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ABSTRACT 

The estimators of the mean, standard deviation and group 

effects for one-way- classification experimental designs are obtained 

from type I censored samples. The bias and the variances and 

covariances of these estimators are evaluated. A test statistic is 

proposed for testing a linear contrast of the group-effects. Two 

numerical examples are presented. 
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CHAPTER 1 


INTRODUCTION 


In this thesis, the problem dealt with concerns the estimation 

of parameters and analyses for a one-way-classification experimental 

design where the samples in the experimental-blocks are subject to 

type I censoring (i.e. the samples come from truncated normal distribu

tions). 

A censored sample may be described as one in which either a 

known or unknown number of the observations are not available for 

inference purposes. The censoring may occur at either the lower/upper 

extreme or at both extremes. There are two types of censoring which 

may be referred to as type I censoring or type II censoring. A type 

II censored sample is defined in Chapter 2. A type I censored sample 

occurs due to curtailment of the observations either below and/or 

above some predetermined fixed point(s). 

Estimation based on type I censored samples, although not a 

recent problem, has not been considered in any great detail so far. 

As early as 1908, Karl Pearson and Alice Lee used the method 

of moments in order to estimate the mean and standard deviation,~ and 

a,in N(~,o) from a type I censored sample. These moment-estimators m' 

and a' are solutions of the equations 

(a) m' = x
0 

' - h'o' 

1 




2 

n 
1(b) 	 a = 1 I X • 1/12 

n i=1 

where 

xo' is the point of truncation (on the left), 

xo' - m• 
h' = 

a 

I =--1--	
oo 

e-t 
2 
12dt, 

0 I2TI Jh' 

Tables for both of the moment functions 1/11 and 1/1 2 at intervals of 0.1 

in h' are given by Pearson (1914,31)1
•
1 Using these tables, the 

computations go as follows: 

(1) 	 Evaluate the left side in (c) above from the sample data. 

Enter the table of 1/J 1 with this value and obtain h' by 

inverse interpolation. 

(2) 	 Using the above value of h' as the argument, read 1/J 2 from 
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the 	above mentioned table and substitute this in equation 

(b) 	 to obtain a'. 

(3) 	 With both a' and h' determined, use equation (a) to obtain 

m'. 

The difficulties with these estimators are apparent, (i) they are not 

available if the truncation occurs at both the ~ides, (ii) computa

tions are involved, (iii) the functions w1 and w2 are tabulated at too 

wide intervals and contain too few significant digits to allow 

sufficient accuracy in the computed values of m' and a~ 

Fisher (1931f, using the 11 Maximum Likelihood .. method of 

estimation, demonstrated that the ML estimators in case of truncation 

only at the left-end are identical to those obtained by using moments. 

He used a function of h', ;, which he called an In function defined as 

follows, 

(n+1) In+1 + h'In In_1 = 0; n > -1 

His equations based on the In functions are: 

1 Ia 
a' = - Lx(r) 

n 1 
and 

2 
m:x 

= 
(rx) 2 
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When cr' and h' are determined, Fisher's equation for obtaining m' is 

the same as that given by Pearson and Lee above. Although the 

application of Fisher's results are almost identical to that of 

Pearson-Lee, a higher degree of accuracy is obtained.. The computa

tion of these estimates is also very laborious and involved. 

Cohen (1950)~ extending Pearson's and Fisher's work, worked 

out equations similar to above for obtaining estimators of ~ and cr 

in case of truncation at both ends, left and right. Cohen's equations 

are much more complicated to work with and he suggests an iteration

procedure (called Newton-Raphson method) to solve these equations for 

m' and cr'. 

Halperin (1952)~also employed maximum likelihood equations 

to estimate ~ and cr from type I censored samples in which curtailment 

occurs below/above some fixed point. He gives a chart and suggests 

a new iterative procedure, other than Cohen's (1950fmethod, which 

. he called m6dified Newton-Raphson ~ethod. In 1955, Cohen considered 

the problem of type I censored-sample-estimation in the context of 

life-testing and response-time studies. In this paper he derives 

maximum likelihood estimates of the population mean and standard 

deviation and obtains their asymptotic variances. An iteration 

technique is still required to solve the maximum likelihood equations. 

Cohen and Woodward (1953)6 computed special tables to facilitate this 

iterative-procedure of computation. Cohen (1963)5 also considered the 

case of progressively censored samples in the context of life and 

dosage-response experiments. By progressive censoring, we mean that 
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some though not all of the sample observations are eliminated from 

further consideration at various stages of the experiment. In 

his paper, Cohen derives maximum likelihood estimates of the parameters 

for the normal and the exponential distributions when the samples are 

subject to progressive censoring, by using Newton's method of itera

tion to solve the maximum likelihood equations. Shah and Jaiswal 

(1964 )
13estimated the mean and standard deviation for daubly truncated 

normal samples by using method of moments. They obtained the 

estimates of ~ and a by using the first four sample moments, and 

point out that these estimates are consistent and of relatively high 

efficiency as compared with the maximum likelihood estimates. 

Tiku (1967·~'68i6 proposed a simplification to the maximum likeli

hood equations and called the resulting estimators "modified maximum 

likelihood estimators". These estimators are simple and explicit 

functions of sample observations and are easy to compute. Besides, 

these estimators are asymptotically unbiased and efficient, and for 

small n are only a little less efficient than the maximum likelihood 

estimators. Tiku (1967f
5 also obtained modified maximum likelihood 

estimators of~ and a from progressively censored samples. 

In this thesis, Tiku's method is extended to obtain estimates 

of the unknown parameters in one-way classification experimental 

designs when the group-observations come from truncated normal distri

butions. The variances and covariances of these estimators are 

obtained and a statistic for testing a linear contrast of group-effects 

is proposed. 



CHAPTER 2 


ESTIMATING THE PARAMETERS OF TRUNCATED NORMAL 


CENSORED SAMPLES 


14 17 •Tiku [1967, 1973] has est1mated the parameters from Type II 

censored samples for a single normal population and for a number of 

normal populations relevant in Experimental Designs (one-way classifi 

cation). He has also estimated the parameters for a single truncated 

normal distribution (Type I censoring). The purpose of this thesis 

is to extend this work further in order to be able to obtain estimates 

for the parameters from Type I censored samples in one-way classifi 

cation experimental designs. Before persuing this, let me discuss 

the differences between the two types of censoring, TYPE I and TYPE II 

censoring. 

2.1.1 	 Type II Censoring 

In a type II censored sample, the experiment is terminated 

by the experimenter himself, i.e. 11 life-testing 11 experiments. 

Say a manufacturer is producing certain electronic components. 

The experimenter may wish to determine the average life-span of these 

components. He starts with testing 100 components and records their 

1ife-to-fai 1ure: 

Component: 1 2 3 4 50 . 51 52 53 

t5o t51 t52 t53 

6 
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The experimenter may have to terminate the experiment at 11 t 50n 

due to lack of time, etc. Thus, fifty of the components, say, will 

still be operational when he decides that he must terminate the 

experiment and use the data results that he has by that period of time. 

Thus, we have a type II censored sample. As a result, the data gen

erated by this experiment occur as ordered observations and the largest 

observations are not available. 

Note: This is an example of type II censoring, the censoring 

has occurred on the right hand side only. We could 

also have experiments consisting of censoring on the 

left only, or on both sides. 

2.1.2 Type I Censoring 

In a type I censored sample, the experiment is not terminated 

by the experimenter at any specific time; but, the experimental 

conditions inherentl~ do not allow all elements in the population to 

be included in experimentation. 

Suppose one wished to experiment with monkeys who enter a 

cage to be fed over a period of time. We could have the following 

situation: 

I 

I 

I 

t 

I 

/ 
.)-~----

/
/ 

Cage 

Entrance 
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Apparently, only the monkeys which happen to be smaller than 

the cage entrance can enter and feed since those greater than the size 

of the cage entrance are unable to enter. Thus, we have a full sample 

(i.e. n =total number of monkeys that went inside the cage}. However, 

this does not represent the whole range of the population of monkeys. 

Such situations give rise to type I censored sample where the 

experimental conditions exclude a certain proportion of the feasible 

observations. 

A practical example of one-sided truncation is as follows: 

(a) One-Sided Truncation: Type I Censoring 

Suppose that for the management of a plant to ensure meeting 

a maximum weight specification of twelve ounces on a certain radio 

component for an aircraft installation, all production of this 

component is weighted and those units which exceed the specified 

maximum weight are discarded. For a random sample of fifty units 

selected from the accepted production, say, 

n 
(i) 	 the sample mean u = I ui/n = 9.63 ounces, 

i=l 

2 n 2
( i i) the sample variance s = I (u.-u) /(n-1) = 1.1480 ounces. 

. 1 11= 

Assuming the underlying distribution to be truncated normal, 

(~0 ) exp{-~(u-~) 2;cr 2 }, one might like to estimate the mean ~and 
2variance cr . (Note here that the range of u is (-oo, 12), not (-oo, oo) 

as it would have been in the absence of truncation). 

Note: Since the range of u has been truncated from (-oo, oo) 
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2to (-oo, 12), we should not use u and s as estimates 

since they are not unbiased and certainly not efficient. 

Thus, we would like to find more efficient and possibly 

unbiased estimates of~ and o. 

{b) Double Truncation: Type I Censoring 

In this type of censoring (double truncation), we have re

strictions on the lower bound as well as the upper bound of our vari 

able. Considering the last example in this case, we can suppose that 

the management of the plant wishes to ensure meeting a minimum weight 

specification of 6.5 ounces and a maximum weight specification of 12 

ounces on a certain radio component for an aircraft installation. All 

production of this component is weighed and those units which are 

less than the specified minimum and those units which exceed the 

specified maximum weight are discarded. Again, for a random sample 

of 50 units selected from the accepted production, say, 

-(i) 	 the sample mean, u = 9.83 ounces, 

2
(ii) the sample variance, 	s = 0.9525 . 

Assuming 	 the underlying distribution to be truncated normal, 
2one again wants to estimate its mean~ and variance o . (Note that 

in this case the range of u is {6.5, 12.0); i.e., restricted lower and 

upper bounds). 

Since the range of u has now been truncated from (-oo, oo) to 
2{6.5, 12.0), we again cannot use the above values of uand s as our 

estimates since they are not unbiased and not efficient. So we want 
2to find better estimates than u and s . But 	 how conveniently do we 
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do this? A convenient method of obtaining efficient estimates was 

developed by Tiku [1968]~6 

Before extending Tiku's [1968]
16
work to obtain estimates of 

the parameters from type I censored samples (truncated normals) in 

one-way classification experimental designs, I will present a review 

of this technique for obtaining the estimates ~and cr from a single 

type I censored sample. 

2.2.1 	 Estimating the Parameters of the Truncated Normal Distribution 

(Type I Censoring) for a Single Normal Population 

For 	the normal distribution we have the well known p.d.f., 
1 2 2

1 -2{u-~) /cr
p ( u) = {--) e ; -oo ~ u ~ (1)

.121Tcr 
00 

The p.d.f. of the normal variate u defined over the truncated 

U11range u' ~ u ~ is given by: 
1 2 2 

1 -2(u-~) /cr 
( r;;-'2.,. ) e 

f(u)-- r'~~u .. ) _ P(u') ; u' ~ u ~ U 
11 

(2) 

= 	 J(u) ; u' ::; u ::; u" 
P{u 11 

- P(u') 

where, (i) p(u) 

u.. 
( i i) P(u.. ) = J ( ,,;_ ) 

-oo l't:7fcr 
1 2 2u' -2(u -~) /cr 

(iii) 	 p { U I ) = Loo(;b) e du 
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We assume u • and u" are known, and clearly u'< u" • 

Now the problem at hand is to estimate ~ and cr given a random 

samp1e l u1 , u2 , u3 , ... , un) from (2) . 

2.2.2 	 The Maximum Likelihood Estimators 

To obtain the maximum likelihood estimators, the likelihood 

function calculated 	from a type I censored sample is 
1 n 2

-2 l z.
1 n ·-1 1 

n l--) e l 
121Tcr ( 3) 

i=l 
rr f(ui ;J.l,cr) 

. {P(z")-P(z' )}n 

where, Z; = (ui-J.l)/cr, 

z" = (u"-J.l)/cr, 

and z' = (u'-J.l)/cr • 

The log-likelihood function is 

1 n 	 2
L =constant- n {logo+ log[P(z")-P(z')]l - 2 l z.

1 
(4)

i=l 

The likelihood equations are 

-= aL (5} 

2lb.= (!:!){-1 +! I z. + Z 11 g (Z 11
)- z'g (z')} (6)

acr a n i = 1 2 _ 11 

Here, 

g1(z') = p{z')/{P(z")-P(z')} 


and g2(z") = p(z")/{P(z")-P(z')} 
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The maximum likelihood estimators are the solutions of the equations 

~ = 0 and~= 0 (7)
3]..1 aa 

However these equations have no explicit solutions and are very 

difficult to solve even by iteration. To circumvent this difficulty, 
16 .

Tiku [1968] devised the following "modified" maximum likelihood 

equations by using the fact that the functions g1(z) and g2(z) may 

be closely approximated by linear functions of the z's. 

2.2.3 Approximation to the Maximum Likelihood Equations 

Ti ku [1968J 
16

suggested that 1i near approximations replace the 

functions g1(z) and g2(z), that is, 

(8) 


(9) 


The motivation behind this is that over small intervals of z, g (z)1

and g (z) are closely approximated by linear functions.2
We want to locate intervals which possibly include z' and 

z". Now, for large n, z' is likely to be included or covered by 

the interval [(u'-h )/o, (u'-k1)/o] if we choose,1

h = u + s!ln and k = u - s/ln (10)
1 1 

where 
n 

u = I ui/n, (sample mean)
i=l 
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2 n - 2 
s = I (ui-u) /(n-1}, (sample variance) • 

i=1 

To obtain ~1 and s1 in the linear approximation g1{z') ~ ~1 + e 1z·~ 
we solve the equations, 

g1{h1) ~ ~1 + S1[(u'-ht)/cr] 
(11) 

g1(k1) ~ ~1 + e1[(u'-kl)/cr] 

where, 

g1(h1) = p((u'-h1)/cr)/{P((u 11 -h1)/cr) - P((u'-h1)/cr)} 

g1(k1) = p((u'-k1)/cr)/{P((u 11 -k1)/cr) - P((u'-k1)/cr)} • 

Thus, 

(12) 

and (13) 

Similarly, we obtain ~2 and e2 in the approximation g2(z 11 
) ~ a 2 + s2z", 

that is 

s = (14)2 

(15) 

Note: (a) If the truncation is symmetrical; i.e. 

u11 
- 11 = -(u'-11), then ~ = ~2 and s2 = -s1.1 

(b) If there is no truncation on the left, a 1=s1=o. 

(c) If there is no truncation on the right, ~2=s2=o. 
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2.2.4 The 11 Modified .. Maximum Likelihood Estimators 

Replacing g1(z 1 
) and g2(z 11 

) by the linear functions o.1 + s1z 1 

and o.2 + s2z.. , respectively (as described in section 2.2.3), one 

obtains the 11modified" log-likelihood equations 

aL aL* n 1 n-:::::-= (-){- I z. + (o.2+s2z")- (o.1+s1z')} (16)
aJ.l aJ.l cr n i= 1 1 

21. ::::: aL*- (~ ){ -1 + ! I z. 2 + z .. (a.. +s z.. ) - z I ( o.1+s1z I ) } ( 17)
acr acr cr n i=l 1 2 2 

Now, equating (16) to zero we obtain 

and, 


if J.1 is known, crTN is the positive root of the equation 


cr 2 - {o.2(u"-p) - o.1(u 1 -J.1)}cr 
(19) 

n 
~ {! I (u.-J.1) 2 + 13 (u"-J.1) 2 - B (u 1 -J.1) 2} =0 
_ n i=1 1 2 1 

If J.1 is not known, we replace J.1 by (18) and work out equation (17) 

again. Then crTN is the positive root of the equation 

{20) 

Note that (19) and (20) have only one positive root. 
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2.2.5 Variances and Covariances of ~TN and crTN 

Note: 

11 (21)n Z

2 E(z. 2)/n = J z2h(z)dz = 1 + z'g (z') - Z11 9 (z 11 

).


i =1 1 Z I 1 2 

Now the asymptotic variances and covariances in ~TN and crTN 

are given by the elements of the matrix, 

(22) 

where 

Jll 
a2L*= -E(-2) ~ 

a2L*
-E(-2) = (23) 

a~ ClJJTN 

J12 
a2L* = J21 = -E(a~acr) ~ 

a2L*
-E(a!l acr )

TN TN (24) 

= ( n2){2[g1(z')-g2(z11)] - (a1+2s1z') + (a2+2s2zu)} 
cr 

J22 = 
a2L*

-E(--=---z-) 
Clcr 

~ 
a2L*

-E(-=-z) 
ClcrTN (25) 

= C4H2 + 3[z'g1(z' )-z 11 g2(z")l 
cr 

+ z"(2a2+3s2z") 

Using (8) and (9), (24) and (25) can ·be simplified further as 

follows: 

(26) 
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(27) 

2.2.6 Bias in ~TN and oTN 

where, 

11(i) E(a"L*) = (~){ I E(z.)/n + (a +8 z ) - (a +8 z')} 
0~ 0 i=l 1 2 2 1 1

2 "2L*0(ii) R {~) = -E(----) = ( ~){1-8 1+8 2 } ·al o 

Thus, the conditional bias (for known o) in ~TN is given by, 

E(al*) E(aL*) 
a~ , B = { a~ } (29)

R2(~) 1 R2(~) 

The bias in oTN is difficult to obtain but from the Taylor expansion 

of (;L*), the approximate conditional bias (for known~) in oTN is 
0

E(aL*) 

"" 62 -
_ 

{ 2 
ao 

} (30) 
R {o) _ _ 

~ - ~TN' 0 - 0 TN 

Now, from {8), (9), (16), (17), and .(21) it follows that 

and 
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So it follows from (29), (30), (31) and (32) that the conditional 

bias in ~TN and oTN is proportional to the error in the linear 

approximations (8) and (9) and thus should be very small, at least 

for large samples. 

With this much detailed discussion of the Estimation of the 

Parameters of a single truncated Normal, I will now extend this work 

further to estimate the parameters for the truncated normals (type 

I censoring) in one-way-classification experimental designs. I 

evaluate the variances, convariances, and bias of these estimators 

and propose a "test statistic 11 to test a linear combination .of group 

effects. 

Incidently, note that ~TN and oTN are asymptotically efficient. 

This is because of the following: 

= dr p(z) _1 
{dz1.p(z 11 )-P{z' plz=z 1 

= -zp(z) _ -z'p(z') 
Ip(z 11 )-P(z 1 ) 

1z=z'- P(z 11 )-P(z 1 
) 

and 
g("'1 = gl(z') - olzl = - z. ·~ Q z 1 

u ~ P(z J-P z') - ~1 

Therefore, 
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Similarly, 

lim£a2+~S2 Z
11 } = g2(z") 

n+oo 

The maximum likelihood and modified maximum likelihood 

equations are therefore asymptotically identical. 



CHAPTER 3 


ESTIMATING THE PARAMETERS AND TESTING GROUP EFFECTS FROM 


TYPE I CENSORED NORMAL SAMPLES IN EXPERIMENTAL DESIGN 


-3.1.1 Model Description 

Assume that a one-way classification experimental design has 

been performed with k independent groups of observations with n 

observations in each group. Consider the mathematical model 

u.. = ll +g.+ E:· .; i = 1, 2, ... , k
1J 1 1J (33) 

j = 1, 2, .•• , n 

where e . . 's are independently and identically distributed as truncated
1J 

normals 

(34) 

u.' and u... are assumed known, and clearly u1 < un. 
1 1 

3.2.1 The Maximum Likelihood Estimators 

The 	 likelihood function for the ith group is 

1 n 1 n 2 
(-~ ) exp {-2 I z . . }

n ¥~~a j=l 1J 

= II f ( u . . ; 1-1 , cr , g . ) = ---.;P~(z--..,01:,)---:P::"i(r-z-.'·r)- (35)


1j=l 1J 	 1 1 

where, 

Zi 11 = tui 11 -p-g;)/cr, 

19 
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1and z · = (u. 1 -11-g.) I a •
1 l 1 

Now, with the assumption that the type I censored samples 

available from the k groups are independent, the likelihood function 

for all k groups is 

k 
~rr h(u .. ;J.I,a,g.) (36)
i=l lJ 1 

The log-likelihood function L is 

k 1 n 2
L = I {constant~ niloga + log(P(z.") - P(z. '))] - 2 I z .. } {37)

i=l 1 1 j=l lJ 

Now the likelihood equations are 

aL n k n 
-=(-)I { l z .. /n + g2(z.")- gl(z;l)} (38)
Clll a i=l j=l 1J 1 

n k n 2aL-- (-)I {-1 + I z .. /n- z.•g1(z. 1
) + z."g2(z.")} (39)

dO" a i=l j=l 1J 1 1 1 1 

~=(~){I z.. /n- g1(z. 1
) + g2(z.")} (40)

agi a j=l lJ 1 1 i = 1, 2, ..• , k 

where, 

g (z.') = p(z.')/{P(z.")- P(z.')}1 1 1 1 1 

and g2(z ... ) = p(z ... )/{P(z. 11
)- P(z.')} . 

1 1 1 1 

The maximum likelihood estimators are the solutions of the equations 

lb.= 0, lb.= 0 and E.!:_= 0 {41) 
a11 aa agi i = 1, 2 , ••• ,k 
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However, these equations have no explicit solutions and are very 

difficult to solve even by iteration. In order to circumvent this 

difficulty, I will construct "modified" maximum likelihood equations,. 

in the same fashion as Ti ku [196"8]1~ This makes use of the fact 

that the functions g1(zi') and g2(zi") can be closely approximated 

by linear functions. 

3.2.2 Approximation to the Maximum Likelihood Equations 

We let linear approximations replace g1(zi') and g2(zi") in 

the above maximum likelihood equations. That is, g1(zi ') is replaced 

by 

Z • I (42)
1 

-. + Q Z IIg2(z1. 11) a2. ~-'2. · (43)
1 1 1 

To choose values for ali' a2i' f3li' a2i; recall that, 

z;' = (u;'-~-g;}/cr, 
z. 11 = (u.~~-~-g.}/cr,

1 1 1 

g1{zi') = p(z.')/{Plz. 11 
) P(z.')},

1 1 1 

and g2(z i") = p(z."}/{P(z.") P(z .'}}
1 1 1

where z." > z.' . 
1 1 

Now, we require values of h1; and k1i such that g1(zi') is adequately 

represented. At least for large n, zi' is likely to be included in 
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the interval [(u.'-h1 .)/a, (u. '-k1 .)/aJ if we choose
1 1 1 1 . 

h1 . = u. + sjJn and k1 . = u. - s;Yli (44)
1 1 t 1 1 

where, 

n 
ui = l u.. ;n, (sample mean of the ith group)

j=l 1J 


2 n - 2
and si = .I tuiJ'-ui) /(n-1), (sample variance of the 
J=1 

ith group) • 

In order to obtain ali and s1i in the linear approximation (42), we 

solve the equations, 

91(h1i) "'ali+ s1i [(u;'-hli)/a] 
(45) 

9I(kli) "'ali+ 8li [(ui'-kli)/a] 

where, 

Thus, 

(46) 

(47)and 

Similarly, we obtain a0 • and s2. in the approximation (43), that is 
t.. 1 1 
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(48) 

and (49) 

Note: (a) 

(b) 

{c) 

For symmetrical truncation; i.e. u1 
11 

- ll- 9; 

= -(u.•-p-g.), a1. = a2. and e2. = -e1.
1 1 1 1 1 1 

If there is no truncation on the left, ali 

= eli = o 

If there is no truncation on the right, a2i 

= e2i = o . 

3. 3.1 The "Modi fi ed 11 f1aximum Likelihood Estimators 

The 11 modified 11 maximum likelihood equations are 

k n 
~:: av = t!!) I { I z . .fn + (a2.+132·Z· 11 

) - (al.+sl.z.•)}
all op a i = 1 j = 1 1J 1 1 1 1 1 1 

{50) 

aL 
aa 

aL•,_= 
aa 

(!.!) 
a 

k
I {-1 +

i=l 

n
I z .. 2/n + z."(a2.+s2 .z ... )

j=l 1J 1 1 1 1 

- z.•(a1.+s1.z.•)}
1 1 1 1 

{51) 

al al • n n 
-:: = {-){ I z . .fn
agi agi a j=l 1J 

Now equating (50} to zero, we obtain 

+ (a2 .+s2 .z ... )
1 1 1 

- {a
1

.+s
1 

.z.•)}
1 1 1 .

1 = 1, 2, 

(52) 

••• ' k 
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k 
i~l(ui-sliui'+s2iuill + (a2i-ali)cr- (l-sli+s2i)gi} 

" llTNE = 	 k 

I ll-sl.+s2.)


i =1 1 1 

Assuming the restriction in the linear model (33) 

k
I (1-s1.+s2.)g. = o , (53)

i=l 1 1 1 

we obtain the following estimator 

(54) 

Equating (52) to zero, we 	 obtain 

- I II ( ){u.-s1.u. +s2.u. + a2.-a1. a}
1 11 11 1 1 

(55) 

i=1,2, .•• ,k 

and setting (51) to zero we find that crTNE is given by 

(56) 

where, 

d. = ll-s1.+s2.)
1 1 1 	 (56a) 

- I II ( )k 	 {u.-s1.u. +s 2.u. + a 2.-a1. a}
\' 	 1 11 11 1 1d = L d. and K. = -'-----'--'---~----- (56b) 

. 1 1 1	 d.
1 = 	 1 
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and 

A = I
k 

1 = k, {56c)
i=1 

and 

A; = {~i-B1i~~'+S2iui"}, Bi = {a2~~a1i} • (56f) 
1 	 1 

3.3.2 	 Variances and Covariances of JJTNE' 9; , and aTNE 
TNE 

Noting that 

l57) 

z."g (z.")
1 2 1 '· 

from (50), (51), and (52), we obtain the asymptotic variances and 

covariances in JJTNE' and aTNE given by the elements of theg1TNE 
matrix 

-1 
Jii J12 J13 vll v12 v13 Yn v12 v13 

(58)v = = "'J21 J22 J23 v21 v22 v23 v21 v22 v23 
J31 J32 J33 v31 v32 V33Y31 v32 Y33 

JJ=JJTNE'gi=g; ,cr=crTNE
TNE 
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where 

+ {a .+2e .z.")} 
. 21 21 1 


(63) 

+ (a .+2e
2

. z. ")} 21 1 1 


a2L I a2L I 


~33 = -E(----2 ) ~ -E{ 2 ) 
i3cr acr TNE 


n k 

= (-) L {2 + 3[Z· 1 9 (z. 1

)- z."g (z.")] (64)
02 i =1 1 1 1 1 2 1 


- z. 1 (2a .+3e .z.') + z."(2a .+3e 2.z.")}
1 11 111 1 21 11 




27 

Now, using (42} and (43} in (61), (63} and (64), we obtain the 

following expressions 

{65) 

(66) 
••• , k 

k 
J33 =< (n2) L {2 + al.z.'- a2.z.n} (67) 

0 i=l 1 1 1 1 

3.3.3 Bias in ~TNE' 9;TNE' and oTNE 

Assuming 	the restriction (53}, from (54) we obtain 

k n 
E(~TNE/g;,o) = E(~) + o{.L [.L E(z;J·)/n

1=1 J=l 

+ (a2.+a2.z.")-	 (a1.+a1.z.')]}/d (68)
1 1 1 1 1 1 

2 a2L • where R ( ~) = -E(--2 ) is given by (59). 
a~ 

Therefore, the conditional bias in ~TNE is 

(69) 


~=~TNE ,gi=gi ,o=oTNE
TNE 

From (55) we have 
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n 
E{gi /~,cr) = E(gi) + 	cr{ I E(z .. )/n

TNE 	 j=l 1J 

+ {cx2·+132 .z.") - {a1 .+s1 .z. 1 )}/d.
1 11 1 11 1 

E{aL 
1

) 

ag.
. 1 

=g. + { 2 } 
1 R { gi) 

i =1, 2 5 

2 a2L Iwhere R {gi) = -E(--2) is given by {62). 
agi 

The conditional bias in g. is therefore 
1TNE 

E{aL
1

) E{aL 
1

)

agi 	 agi 
{ 2 } "' 82" = { 2 	 }
R {gi) 	 1 R {gi) 

p=~TNE'gi=gi ,cr=crTNE
TNE 

The bias in crTNE is difficult to obtain but from Taylor 
1 

expansion of ( ;L ) the approx:imate conditional bias in crTNE is 
0 

E{ 3~) E{~)
{ acr } "' B = { a~ } 

R2{cr) 3 R2{cr) _ _ _ 
~-~TNE'gi-gi ,cr-crTNE

TNE 

1 
where R2{cr) = -E{ 82~ ) 	 is given by (64). 

acr 

Note: If follows from 	 (42), {43), {50), (51), {52) and (57) 

- [g2(z.")+{a2.+s2.z.")]i
1 1 1 1 

"' 0 

(70} 

···~ k 

( 71} 

(72) 

that 

(73) 
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(~)E(~) = {[g (z. ')-(a .+s .z.')] - [g (z ... )-(a .+s2 .z ... )]} 
n agi 1 1 11 11 1 2 1 21 1 1 

i = 1 , 2' ••. ' k ( 74) 

"' 0 

and 

= 
k
L {z.' [g 

1
(z. ')-(a

1
.+s

1
.z.')]i=l 1 1 1 1 1 

- z ... [g2{z. 11 )-(a2.+s2.z ... )]}
1 . 1 1 1 1 

(75) 

"' 0 • 

So it follows from (69), (71), (72), (73), (74) and (75) that the 

conditional bias in ~TNE' gi , and crTNE is directly proportional to 
TNE 

the error in (42) and (43) and thus should be very small, at least 

for large n (i.e. large samples). 

3.3.4 	 Asymptotic Efficiency of the Estimators 

For n tending to infinity (i.e. asymptotically), the 

estimators ~TNE' aTNE and giTNE are efficient. This can be shown 

as follows: 

1im Bli 
n+oo 

(76)-z. p(z.) 	 -z. 'p(z.')
-{ 1 1 } - 1 1 
- P(z- 11 )-P(z. 1 ) _ , - P(z.'1)-P(z. 1 )

1 1 Zi-zi 1 1 

and 

a1 . = g1(z.') - a .z.' 	 (77)1 1 11 1 
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Therefore, 

(78) 
= g (z.')1 1 


Similarly, 

lim ( a 2.+s2.z. 11} = .g2
(z. 11) (79)

n-+"" 1 1 1 1 


Due to the above properties, the estimators (54), (55), and (56) 

are asymptotically identical with the ML estimators and are therefore 

asymptotically unbiased and efficient. 
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3.4.1 A 11 Test Statistic 11 for Testing Linear Contrasts 

Since 9; = K; - ~TNE' therefore 
TNE 

Var(K;I~,o) =Var(g; 1~,o)
TNE 

[i.e. the conditional variance of gi for a given~ and a]. 

Thus, asymptotically (n tending to infinity}, 

(80) 
2 

=!:!__ 
di 

1where -[ l is the Cramer - Rao 11 minimum variance bound" for the 
E(a2L~) 

agi 

Var(g. 1~,o).
1 TNE 

For small n, we have the approximation 

2 
Var(Ki) ~ n~.' i = 1, 2, ... , k. 

1 

Now, 

Var(g. to) ~ Var(Ki-~TNE) = Var(K.) - Var(~TNE)
1TNE 1 

(81)
2 2 0 2 1 1 

= n~. - ~d = n (d."" - a) ' 
1 1 

2 
since Cov(Ki,~TNEio) = ~d . 
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Also , 

= 0 . 

To obtain the exact small sample variance of aTNE is extremely 

difficult. However, asymptotically (n tending to infinity) the 

conditional variance of aTNE is given by 

= n{--...;;;1;;__._} 
2L'

E(~) 
pa 

k 
::= a2!' {2+3[z.•g (z.')-z.''g2{z.")1 - z.'(2a .+3s1.z.') (82)
" .L 1 1 1 1 1 1 11 1 11=1 

+ Z· 11 (2a .+3s .z.")} .
1 21 21 1 

Note: 

nd.
2L'

E(~) =-4 {1 - Sli + S2i} = -<-7> 
agi a a 

Therefore, 

03L'


E(--) = 0 
:ag. 3 

:1 

rL'E(~) = 0, r ~ 3 . 
ag; 

Since derivatives E(-0
rl' 
-) are zero for all r ~ 3, one would r

ag; 
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expect from Bartlett's results [1953] 
1 

that for large n and hence large 

nd, gi is approximately normally distributed (see also Tiku [1967~
TNE k 

1973f7 
). Therefore for large n, the linear contrast L ~.g. would 

i=1 1 1TNE 
be expected to be approximately normally distributed with mean 

k k k 
E{ L ~.g. } = L {E(t.g. )} = L ~.g., and variance

1 1 1 1 . i=l 1TNE i=1 1TNE i=l 

k 
Var{ L (~.g. )}

i=l 1 1TNE 

Because of the above results, it seemed quite reasonable to 

propose the test statistic 

I
k 

~.g.
1 1TNE 

for testing the null hypothesis H0: g1 = g2 = ... = gk. Note that 
k k 

under H0, L ~.g. = 0 since L ~. = 0. For large n, the statistic t
1 1 1i=1 i=l 

would be N(O,l). However, a Monte Carlo investigation revealed that 

the distribution of t does not approach normality even for sample 

sizes are large as 100. The percentage points of t have, therefore, 

to be simulated in practice. We have documented and included in this 

(83) 




34 


thesis a Computer Programme to do that (see Appendix I). 

3.4.2 Some Examples and Results 

.Using the computer programme referred to in the previotJS section, 

data were generated from a truncated normal, in the range u' < x < u". 

For such a sample of size n, we have the observations x1, x2, ••• , x ,
0 

and u' ~ xj ~ u", for j = 1, 2, ... , n. So we have the following 

si tua ti on: 

+tx) 

N( o, .1) 

X 

Example 1: 

Suppose that the treatments T1, T2, and T3 have been used in 

three such identical experiments (described above), each with n = 20, 

and the values of u' and u" for the three experiments given by 

u1• = u2• = u3• = P-1(0.1) and u1" = u2" = u/ = P-1(0.8). So we have 

data for the three treatments given by the following three groups of 

twenty random observations generated from the truncated normal distri 
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bl1tion with u1• = P-1(0.1) and U; 11 = P-1 (0.8)~ i = 1, 2~ 3. 

T1 T2 T3 

.0128 . 6701 - .2971 
- .6027 - .5814 - .0929 

.3503 - .1020 - .4941 
- .3552 - .7006 .2242 

.4700 - .2845 - .9574 

.2890 .0273 - .4530 
-1.0596 - .6332 - .4668 
- .5068 .5464 - .1126 
- .7308 - .6627 .3138 
- .2564 - .1354 .5841 
- .1508 .3174 - .7646 

.2647 .5897 .6268 
- .6963 .7312 -1.1717 
- .7820 .5510 .0247 
- .2647 - .3735 -1.0911 

.4473 .4351 -1.0056 

.4739 .4785 - .1377 
- .1898 .2059 .8074 
- .9388 .6589 .0547 
- . 6163 .3370 .7425 

We assume model (33} for the above data and let 9; be the 

effect due to treatment T;~ i = 1, 2~ 3. Here, we have the following: 

T1 T2 T3 

.1000 .1000 .1000qli 


.2000 .2000 .2000 


U; 
q2i 


. I -1.2817 -1.2817 -1.2817 

u... .8415 .8415 .8415


1 

U; - .2421 .1036 -·.1833 

.2579 .0808 .3807
0 1i 

.2278 .4971 .4275
0 2i 
•0992 .0253 .1604eli 


Bz; - .0852 - .2342 - .1876 

d. . 8157 .7405 .6520

1 
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T1 T2 T3 


- .2289 - .0824 - .2079 
- .0369 .5622 .0718 

Substituting these values in equations (54) to (56f}, we get 

A = 3 

B = 1.9287 
c = • 0371 
d = .8157 + .7405 + .6520 = 2.2082 

Therefore, 

OTNE = {1.9287 + ;{1.9287) 2 + 4.0(3.0}(.0371)}/6.0 

= .6616 

.0438 (Theoretic value is - .18}llTNE = 
g - - .2095
1TNE 

= .3333 (Assumed values of gi 's are zero)
g2TNE 


- - .1165 

g3TNE 

The variances and covariances calculated from equations (59) to 

(67) are as follows: 

(i) Var - Cov Matrix for llTNE' gl ' and oTNE
TNE 

- .01657 .00230[ . 01648 
- . 01657 .04350 - .00255 ].00230 .00255 .00691 
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(ii) Var - Cov Matrix for ~TNE' , and aTNEg2TNE 

.01491 - .01487 .00008 l 
- .01487 ·04662 .00390 

[ 
.00008 .00390 .00708 

(iii) Var- Cov Matrix for ~TNE' g3 , and aTNE 
TNE 

.01448 - .01436 .00168 l
- .01436 .04785 - .00120 

[ .00168 - .00120 .00679 

From equations (76} to (79}, the asymptotic values of the a . . 'slJ 
and Sij's were determined and are given as follows: 

T1 T2 T3 

lim [ 1 .4570 .2001 .4128n-+co ali 


lim 
 .4258 .6054 .4691n-+ co [a2i] 

1 
n-+ 

im 
co [Sli l .2080 . 0716 .1807 

1im - .1885 - .2978 - .2157n-+ co [S2i l 

Example 2: 

Suppose that we have the same experimental design structure as 

in Example 1 using three treatments T1, T2, and T3 with truncation 

points u1• = u2• = u3• = P-1(0.1} and u1" = u2" = u3" = P-1(0.8). 

However, this time, each treatment group is composed of 100 observa
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tions (i.e. n = 100). Thus, we have data for the three treatments 

given by three groups of 100 random observations generated from the 

truncated normal distribution with ui' = P-1(0.1) and ui" = P-1(0.8), 

i = 1, 2, 3. For simplicity, the actual data point values will be 

ommitted here. 

In the same manner as the previous example, we assume model 

(33) for this data and let gi be the effect due to treatment Ti' 

i = 1, 2, 3. In this case, we have the following results: 

T1 T2 T3 

q1 i .1000 .1000 .1000 

q2i .2000 .2000 .2000 
u.' 

1 
-1.2817 -1.2817 -1.2817 

u."
1 

.8415 .8415 .8415 
u. 

1 
- .1439 - .0974 - .1826 

ali .2638 .2610 .2771 

Cl2i .3677 .4248 .3286 

13 1i .1030 .1014 .1097 

13 2i - .1572 - .1902 - .1360 

di .7398 .7085 .7543 
A. 

1 
- .1948 - .1799 - .2075 

B. 
1 

.1403 .2312 .0683 

Substituting these values in equations (54) to (56f), we get 

A = 3 
B = 2.0316 

c = .0409 
d = .7398 + .7085 + .7543 = 2.2026 
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Therefore, 

crTNE = {2.0316 + ~2.0316) 2 + 4.0(3.0)(.0409)}/6.0 

= .6968 

.0934 (Theoretic value is - .18)vTNE = 
9 = - .0036
1TNE 
9 = .0746 (Assumed values of 9i are zero)2TNE 
9 = - .06663TNE 

The variances and covariances calculated from equations (59) 

to (67) are as follows: 

(i) Var - Cov Matrix for vTNE' , and crTNE91TNE 

- .00332 .00023[ .00335 
- .00332 .00988 - .00001 

.00023 - •00001 .00157 l 
(ii) Var - Cov Matrix for vTNE' , and crTNE92TNE 

- .00323 .00016[ • 00327 
- .00323 .01013 .00020 

.00016 .00020 .00157 l 
(iii) Var - Cov Matrix for vTNE' , and crTNE93TNE 

.00340 - .00339 .00029 
- .00339 .00980 - .00018 

[ .00029 - .00018 .00157 
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From equations (76) to (79), the asymptotic values of the a;j's 

and B;j's are given as follows: 

T1 T2 T3 

1im 
n+co [ali] .4221 .3861 .4502 

1im 
n+co [a2i] .5231 .5487 .4999 

1im 
n+co [Bli] .1845 .1633 .2018 

1im 
n+ co [S2i 1 - .2504 - .2683 - .2344 
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APPENDIX I 


LISTING OF THE FORTRAN 	 PROGRAM 

Note: 

Three external subroutines used in the program 

and the installations which produced them are: 

Subroutine 	 Publication 

FRANDN 	 McMaster Internal Publication (MILlS},
McMaster University Computing Centre, 
Hamilton, Ontario. 

NDTR IBM System/360 Scientific Subroutine 
NDTRI Package (SSP), (360A-CM-03X)

Version III, 
Programmer's Mannual-, 

IBM Technical Publications Dept., 

112 East Post Rd., 

White Plains, N.Y. 
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3Y A GIVEN CO~STANT, TH~ RESULT 

c _IJ;.P.Y T.i.l'l:: TdiS iWUTIN;: IS LOAOt:O FR0~1 THe 
c v 0 r j :.:; Tt:. ~ .. T IN lT :i '"'L V~ L U E I S A S S U !'IE 0 , S 0 l HAT 
c ~ILL ~LWAYS b~NlRAT= THe SAM~ SiQL=Nl~ OF 

POINT 
It~TEGRAL <O, 1> 

WILL BE 

IS NON-ZEF-.0 

LIEFARY, A 
S T A i~ TIN G WITH M=G 
~UMBERS. USUALLY 

c ;rl~ Fl~ST GALl SHOULU HAV~ M J, A~O THt OTH~RS M=O. 
c 
c :STJf.U:.G::: US ... O 
(, 34 OC1AL WORJ)S
c 
c SUJK0UTi~~S GALL~D 
c ;Wi;_ 
c 
c TYPIG4L TIMINGS 
c ,6 s~G. 
c 
c 
c c SUdf~GUTINt: 
c 
c PURPOSe 
c COHPUT~s 

TO G~N~~AT~ 3~0L .. ., ........ 

NCJTi< 

Y = PCXJ = PROBABILITY THAT TH~ RANDCM VARIABLE 
c u, ~IST~IBUTEO NORMALLYC~,l>, IS L~ss TrlAN OR ~QUAL TO X. 
c F<X>, TH~ ORUI~AT~ OF TH~ NCRMAL DENSITY AT X, IS ALSO COM

+:
V\ 



... 
c PUL;:o. 

v f'· USAGe:. 

c CALL f~tDT~CX,P,C) 

c 
c Cc~CKiPTlON OF PARAH~TcRS 

c X - INPUT SCALAR FOR WHICH PCX> IS COMFUTED. 

c P - OUTPUT P~ObABILITY~ 

c U - OUTPUT DENSITY. 

c 

c F.:t: ;1td:;: KS 

c ~AXIMUM LRROR IS J.UUG~OG7. 

c 

c SUJ~OUTIN~~ A~U SUBP~OGRAMS REOUIR~C 

c NOhl': 

G 

c ~C:THOC 

c J~~~Q.O~_APPKOXI~ATIQNS !N C. HASTI~G$ 1 APP~OX!~ATIONS FOR 

c JlGilAL LCMPUT~R~ PKINCcTON UNIV. PKtS~, PRINCeTON, N.J.,
1c 19~5. S~E EUUATlUN 26.2.17f HANDBOOK OF MATHEMATICAL 
c t-- Ui l G T I 0 N S , AU ~~~ Ai'·l 0 I'Li: T Z A N 0 S EGUN , 0 0 V t: R P U 3 LI C AT I 0 l\ S , INC • , 
c iicri YCt<K. 
(, 
c. 1i. 4 •• 9. 41 4' I !I U. & "!!< f! o:t ... i .f ,_ • 4 ir •• " .at. •••••• t. 8 ••••• e I. t.•• ell ••• t tt ..... I. I ..... .. 

c 
c SU8riOUTIN2 NDTR<X,P,O> 
c 
c AX=A:3::; (X) 

c T=1.0/(1.0+.231c~:~4 AX) 

c 0=~.3969~23~~XP(-X~XI2.u} 

c P.;:l,:', - u+r~· ( ( ((1. 33C27L3·T - lt8212!;>6) 4'J + le 7d147,S)'Voj 

4c ~.33~5c~tJ+T + G.31~3fl5) 

c IF<X> .1,2,2 

G i P=i• 1,1 -P 

c 2 Rt. TUR ~~ 

c ::NO 
c 
c •••••••••••c 
G SUJ!WUTIIE NJTRI 
c 
c pu,~~pos::_ 

c COHPUT~S X = P•'~'<-1> <Y>, TH€ ARGUMC:tH X SUCH THAT Y= P(X) = 
c TH~ PROBABILITY THAT TH~ RANDOM VARIA8L~ U, DISTRIBUTED 
c no.<t1ALLY(0,1), IS Li:SS THAN 0~ t:.O.UAL TO X, F(X), THE 
c 0R l) I N A T c. 0 F T H E. t.JO r., M A L 0 ~:: NS I T Y , A T X , I S A L S 0 C 0 M P U T C. 0 • 

~ 
a-



.,. 
c 
c US ~G·: 
c ~ALL NDTKI(P,X,O,IER)
c 
c DiSG~IPTION OF PARAM~T£RS 
c P - INPUT PROBABILITY. 
c ~ - OUTPUT ARGUMENT SUCH THAT P = Y = THE PROBABILITY THAT 
c u, TH~ ~ANOOH VARIAdLL, I5 LESS THAN OR EQUAL TO x. 
(' ~ - OUTPJT U~NSITY, F(XJ."" c I~K - OUTPUT ~RROR COOi 
c : -1 IF PIS NOT IN THi INTE~VAL (0,1), INCLUSIVE. 

c X=J=.~999~~+74 IN THIS GAS~ 

c :: .., IF THERE IS tW Eh:l~OR, S:.t. Ri..i1At<I(S, BELOW. 

c 
(; F :· •'l A ;~ K ·~ 


c ' - 1 A XI Mu : i r.:: R;< 0 i\ Is J • H G 4 s • 

c if~=~, X ~S SET TO -(10)¥•74. 0 IS S~T TO D, 

c IF P = 1, X IS S~T TO (10) 4 •74. J IS S~T TO 0, 

c 
c SUJ K 0 UT I H.:: S AN u S U 8 P R 0 G RAtIS R EC~ UI R t. C 
c wr~·~ 
c 
c MS. frlCJL) 

c 3J.~S~U Oi~ APPi~OXIt1ATIOI\S IN C. HAS1Ii~GS APPF.:OXIt1ATlONS FOR 

c JlblTAL COHPUT~RS, P~INCETON UNIV. Pk~~S, PRINCETONt N.J., 
c 1 :j S 5 , S :: 2. 1_: 'J, U A T I 0 N 2 6 • 2 • 2 3 ! ri A N D E 0 0 K 0 F t1 A T H E M A T I C A L 
c FUIJCTIONS, AdRAHOWITZ ANU Sr::GUN, DOVER PU3LICATIOf'..S, HJC., 
c i :.. 'il Y CFd< ~ 
c 
C. • ~ •" • •·• t • ~ • .-., 4 • ott • • •-. • •+ • • tt • • t., t t • • .., • • •• • • •• e ee • • • • • • e •• • • • • •• • 1 t • •• 1 • 
(, 
c .;) U B Fi 0 U T l 1.;: N 0 T t-<l {P, X, 0, l ::) 
c 
c I ~= L 
c x:::.'=-':1 j9:l::.+7<-,. 

c 

c U=X 
c ~f<F)..;.,~..;,2 
c 1 .Lc=-1 
c GO TO :1.2 

'::> I F <P - 1 ~ :~ ) 7' , 5 , 1 ' c L,. X=-.~3~999r.-r71.t 
c ;J= .... u~' c GO TO 12 
c 
c 

.{::" 

"' 




.. 
c 7 J:;p
C IFCC-;.:)}9,-j,,) 
c <i 0=1 .. -~ -l.J 
C :J T C. =A L :) G ( ::.. •.•. I ( C"" d ) > 

C T=SC~f<T2> 

C X=T-(2,S~55i7+J.8G2o5J•T+G.u1a328•T2)/(l.G+lt432788•T+D.189269•T2 

C 1 + .! • J "' l 2 .,, t. + T4 T2 > 

C IFCF-:.:))1\,,L,,ll
C iC. X=-X 
C 11 0=G.3Jo~-23+EXP<-X•XI2.G}
C 1~ r<:.TU~<;i 
c :::tw 
c 
c.. t t t •• C. I 'f 	 & 'l 'f t e. ( t ~.tIt- 4 fl I fl t 9 t tit tot I •••• e I •••• e t. t' e •• t e •• e e t. I. I •••• e t e. 
c 
c 
c.. tJit4.'lf:9•••vt.•t.+ II t9t WIJ tct"lo-1"-·o!l·l fjt}.f9"'·········41ii<·····.f·O·I············
L 
c CE3C~IPT!ON OF AkRAYS USCO 

c c 
NOT::.: I = 1 ' ' K ;J H.;: t\ E K I s TH.:: "u1'•18 :;: ?.. 0 F G R 0 up sH • 

c 11 t I) - P~OPO~TION OF CENSORI~G ON THE LLFT SIDE FOR THE 
c l HI GROUP 
c 	 J2 (l} - P~OPORTION OF CENSORI~G ON THE RIGHT SIDE FOF TH~ 
c 	 lTH Gt<OUP 

c 

c J1 (I) - Ui<I) = p-I(Q~(I)) 
c :J2 (I) - u 2 <I) = p-I { Q2 (I) ) 
c XdAR<I> - i·kAN OF THt: 0'~SEPVATICNS FOR THt: ITH Gi~OUP 
c )lSOU> - VAKIANC~ GF TH£ OBSERVATIO~S FOR THE ITH GROUP 

ri( l) CM::AN + S,t..> FOi< THC: ITh GROUP 
c raj_ (I) - ( tL AN - S • t. • ) F C R THE iT ri G R CUP 
c S:Su(J:> - ~UM OF THE SQUAR~S OF TH~ 08SfRVATIONS FOR THE 
c ITH GROUP 
c 	 .-11 <I> - u1Ui1I), GIV::N IN cQN, (1.;.6) OF THe THESIS 

L\2Li) :;1 <K1I> GIVeN IN c.Ql'it (46> OF THE THESIS 

c 

c 
c J1.(J) ,)~TA(ll~, GIV::N 8Y EQN. {t;6) OF THi. THeSIS 
c '32 <I> - ..::,.;:_ TA C2il, GIVEN BY E:Qt--. (tt-8) OF THE THSSIS 

ALF~1(l) - ALFA<1.:L>, GIVeN BY C.QN. <47> OF THE THESIS 
c ALF.42(1) - ALFAC2l), GIVEN BY EQN. (49) IN THE THESIS 
c Cl (I> - b.. 2.·(H11)? SIMILAR TO G1<H11) USING ALFA<2I> AND 
c J ~~ T A ( 21 J 
r· 
'-' 	 G2 (I> - G.2<K1Il 1 SIMILAR TO G1CK1I) USING ALFAC2I) AND 
c 	 d::':TA<2IJ 
c 	 01 (I} - GIVl:N bY t:GlN. <56A) IN THE THESIS 
c 	 LI<I> - l A L F ,~ ( 2 I ) - A L FA (ill ) F 0 K THE IT H GROUP 

.{::" 
0:> 



... 
c ;<I{!) - GIVEN GY Ei:lN. (56F> IN Trlt. THESIS 
c ~ l <I> - TH~ ITH TR~ATM£NT EFFECT 
c ll (I> - ;; I V i: N '3 Y E0 N o <35 > 0 F THC: T H i: S I S 
(. l2 ( l) - r.;IvEN i:<Y t:r~:~. CEil OF Tt-F:. THESIS 
c XCI> GiNERAT~O TRUNCATED NCRM~L VARIATES SUCH THAT 
c ( lJl(I) ~X~ U2(I> ) FCR THE ITH GROUP 
c t-'ll(l) - Pll(I) = P(Ul(I)) FOk TH:. lTH GROUP 
(; P22(I) - P22<IJ = P<UZ<IJ> FORTH~ IT~ GROUP 
c T ( J) - f~ST STATISTIC FCR THE JTY ~XP:RIMENTAL DESIGN 
c G I V Ui 8 Y EQN~ t 8 3 ) I N THc T H E S IS 
c :1 <I) L <.i > T :. K H S I :·.J :: flt·; • ( a3 } If~ T H E T H ES I S <I • E• 
c COcFFICI~NTS FOR THE LIN~AF CONTRAST TESTI~GJ 
(
'-' 
c ~ .......... f t • t • 'I • < t t- .• t ..... " ......... !I ••••••••••••••• 6 ••••••• t .............. . 

(, 


~~Al Ki1 1 KI2,Ll,KI 
iJ .L II:. ,J .:) I 0 t J :.,(:.. ( 1 L) , iJ 2 ( l. •· ) , U 1 ( j_ :J ) , U 2 ( 1 C ) , X E3 A t", ( .l <J ) , SI SQ ( 1 0 ) , H C1 C> , 

- K I 1 ( l 1.. ) , S S il (:: '" ) , 14.1 ( 1 iJ > , A 2 ( 1 J > , Eli ( l J) , e2 ( 1 (I ) , A l FA l ( 1 0 ) , A l FA 2 ( 1 u ) 1 - Cl(l..,>,C2<1·.d,DI(l(),LI<10J, 
- l<I(ij)


0 l ML N3 I 0 ~~ G I ( ~ j ) , Z .J. ( 1..; ) , l 2 ( 1 0 ) 

D ~ Hd·i .J I 0 N X ( f:J J ~~ J 

L) i r·l t: f~ ::> 1 0 H F: 1 ( 1 I ) , P 2 2 ( 1 i.; ) 


C0 f",, -1 rJ N T <.:. , . i. Cu ) 

0 i I" E i IS I 0 i~ H 2 ( l ..~ > , K I 2 C 1 1, > 

:-_ QU I V A L~ r~ C :::_ < Nf) , 0; .J > , ( tH 1> , H2 ( 1 > ) , ( K I 1 ( 1 ) , K I 2 ( 1 ) ) 

Rt:.AL il(L,),NK 


('... 
C FU;JCTIOG TO GOhPUT: Tdc NO~t·IAL F.O .. F. VALUE FOR. A GIVeN C.X 

P(i:.X>=: • .J/S'J.-(.1(2, ·r~'TtiJ"~"ATAI4{1.u))+::XP(-:.J.S->·C:X-"f 4 2).c . 
C It.:LTIALiZ::: HL -~Ur1 f\k.J SUH OF S•.JUAR:~s VARI.Ilt3L:.:S FOR THe T€ST STATISTIC 
C TO l::::~o 

S U t·~ T=S U IH S C =~~ , L• 
c 
C "'':;.J.\d TH:: fW1HkF~ OF ,;KOUPS If, THt t:XPEt<It-:ENTAL Ot::.SIGr, Af'..O THE PROPOH

C TlON OF C~NSOrdNG Oil Trl~~ L;::FT AND ON TH~ RIGHT FOR ::ACH OF THE ITH 

C Gr<OUP~ 


fq.:: AD (5 ,. ':i > tW .t < ( Q1 ( I ) , •.l2 C I ) ) , I =1 , N 0 l 
j F 0 J~ H~ T {1 5 , .._ !) t- 5 , 3 ) 

c 
W R l T i <b , :i. 1 ) ( <t~ 1 ( I ) , 0 2 ( I ) ) , I= 1 , N Q ) 


11 O~MAT<•l 11<1> Q2(!)+/(lX,2F1Q,4))

c 
C O~T~RMIN~ TH~ VALU~S OF Ul(I) AND U2CI) FOR EACh OF THE ITH GROUPS 

+:" 
'-() 



.,. 
G USir~G TH:. Ri.:SPcCTIV.-;. CU<I> AIW Q2<I> VALUES 

00 2J I=1 iW 
CALL tHJTRl<Q:.(i>,Ui<l) ,C,IER> 

'H=1 •... - ') 2 <:i > 


C~LL NOT~I(QT,U2<I>,C,ItR> 
20 lCI\TINUi: 

c 
l-lidTC:<o,2S> (((ll<I>,U1<I>!02<I>~U2(!)),I=l,NQ)

2S FORMATC•wQl,Ul,~2,U2 •!C2<~X,2F1J.5))) 
c 
c 
C t<.t.A U IlL ljU r·li:L::. ~ 0 F <: XP C: lU t1.::r-H A L Dt SIGNS ANO THe. NUMBEF-, OF 0 BSERVA T IONS 
C PC.rZ ITrl Gr{OUP IN TH:.:. DE.SIGI~ 

~~I!U<S,.5u) NN,:~,tlK 
"3u FOf<1ATl1ciS> 


~RITC.Cb,31) NN,N,NK

31 FORMAT(///lX,1oi3) 


c 
C R~AU THe GO:.:.FFICI~NTS TO B~ USED IN THE T~ST STATISTIC FOR TESTING 
C ON LIN~A~ CONiFASTS. THtSE VALUiS SHOULD SUM TO Z~RO • 

~~EAO (S, L > L1 C£ >, I:::1, I~Q)
10 FORMAT(lcF~,2> 

c 
('

C tW>·I Gd~ckATC Lf RAliJOI·! ~Ur11ERS TO 8~ STORE:C IN X SUCH THAT 

C < LJ:di)~ /..!.U2LL> ) FOR THC: ITH GROUP. <I.£. THESE RANDOM VAKIATES AR:: 

C G~N~RATlO F~OM TH~ TRUNCAT~O NO~HAL OISTRieUTIO~ WITH UPPER AND LOWER 

C 8CUNOS U2<I> ANu Ui<I> FOR THt ITH GROUP RESPECTIVELY . 


CALL FRAN~~<X,1,1) 
LP=N+fJI] 


D 0 1 ; J :.. K=1 , N i)

CALL iWTF(U1(K) 1 Pll(K},0) 

G4LL 1·iDTidU.::: (K) ,P22 (K) ,G) 


ltJ,_,i GONTIIWL 

lJO i..,<;t. IJK=l, t'-ii~ 


CALL F~A~CN<X,LP,~> 

,JO 4,, I=l~LP 

XJ=FLO~T<l)/fLOAT (N)+u.-:198 

J=INTCX.J)


Pr:BVAL=X (l)+ (P22 (J) -Pii (J)) +P11 (J) 

CALL tiGTki <PR8VAL, X<I) ,c, IER> 


i..,J CONTINUi 

, _ ~FITE£6,1~93> (X<l) 1 l=1,LP) 


1':19Y FORI"AI (lH~.opvF1.J•·-+} 

c 

"" 
0 

http:I!U<S,.5u


c 
CO Gu I==l,i<Cl 

c 
C CAt..l~dLAT:. Hi'- :·.:..AN .4hCJ VAr<lANCc FOR EACH OF Trlt I TH GK.OUPS It~ TH:: 
C ~XP~~IM~NTAL C~SIGN 

SUN::: SUI·1SG=L • u 
Jl==I+-t~-fHl 
J2=I-.·N 

LlO 5., I2=J:..,J2 

:;: UV = ..) UI-!+ X ( l C:. ) 


~w 	 5UMSJ=3UMSU+X(l2>••2 

~SG ( .£> :.:SU!·SG 

XJ~R<I>=SUM/FLOATCN)

.:; ui·<::i J = :j u1·1;:: !,l- s u ,.·1 H 2/ F L 0 A i ( tJ ) 
~ISO<IJ=SUMSU/FLUATCN-1>
S I !::; CJ <1 >=._. 0 i-. T < ..; .J. S H l ) l 

c,., 
v 
C DcTC:2MII\t:: TH,.: V;~LU,~3 UF ALFALd) .LIND ALFA<2l> FOf-< THE: ITH GfWUP BY 
C USHJG t:.ONS, <·•U AH0 (47> Iii St.CTION 3.2.2 OF ThC: THESIS 

TEMP=~i~Q(IJ/SQ~f(FLOATCN)J 

H (I}= XG~; '"<I)+ T t:: I P 

Ki1CIJ=X8ARtiJ-T~MP 

JENOM=C~NOMC<U2CIJ 1 U1<I>,H<I>,~ISQ(!))AlliJ=P<<Ultil-rl(!J}/SISQ(l)J/DENOM 

0 E !-. 'l I=C d·i C '·l C ( U 2 <I> , U 1 <i> z. K I 1 <I) , S I S (~ ( I ) J 

A2liJ=P<<~l<I>-KI1CIJJ/S!SQ(IJJ/OENOM

d 1 ( I l =(f.1 l ( I 1 - A 2 ( .i. ) ) ~~. S I S 1) ( I ) I ( K I 1 ( I ) - H<I ) ) 
ALFA:<I>=Al(I)-d~(l) 4 (U1(I}-H(l))/SISQII> 

I" 
lJ 

c 
C D;:T;;.·WII\,;: "il-L.. VALJi.:.S OF ALFAC2I> AND 8CTA<2l) FOR THE ITH GROUP BY 
C JS:.Lt~G LON::>, (l..C:) J.iliLJ t4S) II'< SECiiON 3.2.2 OF TH:: THESIS 

ud, 0 H= lJ .:.: IW H C ( U 2 (I ) f U l <I ) H 2 < I) , SIS •J ( I ) ) 
C1Cl>=P(CU2<I>-H:~(· ))/SISO<I>>IO:.:NOM 

uEN011=1..J~NOi\C(Ui(I> ,U1Cd,KI2<I> ,SIStHI>> 

C 2 <I >=P <<U 2 ( l) - Kl 2 <I ) ) I S I S Q<I > > I 0 EN 0 11 

tJ 2 <I >=<G 1 <I> - CZ <l > >+ S I Sil <I> I ( t< I 2 <I> - H 2 (I) )

ALFA2ll>=Cl(l> .. 82(I)+ <U2(l)-H2<I>>ISISQ<I) 

c 
c 
C COMPUTE O(I) FO~ TH~ ITH GROUP GIVEN BY EQ~, (56A> IN SEGTIOh 3.3,1 OF 
C TH~ THiSIS 

OI<I>=l~ J+d2(Il-dl(I)
c 

V\ 
f-" 



~ 

C c;Q:fPUT!.:. ALFA<2I)- ALFA<1I) FOR THe ITH GRCUP 
LI(I)=kLFA2(iJ-ALFA1(I) 

c 
C CALCUi..ATc K<I> GIVe>~ bY EQN. C56FJ IN SECTICI\ ,:;.::.,1 OF THt:: THESIS 

KICIJ=<X~A~(i)+G2Cl>•U2<I>-81(l)+Ui<I>>IDI<I> 
c 

,:,:; ,~Gf\T IHUt.: 
c 
c 
c 
C Prd,H OUT Ai..L THt: LWuRI1ATION COtciPUTEO A80Vt 

XNAiti: =GHQ1 
rlRlT:. (b,11L.)Xi~f..IM::., {Qi(l) ,I=1,NQ)

1111 	FGR~Af(1Hj,A6,1UFl0.4J 

Xi_.AI·' >::: =t:HiG2 

W~IT E ( o , 1111 > X N ,J. rt::.. , <Q2 ( 1 ) , I= 1 , tJ Q) 

X~AM::=o,iU1 

~ rU T :: <o , ll ::.. :U X rl A 11.:. , (U 1 ( 1 ) , I= 1 , NQ ) 

XNAM;:::=oHU.::' 

)~IUTL (b, 1111) XNAHc, <U2 Ci>, !=1, NQ} 

X i'.AI"~.:=LrlXGAi-i: 

"~?. IT ~~ { b , ::.. 1..1.1 ) X N r< i'1::. , (X iJ Afd I ) , I-= 1 , N Q) 

xr,At1.:...=61iSISU 

\~ id TE (6, 1111) XN1~M~~, ( SI sr; <I>, I= 1, NQ)

XNAMt==bliHI 

A~IT~<6,1li1)XNAM~,<H<I>,I=1,NQJ 

XNA~::::=6HKI 

W;d Tt: ( b , 1111 ) X N fHli:: , ( K I 1 (l J , I =1 , N Q ) 

XNAh:=bH::)SQ

viR 1E. ( 6 , 1111 ) ::< N A 1-lc , ( S S ll ( I> , 1=~ ,NQ)

XNAf",.::=oHA1

W;;: I T E: ( 6 , 11 :.. 1 } X N Al-L... , ( A 1 C:i ) , I =1 , N Q ) 

.X r< AM t: =6 H A t: 

~~ r< I T::.. ( 6 , lll ~ } /.. h A 11 ::.. , ( A 2 <I ) , I= 1 , N 0 ) 

XNAM::.=bHd1 

W,~ IT t: (b , 11 i::. ) X N M1 :_ , ( Bl ( I> , I= 1 , NGl ) 

XhAM::.=6HiJ2 

vlK.lTE (I:), 1111 > Xr-.Ar-1~.., <B2 <I> , I=i, NO) 

X N A t·l t:: =b HAL F t; 1 

WFl T E ( 6 , ll LU X N ~~ i'L... , <A L FA 1 <I) , I= 1 , N Q) 

Xt~AM:::=o HALF A2 

HrU TE: {6 , 1111 >X N M1 L: , ( A L FA 2 <I > , I =1 , N Q ) 

X 1\ AtE =bti C1 

W~ I T E ( 6 , 1111 ) X NAtE , <C 1 <I ) , I =1 , r~ Q ) 

XNAI''i=6HC2 


\..1'\ 
!\) 

http:FGR~Af(1Hj,A6,1UFl0.4J
http:b,11L.)Xi~f..IM


-.. 
I R I i .::.. ( v , .:.. J.l:. > Xl'l 4 i''L. , ( C 2 U > , I = :1. , NQ ) 

/U,Ml::. =bHOI 
WH T :. ( 6 , :111 > XI• r-d·L , ( 0 I ( I> , I= 1 , N 0)
X,·.JAM.: =t:.tiLI 
·~ :; I T :. (G , 1. 11 .:.. ) X N A r: :' , { L I ( I ) , I =1 , N Q > 
Xi~At~t:=briKI 

c 
t'lrd Tt.. <t , i 11::. ) Xi'i Af•L:. , <K1 <I ) , I= i , N 0 > 

c 
c 
C SlJ,i THE G(lJ T::r-:.,~;3 

Ll =\. • '.; 
COtlPUTt::O ,1\BOV:.: FOR THE I GFOUPS 

c 
uO b.i I=l,NC

tL C=C+di(I) 

C CAL0ULAT_ THL MOG~Fi~u MAXIMU~ LlK~LIHOCO E~TIMATO~ OF THC STANGAFO 
C u ;:. IJ I A T I C N F 0 ,:;. T h :.... ::.X P ~~ K i 11:::. N T 1\ L G2: S I G N U S I N G t. em • (5 6 > I N S r:: G T I 0 f\ 3 • 3 • 1 
C OF TH~ HLSlS 

F=.:.=J.
00 :Jd l=l,;,r) 
F=F+ALF~2Cl)~U~<I>-ALFA1(I)+U1(I)-LI<I>•KI<Il 
:=~+SSQ(l)/FLGAT(~l+G2ti>•U2<I>••2-U1Cil~U1CI>••2-0I(I)+KI<I>••2 

'L COhT IHUC:: 
F=FIF L 0 ;.d ( J·j (J) 
;=c./FLOAT (NO) 

X1\Af' :~=6HF 
~~ 
t2 

~£II~C~,!2>X~A0~2F
t-Or.1'i~lll-X,.-\C,o..:..2..;.~)

X h i\f1 ;:~ ::: 6 i-L:: . 

c 
•·I .~ l T::: ( t;; , 7 2 > X~~ ~ 1-. _: , ::.. 

SIGMA=<F+S0~T(F•~2+~~J~~Jl/2~u
Xi\AM::: =6 HS I Gt·l A 

c 
.-1 ;;: I T ,:: (c , / 2 >X N A !1 ·~ , S I G t--1 A 

c 
C 
C 

C 0 rW U h. T:it: d 0 0 I F it: 'J t'l A X I MUM L I K : L I H 0 C 0 E S 1 H1 AT C~ 
~XP~~IM~NTAL Di~lGN USING :::QN, (5~) IN Trl~ TH~SlS 

S U t·1 X H .:: u • J 

0 F T HE t1 E AN F 0 R T H [ 

11S1 

U 0 11 :J 1 I= 1 , 1i r.J 
SUMXM=SUMXM+ O~(I)•KICI) 
GCtHIIWc. 

+ LI<I>•SIGMA 

Xt'i i'>l TN '=S U M X M I 0 
Xi,AMO::.=LrH~:::i.IN 
~•IT~(6,72JXNAM~,XMNTNE 

VI 
w 



"p 

c 
c 
C COIPUTE. T:ic. Tr<.U:Tr~t.::~H CFFECT F02 :.ACH Of THC:: ITH GROUPS rq THE. EXPER
C lt1C:NTAL DeSIGN USING f:I)N. <S5) IN S::.CTION 3.3.1 OF THO.:: THESIS 

00 1112 I=.i,NQ 
G.dl>==KI<I> + ((Ll (l) ... SlGMA>IJI<I)) - X!•INTNE.. 

1192 	 GONTIIIUL: 
X I\At1~=6HGI 
rl f< I T t: 	( o , 7 7 7) X~~ A M E , ( G I ( I ) , I =1 , N Q ) 

777 FCR~ATllH(,A6,lJF1u.4) 
c 
c 
C CALL ON SUJROUTIN~ VA~COV TO COMPUTE TH~ VARIANCES-COVARIANCES OF 
C HL·. S E t·l CIJ I F I :::. 0 i'i f~ Xh1 Ui ~ L I I< E l I HC 0 0 C: S T Hi ~T 0 ~ S ( A 8 0 V E} US I 1\ G T HE 
C TH::Or<C:TICAL ReSULTS Ir~ ~::CTIOH :::. 3. 2 Of THe THESIS 

GALL 	 v~~COVCN,G,S~GMA,NQ,ALFA1,ALFA2,U1,U2,XMI\TNE,GI,OI,Z1,Z2> 
c 
C GALL ON SUbROUTiN~ ASYMPT TO COMPUTE Trl~ ASYMPTOTIC V~LUES OF ALFA(1I)
C ALFA(~I) O~TAC1Il, AND 8~TA(2I>, I= 1 ••• ,K WHERE K IS THE NUMBER OF 
C TR~ATMEhf G~OUPS ~N TH~ iXP~~IM~NTAL OE~IG~. TH~SE VALUES ARE CALCU
C L ~ L:. 0 U~ J: :l G Tti 1:. T rl E 0 k ~ T:CAL RESULTS 0 F ..;; E C 1 I 0 t\ 3 • .3 • ~..; I N THE THE S I S 

G~LL ASYMPT<N~,Zl,Z2l 
c 
C Cor.·.I~UT~ THC T~sr. STATISTIC D·R. OPOS£0 IN SECTION 3.~ .• 1t EON. (83) OFTHE
C Trl~~IS. THIS T~STS ON LIN~AR CONTKASTS FOR THE TREA MENT EFFECTS. 

MK=;.;,;. 

lJ 0 '3 :.> 1= l , NQ 


9S M K =t11< + l·l ( lJ • K I <I> 

SUM3;Ltl: 
3U!"l=j•ij 
LO 1 ,\U I=l, N:J 
SUM3=SUM3+M<I>+LICI)/DICI)

1 ~; G 	 .::; U M =:.:l Ui·1 + ( M ( I > ~"' 2~ <1. ~i I 0 I ( I ) - 1. DI D ) ) 

SUMl=SQRT<SUM/FLOAi(N)J 

.5 Ut< 2 ::. =S U M3/ S U :-:1 

~Ur~=:.Ji.~RT (:::.Ut1)
T <l J r< l =t1J< I <S:i Gi·I AI .:l :) R T ( F l 0 A T U~ ) ) ...,. SUH ) 

TCIJK>=TCIJK)+SUM~i 
iri1U T;:. 	Cb, :1.1 U I JKf T< IJK> 

1lw 	 FOF11.:.~T{////"' .JK=•,rs,• TCIJK>=+ 1 E.2Go4> 
c 
C Ol::lTAif", THC SU11 AND SUit OF SQUAReS OF THE TEST STATISTICS C011PUTED 

SUMT=SUr1T+T (I,JK) 
SUKTSQ=~U~TSQ+TCIJK)"'•Z 

c 
\.1\ 
+"' 



:.;. ·~ •1 ·.: Oh T ItJlL 
c 
c 
c 
C COr1PUTC: TL:.. t~C:hil ANd 1JA~IANC.:: OF THE TfST STATISTICS CALCULAT£:::0 

X N A M C=b H S U ;-: T 
,-;RIT::.Co,72) XNi~M..-:,SUtH 
>N A t·L:.. =b H S LJ d 1 S 0 
,\ rU T ~_ <o , 7 1:: ) X:·J ;. 1·1::. , S UtH SQ 

T M t. -4! ~ =S U t·l TIF;_ C1:. T ( N t~) 

r VA·~= ( S U 1'11 :::; Gl- S U 1'1T"' .:;. 2IF L 0 AT {N N ) ) IF L0AT <l~ N- :U 

-< r-; Ati .~ =i:... HT ;.; :::: A. t< 

~kiT~(c,7~J XNAM~,TMEAN 

Hi UH=- T tLJ.• ~~- .3Ul'\ 21 

WRIT~Cu,72J ~NAM~ 1 TMEAN 

/.NA11(..=oHTVAf( 
~RIT~(c,7i> XNAM~,TVAR 

c 
C GL.LL Or~ SUt~::;UUTll\1.:.. <OUNT TO Pt:RFORM A MONTe. CAri.LO INVESTIGATION ON 
C T:k.3·.;: Tt:.::lT STi4TiSTICS~ H::.::~~:~ ONE OBTAiNS Tr.:. MOt;T;;: CArne PROFO~TIONS 
C OF Ti~ VALU~~ OF THE TEST STATISTIC T FCR SP~CIFI~O P~RCENTAG~ POINTS 

~ i\ L L K0 lJI'~ 1 ( T , !-d 1, L N) 
c c 

STOP 
~NO 

c c 
c 
C SUJ~OUTIN~ VA~CUVlN,O,SlGMA,NQ,ALFAl,ALFA2,Ul,U2,X~NTNE,GI,OI,
C •Zl,Z2>c 
Ct I'. e. t -t & • t Jo. Itt .t C: t' f' •• fi. 4 t ...... 4 >i-. t 6. t t •• e C ••• '* t e IV I •••• t. I •• e t ••• 4-. tlr •• 

c 
c PU i~PO S:. 

c TO 02T~lN TH~ VA~IANCES ~~0 COVA~IANCES OF TY~ MAXIMUM LIK~

c LIHOOC ESTiMATORS 

c 
c ~~THOD 
c THi TH~O~fTICAL ~~SULTS OF S~CTIO~ 3.3.2 IN THE THESIS ARE ,, 
v ~M~LOY~O 
c 
c INPUT PARAM~TERS 
c N - NUMG~R OF C8SE~VATIONS I~l EACH TREATMENT GROUP 
c D - SUM OF THE O(I) TERMS FO~ THE TRiATMENT GROUPS 

V\ 
V\ 



c SIGi~l~ - MOOIFI~O MAXIMUM LlKiLIHOOO ~STIMATOR OF THE 
c STMJDA.~_Q Ot:VIATIOIJ FO~ THE EXP?.:RlME.NTAL DESIGN 
c liO - NUMB~~ OF TRtATM~NT GROUPS IN TH~ ~XPERIHENTAL 
c t) C. SIGN 
G .:.~LF.41L> - J.\LFA(li), GIVEN BY t-:ON, (47> OF TH::.. TtL::SIS 
c >-~LF~2<I> ALFA C2I> 1.. GIIJE:N BY £Qt-.. (4o:i) Il~ THE THESIS 
c Ui (l) U 1 (I ) =- 1-' _, ( Q1 ( I >> W H ~ Ri: CU <I > I S THE P R 0 F 0 RT I 0 N 
c OF CENSORING ON TH~ LEFT FOR THE ITH GROUP 
c 	 U2 <I> - U2<I> = p-1(Q2<I)) WHER:: 02<I> IS THE PROPORTION 
c OF CiNSORING ON TH~ RIGHT FOR THE ITH GROUP 
c xr·:rj n..; c. - TH~ MOGIFI~O MAXIMUM LIK~LIHOOO ~SliMATOR FOR THE 
c 	 i\CAN It~ TH:: eXPERIMENTAL D£SIGN 
c 	 blL.> - TH::_ t10DIFIED MAXIMUt·l l:LKfLIHCOO ::.:STI1'1A TORS OF THE 
c 	 TR~ATM~NT ~FFEGTS IN THE iXPiRIMENTAL DESIGN 

1v r• 	 OI <i) GI•J ~N bY EUN. (5oA> IN THt: THeSIS 
c 
c OUTPUT PAKAM~TcRS 
c 	 Zl<I> -GIVEN BY EQN, (35) OF THE THESIS 
c 	 l2<I> - GIV~N BY EQN. <35) OF THS THESIS 
c c..... * •• f t ~ t ~·I I '~i 	 •• 'I ti-e •• *'. t 'f. ll •• f ••••• 41# i •• t 41>. «.If ••• & 	 & ••• 6. ~. 4 fit ••••• e •• e tt 

c 
c 
c 

SUBFOUTIN~ VA~CJV<N,O,SIGHA,NQ,ALFAl,ALFA2,Ul,U2,XMNTHE,GI,DI,
•z J,ZZl 
. J I f1 E. N S I 0 N _ ~ 1:- FA 1 ( l •J } , A~ F A 2 .~ 1 J ) , U~ ( 1) 1 U 2 q. ) t G I ( 1 ) , 0 I ( 1 ) , X J ( ~ ) , .. .,. r K oY~ <:;. L: , , .l. vJ L <1 ...; > , r wot-;. K <1 ·; > , J ~w t< K c:.. u> , vAR 1... <'::i > , z u 1 o> , z2 ( 11J > , a c1t > 


Xtl=FLuAi (N) 

'5 lt1 Al F.:; . • ., ·~ 

3 U H S I t)= .; ,. : 

X ~ 11= <Xi r-;- u) I <SI"" i'\~ +"' 2 > 

00 l I=l ,NlJ 

SlMtu... F=SUt'/~LF+(ALFA1<I> - lu... FA2<I» 

Zl(l)=(UlCI) - XMNTNE- GI<I>>ISIGMA 

Zdi) = (LC.:<I> - Xi'lNTtL::- GI<I)}/SIGMA
s u M s I G = ~ u f'1 s l (, + {2 • 1J + ( A L FA 1 ( I ) .if z1 ( I) ) - ( A L FA 2 ( I ) ... z 2 ( I ) ) ) 


1 CCNTitiUC 

Xl\AMt = t;JHZl 
i·~ R I T i:. ( b , ~ ) X l • Ail C: ·' ( Zl ( I> , I =i , NQ ) 

5 	 FCRM~Tl~H~~~6,1UF18,4}

Xr·i At~ c = o Ht.. ' 
t~ F< I!~ <6 , :3 >XrHuj :;; , ( Z~ ( I t ,,1 =i .t NQ>

XJL:; = (XN/.;:,J.l:d'1.u.++2)+~utJALr

XJ33 = <XN/SIGMA 4 +2)4SUMSIG 


\.,)\ 
0\ 



•••••••••••••••••••••••••••••••••••••••••••••••• 

... 
0 0 2 I=l, i\0 

XJ(l) = XJ.::.1 

XJ(2> = ,<J(;.) = <XN/SIG!·iA'~'-¥-2)+Q.L(l) 

XJ(3) = XJ(() = XJ13 

XJ(S) = lXtUSJ.G:-JA+-~'-2)"~-DI<I> 

:< J ( 6) = XJ ( b ) = (X 1U S I G I·J A"" -"i' 2) _.. ( AL FA 1 ( I ) - ALFA 2 (I> }

XJ<S> = XJ33 
<-I rIT;:: <6 , 3 > I 

.;J 	 ~ G K t·: k T\ ~ H:: f :; ~ , ~ J :-; l ATR.l X F 0 R 11 2:. AN , II A R I AN Ci:: A N 0 G-~'- , I 1)

0All ~~lT! (~,J,XJ)

G 1-1 L L G I r~ V ( X J , . J , IJ A'r·:.. C , 3 , 3 , I ::<,Atif( , I ;:. 0 ii , I C 0 L , I W 0 F. K , J W 0 R. K ) 

:-~Rlh~ (o, "t) I 


~ FO~MAftlH~,sx,+V~~-COV MATRIX FOR M~AN, VARIANCZ AND G•,Iil 

G;:..LL ·l1d TIT <3 , 3, VA RG) 


2 CONiii'lUL. 

~~(~I UR. '~ 
t.rW 

c 
r 

c '-' s u i]l~ 0 u"i I I k A::) y''i p T ( tFJ ' z1 ' l 2 ) 
c 
c .. 11 il f'· '.;.. v .... 't '~ 4: .. ~ ••.••• ¢ ....... t ••• t •••• ••• "' •••••••••••••••••••••••••••••• 

c 
c PU f~PO J.:..: 
c TO Oi::lTAL• THr:. ASH1PTOTIC VALUeS OF ALFA(li), ALFA<2I>, 
c J 2: T A <~ i) , . ;:3 cT iU gI ) 7.. _ . , ... _ . _ c dc:.TAL.l) A;W 8.:..tA<c.Il, I- ... 4 ,. •• ,K 14H::.R::. K IS THe !\UMBER OF 
c i~~ATh-~T GROUPS Ih TH: EXPf~IM~NTAL O~SIG~ 
c 
c M~THOO 
c TH~ Th_O~~TICAL R~SULTS IN S~CTIO~ 3.3.4 OF ThiS THESIS AR~ 
c iMPL0~-0 
c 
c 1 N P U T P A ;,, Ai1EE. 1:, S 
c iiQ - qU/·iBt:R OF TR~ATMENT GROUPS IN TH~ £XPERIME(',TAL
c D:::SIGN 
c Zl <I> - uiv::.N ~JY EQi~. <35) IN Hi:. TH:.SIS 
(., Z2 (I> - GIVt..N 8Y LON. (35) IN Trll: lHC:SIS 

c 
c 
•••••• f., • ., ....... ,, ....... f
c 

c 
c 

~UdROUTIN~ ASYM 0 TCNO,Zl,Z2)
OIIkNSION Z1(1J) ,Z2<1Ul,ALPHA1<iO>,ALPHA2<1G) ,Be.TA1<lt.:d ,BETA2<1C) 

\..1\ 

""' 



.. 
DO l :I=17NO 
CALL NDT!HLL.<I> ,PZ1,D> 

C~ ~ L tl 0 Hd? 2 ( I) , el21 0)

:'L-;.1.Tc (t.,<.:.>l,PZ1,.qPL2


2 	 FORPATllH~,·PZl•,ll,+ = •,F~~.4,3X,•Pzz•,Ii,• =•,F1D.4) 

O~NOM = PZ2 - Pl1 

XNUM~~ = <1.L/SQRTC2.U•'+•D•ATANC1,J))+EXPC-~,5•Z1CI>•+2)) 

X:WV = -llCI>"'"X!IUrlER 
:3::TA1 (I) = XNUM/DLN0~1

ALPHAlll) = lX~UM~R/O~NOH) - B~TA1<I>•Z1CI> 

X N U M c>< = ( 1. CI S HH C2 • Q4 4 • :; "" ATA N { l • \J >> .v. C: X P <- C, S+ Z 2 ( I ) ...,. "" 2 ) > 

:<i;Uf': = -Z2<u·.-·xwr·n::r:. 
·~LTA2<I> = XNUM/O·:IW~1 

ALPHAC:(l) = {XNdMt.r</IJC:IWM) - BETA2CI)+Z2<I>


1 CONTINUe:. 

Ll~ITt:<6,~> 

43 	 FORMAT(lH~, ASYMPTOTIC VALU~S OF ALPHAS AND O~TAS•> 

X~~At-1i.:. = t.H ALF Ai 

ARITE!6]~)~~AM~1C~LPHAi<I>,I=l,NQ> 


'+ 	 F 0 rd" A I L. X , li. o 1 Li r- 1 '·' • ~ ) 

X"Af'l~ = 6HALFA2 

l,.Ld T.:: ( b,..,) XiUd1 E, (A L ~ HA 2 (I> , I= 1, NQ) 

XNAMt: = 6HEL:TAi 

i~ RIT f. ( 6 , 4) Xl·l A11 E , <u;.;: TAl <I > , I= l , NtU 

Xt-;Ar·:::: = GHf:h.. TA2 

t~ k I T C: ( b , 4 ) XN A t1 C. , W cT A 2 ( I) , I =l , N Q ) 

:<.: TUF~ il 

;::1~0 


c 
c 

SUBROUTllk GINV {/4 7 t3,G,ri,N,IRANK,IROW,ICOL, Il'lCRK,JWORKJ 
c 
c ......... t; ... 't ...................................................... . 


c 
c SUJROUTHE. GIN\/
c 
c PURPOS: 
c 	 TO GOIJP0T~ A GENERALIS~O INVERSE OF A ~~AL GENERAL MATRIXt 
c 	 I~~• FOR A GIVEN MATRIX A, FIND A MATRIX G SUCrl THAT AGA=A 
c 
c USAG~ 
c 	 CALL GINV <A,E,G,M,N,IRANK,IROW,ICOL,IWORK,JWORK> 
c 
c GcSCRIPTION OF PARAM~TERS 
c 	 INPUT 

\J\ 
CX> 

http:L-;.1.Tc


,-.c 1>. - t! BY N 11ATfHX 
v - NUHBck OF ~OWS IN A A~D COLUMNS IN Gj, '" c '' - NUMBER OF COLUMNS IN A AND ROWS IN Gl'<i 

c OuTPU7 
c G - N BY M GEN~RALISEO INV~RSE MATRIX 
c l"-ANK - RAf4K OF MATRIX A 
c IFOW - VECTOR OF SIZE M WITH SUBSCRIPTS OF BASIC 
c ;;;, 0 vi S 0 F 1-l AT R I X A 
c ICUL - VeCTOR OF SIZE N WITH 3UJSC~IPTS OF BASIC 
c COLUMNS OF MATRIX A 
c ~~ 0 i-\ K 
c - V~CTOR OF SIZE M•N 
c WORK - V~CTOR OF SIZE IRA~K 
c ~ORK - ViCTOR OF SIZE IRA~K 
c 
c l·:r~ T dUO 
c TH~ S.S.P~ ~OUTINE MFGR IS CALLED TO GET~2MI~~ THE RA~K OF 
c MgT~IX A A~J ALSO A NON-SINGULAR MI~GR d OF A OF SIZE 
c F~;~NK BY IF.4HK. d IS lNVt::fdt:O USI:~G ScS,P. f~CUTINi MH.V. 
c .il~ A, i:ACH :.:Lei-lENT OF B IS ><EPLAC;;.J BY TH:::. COF.R.ESPONOING 
c ;;:L·_,LhT OF lr-1<.::. TRANSPOSe OF Trlc. IiN 1~R.SE OF i3, AND ALL OTHeR 
c ~L~M~~T~ OF 4 AR~ SET TO Z~~O. T~~ TRANSPOS~ OF THIS 
c ~~SULTiNG M~T~IX IS THE G£NERALISEO INViRSE CF MATRIX A. 
c 
c t-:LF::.;F,c.I\Ct:.S 
c S~A~L. L.:,s.R., LINE.AR M00€LS·' CHAPi.~k.- 11 HILEY SeRIES IN 
c FhUt.:.~J.J.L.ITY AI~O i'!ATH.:.t1ATICAL STATISTI{jS, 1971. 
c 
c i<EdAkKS 

c Tr L:. ~- i\ N K 0 F 1·1 A T R I X A AS 0 E Tt:: Ri1 I N E. 0 8 Y T H C. S • S • P • F<.. 0 U T I N t: 

c MFGR IS NOT GUARANT~ED FOR ALL CAS~S ANC SO SHOULD Ui 
c MONITO~CO FO~ ACCU~ACY. NOTE THAT A IS NOT DESTROYED IN 
c C 0 1'1 tJ U T A T I 0 N. A L S 0 TH E r1 AT f:; I X A t·1 US T 8 E. IN C C r~ FRC. S S E0 F 0 R t1 , 
r v I. t.::~ i'lU:JT I~UT t::>:: GONTAINEC INSIC€ A LARGER MATRIX. THE 
c S.S.P. ROUTIN~ ARRAY CAN 82 CALL~O TO CONV~RT BETWEEN 
c SiflGL. CI:1t.::.f·lSION COi'lPF:ESSt:O STOP..AGE Af\:D OCU8Lf:. DIMENSION 
c STORJ'~f,JC:t. 
c 
c SUdPOUliN£S ANO FUNCTION SU8PROGHAMS R~QUIREOc ~FGk 
c MINV 
c 
c SOURC~ L~NGUAGl 
c FORTRAN 
c 

\n 
\0 

http:IiN1~R.SE


~ 

c 
.. 

ACCUF;ACY 
c 1 3 0 r·:.. ~ '+ S I G 1 H F I C A:H F I G Uri E S WI TH T 0 l E R AN GE E FS = 1 • E-1 i.;. • 
c EP~ ~HOULJ 8i APPROXIMATELY 10.0••<-0l, WH£RE DIS THE 
c NUMGL~ OF SIGhiFICANT FIGUR~S GAR~l~U~ 
c 
c STORAG~ K~~UIR~M~NTS 
c CDC b40~ - 166 OCTAL WORDS 
c 
c TIMI~G 
c SIZ~ OF MAT~lX A TIME IN SEC. 

~c X 5 .u1J 
c 1G 

~ 

X 1G .~59 
c 6L X 3~ 1.151 
c SG X ~G 4.911 
c 
c AUTHOR CH~CKED BY 
c I.C.MALLCCH, DEC 1971 I.D.MALLOCH, DEC 1971 
c 
c 
c ....... ~····Jt;·411···················································· 


UI11EN..)10t~ A(l) ,d(1) ,G<l> ,lRCW(1) ,ICOL<1> ,IWORK(i) ,JWORK<1> 
c 
c CH .:G K CI i·li::liSI Ot\S 

If<M.LT.l.OK.N.LT.ll GO TO 9J 
t:PS=1~L-11..f 

c COPY MAT~IX A TO 8 
N i'~=h~ •·I 
0 0 1 D . I =1 , N f·1 

liJ 8(1):::A(.I) 
c FINO R~N~ , GASIC ROAS, BASIC COLS OF 8 

CALL MFG~(B~M,N 1 EPS,I~ANK,I~OW,ICCL) c ~AV~ NONSINGULAk MINOR IN B 
DO 2;.; I=J.,IRANK 
DC 2;) J=l,IFANK 

I.A=HdJW <I J +<I COL. (J) -1) ~n 

IJ=I+<J-:L)-'flk.ANK 


C•.! 8(If.3>=A(li-\) 
c FINU I~V~~SL OF 8 

CALL il HJ V <u, l F.. Ar~ K, 0 , I W 0 F~l{, J W 0 f~ K) 
c CL '.:A K G i1A T R i X 

D 0 3 J I =1 , ~' r-i 
3·; G {l)=U. 

c INS~~T APPROP~lATE iL~MENTS OF 8 INTO G FCR GEhERALISSO INVERSE 
00 4J I=l, IRANK 
0 0 1.t 0 J=l , l K A l>i K 

0\ 
0 

http:If<M.LT.l.OK.N.LT.ll


, .. 
Ii3=J+ <I-i)+IRANi< 
IG=ICJL(J)~(lkOWCI)-i)+N 

-r ·: 	 G (l G) = d n t3 ) 

liO TO 1'.; 


0.~ H:A r~K=-l 


1 ' '· f~c.TURU
-~ 

;::ND 
c 
c 

SL8R00TlN~ W~ITITlH,N,A>
OIHENSIOh A(l) 

cc •··········~························································· + 
C + THIS jU2~0UTIN~ P~INTS OUT ANY MATRIX IN ~OW S~QU~NC~O INDICiS, • 
C + T HI ::; i S t l ,:, C.:_ SS Ar\Y S INC E ALL HATr: I Ct: S AR::: HA1\ QLt:: 0 E3 Y C0 l Uf-; N + 
C • S~O~E~C~G I~GIC~s, JUT TO WRIT~ OUT TH£ MATRIX RO~-WISE WE MUST + 
C + T~A~SFO~M TH~ ~LEM~~TS TO 8~ W~ITT~N RCW S~GU~NTIALLY. + 
r. • 	 + 
cv 

+ 	 • 
C + I~PUT PA~AM~T~R3- + 
c + • 

C ·1< A- HPUT f'.ATE:i:X ( GCLU;'1r4 S::CU::.NC€0) • c + 	 • 
C + '·l- 1\Uf·l b d:: 0 f r~ 0 v! S 0 F THi !'I AT iU X A 	 + c • + 
C + N- NUfltL:::.f-; OF COL.UI'INS OF THE HATF:IX A • c • 	 + 
c + • 

c ···~·····~·••+••·~··············••+•••···········~·················· 
K = <tl-U""r: 
L 1 	= :. 
L2 	 : ~~+1 
DC 	 l I = :,Hwn Tc (b , 2) <A ( J} , J= L 1, L 2, M) 

2 F0F- r-; AT ( 1 HC, / , S { F2 .: • c, 3X) , I/5 X, 5 ( F2 \J • 8 , 3X) , / I 1 GX, 5 ( F2J• 8 , 3 X) , / / 1 5 X, 
"'5(F2lieb,3X)) 

Ll = L:.l.+l 
Li:: 	 = Ll::+l 

1 CONTI tJUE. 
rC::TUKf~ 

~NO 


c 
c 

,..... "' 




c S U 3 R 0 U T IN E. K 0 U iH ( R, NN, L N) 
c 
c ••• ~···~···~··········~ ••••••••••••••••••••••••••••••••••••••••••••••••c 
c PURPOS~: 


c TO COUNT THE NUMBck OF T~ST STATISTICS T WITHIN SPECIFIED 

c 	 i~T~~VAL~ d~TWLEN -3.J AND +3.J A~O TO CCMPUTE THE PROBABILI
c 	 TIES AT ~ACH UF THE SP~CIFIEO LEVELS 
c 
c INPUT PAR.At·1t:L:.FS 
c R£1) - TiST STATISTICS COMPUT~O F~OM THE cXPE~IMENTAL 
c 	 J•:SIGNS 
c .iN JUWJ::::R OF ::.XPERIMEt-4TAL Dt:SIGNS ANALYZED 
c LN - OiTE~MIN~O BY SU8ROUTIN~ VALUES 

c 
c
.........•... ,. ..... "' .... c ................................................. . 


c 
c 
c 

SUBRUUTIN~ KOU~T<R,NN,LN) 

U It-o E i~ S I 0 t~ F< <1 ) 


CUMMONILcV£LS/Al{1UG0)
0 ~i"1£h.:>1.0N K£1 ... uJ>,PR08(1Duu)

CALL V.4LUtS ( i...N)
1'\Nl=i·H; 


N1=1 

::; CONTINUL 


00 	 1 I=l,LN 
i 	 r<CI>=~. 


co ?, :~ s -.!:tn, tm:l. 

00 	 .:..u;.; I-1,Lf~
IF(tdJ).LT,AL(l)) K<I>=K<I>+l 


2 U: G 0 !>. T I N U t 

2.:5 CONTINUC: 


DO 	 2~u 1:::1 LN 
21 <.; P R 0 ;3 <I) =F L 6AT ( K Li ) ) IF LOA T ( N N}


rlri l T ~ ( o, 2 2. > ( <A;... <I> , '< (I) , PRO lH I> ) , I= 1, L~) 

22~ FORMAT(lHl,l/lll//111


2!. X ,.If CJUI-lTI1~G FOk kATIOS U:.SS THC:r~ SPECIFieD LEVELS +/ 

ZtX + ---------------------------------------------- •11- 22X,• SPLClFI~J LEV~L COUNT PROBABILITIES •1 


- 22X,• --------------- ----- ------------- • Ill

(2bX,F10f~,I9,7X,F10e6J) 

c 
~c ru:~r~ 

1\) "' 

http:i"1�h.:>1.0N
http:PAR.At�1t:L:.FS


L.:NC 
c 
,~ 

v 
c S U d k 0 U l HL: Vr1 L U :: S ( UO 
c 
c. 1t ..... -t e 't. t + t 't ~ ... Iff 4: t I' fl·l t'. + ........ I. t •• * .... * •• 41 t •• I. 9. V. G e ••• e •• 1t e. t• e 9
'I. 
c 
c PURPOSe: 
c TO O~T~~~I:~i THE NUM~ER OF SPECIFI2U LEV~LS BETW~EN -3.J AND 
c +3~0 TO ~LLOGAT~ TH~ COMPUT~O TEST STATISTICS TO 
c 
c..... * .. ., ...... ~··••"•••••• .. .., ................................................. . 

c 
c 
c 

'3U8kUUTIIJf. VALU£:::3 (LN>
c 
C AL viiLL COrH AIN THC: VALUf.S OF THE SPECIFIED Li.:.V.:.LS TO TEST AGAINST 
c 

G C 11M 0 ill L ,..:. Vi:. L S I A L ( .l :.; ·.d:J )
c 
c R .::A 0 jN T H::: LOr;.:. F~ JO UiHJ AfW UPP .~R d G Ui~O ON THE Li::VF.:L S cr.t:. -3.G ANO 
c +~.u k~SP~CTiVLLY) A~ ~£LL AS TH~ INC~EM~NTING VALU~ <I. E., u. 1 IS 
c SUFFICI~NT IN MOST CAS~S)

3 ~EADl5,lJ) SMALL,BIG,F~A,NEXT 

10 FORMATC~F1~.~,Ill 


LN=l 
STOR;_=S:-l:~LL 

c
G ~ LL THC ARRAY AL WITrl Trl~ VALU~S OF TH~ SP~ClED l~V~LS TO BE US~D AND 
C 0 Tc:~~Mit\·.:. Tik NUt'>t:lt.•:~ OF Lt::Vc.LS TO B~ U3~0 n.;;:. Lt,d 

,; 	 AL (LfD =STOr:-:,~ 

STC:~.::=STOF.L:+FRA 

lF <S i 0 ~~;; • G T • <tH G+ • v 0 Uu~ 'J DJ :; 1 ) > RETURN 

kN=LrH;, 

;_,Q TO c;i..~ 


t.:NC 

c c 
c FU;~CTIGN D:::NOt1C (Xi, X2,X3,Xi;.) 
c 
c••••••••••••••••.••••••••••••••• c ........................................ . 

c 
c PURPOS~t 
c TO COMPUTE Trl~ O~NOMINATOR OF Gi(Hli>, G1CK1I>, G2CH11>, AND 

0\ 
\,.) 

http:Lt::Vc.LS
http:Li.:.V.:.LS


c 	 .;t;(l<li> t.;IVt.h IN EON., <45) OF THE THESIS 
c 

cc.•• e ••••• "' .... 't'C4&~·~···'t·lt~·············································· 

c 
G 

FU~CTION D~NOMC<X1,X2,X3,X~l 
c 
c 
c+>~-'~· X:1 FO:-< Fli~ST U 
C.rr++ X2 FO>.( SiCOHD U 
C.J.->.<+ X3 FOr~ H OR Kc+ ....... X;;. FOR .SISO 
c 
c 

P2I=(X2-X.::)/X"-r
P1I=<X1-X3)/Xt.t
CALL NOTR<Pli,Pi,D>
CALL NDTR<P2I,P2,0l
O:::I\Ot1C:::P1-P2 

C ~RlT_lo,~~) Xi,X~,X3,X4,P1I,P1,P2I,P2,D~I\OMG 
1 .. 	 FORI·l!-IT(///C:SH ++ F~01 Oci\ON CALCULATOI' ,3t.2J.4/25X,5C:.:2CJ.4) 


r:-cTUiU-1 

:::NG 


0'. 
~ 
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