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ABSTRACT

Following a brief discussion on the background, applicability,
an? limitations »f the Rolmogorew Test, a computer program of the
Kolmogorov Test for normalit; is described, The program is applicable
for testing the null hypothesis that a random sample is froma parent normal
population whose mean and variance are equal to those of the sample
distribution. The program determines the pminimum and maximum sample
values, computes sample estimates of the nean and variance of the
hypothesized normal distribution, and computes the Kolmogorov statistic.
Five optional significance levels (0.20, 0.15, 0.10, 0.05, end 0.01) are
available, and sample size limitations are 4 < n % 2500. An optional
feature provides for CRT plot output applicable for both hypothesis testing

and interval estimation.

The program is coded in PORTIRAN IV for the IBM 7030 (STRETCH) computer.
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OREWORD
The formulation of the computer program for the Kolwmogorov
Test was performed in the Mathematical Statistics Branch of the

Operations Research Division. The coding of the program was performed

in the Operations Sciences Brauch of the Computer Programming Division.

Dr. H. W. Lilliefors of the George Washington University supplied rhe
critical values which are tabulsted within the program. The project

was supported under Foundational Research Project No. 29Y, '"Computer

Programs for Statistical Analyses."

The dace of completion was 15 December 1967.
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1. INTRODUCTION

The applied statistician is vften confronted wicth the problem of
investigating the distribution of sdspled datdé. Because of the desirable
characteristics of the normal distribution and becsuse of the frequency
of occurrence of these characteristics in physical phenomens, a logical
approacti to the problem {3 an examination of the ssmple distribution
to determine if it can be approximated by & normal distribution. This
examination is often accomplished by hypothesis testing, i.e,, testing
the null hypothesis that the randomly observed sample data is from a
parent normal population,

The Chi-Square Test originally proposed by Pearson in 1900 appears
to be the most popular of the Goodness of Pit Tests. A common criticism,
however, of the Chi-Square Test is the loss of power because of the requited
grouping of the sample data, e.g., see Massey (1951), Birnbeum (1952), or
Cochran (1954). 1In addition, to employ the Chi-Square Test to test for
normality, & minimum of four intervals (groups) is needed when the population
is not completely specified under the null hypothesis and the two population
parameters (i and o®) are estimated by sawmple statistics. Consequently, the
Ghi-Square Teet s not applicable to very emall samples.

An alternative distribution-free test proposed by Kolmogorov in 1933
does not have the objectionable requirements mentioned above for the Chi-
Square Test. That is, the Kolmogorov Test requires no grouping of the data
and the test is applicable to very small samples. Because the Kolmogorov
Test treats indlvidual observations rather than grouped data, sample
{nformation may be better utilized by the Kolmogirov Test than by the

Chi-Square Test, see Birnbaum (195¢). Studies by Massey (1951) and
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Kac, Kiefer, and Wolfowite (1955) indicate that the agymptotic power

of the Kolmogorov Test 1y greater than chat of the Chi-Square Test.

A recent paper by Slakter {1%67), however, shows that the Kelmogorov Test
is not uniformly more powerful then the Chi-Square Test. Further studies
are necessary, in the opinion of the author of this report, to Justify

a preference of efther test on the basis of power. On the other hand,

the definice advantage of the Kolmogorov Test with respect to small
samples is sufficient justification for the applied statistician to give

serious consic...ll.: o the Kolmogorov Test.

II. THE KOLMOGOROV TEST
A. Background

The Kolmogorov Test for normslity, like the Chi-Square Test for
normality, i{s a test for assessing the agresment of a sample distribution
with a parent normal distribution. While the Chi-Square Test is concerned
with the agreement of a sample distribution with a cheoretical distribution,
the Kolmogorov Tast is concerned with the agreement of a sample cumulative
distribution with a theoretical cumulative distriburion.

Consider a random variable X with a continuous cumulagive

distribution function (cdf), P(x), where

X

F(x) = PIX < x] = { €(x)dx. (1)
P
Let xy .%3, "+ .,% , *+,x be a random samwple of n observationy (or measurvments)

of X. The empirical cdf corresponding to the random sample of <ize y iy
S, (x), where

§,(x) = number of x, " x_
n

(2)

IL._




The Kolmogorov statistic, D{a), L8 based on the maximum abtsolute deviation

between F(x) and §,(x). That 1s,
D(n) = Max | F(x) - §,(x), . ()

D{n) than {y tha tast astatistic to test the null hypothedis of na
di fference between 5,(x) and F(x).

Until recently the Kolmogorov Test was applicable for onlv completely
specified F(x) under the null hypothesis. That is, the standard tables,
such as Massey (1951), Birnbaum (1952), and Miller (1956), of critical
values for testing D(n) are not applicable Lf population paramecers of
the theoretical distribution are estimated by sample statistics. Lilllefors
(1967) provided a tabulation vof critical values applicable whan the
thecoretical distribution is normal and sample statistics are used to estimate
the two population parameters. The critical values, which were deccermined
by Monte Carlo calculations, are for five significance levcls (0.20, 0.15,
0.10, 0.05, and 0.01) for n 2 4. Consequently, the Kolmogorov Test can
now be used to examine a sample distribution to determine if (t can bhe
approximated by a normal distribution whogse meuan and variancue dare equal

to those of the sample distribution,




B. The Kolwogorov Test for Normality

To distinguish the incompletely specified from the completely

specified theoretical distrlbution under the null hypothesis, 8 circumflex
is used danoting the use of eamplae scatiscics for cthe two population pArdmeters

of the normal distribution. Equation (1) then becomes

i(x) = P[X £ x]) = jr E(x)dx, (%)
where
£(x) « (1//ZMs) exp[+(x-0)?/2s%], (5)

and where the familiar statistics, Y and ¢, arve

n n
¥=Ix /n and 8% = Z(x, -X)*/(n-1). {6)
{=1 i=1

Substituting F(x) for P(x) in equation (3), the Kolmogorov statistic

becomes
D(n) = Max | P(x) - 8, (x)| . (7

The null hypothesis that a random sample of n observations is

- from & parent normal population is tested by comparing ﬁ(n) with the
] critical value, Dy(n), of TABLE I. If B(n) 2 Dy(n), reject the null
! hypothesis at the ¥-level of significance; otherwise, do not reject the

null hypothesis,




Dg(n) CRITICAL VALUES*

TABLE I

Sample a - Level of Significance
Size

n 0.20 0.15 0.10 0.05 0.01
4 .300 319 .352 .38l 417
5 .285 299 .315 .337 .405
6 .265 277 .294 .319 .364
7 . 247 .258 .276 .300 .348
8 .233 244 261 ,285 331
9 .223 .233 .249 .271 311
19 .215 224 239 .258 .294
11 .206 217 .230 .249 .284
12 .199 212 .223 242 275
13 .190 .202 214 .234 .268
14 .183 194 .207 227 .261
15 177 .187 .201 .220 .25¢
16 .173 .182 .195 213 .250
17 .169 177 .189 .206 .245
18 .166 173 .184 .200 .239
19 163 .169 .179 .195 .235
20 .160 166 <174 .190 231
25 .42 147 .158 .173 200
30 131 136 (144 .161 .187
Over 30 .736 .768 .805 .886 1.031
/n /n /n /a /n

*From Lilliefors (1967), On The Kolmogorov-Smirnov Test for Normality
with Mean and Variance Unknown, Journal of the American Statistical
Association, Vol. 62, pp. 399-402 and personel coomunication of October 16, 1967
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The Kolmogorov Test is & two-sided test in that departures of

$,(x) in either direction from ;(x) increase ﬁ(n). The rejection

region of ﬁ(n) is the region outside of the band ?(x) + De(n), L.e.,

F(U) = F(x) + Dg(n)

F(L) = F(x) - Dg(n).

That is, the null hypothesis is rejected at the a-level of significance

if 5,(x) passes outside this band.

Because S, (x) is a step-function,

Sn(x) is conatant for X(;-1) s X < x(3)> where x(;) is the jth order

statistic. Therefore, if S,(x) passes into the lower rejection region,

ﬁ(n) = l;(x(,)) - S.(x(,_l))l 2 Dg(n), see Figure 1(a); if S, (x) passes

into the upper rejection region, D{n) = Iﬁ(x(,)) - Sn(x(,)){ z D4(n), see

Figure 1(b).

Lower
Rejection
Region

g

iﬁ(x(;))-sz(x(;.;))l“ Dy(m)

(a)

Upper 2
Re jection ‘ JPEL F(L)
Region

Y |

lf(x(:))-sn(X(-)).‘ bz(n)
(b)

Figure .
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In addition to the ut{lity of Dyp{n) for hypothesis testing, D,(n)
may also be used for interval escimation. The 100(1-2)% confidence

limirs for the "true" cumulative distribution function, F(x), are

S(L) < P(x) < S{uU), (9

where
S(U) = 5,(x) + Dg(n)

§,(x) - Da(n).

1]

(10)
s(L)

III. COMPUTATIONAL PROCEDURE
Before performing the computations described in the pravious
section, the n sample values are transformed by one of the following

thirteen available transformations.

Transformation Number Transformation
1 X +x
2 X & ln x
3 x + In{ln(x))
4 x + In(A+x)
5 %X + ln(B+1n(C+x))
6 x «/x
7 x + 1/x
8 X + 1/(D+x)
9 x + sin” "x
10 x + 2 sin"/x
11 k « x/E
12 x ¢+ sin x
13 X & cos X




The transformations are identified on card type 3, and the constaants
A,B,C,D, aud E are input on card type 5 (see Section 1IV),

After ordering the n transformed sample values, the subset

‘(1) < X{a) < ' < R(,) € 0 < X(y) R=sn (11)

of sample data is considered. The empirical cdf, §,(x), is cvatuated
for each of the k unique gample values. To evaluate F(x), the k unique
sample values are standardized by substituting u = (x-®)/s in t(x).

The standardized pdf,

$(u) = (/I exp(-ku?], (12)

is then used to evaluate i(x) vhich becomes
A " u
F(x) = 8(w) = [ $(e)de. (13)
-l

In addition to X(3), X(u)» %(k)~ X(1)s B X, 8, and s, system
output consists of u, i(x), $,(x), and lﬁ(x) - s,(x)f for each of the
k unique order statistics along with the identificatior of B(n). CRT

output consists of one or more of the four fulilowing plot types.

Plot Type A - S,(x), F(x), F(U), F(L)
Plot Type B - 5,(x), F{x), S(U), S(L)
Plot Type C - S,(x), S{(U), S(L)

Plor Type D - S, (x), ﬁ(x)

The desired plot type(s) are identified on card type 3.




Iv. INPUT PREPATATION

A. Deck Setup
The input deck is listed below oy card type.

may be processed by stacking card types 1 through 6.

CARD TYPE | - JOB IDENTIFICATION CARD
CARD TYPE 2 - VARIABLE YORMAT CARD

CARD TYPE 3 - MAIN CONTROL CARD

CARD TYPE 4 - ALPHA IDENTIFICATION CARD

Multiple jobs

CARD TYPE 5 - TRANSPORMATION CONSTANT CARD

CARD TYFPE 6 - SAMFLE DATA CARD

B. Input Deck Dascription

Entries for variables with an I formst specification must be

right-adjusted in the specifisd fleld.

TYPE 1 - JOB CARD
Column Format Yariable

1-80 10A8 JOB(1) -~ JOB(10)

CARD TYPL 2 - VARIABLE PORMAT CARD

Colupn Format Variable
1-80 10A8 MMT(1l) - PMT(10)

CARD TYPE 3 - MAIN CONTROL CARD

Column Format Variable
1-2 12 NRUN

Description
Job Identification

Description

Format for reading

in the sample data. The
format specifications
must be enclosed in
parentheses.

Description

Number of transfornations
to be performed
(1 s NRUN < 13)




Column

1

12

23

25

K] 1

32

33

34

40-41

Format

Il

11

11

12

12

12

12

12

12

Variable

TTRAN(1)

ITRAN(2)

.

e

ITBAN(13)

MEDIUM

NOTIC

10

Description

0 - Do not perform
transformation number 1
1 - Do perform
transformation number 1

0 - Do not perform
transformation number 2
1 = Do perform

trans formation number 2

.
.
.
B
.
.

0 - Do not perform
transtormation number 13
1 - Do perform

trans fornation number 13

2 - Sample data is
input on cards
1 - Sample data i2
tnput on tape

0 - Do not perform
plot type A

1 - Do perform
plot type A

0 - Do not perform
plot type B

1 - Do perform
plot type B

0 - Do not perform
plot type C

1 - Do perform
plot type C

0 - Do not perform
plot type D

1 - Do perform
plot type D

Number of desired tick
marks on the abscissa
axis (if left blank
N@TIC is set vqual o 15)




Column Forma: Variable Description
IRA

44-45 12 (1) Number of decimal
digits to be used in
labeiing abscissa tick
wArks for transformation

number 1

46-47 12 IRA(2} Number of decimal
digits to be used in
labeling abscissa tick
marks for transformation
numnber 2

»
H

..
..
..

.
.

68-69 I2 IRA(13) Number of decimal
digits *to be usged in
labeling abscissa tick
marks fer transformation

number 13
74-75 12 NBR Number of gample
data per card
78 Il NC 0 - Card type 5 is not
input

1 - Card type 5 is input

CARD TYPE 4_- ALPHA IDENTIFICATION CARD
m—ﬁ-—“———.

To obtain plots, st least one alpha must be indicated.

Column Format Variable Description
1 Il IALPHA(L,1) 1 - Alpha = .20 iy

desired for
transformation number |
0 - Alpha = .20 iy

not desired fur
transformation number 1

2 Il IALPHA (2,1) I ~Alpha = .1y jg
desired for
transformation number }
0 - Alpha = .15 is
not desired for
transformation number |

11




..

65

Pormat

It

11

Il

Il

..

Il

Variable

IALPHA(3, 1)

IALPHA(4,1)

IALPHA(S5,1)

IALPHA(1,2)

)
.
I3
.

IALPHA(S5,1))

12

Description

1 -~ Alpha = (10 is
deaired for
trangformation aumber
0 - Alpha = .10 is
not desired for
transformation number

1 = Alpha - .05 19
desired for

trans formation number
0 -« Alpha = .05 is
not desired for

trans formation number

1 - Alpha = .0l is
desired for

trans formation number
0 - Alpha = ,01 is
not desired for

trans formation number

1 - Alpha = .20 is
desired for

trans format ion number
0 - Alpha = ,20 is
not desired for

trans formation number

1 - Alpha = .0l {is
des .red for
transformation number
0 - Alpha = .0l is
not desired for
transformation numbor




Column Format Variabie
. 1-14 F14.6 A
1 15-28 Fl4.6 8
29-42 Fl4.6 c
43-56 Fl4.6 D
! 57-170 F14.6 B

CARD TYPE 6 - SAMPLE DATA CARD(S)

omitted if MEDIUM = 1 on card type 3.

Column Format Varigble
1-2 12 ITEST
‘ 3-80 Variable XX
13

CARD TYPE 5 - TRANSFORMATION CONSTANT CARD

This card type is omitted 1f NC = O on card type 3.

Description

Constant for
trans formation number 4

Constant for
trans formation number 5

Constant for
transformation number S

Constant for
trans formation number 8

Constant for
trans formation number 11

The sample size (n) must be & < n < 2500, This card type is

Description

Blank - This is not the
lagt card containing
sample data

- Number of sample
data on the last
card or record

The array of sample data
which must be input
according to the variable
format on card type 2



C. Reguest Sheets

I the sample data (cerd type 6) is input on purched cards, the

job request sheet (s prepared as shown balow.

Dls D!‘ Dc, m“' J. O”T

CoMPLE

[:](OH'lLGD

Koz |1 |5 |8]x|a]a

Tmﬂ"rﬂ_. PN TR § 161 s T e A
A) AlGLl 12007309 f5i1vr a—ar

n 10k CARD 408 TIVLE
L WARGL L0OC 10EnT,  JpRoChiuaE K-Tait ]
FEY, COMPILEr SIMMEST CRHECUTINN TiME

30_sxc.

taTE

12/5/67

JAPES CALLED FOR BY PROBLEM PROGRAM

TAPL MUUBER

FILL PROTLET ON

PROGRANRER MUMBT R

sPECiAL HANOL ING
L8es etiached fnet.)

OPEPATOR'S TCUMENT

D AREDY DNOLD

Lour 17 CnliCato, SKC NEVERSE
$108 FOR ADDIPIONAL (OMMENTY,

SPECIAL tHSTRUCTION

S (continued en revérae)

1030 Js. NCQUE!T NOW.NWL .3230:39 (REV. 11.88)

If the sample data (s input on tape, the tape number 13 written

on the jnb request sheet instead of "Scratch”. And the "REEL, NUL" card

(second card) of the IOD deck is prepared as follows.

Punch the letter "B",

Punch "REEL, NUL" (or "REEL, PUL" if the tape is tiie
protected),

Punch the number of the tape.

14



The CRT request sheet 1s prepared as follows.

TPAID CAMERA CUTHUT FiLM OR PAPER CORIES REQUEST
NUW RWLs BRTS 2 1PEV. R.AA&L

e

PROORAMMER ‘_—-—Tnoou L OG, BHONE |OATE T
J . ORSULAK Al41 1200 | 7309 | 12/5/62

FILM IDERTYIFICATION

K5-A3

APPROXIMATE NUMAER OF FRAMESR

The total number nf plots requested for the jobs being processed,

NUMBER OF PAPER COPIES PER FRAME

_The number of copies desired of each plot. S e memm s
FOR _OPERATORS ONLY B
COUNTER READING STANT FINISH

l

ODATE AND TIME FAROBLEM RAN

— .

15
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B. CRT Output

The plots are performed by the system "GRF Plot Subroutine'' and
are plotted on the CRT printer units. The plota are in an ordinary

Cartesian coordinate system with origin (x(,).O). The abscissa of

the system 13 the x'-axis. A zero (0) is plotted at the point (Z',0.5).

The four types of plots are labeled as follows.

Plot Type A - S, (x), F(x), F(U), F(L)

OBSERVED RELATIVE CUMULATIVE PREQUENCY,

THEORETICAL RELATIVE CUMULATIVE FREQUENCY, AND

CRITICAL REGION BOUMDS FOR ALPEA = o LEVE. OF SIGNIFICANCE,
D(ALPHA) = Dg(n) =

Plot Type B - S,(x), F(x), 5(U), S(L)

OBSERVED RELATIVE CUMULATIVE FREQUENCY,

TUEORETICAL RELATIVE CUMUIATIVE FREQUENCY,

100(1-a) PERCENT CONPIDENCE BANDS FOR THE THEORETICAL
CUMULATIVE DISTRIBUTION FUMCTION,

D(ALPHA) = Dq(n)

Plot Type C - §,(x), S(U), S(L)

OBSERVED RELATIVE CUMULATIVE FREQUENCY AND THE
100(1-o) PERCENT CONFIDENCE BANDS FOR THE THEORETICAL
CUMULATIVE DISTRIBUTION PUNCTION

Plot Type D - S, (x), P(x)

OBSERVED AND THEORETICAL RELATIVE CUMULATIVE FREQUENCY

19




C. Program Running Time

The running time is printed at the end of each job processed., The
following table of observed times may be used as a guide for estimating

program running times,

Sample Size No, of Rung Total No., of Plots Time in Seconds

25 1 4 12.4
140 1 4 16.1
10 i 6 19.0
30 1 6 20.0
20 2 8 25.4
20 4 16 45.8
20 5 20 56 .4
1000 1 2 54.6

VI. EXAMPLE PROBLEM
A. Problem Description

The example problem consists of 20 observatioms (x; -values) randomly
sampled from a continuous distribution. Two runs were performed, one on the
original observations and cne on the logarithmically transformed valuas.
Because the minimum original sample value was -750, transformation number 4
was used with the constaﬁt A = 751. All four available plot types were
performed. The 0.05-level of significance was chosen for testing the null
hypothesis of normality.

The input deck setup is illustrated on the following Data Card

Layout Sheet.

20
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D. Discussion of Test Results
To test the null hypothesis '"The 20 randomly sampled observations
are from a parent normal population” at the 0.05-level of significance,
D(n) = 0.2568 (from the first run) is compared with Dy os(20) = 0.190. The
nulil hypothesis is, therefore, rejected at the 0.05-level of significance.

Note that the maximum absolute deviation appears at x(yo) = -699, and at

this point S,(x) has passed above F(U) into the upper rejection region

(see pages 24 and 25). To test the null hypothesis of normality of the
trangformed random variable at the 0.05-level of significance, D(n) = 0.161%
(from the second run) is compared with Dy, o5(20) = 0.190 (see page 31);
consequently, the null hypothesis is not rejected., Unlike run number !,
plot type A for run number 2 on page 32 shows $,(x) remaining within the
"acceptance" band. Therefore, we conclude at the 0.05-level of significance

that the original random varisble is approximately log normally distributed.
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VII.

c

100
110

120

PROGRAM LISTING

TYPE .COMPIL.GO +FORTRAN,PM
SUBTYPEF 00
SODeTAPE s 9 ¢ ¢EVEN 4 ¢ SAVE
REEL o NUL XXXX

100 BREADER

END
SUBTYPE'1FORTRANLMAP s PUNCH

EOLMOGOROY TEST FOR MORMALITY

DIMENSION TABLE(28s S)

DIMENSION JOB(10)s FMT(10)e IFILECIS): I1TRAN{13) s TALPHA (S,13)
I X(2%800)e U(RB00): ALPHA(S): IFREQ(2500)¢ TENI20)s T(2501)¢ IRA(ID
2 e XX(2500)¢ S(2%00)s SN1(2500)¢ SN(2800)s F(2%00)s FN(S00),

3 FL(S00)s FU{BS00)s SLI2S00)s SULES00)

COMMON /PRIME, XP (2, 1280)s XXP(2, 1250)

EQUIVALENCE (IFILE(1)s NRUN)y (IFILE(2)e ITRANC(I) ),

1 C(IFJLE(3)s ITRAN(2))e (IFILE(A)s ITRANI3I))e (IFILE(S)s ITRAN(A)),
2 (IFILE(6) s ITRAN(S))s C(IFILELT)s ITRANLIG))e (IFILE(B)y ITRAN(T7))
3 (IFILE(9)¢ ITRAN(8))y (IFILE(1G)s ITRAN(D))e (IFILE(L1)e ITRAN(1O
& )Yy (IFILECI2)s ITRANC3I1))e (IFILECIZ)e 1TRANII2))e (IFILE(14),
5
)

ITRANC13))s CIFILE(1IS)e MEDIUM)e (IFILE(16)e JAYs (IMILE(LI7), 1B)
s CIFILECIB)y IC)y (IFILEC1D), ID)e (IFILE(20)e NOTICH

EQUIVALENCE (IFILE(28)e IRACI))e (IFILEL22)0 IRA(2)Y)s (IFILE(23),
1IRA(3))e (IFILE(24)¢ IRA(S))e (IFILE(29)¢ IRA(S))s (IFILE(26)
2IRA(S)Ye (IFILEC27 )y TRA{T))e (IFILE(28)¢ IRA(B))s (IFILE(29),
JIRA(O))e CIFILECIO)y IRACIO))e (IFILEII1)e IRA(LI1)) (IFILE(I2)
AIRA(I2))s (IFILE(3I3)e IRA(1I3))s (IFILE(34)¢ NBR)y (IFILE(IS)s NC)
EQUIVALENCE (XP(141)¢ X(1))e (XXP(L1o1)e XX(1))

DATA (ALPHAC(I) s I = 14 S5) (200 o150 ¢10¢ 05 01}

DATA (TABLE(Ic1)e 1 = 1. 28)

1(e3000¢ 2285¢ 02650 ¢2874 2233¢ 2231 ¢215¢ 020064 ¢199¢ ¢1909 2133,
2 «17Te 21730 0169, 1663 0163¢ o180¢ 1800 1601 0160¢ 21600 231420
3 0142 1824 41424 21420 +131¢ +736)

DATA (TABLE (1+23¢ | = 1, 28)

1003191 6299¢ e277¢ 2884 ¢2448, 233 o224 02171 212y 20201 194,
2 «187¢ 01820 177y 1733 o169 21661 o106 0166, o188, 01684 4147,
3 2137 21ATe 01474 14Ty 2136 +768)

DATA (TABLE (1.:3)¢ I = 1, 28)

1(e3%2¢ 03150 62944 2276 ¢261¢ +2490 ¢239¢ 42304 0223¢ 42144 4207,
2 22014+ 1950 o189 <188, s179¢ o178 o1 T4s o178, o174 174, 158,
3 L1568 o158 o138, 188 o164, ,805)

DATA (TABLE (le¢4)¢ I » 1, 28"

1(e381¢ 0337 319 ¢3001 22BSe o271 ¢ 2589 1249, o242, 234 o227,
2 2204 02130 02064 ¢2004 01951 ¢190¢ ¢190¢ 21904 o190¢ «a190¢ 0173,
3 1730 1736 21730. 61730 161+ +886)

DATA (TABLE (1+5)e¢ | = 14 28)

1(att17e 0805 03690 3480 3314 o311 o294y 6284, +275: 268, 126},
2 2% 7s 02500 02454 623F¢ 02354 231 ¢ 02319 02314 2310 22314 2004
3 ¢200¢ «200¢ ¢200¢ 2000+ o187+ 14031)

CALL CRTID (4HKSAQ)

CALL GRS! (4068524 «06652¢ 1001 +066532)

CALL SETIT

CALL MOVE (O« XPe¢ 5000)

READ INPUT

READ 110, JOB, FMT

FORMAT (1QA8/ 10AB)

READ 12Cs FILE

FORMAT (12¢ BXe 13116 I1Xe Ile SXe 4114 SXo 124 2% 1312 a4Xe 12
12Xe 11

READ 130, JALPHA 37




I 130 FORMAT (6511)

: IF ({NC) 140, 160, 140

140 READ 150, Ay By Cy Dy E

150 FORMAT (5F14,6)

| 160 K = |}

| KK = NOR

| 170 READ (MEDIUM, FMT) ITESTe (XX(1)y | = KKK}
| 1BO I {ITEST) 200: 190s 200

E 190 K = K + NBR

X KK = KK + NBR '
{ G0 TO 170
|

1

1

- 200 N » K + ITEST =1
210 IRUN = 1
¢ TRANSFORMATION 1
IF (ITRAN(1)) 220, 240+ 220
220 DO 230 | = 14 N
230 X(hy » xx(1)
IT = 3
ASSIGN 260 TO ILINE
GO TO 740
c TRANSFORMATION 2
240 IF (ITRAN(2)) 230: 290+ 250
250 IT = 2
ASSIGN 290 TO ILINE
0O 280 1| = 1+ N
IF(XX(1)) 260+ 280, 280
i 260 PRINT 270, IT
270 FORMAT (24K ERROR I[N TRANSFORMATION, 3Xe 124 3IXe21HLN OF NEGATIV
1E NUMBER)
GO TO 1330
2680  X(1) = ALOG(XX(1)}
GO TO 740
c TRANSFORMATION 3
290 1F (ITRAN(3)) 300¢ 330 300
300 IT = 3
ASSIGN 330 TO ILINE
DO 320 1 = 1+ N
IF (XX(1)) 310 320, 320
310  PRINY 270s IT
GO TO 1330
320 x(l1) = ALOG( ALOG(XX(I)))
GO TO 740
c TRANSFORMATION 4
330 IF (ITRAN(4)) 3404 370+ 340
340 IT = &
ASSIGN 370 TO ILINE
DO 2360 ! = 14 N
. ARG * A + XX(1])
IF (ARG} 3504 J360. 360
380  PRINT 270, IT

f GO TO 1330
) 360 X(1) = ALOG (ARG)
GO TO 740
c TRANSFORMATION &

370 IF (ITRAN(S)) 380. 420+ 3B0
380 IT =5

ASSIGN 420 TO ILINE

OO 40C 1 = |4 N

ARG = C + XxXX(1])

a8
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IF {ARG) 410+ J9C. 380

390 ARG2 » B + ALOG(ARG)
IF (ARG2) 4104 400¢ 400
400 xX(li = ALOG (ARG2)
GO YO 740
410 PRINT 270, IT
G0 TO 1330
TRANSFORMATION 6
420 IF (ITRAN(S)) 4304 470+ 430
430 it = &
ASSIGN 470 YO ILINE
DO 460 I = 1+ N
IF (XXt]1)) A40. 4860, 250
440 PRINT 450, Y
450 FORMAT (24H ERROR IN TRANSFORMATION. 33X+ 124 3Xs 32HSQUARE ROOT
10F A NEGATIVE NUMBER)
GO TO 1330
460 X031y = SORT(XX(]))
GO TO 740
TRANSFORMATION 7
470 IF (ITRAN(T)) 480+ 520+ 480
480 IT = 7
ASSIGN 520 TO ILINE
00 510 ! = 14+ N
IF (XX(1)) S10+ 490 310
490 PRINT 500, 1T
500 FORMAT (24H ERROR [N TRANSFORMATION: 3Xs 12+ 3X¢ 1I1HZERO DIVIDE)
GO TO 1330
510 Xt1) = 140/ XX(I)
GO TO 740
TRANSFORMATION B
S20 IF (ITRAN(B)) S30+ 560+ 330
330 IT = 8
ASSIGN 8560 TO ILINE
DO 580 | = te N
ARG = D + XX(1)
IF (ARG) 350+ S40. 880
840 PRINT S00. 1IT
GO TO 1330
as50 X{1) = 140/ ARG
GO TO 740
TRANSFORMATION 9
S60 IF (ITRAN(9)) 570, 610+ 370
570 IT = 9
ASSIGN 610 TO ILINE
00 600 | » 1¢ N
ARG = 1o = XX(I) ## 2
IF (ARG) %80+ 580, 600
380 PRINT 590, IT
%90 FORMAT ( 244 ERROR N TRANSFORMATIONe 3Xe 12+ 3Xs 4THZERO DIVIDE
1 OR SIUARE ROOT OF A NEGATIVE NUMBER)
GO 0 1330
600 (1) = ATAN (XX (1)/ SGRT (ARG))
GO TO 740
TRANSFORMATION |0
610 IF (ITRAN(10)) 6204 650+ 620
629 IT a 10
ASSIGN 630 TO ILINE
DO 640 | = 14 N
39




ARG = o =~ XXC1)Y
IF (ARG oGTs DsaANDs XX{1) «GEe Do) GO TO 840
4230 PRINT 590, IT
GO TO 31330
640 K1) = 2o # ATAN (SORT (XX {1))/SORTIARG))
GO TO 740
TRANSFORMATION (1
650 IF (1TRAN(113) 660+« &50¢ 860
860 1T = 11
ASSIGN 690 TO ILINE
00 880 | = |4 N
I (Ey 680, 870, 650
670 PRINY 500, IT
GO TO 1330
680 Xty = XX(11)/E
GO TO 740
TRANSFORMATION 12
690 IF (I1TRANC12)) 700« 7204 700
700 OO 710 1 = §¢ N
710 X(1) = SIN(XX(I))
IT = 12
ASSIGN 720 TO ILINE
GO TO 740
TRANSFORMATION 13
720 DO 730 1 = t¢ N
730 Xtl) = COS(xXX(1))
1T = 13
PRINT INOUT
740 PRINT 7306 JOB, FMT
750 FORMAT (1Hl1. 10AB/ 23H FORMAT FCR SAMPLE DATA. SXe 10A8)
PRINT 7604 NRUNs JRUNs (IFILE(I)y I= 24 19)
760 FORMAT (15K NO¢ OF RUNS = o 12+ SXe THIRUN = o 12/

121H TRANSFORMATION | = , I1e SX, 20HTRANSFORMATION 2 = o+ Il 5X,
2 20HTRANSFORMATION 3 = 4 I1s 8Xe 205TRANSFORMATION 4 = o+ 11/
3214 TRANSFORMATION S = 4 l1le¢ SX¢ 20HTRANSFORMATION 6 = + 11+ SX,
& 20MHTRANSFORMATION 7 = 4 11e SX,2 20HTRANSFORMATION 8 = o+ 11/
S521H TRANSFORMATION 9 = 4 11. SX, 20HTRANSFORMATION 10 = « 1+ SX,
& 20HTRANSFORMATION 11 = ¢ I1¢ SX, 20HTRANSFORMATION 12 = + 11/

7214 TRANSFORMATION 13 = 4 l1e SXe OSHMEDIUM = o 1/
B15H PLOT TYPE A = § [1:11Xe J4HPLOT TYPE B = 4 [1411Xe 14HPLOT TYR
QE C » 4 11031Xe 14HAMOT TYPE D = 4 11}
PRINT 7706 (IFILEC(I)s I = 206 38)y ITESTs [ALPHA
Y70 FORMAT ( OM NOTIC = 4 12, $18Xe 6HIRA a 4 13( [2¢ 1X)s 7H NBR =
112,18Xe SHNC & 4 11s 20Xe BHITEST = o [2/24H ALPHA IDENTIFICATION
2n o 13¢511, 1X))
IF (NC) 780+« 800+ 780
780 PRINTY 7904 Ae By Co Dy E
790 FORMAT (20 TRANSFORMATION CONSTANT CARDs 33Xy AHA 3 4 Fl14e04¢ 33X
1 AHB =  FlAsbs 33Xy AHC 5 ¢ Fl14,6/32Xe AHD = 4 Fl84E6¢ IXe 4HE =
2 FlAa,6)
800 NM = N/2 + MOD (NW2)
NN = O
210 N = NN + |
NN = MINO (50« NM) 4NN
PRINT ORIGINAL AND TRANSFORMED DATA
PRINT 8200 ((XXP(Jeldsy XP(Jel)e J ® 142)¢ | =NKNN)
820 FORMAT (1H1s 9X4 JIHORIGINAL DATA,y |15SXe 16HTRANSFORMED DATA. 16X

11IHORIGINAL DATA, 15X, 186HTRANSFORMED DATA/ (S5Xe F20e410s 10Xs F20,
210+ 1OXe F20410s 10X, F20.l°£8




830

840

830

860

870

aso
890

900

910

920

930

NM s NM - 50

i (NMy 330, 830, 810

SORT DATA

K= N=1

DD B850 | = 1, K

11 = 1 + 1}

DO 8%0 J = [1s N

IF (Xt} = X(J)) 850, 850.: 240

TEMP = X(J)

X(J) = X(I)

(1} = TEWP

CONT INUE

ESTABLISH PARAMETERS FOR PLOTS

X! = Xt1)

XMA = X (N)

RANGE = XMA - XM!

IF (NUTIC +EQs 0) NOTIC = 15

DX = RANGE /7 FLOAT(NOTIC)

TEN (1) = 104E=10

IF (DX oGTe TENC(1)) GO TO 860

DX = TEN(1)

GO TO 900

IF (DX +LTe 10.€10) GO TO B87C

DX = 10¢E10

GO TO 900

DO 880 M = 24 20

TEN (M) 3 10,88 (M -~ 11)

1IF (DX +GTe TEN(M=1) 4ANDeDX +LEe TEN(M)) GO TO 890
CONT INUE

NDOX = DX/ TEN(M=1) + o9

OX = FLOAT (NDX) % TEN(Mel)

DEL.TA = RANGE/ 3500.

FLN = FLOAT(N)

SUM = O,

SUMSQ = O,

COMPUTE AND PRINT MEAN ADD VARIANZE

DO 910 1 = 14 N

SUM = SUM + Xx(I)

SUMSQ = SUMSO + X(I) # X(:)

XBAR = SUM/ FLN

SIGMA2 » (SUMSG - FLN # XBAR ## 2)/ (FLN = 1)
SIGMA = SOGRT (SIGMA2)

PRINT 9204 XM+ XMA, RANGE: No XBAR+ SIGMA2, SIGMA
FORMAT (1HOs BXs 1OHMINIMUM = o E1SeB¢ 20X+ 10HMAXIMUM = ; E1548.
110Xe 8HRANGE = ¢« Ei1%¢8/ 5X¢ IOHSAMPLE SIZE = o 154 33Xe 7HMEAN =
2¢ E1Z:.8/ BXe 1 1HVARIANCE = , E}548+s 9Xs 21HSTANDARD DEVIATI N =
3E1%.8)

COMPUTE EMPIRICAL COF

DD = 0O»

J s 1

IFREG (J3 = O

DO 690 | & 14 N

IFREQ(J) = IFREQ(J) + }

IF (X(]) = X{1+1)) 930+ 990+ 930

XtJ) = X(1}

UtJ) = (X(J - XBAR})/ SIGMA

F(J) = FREQ(U,.)?

S(J) = FLOAT(1)/ FLOAT (N)

DETERMINE TEST STATIS'iC D

[P |




C

940

SNtJ) = ABS (F(J) = S(J))
I tJ = 1) 950, 940, 950
SNi (1) = ABS (F({J)

GO TO 960

950 SNi(J) = ABS (F(J) S(J =1))
P60 ZMAX = AMAX] (SN{J) SNItJ)Y)
IF (ZMAX ~ DD) 980 )80+ 970
970 Jd = UJ
DD = ZMAX
980 U = y + 1
IFREQ (JY = O
990 CONTINUE
PRINT STATISTICS
J e Jg -1
11 = 0
IK = 0
1000 1L = IXK 4 1
IK = MINO (50. 11) ¢+ IK
PRINT 1010
1010 FORMAT (1Ml S4Xs 29HKOLMOGOROV TEST FOR NORMAL 1 TY//73X, 11HOR
1DER INDEXe 6Xe 11HTRANSFORMED+18Xes 12HSTANDARDIZED. 11X
2 ISHTHECRETICAL CDF. 2X: 12HOBSERVED CDF, 3X. 14HABSOLUT
AE VALUE. 3IXe 10HABSOLUTE VALUE/ TXys 3H(JYy 11Xe SHDATA X(J)oe
4 X+ FHFREQUENCYs 4X,
S12HVARIATE U(J)o BSXe AHF(J)e 12Xe &HS(J)e 9% 11HF (J)=StJI=~])y TX
GOHF (J)=S(J) /)
PRINT 1020e((1 X€¢13es IFREQ (130 UtIde F(I)e S(I)e SNI1(I)e SN(I)Y
1)e 1 =1L+IK)
1C20 FORMAT (6Xe I8y 6X4 Fl@e6y 10Xe 144 A4Xy Fldells 1Xe T14512
I 2Xe Fla4s124 1Xe F14e13s 2%y Flae13)
11 = 11 - 590
IF (11 10304 1030+ 1000
1030 PRINT 1040+ JJe DD
1040 FORMAT ¢ 3HOD(e 18y 8H) = 4 F7.4)
T(1) = XM}
COMPUTE THEORETICAL CDF
0O 1050 L = 14 500
UV = (T(L) = XBAR)/SIGMA
FN(L) = FREQ(WY)
IF (TIL) oGTe XMAY GO TO 1080
TL+1) » TIL) + DELTA
1050 CONTINUE
1060 DG 1320 11 = 1, S
OBTAIN VALUE FOR D SUB ALPHA OF N
IF (TALPRA (Ile IT)) 1070+ 13204 1070
1070 1IF (1A +EQe O oAND, IB +EQe O «ANDs IC +EQe 0) GO TO 11%0
IF (N -~ 30) 1080+ 108B0: 1090
1080 NN " N - 3

DALPHA = (TABLE (NN, 11))
GO YO 1100

1090 DALPHA = TABLE (2B I1)/ SQRT(N)

1100

IF (1B +EQe O ¢AND, IC +EQe 0) GO TO 1120
COMPUTE CONFIDENCE LIMITS

DO 1110 1 = 1, J

SUCL) = S(1) + DALPHA

1110 SL(l) = S(I) ~ DALPHA

1120

IF (1A) 1130 1150, 1130
COMPUTE REJECTION REGION

1130 DO 1140 I = 1, S00
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c
<

- [

c

C

[+

Cc

c

C

FUItE) =«FN{]) + DALPHA
1140 FL(T1Y =FN(1) = DALPHA
rarreP L OT S

HEAD INGS
1152 0O 1310 KK = 1.4

IF (IFILE (e 4+ 31%5)) 1160, 1210 1180

1160 PRINT 1170s JOB [RUNe N
1170 FOMMAT (2M82¢ 15X, 1048/ 1MSy 158X
115 13K OBSERVATIONS)

s LIMHRUN NUMBER + 12+ 6M WITH

GO TO (1180s 1200+ 1220+ 1240)¢ KK

HEADINGS FOR PLOT TYPE A
1180 PRINT 11900 ALPHA{I1)s DALPHA

1190 FORMAT (1HS,15X¢ IOMOSSERVED RELATIVE CUMULATIVE FREQUENCYe/ tHSe
118x¢ AGHRTHEORETICAL RELATIVE CUMULATIVE FREGQUENCYs AND/ LHS,
218X, 34HCRITICAL REGION BOUNDS FOR ALPHA =, F8,2, 3X.

2 22HLEVEL OF SIGNIFICANCE./1HS: 158X,

G0 TO 1260
HEADINGS FOR ALOT TYPE B

1200 JCB = 100e ® (1o = ALPHA(I])) + »
PRINT 1210+ 1CBs DALPMA

1IHD(ALPHAY = ¢ FSe2)

1210 FORMAT (1M84158Xx, IOHOBSERVED RELATIVE CUMULATIVE FREQUENCY./ 1HS,
118X, 42HTHEORETYICAL RELATIVE CUMULATIVE FREQUENCY,/ 1HS .
Z18X%Xe 121X« TBHPERCENT CONF JDENCE BANDS FOR THE THEORETICAL CUMULAT
4IVE DISTRIBUTION FUNCTION./ 1HS,15X.

GO TO 1260
HEADINGS FOR PLOT TYPE C

1220 1CB = 100s # (f1a = ALPHA(II)) &+ oS

PRINT 1230+ 1CB

11HD(ALPHAY = 4 F5,3)

1230 FORMAT (1HS$.15X, ASGHOBSERVED RELATIVE CUMULATIVE FREQUENCY AND THE
17 1MSe15Xe12¢ 1Xe7THPERCENT CONFICENCE BANDS FOR THE THEORETICAL C

2UMULATIVE DISTRIBUTION FUNCTION)
GO TO 1260
HEADINGS FOR PLOT TYPE D
1240 PRINT 1250

1250 FORMAT ( 1HS,15X. S4HOBSERVED AND THEORET]CAL RELATIVE CUMULATIVE

1FREQUENCY)
PLOT MEAN AND S(X)
1260 CALL GRF (XM], Oees XMAy Jgo XM],
1 oS¢ 14 1l¢ 2H124 =14 O)
CALL GRF (XM]ly Qes XMA, 1os XM{,
1 S(1)e 1o 1o 2H?S, Oy 0O)
GO TO (1270¢ 12804 1290+ 1300)e K
ADDITIONAL CURVES FOR PLOT TYPE A
1270 CALL GRF (XM!e Ooos XMAs Lo XM],
IFNCI)e 1o 1¢ 2H?7S4=10 0O)
CALL GRF (XM]4 Oev XMAy leos XMI,
1FLC1Ye 1o 14 2ZHTSe-14 0O}
CALL GRF (XM]4 Des XMA, 140 XMI,
IFULL)s 1o te 2H7Se=14 O)
GO TO 1310
ADDITIONAL CURVES FOR PLOT TYPE B
1280 CALL GRF (XMj4s Oes XMA, ;40 XMI,
1IFN(1)e 1s 1o 2HTSe=1s O)
CALL GRF (XM]4 Oes 7“4 les XMl,
1SL(1)e Je 1o 2H7Se . O)
CALL GRF (XMI, Oss XMA¢ las XMI,
1SUCL)Ye 1o 1o 2HTSH Q0 0)
GO TO 1310
ADDITIONAL CURVES FOR PL.OT TYPE C
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DeeDXee0B¢IRA(IT)I24¢00¢ 10+ XBAR,

Oes

K

Qe

Qe

Qe

Ceo

Qo

Qe

DXea0BelRAIITIV2e1s Jo X(1)

DXe oS« IRA(IT)II2e10100047 (1)
DXeoDSeIRA(IT)e2s1410004T(1)e

DXs o005+ IRACIT)I2¢1¢10004T (1)

DXeo0BeIRAIIT)e201410004T (1)
DXeoaOBeIRATITI2e10 Jy X(1)e

DXvoO0SsIRATITIe2e1¢ Jo X(1)a




c

§290 CALL GRF (XMis Dse XMA, fes

1300 CALL GRF (xMm1,

1310
1320

1330

1340
1380
1360

15L¢

1%¢ 10 1o 2HTS. O,

o)

CALL GRF (XMI,y ODeoe XMAy 1o

1SU¢
GO

ADDITIONAL CURVES FOR PLOT TYPE D
Det XMA, lee XM,

f)e 1a 1o 2H?Ss O
TO 1310

0)

1340,

1IFNt13e 10 14 2H?Se=14 ©O)
CONTINUE

CONT INUE

IRUN = TRUN + |

IF (IRUN = NRUN) 1340,
GO TO ILINE

CALL INTVL (2)
FORMAT (19HOTIME IN SECONDS = 4, F10.2)
PRINT 1360, Z

GO
END

TO0 100

SUBTYPE«DATA

XM .

XM o

1350
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Qe

Oes

EXeaOB¢IRA(ITIe2e¢1

DXseOS¢IRA(IT)Yv 201

Je

Ja

X013

X(1}Ye

Dee DXe DS+ IRALIT I 2¢1¢1000,T{1)y
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