =0, fm, 1, m1}, {n, 1, n1}, fu, -nm1, nm1, 1}],

{ml, 1, n1}];
T2[n1] = Transpose [Prepend[Table [Prepend[T1[ml, nl1], m1], {md, 1, nl1}], T4]1:
Print [TableForm[Prepend[T2[n1], {"n2", n1}]1]1]1,

{nl, nni, nn2}]
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3 Computational results. Tables.

3.1 TABLE T1. asymptotic Table for D,,.

lim p(v/nD, > 2(KS))= lim p(D, > Z(A—S)) k(=)
2®) | ki) 2B | k(@ 263 | k(@) 2(®3) | k() 285 | k()
0.3 | 0.9999 | 0.75 | 0.60% | L2 0.11225 L6d | 0.00922302 | 2.08 | D.000345274
0.3 | 0.999s0s | 0.7 | 0.5%328 | L2l | 010637 165 | 0.00363%63 | 2.09 | 0.000321326
034 | 0999828 | 078 | 0.8 | L2z | D.1018%% LE6 | 00030825l | 2.l 0.000295457
0.35 | 0.999897 | 0.79 | 0.560495 | L2 | 0.097269 | L7 | 0.007%175 | 201 | 0.000271635
036 | 0.999489 | 0.8 0.544142 | L24 | 0.0923517 | Lgg | 0.00MTLIL | 2dz | 0.0002496
0.37 | 0.09917%4 | 0.8 | 0.57%L | L2g | 0.0878e64 | 1.69 | 0.0066107%9 | 213 | 0.000229%6
0.3 | 0.99875 | 0.2 | 051872 | Lo2g | D.083%ES4 | L 0ODELTIE | 2.4 | 0.000210434
0,39 | 0.998070 | 0.3 | 96191 | L2 | 0.079443 LAl | 0.00smolg | 2.5 | 0.000193147
0.4 0.99M%2 | 0.84 | 0.480638 | L28 | 00754937 | L7z | 0.00838%6L | 2.6 | 0.000177232
0AL | 0.396028 | 0.85 | 0.45319 | L23 | LOTILS | L93 | 0.0050284 217 | 0.000162529
042 | 0.994524 | 0.8 | 0.4%0255 | L3 0.0680922 | L.74 | 0.00469127 | 218 | 0000148987
043 | 0382y | 0.7 | 00435455 | LAl | D.0gdezs4 | 195 | 0.00437d88 | 205 | 0.000L35L8
L4 | 0027 | 0.8 | .08 | L3 | D.0613L8 L% | 00040mm | 2.2 0.000125043
045 | 0.57401 | 0.83 | 0.406635 | L33 | 0.008153 L7 | 0.00380038 | 221 | 0.000114437
0| 0.533995 | 0.9 0.392730 | L34 | 0.0881283 | L3 | 000353981 | 222 | 0.000L04773
0.4 | o.gr3e | 091 | 0379072 | L3% | 0.0522419 | 199 | 0.003298%8 | 2.23 | 0000095857
0| 0.EAlE | 0.2 | 0365715 | Lag | D.odsasse | L. 0.00306%2 | 2.24 | 0.000087653
09 | 0.969383 | 0,93 | 0.3%2663 | L7 | D.0463%65 | LAl | 0.00268385 | 225 | 0.000080130
0.5 0.963345 | 0.94 | 0.3:9908 | L8 | 004438l | LBz | 0.00265409 | 2.26 | 0.00007321%2
0L | D.STIEE | 0,95 | 0327485 | L3S | 0.041989 L83 | 000246725 | 227 | D.0000868772
0.52 | 0.949%4 | 0.%5 | 0.315364 | L4 0.03%819 | .84 | 0.00229264 | 2,28 | D.00006106
0.55 | 0.%4l466 | 0.99 | 0.303555 | L4l | 00375133 | L85 | 0.00212853 | 2.5 | D.0000557266
0.54 | 0.932503 | 0.98 | 0.2%0% | L4 | D.03s449l | Lge | o.00wmnA | 2.3 0.0000508387
0.55 | 0.me8l7 | 0.33 | 0280874 | L3 | 0.033485 167 | 00018381 | 231 | 0.000046361
0.5 | 0.4 | L 0.27 L4 | DO3IEITL | L | 000090280 | 232 | 0.0000422607
0.57 | 0.90138 | L0l | 0.259434 | L.45 | 0.0298415 | 1.89 | 0.00L57886 | 2.33 | D.0000385077
0.5 | 0.839805 | L0z | 0.249175 | L& | D.0281543 | L. 0.0014636 234 | 0.0000350739
0.5 | 0.724 | L03 | o229 | L47 | 00265519 | L.9L | 0.0013%622 | 235 | 0.000031333%
0.6 0.864283 | L04 | 0.229564 | L.43 | 0.0250306 | LSz | 0.0012%621 | 2.3 | 0.0000290628
061 | 0.50770 | LOS | o.220206 | L43 | 00235870 | L93 | O.00Le3l2 | 237 | D0.0000264395
.62 | 0.83675 | L0s | 0214 | LS 0.022218 194 | 0.00107649 | 238 | D.0000240433
0.63 | 022248 | L9 | 0202363 | LSL | 0.0203199 | L.95 | 0.00099%8LL | 235 | D.0000213%
0.64 | 0.80732 | L08 | o0.937 | LSz | 0.0196898 | 1.9 | 0.000920898 | 2.4 0.000019859
0.65 | 0.792003 | L09 | 0.8%57 | L53 | 0.018546 | L.97 | 0.000851379 | 2.41 | 0.000008037%
066 | 0.7%63%3 | L 0TS | LS4 | D0UM2l4 | L33 | 0000786708 | 2.42 | 0.0000L63767
0.67 | 07048 | L1 | 0.07004 | LSS | 0.016374 | 199 | 0.000726659 | 2.43 | 0.000014627
068 | 0z | L12 | 062644 | LS6 | 001598 | 2. 0000670925 | 2.44 | 0.0000L34834
0.60 | 0.7298lz | L3 | 0.155498 | L57 | 0.0144859 | 2.00 | 0.00061%218 | 2.45 | D.0000122271
0.7 0.71235 | L14 | 0.143605 | LS8 | 0.003573% | 2.0z | 0.00071268 | 2.46 | 0.0000LL0S3S
0L | 0.69453 | LIS | 0.419 | LS9 | 0.0127394 | 2.03 | 0.000826819 | 2.47 | D.0000000428
072 | 0.EmEs | Lle | 013857 | L6 0.011352 2.04 | 0.00048%35 | 2.48 | 9.09621x107
0.7 | 0.660386 | L19 | 0.12939 | L6l | 0.0112088 | 2.05 | 0.00044%432 | 2.4 | 8.23583x107
0| DEMLS | L3 | o.l234sd | Lz | D.OLOSOTE | 206 | 000041207 | 2.5 7. 48331107
05| 0.ETET | L9 | 00Tz | L6 | 0.00984636 | 2.07 | 0.00037950L | 251 | 6.74268x107
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3.2 TABLE T2. Table for D,, n < 40.

p(Dp >d)=a

n 0.2 0.1 0.05 0.0z 0.01

1 0.9 0.95 0.975 0.939 0.995

2 0.6838 0.7764 0.5419 0.9 0.9293
3 0. 5645 0.636 0.7076 0.7546 0.829

4 0.4327 0.5652 0.6239 0.6859 0.7342
5 0. 447 0.5094 0.5633 0.6272 0.6685
] 0.4104 0.468 0.5193 0.5774 0.6166
7 0.3815 0.4361 0.45834 0. 5354 0.5758
5] 0.3583 0.4096 0.4543 0. 5065 0.5418
9 0.3391 0.3875 0.43 0.4796 0.5133
10 0.32Z6 0.3687 0.4092 0. 4566 0.4559
11 0.3083 0.3524 0.3912 0. 4367 0.4677
12 0.2958 0.3382 0.3754 0.4192 0.449

13 0.z2547 0.3255 0.3614 0. 4036 0.4325
14 0. 2748 0.314z2 0. 3489 0.3897 0.4176
15 0.z659 0.304 0.3376 0.3771 0.404z
16 0.2578 0.2947 0.3273 0.3657 0.392

17 0.z504 0.2863 0.318 0.3553 0.3809
15 0. z436 0.2785 0.3094 0.3457 0.3706
19 0.2373 0.2714 0.3014 0.3369 0.3612
20 0.2318 0.2647 0.2541 0.3287 0.3524
21 0.2Z62 0.2586 0.2872 0.321 0.3443
ZZ 0.2212 0.2528 0.2809 0.3139 0.3387
23 0.21la5 0.2475 0.2749 0.3073 0.3295
24 0.212 0.2424 0.2693 0.301 0.3229
Z5 0.2079 0.2377 0.2e4 0.2952 0.31l66
26 0.z204 0.2332 0.2591 0.zZ898 0.3106
27 0.2003 0.229 0.2544 0.2844 0.305

28 0.1968 0.225 0.2499 0.2794 0.2997
29 0.1935 0.2212 0.2457 0. 2747 0.2947
30 0.1903 0.2176 0.2417 0.2702 0.2899
31 0.1873 0.2141 0.2379 0.Zea 0.2853
32 0.1344 0.2108 0.2342 0.Zel9 0.2809
33 0.1817 0.2077 0.2308 0.258 0.2768
34 0.1791 0.2047 0.2274 0.2543 0.2728
35 0.1766 0.2018 0.2242 0.zZ507 0.2a9

36 0.1742 0.1931 0.22Z12 0.2473 0.2653
37 0.171%9 0.1965 0.2183 0.z244 0.2618
38 0.1e97 0.1939 0.2154 0.zZ409 0.2584
39 0.1875 0.1915 0.2127 0.2379 0.2552
40 0.1655 0.1891 0.2101 0.2349 0.2521

If n > 40, use table T1 with

2(KS)

NG
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3.3 TABLE T3. Table for D,,,, nm< 10 and n=m 10 to 15.
d
PmnDyp>d)=a= P(Dpn>—)=«a
’ ’ mn
n=2
im | 2 3 1 5 £ 7 8 3 10
0 5 T L. 1 T 1 1 1 i
2 L. i L L L 1 1 1 L
1 0.333% 0.6 0.9333 09524 L. i L 1. L
6 0.2 0.4 0574 0,857 0.8889 0.977 0.3818 L
8 01333 0.2857 0. 4286 0.5556 0.8 0.5364 0.9394
10 0.09524  0,2143 0.3333 0,498 0,545 0,757
12 007143  0.1667 0.2667 0.3636 0.4545
14 0.0585  0.1333 0.2182 0.303
16 004448 0.1091 0.1818
1 0.03636  0.09091
20 0.0303
=3
am | 3 1 5 6 7 g 3 10
0 L. L. L. L. L. L. L. L.
3 L. L L. L L L L. L
6 0.6 0.657 0.8571 03881 0.3833 0.9933 L. 1
3 0.1 0.2266 04643 0.6766 0.7 0. 8364 0.3636 0,958
12 005714 0.1429 0.3333 0.4 0. 5636 0.7091 0.7203
15 00357 0.09524 0,167 0,303 0.4545 0.493
1 002361 006667 0.1212 0.2364 0. 2867
2l 0.01667  0.04843  0,09091 0.1393
24 0.01212  0.0363 0.06993
2 0009051 0.02797
30 0.005993
n=4
im | 4 5 B 7 E 3 10
0 L. L. L. L. L. L. L.
1 L 1 L. 1 i L L
8 0.7714 0746 0.5230 0.3515 0,998 0,554 0,599
12 0.2286 0.2857 0.5524 06608 0.5364 0.8112 0.3191
16 0.02857  0.07937  0.181 0.3091 0.5131 0.5175 0.6973
2 0.01567  0.04762 0.1212 0.2222 0.2517 0,409
24 0.009524  0.0303 0.08485  0.1147 0.187
28 0.006061  0.0202 0.0419 0.08392
3 0.00404  0.01399 0.02997
3 0.002787  0.00993
a 0.001938
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Continuation

m=5
d/n 5 [ 7 =] =] 10
u] 1. 1. A B 1. 1. A5
5 L L 1. Is 3 L
10 0.873 0.8182 0.90%91 0.9627 0.354 0.%937
15 0.3571 0.3571 0.5455 0.&56333 0.7912 0.2191
20 0.07937 0.1082 0.2374 0.3162 0. 4505 0.5547
25 0.007937 0.02597 0.06566 0.1z25%9 0.2z53 0.3506
30 0.004329 0.01515 0.041%6 0.05591 0.1655
35 0.00Z525 0.009324 0.02797 0.06061
40 0.001554 0.0059594 0.01%31
45 0.000959% 0.003996
50 0.0006866
mn=&
d/n [ 7 =] =] in
1] SE 1. 1. 1. 1.
& L 1. 1. 1. 1.
1z 0.%307 0.3713 0.952 0.937z2 0.992
13 0.474 0.4336 0.6374 0.7794 0.8354
24 0.1429 0.1489 0.3017 0. 4054 0.5055
30 0.02597 0.03546 0.09257 0.1753 0.z2435
36 0.00Z165 0.00815%9 0.0ZE564 0.06114 0.092Z215
42 0.001166 0.004662 0.01399 0.03147
43 0.0006866 0.00z797 0.003991
54 0.0003998 0.00174s8
&0 0.0002493
m="7
d/n 7 g =] 10
1] 1. 1. 1. 1.
7 1. 1. 1. 1.
14 0.9627 0.2105 0.9552 0.9773
21 0.5752 0.5077 0.6476 0.7533
zZ8 0.2121 0.13925 0.3238 0.43354
35 0.05303 0.05594 0.1z67 0.1594
42 0.00815%9 0.01305 0.03409 0.07158
49 0.0005828 0.0024868 0.007517 0.0z217
56 0.00031035 0.001399 0.004525
53 0.0001743 0.0003227
70 0.0001023
m=5
d/n =] =] 10
1] I 1. HEE
g iz 1. 1
1la 0.2&01 0.938 0.97646
24 0.6601 0.5761 0. 7227
32 0.2827 0.24z25 0.3917
40 0.08702 0.078587 0.lea
43 0.01865 0.0z0z4 0.04957
56 0.00Z456 0.004z275 0.01z0z
64 0.0001554 0.0007404 0.002422
72 0.00005227 0.0004114
{=]u) 0.00004571
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Continuation

m=5
dsn =] 1o
o 1. 1.
o 1. 1.
1ls 0.9595 0.9573
=7 0. 7301 O.6375
36 0.3517 0.z2942
a5 0o.1z53 0.1055
54 0.03357 0.030z27
B3 0. 005Z29g 0.007038
= O. 0007404 O.001354
81 0.0000211< 0.000z1e5
a0 O.0000Z2165
m=10
d/n 10
o 1.
R 1.
zZ0 0.39945
S0 0.7859
a0 0.4175
50 0O.1&678
[=1u) 0.05245
7O o.01z34
=1u} o.oo0z057
[0 O.000Z165
100 0.000010853

If m=n from 10 to 15,

m=10

m=13

For n,m > 10, table T1 with z(KS)/ X2

nm °

din 10

5] 1.

10 1.

20 0.9945

30 a.7s869

40 0.4175

50 0.1578

&0 0.05245
70 0.01254
a0 0.002057
20 0.0002165
100 0.00001053
din 13

[5] 1.

13 1.

z6 0.999z2

39 a.g897s8

sz 0.5882

G5 a.z999

78 0.1265

a1 0.04427
104 0.01265
117 0.002875
130 0.0005
143 0.0000625
158 5. x10-%
189 1.923 %107

m=14

din 11
[5] 1.

11 1.

zz 0.9971

33 0.8326

44 0.479z2

55 0.2115

66 0.074565

77 0.02074

85 0.004366
99 0.0005549
110 0.00006237
1z1 2.835=10"F
din 14

5] L

14 1%

28 0.9998

az 0.9z05

56 0.6355

70 0.3433

g4 0.1549

ag 0.05903
11z 0.01878
1z6 0.004s

140 0.001021
154 0.0001633
168 0.00001885
15z 1.395:10-F
pR=T3 4,955 10-%

m=12

m=15

15

d/n 1z
5] E

1z iy

z4 0.9985

36 0.869

as 0.5361

50 0.2558

72 0.09955

84 0.03144

ag 0.007859
108 0.001497
1zo 0.0002041
13z 0.00001775
144 7. 3961077
din 15

5] T

1s Tix

30 0.9995

45 0.9383

&0 0.5781

75 0.3855

90 0.1844

105 0.07546
1z0 0.02625
135 0.007656
150 0.001837
155 0.0003533
1z0 0.00005235
195 5.609:x10°F
zlo 3.868x 1077
225 1.z895 10"




3.4 TABLE T4. Table for R, n{,ny < 10.

P(R>r)=a wherer= 2,3 ..., n1 +na

Rachas
nl nz 3 4 5 6 7 g 9 10
2 2 0.6667 0.3333 0. 03 03 0. 0. 05
2 3 0.8 0.5 0.1 0. 0. 0. 0. 0.
2 4 0.8667 0.6 0.2 0. 0. 0. 0. 0.
2 § 0.9048 0.6667 0.2857 0. 0. 0. 0. 0.
2 3 0.9286 0.7143 0.3571 0. 0. 0. 0. 0.
2 7 0.9444 0.75 0.4167 05 05 0. 0. 05
2 g 0.3556 0,777 0.4667 0. 0. 0. 0. 0.
Z 9 0.9636 0.8 0.5081 0. 0. 0. 0. 0.
2 10 0.9697 0.8182 0.5455 0. 0. 0. 0. 0.
3 3 0.9 0.7 0.3 0.1 0. 0. 0. 0.
3 4 0.9423 0.8 0.4571 0.2 0.02857 0. 0. 05
3 § 0.9643 0.8371 0.5714 0.2857 0.07143 0. 0. 0.
3 6 0.8762 0.69239 0.6545 0.3571 0.119 0. 0. 0.
3 7 0.9833 0.9187 0.7167 0.4187 0.1667 0. 0. 0.
3 g 0.9879 0.9333 0.7636 0. 4667 0.2121 0. 0. 0.
3 9 0.9303 0.9455 0.8 0.5091 0.2545 0. 0. 05
3 10 0,393 0,9545 0.8287 0.5455 0.2937 0. 0. 0.
4 4 0.8714 0.8557 0.6286 0.3714 0.1143 0.02857 0. 0.
4 § 0.9541 0.9286 0.7381 0.5 0.2143 0.07143 0.007937 0.
4 3 0.9305 0.9524 0.8095 0.5952 0.3095 0.11% 0.02381 0.
4 7 0.9933 0.9667 0.8576 0.6667 0.3939 0.1667 0.04545 05
4 g 0,396 0.9758 0.8309 0.7212 0.4667 0,212l 0.07071 0.
4 9 0.9872 0.9515 0.9147 0.7636 0.5287 0.2545 0.0879 0.
4 10 0,395 0,986 0.9321 0.7972 0.5814 0.2937 0.1259 0.
5 5 0.9921 0.9603 0.8333 0.6423 0.3571 0.1667 0.03965 0.007937
5 3 0.9357 0.9762 0.8896 0.7381 0.4754 0.2619 0.08574 0.02381
5 7 0.9975 0.9848 0.9242 0.803 0.5758 0.3485 0.1465 0.04545
5 g 0.9954 0.9533 0.3464 0.5485 0.8527 0.4242 0.2067 0.07071
5 9 0,399 0.993 0,361 0.8811 0.7133 0.4835 0.2657 0.0973
5 10 0.9393 0.995 0.871 0.9051 0.7612 0.5455 0.3217 0.1259
3 [ 0.9978 0.987 0.9329 0.5247 0.6082 0.3918 0.1753 0.0871
6 7 0.9988 0.9924 0.9575 0.8788 0.704 0.5 0.2669 0.1212
6 g 0.3383 0,9953 0,872 0.59138 0.7739 0.5574 0.3543 0.,1735
3 9 0.9396 0,997 0,381 0.9371 0.§252 0.68573 0.4336 0.2378
g 10 0.9995 0,995 0.9865 0.953 0.8631 0.7133 0.5035 0.2937
5 7 0.9394 0.9953 0.9749 0.9225 0.7914 0.6166 0.3834 0.2086
) il 0.9397 0.9977 0.9846 0.9487 0.8508 0.704 0.4864 0.296
7 9 0.3385 0.9986 0,330z 0,985 0.5316 0.7692 0.5734 0.,3776
7 10 0.9393 0.9931 0.9936 0.9755 0.92 0.8182 0.6454 0,451
g g 0.9995 0.9988 0.9911 0.9683 0.5395 0.7855 0.5352 0. 4048
g 9 0.9393 0.9933 0.9947 0.9737 0.9313 0.5427 0.6814 0.5
i 10 I 0.9934 0.9367 0.9866 0.9521 0.883 0.7486 0. 5806
9 9 I 0,95934 0,337 0.9878 0.8555 0,891 0.762 0.6008
9 10 1. 0.9935 0.9352 0.595924 0.8706 0.9233 0.5214 0.6614
10 10 1, 0.95933 0.339 0.9955 0.9815 0.94587 0.8724 0.7578
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Continuation

Rachas
o on 1 12 13 14 13 16 17 1§ 19 20
2 2 0, 0. 0, I 0. 0, 0. 0, 0. 0
i 3 0, 0, 0, I 0 0, 0, 0, 0 0
g 4 0, 0, 0, I 0 0. 0 0, 0. 0
i § 0, 0, 0, I 0 0, 0, 0, 0. 0
i § 0, 0. 0, 0 0 0, 0, 0, 0. 0
2 7 0, 0. 0, I 0. 0, 0, 0, 0. 0
i B 0, 0, 0, I 0 0, 0, 0, 0 0
i 9 0, 0 0, I 0 0. 0, 0, 0. 0
i 10 0, 0, 0, I 0 0, 0, 0, 0. 0
3 3 0, 0. 0, 0 0 0, 0, 0, 0. 0
3 4 0, 0. 0, I 0. 0, 0, 0, 0. 0
3 3 0, 0, 0, I 0 0, 0, 0, 0 0
3 § 0, 0, 0, I 0 0. 0 0, 0. 0
3 7 0, 0, 0, I 0 0, 0, 0, 0. 0
3 8 0, 0. 0, 0 0 0, 0, 0, 0. 0
3 9 0, 0. 0, I 0. 0, 0, 0, 0. 0
3 10 0, 0, 0, 0, 0 0, 0, 0, 0 0
4 4 0, 0, 0, I 0 0. 0 0, 0. 0
4 § 0, 0, 0, I 0 0, 0, 0, 0. 0
4 § 0, 0. 0, 0 0 0, 0, 0, 0. 0
4 7 0, 0. 0, I 0. 0, 0, 0, 0. 0
4 B 1A 0 0 I 0 0 0 0 0 0
4 9 0, 0, 0, I 0 0. 0 0, 0. 0
4 10 0, 0, 0, I 0 0. 0 0, 0. 0
§ § 0, 0. 0, I 0 0, 0, 0, 0. 0
§ § 0.002165 0. 0, I 0. 0, 0, 0, 0. 0
§ 7 0.007576 0. 0, I 0. 0, 0, 0, 0. 0
3 B 0.01632 0, 0, I 0 0. 0 0, 0. 0
§ 9 002797 0, 0, I 0 0. 0 0, 0. 0
§ 10 0. 04196 0, 0, I 0 0, 0, 0, 0. 0
§ § 0.01299 0.002165 0, I 0. 0, 0, 0, 0. 0
§ 7 0.0338 0.007576 0.0005828 I 0. 0, 0, 0, 0. 0
§ B 0. 06294 0.01632 0. 002331 I 0 0, 0, 0, 0 0
§ 9 0.0979 0.02797 0,005594 I 0 0. 0 0, 0. 0
§ 10 0.1364 0. 04196 0.01048 0, 0 0, 0, 0, 0. 0
i 7 0.07751 0. 02506 0.004079 0.0005828 0. 0, 0, 0, 0. 0
f i 0.1329 0.05128 0.01212 0.002331 00001554 0, 0, 0, 0. 0
7 9 0.1%41 0.083%2 0.02517 0,0055%4 0, 0006993 0, 0, 0, 0 0
7 10 0.2567 0.1206 0. 04288 0.01049 0.001851 0. 0 0, 0. 0
8 B 0.2145 0.1002 0.0317 0. 006858 0.001243 0.0001554 0, 0, 0. 0
8 9 0.2934 0.1573 0. 08059 0.02028 0,004155 0. 0008993 0.00004114 O, 0. 0
8 10 0,371 0.217 0.09687 0.0364 000953 0.001851 0.0002057 0, 0. 0
9 9 0.3%92 0,236 0,109 0.04447 0.01222 0. 003003 0.on03702 0,00004114 0 0
9 10 0, 4305 0.3166 0. 1658 007672 0.0258 0.00761 0.001375 0,0002057 0.00001083 0
10 10 0. 5859 0,414 0.2422 0127 005126 0.01852 0.004492 0, 0009851 0.0000083 0.00001083
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3.5 TABLE T5. Table for W.

n k1l
il
2 1
n k1l
o
1
2 H
3
n kl
o
1
2
4 5
4
a
n k1l
o
1
2
3
= 3
5
1
7
n k1l
o
1
2z
3
4
& 5
]
7
&
=}
10
n k1l
o
1
2
3
4
5
&
7 7
-
a
10
11
1z
13
14

p(U*skl)
P (*=k2)

0.25
0.5

Pkl
p(t=k2)

P (=i}
p(+=k2)

0.0625
0.125

0.1875
0.3125
0.4375
0.5625

pi*=kl1)
p(Tek2)

coocooooo
n ™ o
=
@
@

p(Tzkl)
p(t=k2)

.01563

.03125
04685
07813
1084

coocooocooooo
-
o
o
o

plitzk1)
pHekz)

0.007813
0.01563
0.02344

k2

raw

o

;o

k2

k2

k2

p(WT <kl)=p(W™T > k2)

10

oBNOGaLUNEO |

c@amaL O |

e InnBUN S |

18

p=k1)
D (2} 2)

0.003906

b (+skl)
p(Wek2)

0.001953
0.0039086
0.005859
0.009766
0.01367
0.01953
0.02734
0.03711

pWsk1)
b=k 2)

0.0009766
0.001953

k2

kz

kz



Continuation

11

1z

L

AR |

(k1)
b (Fek2)

0004883

000000000000 OOO00C0Oo00000000D000000D
o

0009766
00l465
002441

p(M=zkl)
p(t=k2)

00000000000 C0OOO000000000000000000000000

no0z441

0004883
0007324
001221
001709
ooz44l
003418

k2

k2

13

14

RNOBUN O |

DN WEO |

19

pCskl)
B (W*=k2)

0000000000 000000000000000000000000000000000000

.0001221

0002441

P (W+=kl)
p k)

00006104

00000000000 D00000000000000000000000000000000000000000
o

0001221
0001831
0003052
ooogz7z2
0006104
0008545
00116
001526
0oz0l4
002625
003357
004272
005371

kz



Continuation

15

(R L
[

D (k1)
p (k)

0.00003052

0.00006104

e e e e e e e e e e e e e e e e e e e Y=

00008155
0001526
nonzlie
0003052
0004272
0005798
0007629
001007
00131z
001678
002136
102age
003357
004181
005127
n06zze
007538
009033
01077
01279
01308
01767
02063
02390
02768
03188
0365
04163
0473
0535
06027
06769
07371
03441
09361
1039
1147
1262
1384
1514
1651
1796
1347
2106
2271
2444
2622
2607
2997
3193
3394
3599
3808
402
4235
4452
447

439

511

k2

120
119
118
117
116
115
114
113
112
111
110
109
108
17
106
105
104
103

16

SR e |

20

p(i+skl)
p(+eki)

CoCooooOooOooooOooOooOo oo oo oOooooOoOoooOooOoDoOooOD oD oOoooD o000 oOoOoooOooOooooOooOooOoDooooD oo

nonolaze
00003052
00004478
non07ezse
00oLnes
0001526
0002136
000zasa
0003815
0005035
0006sEl
0008392
001068
001343
00167a
nozoa
002579
003143
003815
004393
005493
(06546
0077sl
009125
017
01248
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01832
02216
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0zg6d
03a?
03696
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07833
08768
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1057
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1372
1488
1613
1742
1877
2019
2166
2318
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2641
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3161
3343
3529
37la
EEN
4104
4301

k2
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3.6 TABLE T6. Table for U,.

p(Uz < k) for ng <ngyny=2,3,...,10

ni 2

kinl 1 2

0 0.3333 0.1667

1 0.6667 0.3333

2 0.6667

ni 3

kfnl 1 2 3

0 0.25 0.1 0,08

1 0.5 0.2 0.1

2 0.4 0.2

3 0.6 0,35

4 0.5

na 4

kinl 1 2 3 4

0 0.2 0. 06667 0.02857 0.014z9

1 0.4 0.1333 0.05714 0.02857

2 0.6 0.2667 0.1143 0.05714

3 0.4 0.2 0.1

4 0.6 0.3143 0.1714

5 0.4286 0.2429

g 0.5714 0.3429

7 0.4429

8 0.5571

nz 5

kfnl 1 z 3 4 5

] 0.1667 0.04762 0.01786 0.007937 0.003968
1 0.3333 0.03524 0.03571 0.01587 0.007937
2 0.5 0.1308 0.07143 0.03175 0.01587
3 0.2857 0.125 0.05556 0.02778
4 0.4286 0.1964 0.09524 0.04762
5 0.5714 0.2857 0.1429 0.0754
£ 0.3929 0.2063 0.1111
7 0.5 0.2778 0.1548
8 0.3651 0.2103
9 0.4524 0.2738
10 0.5476 0.3452
11 0.4206
12 0.5

21



Continuation

na 3

k/nl 1 Z 3 4 5 &

1] 0.1429 0.03571 0.0119 0.004762 0. 002165 0.001082

1 0.2857 0.07143 0.02381 0.009524 0.004329 0.002165

2 0.42586 0.1429 0.04762 0.01905 0.008658 0.004329

3 0.5714 0.2143 0.058333 0.03333 0.01515 0.007576

4 0.3z214 0.131 0.05714 0.0z2597 0.01299

5 0.4286 0.1905 0.08571 0.04113 0.02056

& 0.5714 0.2735 0.1286 0.06277 0.03247

7 0,3571 0.1762 0.03874 0.04654

g 0.4524 0.2381 0.1234 0.08602

9 0.5476 0.3048 0. 1645 0.08983

10 0.351 0.2143 0.1z201

11 0.4571 0.2654 0.1545

1z 0.5429 0.3312 0.197

13 0.3361 0.2424

14 0.4654 0.2944

13 0. 5346 0.3496

16 0.4091

17 0. 4656

15 0.5314

ni 7

k/nl 1 Z 3 4 5 & 7

1] 0.125 0.0Z778 0.008333 0.00303 0.001263 0.0005825 0.0002914
1 0.25 0.05556 0.0L667 0.006061 0.002525 0.001166 0.0005828
Z 0.375 0.1111 0.03333 0.01z212 0.005051 0.002331 0.001166
3 0.5 0.1667 0.05833 0.02121 0. 0058538 0.004079 0.00204
4 0.25 0.09167 0.03636 0.01515 0.006993 0.003497
5 0.3333 0.1333 0.05455 0.02393 0.01107 0.005536
& 0.4444 0.1917 0.05152 0. 03662 0.017438 0.005741
7 0.5556 0.2583 0.1152 0.05303 0.02564 0.01311
g 0.3333 0.1576 0.07449 0.03671 0.01894
9 0.4167 0.z061 0.101 0.0507 0.0Z652
10 0.5 0.Z636 0.1338 0.06876 0.03642
11 0.3242 0.1717 0.09033 0.043868
12 0.3939 0.2159 0.1171 0.0641
13 0. 4636 0.2652 0.1474 0.058246
14 0.5364 0.3194 0.183 0.1043
15 0.3775 0.2226 0.1297
18 0. 4381 0.2669 0.1588
17 0.5 0.3141 0.1914
15 0.3854 0.z2z79
19 0.4178 0.2675
20 0.4726 0.31

21 0.5274 0.3552
zZ2 0.40z4
23 0.4508
24 0.5
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Continuation

n2 g

kinl 1 2 3 4 5 3 7 ]

0 0.1111 0.02222 0.006061 0.00z02 0.000777 0,000333 0.0001554 0.0000777
1 0.2222 0,04444 0.01212 0.00404 0.001554 0,000666 0.0003108 0.0001554
2 0.3333 0. 08889 0.02424 0.008081 0.003108 0,001332 0.0008216 0.0003108
3 0. 4444 0.1333 0.04242 0.01414 0.005439 0,002331 0.001088 0.0005439
4 0. 5556 0.2 0. 08667 0.02424 0.009324 0,003995 0.001865 0.0009324
5 0.2667 0.09697 0.03636 0.01476 0.008327 0.002953 0.001L476
] 0.3556 0.1394 0.05455 0.02253 0.00993 0.004862 0.002331
7 0. 4444 0.1879 0.07677 0.03263 0.01465 0.0065993 0.003497
g 0,5558 0.2485 0.1071 0.04862 0,0213L 0.01026 0,005208
1 0.3152 0.1414 006371 0,02964 0.01445 0.007382
10 0.3579 0.1538 0.08547 0,04063 0.02005 0.01033
11 0. 4606 0.2303 0.1111 0,05395 0.02704 0.01406
1z 0.5394 0.2848 0,142z 0,07093 0.03605 0.013%
13 0.3414 0.1772 01,0905 0.04633 0.02494
14 0.404 0.2178 0,1142 0.0603 0.03248
15 0. 4667 0.2618 0,1412 0.07539 0.04149
16 0,5333 0.3108 01,1725 0.09454 0.05245
17 0.3621 0,2088 0.1153 0.06519
13 0.4165 01,2454 0.1405 0.08026
13 0.4716 0,2864 0.1678 0.09744
20 0.5284 0,331 0.1984 0.1172

21 01,3773 0.2317 0.1393

22 0.4259 0.2879 0,164l

23 0.4749 0.3063 0.1911

24 0.5251 0.3472 0.2209

23 0.38%4 0.2527

26 0. 4333 0. 2869

a7 0. 4775 0.3227

28 0. 5225 0.3005

29 0.3992

30 0.4392

3l 0.4796

32 0.5204

23




Continuation

na g9

k/nl 1 2 3 4 5 ] 7 ] 9

i 0l 0,01818 0,004545 0.001339 0,0004995 0.0001395 0.00005741 0,00004114 0.00002057
1 0.z 0,03636 0.009051 0.002737 0,000939 0.0003396 0.0001743 0,00008227 0.00004114
2 0.3 0,07273 0.01a1% 0.005534 0,001933 0.0007392 0.0003437 0,0001645 0.00008227
3 0.4 0,109l 0.,03182 0.00973 01,003497 0.001339 0.0006119 0,0002579 0.000144
4 0.5 0. 1836 0,05 0.01678 0,005934 0.002333 0.001049 0,0004336 00002465
g 0.2182 0,07273 0.02517 0,009491 0.003738 0.001661 0.0007816 0.0003308
& 0,2309 01,1045 0.03776 0,01449 0.005534 0.002622 0,001234 0.000617
7 01,3836 10,1409 0.05315 01,0209 0.008731 0.003934 0,001851 0.0009255
& 0, 4545 0,1864 0.07413 0,02997 0.01273 0.005769 0,002756 0.001378
g 0, 5455 01,2409 0.0993 0,04148 0.01798 0.008z17 0,0039449 0.001935
10 0.3 0.1301 0,05594 0.02478 0.01145 0,005553 0.00z818
11 0.3636 0,165 0,07343 0.03317 0.01556 0,00761 0.003887
1z 01,4318 0.207 0,09491 0.043% 0.02083 0,01032 0.005306
13 0.5 0.2517 0,1199 0.05674 0.02745 0,0137 0.007036
14 0.3021 01,1439 0.07233 0.03558 0,01795 0.009379
15 0.3552 0,1818 0.09051 0.04537 0.0232 0.0lzz2
16 0.4126 0,2138 0.11139 0.05708 0,02962 0.01573
17 0,499 01,2592 0.1361 0.0708 0,03723 0.01933
13 0.5301 01,3032 0.1A38 0.08683 0,046836 0.02515
19 01,3497 0.194z2 0.1052 0,05697 0.03126
20 0,3986 0.228 0.126l 0,0694 0.0385
21 0, 4491 0.2643 0.1496 0,08359 0.0469
22 0.5 0.3035 0.1755 0,09979 0.05675
23 0.3445 0.2039 0,1179 0.06798
24 0.3878 0.2349 0,1383 0.08075
25 0.432 0.268 0, 1606 0.09513
26 0.4773 0.3032 0,1852 0.1112
27 0.5227 0.3403 0,2117 0.129

28 0.3738 0,2404 0.1487
29 0.4185 0,277 0.1701
30 0.4591 0,3029 0.1933
3 0.5 0,3365 0.2181
32 0,371 0.2447
33 0, 4074 0.2729
4 0, 4442 0.3024
35 0,4813 0.3332
36 0,5187 0.3652
ki 0.3981

38 0.4317

39 0. 4657

40 0.5

24




Continuation

na 10

k/nl 1 2 3 4 5 3 i 8 9 10

0 0,08081 0.01513 0,003497 0.000938 0.000333 0.0001243 0.00005142 0,000022835 0,00001083 5.413% 10
1 01818 0.0303 0,006933 0.001938 0000668 0, 0002435 0.o0olozs 0,0000457L 0.00002165 0.00001083
2 0.2727 0.08061 0,01393 0.00393%6 0.001332 0,0004335 0.0002037 0,00003141 0.0000433 0.00002185
3 0.3636 0.08081 0. 02445 0.006353 0.002331 0. 0005741 0.0003559 0.00016 0.00007575 0.00003783
4 0.4545 0.1364 0. 03846 0.01193 0.003938 0.001453 0.000617 0. 0002742 0.0001299 0.000064835
5 0.5455 0.1818 0.05594 0.01798 0.008327 0.002373 0.000977 0. 0004342 0.0002057 0.0001028
£ 0.2424 0, 08042 0.02897 0.009657 0, 003746 0.001543 0, 0006556 0.0003248 0.0001624
7 0.303 0, 1084 0.0379 0.01399 0,005495 0.002314 0001028 0.000457L 0.0002436
8 0.3788 0.1434 0.05283 0.01938 0,007952 0.003384 0000531 00007233 0.0003826
9 0.4545 0.1853 0.07083 0.02704 0.01124 0.004633 0.002194 0.00L05 0.000525
10 0.5455 0.2343 0.09331 0.037a3 0.01561 0.008787 0.003108 0.001454 0.0007523
11 0.2867 0.1188 0.04362 0.02095 0.009255 0.004274 0. 002068 0.001045
12 0. 3462 0.1518 0.0646 0.02797 0.01243 0. 005828 0. 002836 0.00144
13 0, 4056 0.1888 0.08225 0,03634 0.01651 0,00777 0,00381 0.001543
14 0,465 0.2288 0.1032 0.0467 0.02154 0,01026 0.003068 0.0023588
15 0.5315 D.2087 0.1272 0.05594 0.0276 0.01332 0. 006636 0.003421
16 D.a1m 0.1546 0.07355 0.03512 0.01714 0. 008606 0.004465
17 D.3668 0.1855 0.0%028 0.04391 0.02171 0.01101 0.005748
18 0.4138 0.2198 0.1089 0.0544 0. 02726 0.01396 0.007345
19 0.4725 0.2567 0,137 0.06654 00,0338 0.01749 0.009272
20 0.5278 0.297 0,156 0.08063 0,04L57 0.02174 0.01162
2l 0.3393 01838 0.09662 0,05055 0.02674 0.0144

22 0.3839 0.2139 0.1148 0. 06093 0.03263 0.01773
23 0.42%6 0.2461 0.1349 0.07286 0.03945 0.02163
24 0.4765 0,281 0.1574 0. 05641 0.04736 0.02621
25 0.5235 0.3177 0.1819 0.1015 0. 05635 0.03151
26 0.3564 0.2087 0,115 0.06665 0.03763
27 0.3962 0.2374 0,137 0.0782 0.0446

a8 0.4374 0.2681 0.1577 0.08L16 0.05256
29 0.4789 0.3004 0.18 0.1055 0.0615

30 0.5211 0.33458 0.204L 0.1214 0.07157
il 0. 3698 0.2299 0.1388 0.08275
32 0. 4063 0,2574 0.1577 0.09518
k] 0.4434 0, 2863 0,171 0.1088

34 0.4811 0,367 0.2001 0.1237

35 0.5189 0. 3482 0.2235 0.1399

36 0.3809 0.2483 0.1575

i 0.4143 0.2745 0.1763

38 0, 4454 0.3019 0.1965

39 0, 4827 0.3304 0.2178

40 0,5173 0.3398 0.2406

41 0.3901 0.2644

42 0.4211 0.2894

43 0.4524 0.3153

44 0. 4841 0.3421

45 0.5159 0. 3697

46 0,398

47 0.4267

48 0.4559

49 0.4853

50 0.5147

25
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