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INTRODUCTION

In most disciplines where research is involved, there exists an
occasional problem of having minimal facilities and/or funds for
conducting experiments. This often necessitates the use of designs
known as incomplete block designs.

Since the calculations needed to provide an appropriate
statistical analysis are somewhat tedious, particularly in the larger
designs, it is advantageous to have computer programs to do the
necessary calculations.

There are several computer programs at Utah State University
written in Fortran II language with Forcom subroutines that perform
the analyses for incomplete block designs. These programs, for the
most part, were authored by Justus Seely and Dr. Rex L. Hurst, Head,
Department of Applied Statistics and Computer Science at U,S.U.

Only four of these available programs are covered in this paper.
These programs are converted to Fortran IV language using the binary
coded decimal system (BCD). The programs involved are Balanced
Lattices, Designs Arranged in Replications, Designs Arranged in Groups
of Replications, and Designs Not Arranged in Replications or Groups of
Replications. The three latter programs will hereinafter be referred
to as Type I, Type II, and Type III, respectively.

The programs will be written in double precision instead of
single precision in order to increase computational accuracy. In

single precision the number of significant digits carried accurately



in the IBM 360 mod 44 computer is limited to seven. Since the numbers
that represent the data need to be squared and summed, the size of
number that could be used would have to be rather small, preferably
less than four digits. With double precision the number of digits
carried accurately is fourteen. This now presents the opportunity to
use larger numbers to represent the data, but it is advisable to use

nunbers with less than six digits if possible.






The last card is the sequence designation card.

CONTROL CARD
(¥I5, 20X, 10A4)
Columns Description
( 4-5) 9-81 Number of treatments
( 9-10) L-10 Number of replications
( 15) Type of output wanted

0 = Print unadjusted and adjusted
treatment means
1 = Print and punch unadjusted,
adjusted treatment means, and
standard error of the difference
between two treatment means
(  20) Data input device code
1-4 = Tape, disc, etc. (see COMMENTS)
5 = Card reader

(41-80) Descriptive information

The number of treatments must be an exact square (k2). The

number of replications is equal to (k + 1).

INPUT FORMAT SPECIFICATION
The first column must be a left parenthesis (punched on either an
026 or 029 key punch). This is followed by the Fortran format of the
data cards. This consists of any combination of wX and Fw.d
specifications. The Fw.d is used to read both the block number and
the desired variable. Up to 80 columms may be used for the format

expression.



SEQUENCE DESIGNATION CARD

(2013)
Columns Description
(1-3) Position of block number in read
list
( 4-6) Position of data in read 1list

There are times when the block number will not be punched in
columns preceding the data. To make allowances for this, a sequence
designation card is required to rearrange the input sequence. As an

example, if the data card format were:

Columns Description
(1-7) Not used

( 8-11)

(12-15) Not used
(16-17) Block number

the format statement would be:
(7X, F4.2, 4%, 72,0)
Diia Bléék No.
This means that the data field is being read in first and the
block number is being read second. Therefore, the proper sequence
designation would be 2,1. This means that the second element being

read is the block number and the first element is the data.

DATA CARDS
The data cards must be punched so that they can be read with a

Fortran read statement. No alpha-numeric codes may be used for Block



identification (block numbers). The block numbers must be consecutive
integers starting with one. The data fields can be punched either
with or without decimals, but the procedure must remain constant once
the decision is made. If negative data is required, then an extra
column must be allowed for the negative sign. The negative sign is
made by using an eleven punch to the left of the most significant
digit in the field. The data cards must be sorted, treatments within
reps. If this is not done, the adjusted treatment means and the

calculated F-test will not be correct.

IV, OUTPUT:

A1l cards preceding the data are read in and printed out. The
next thing printed out is the completed analysis of wvariance. The
rest of the output is extensively labeled and no explanation will be

given here.

V. COMMENTS:

Even though it is not mandatory to punch the treatment number and
replication number in the cards, it is more convenient to have them
there for sorting purposes,

The program is set up to read only one variable at a time. If the
user wishes to analyze multiple variables, then he will first need to
put the data on either disk or tape by using some of the available
utility programs or writing his own program to accomplish this., After
the data has been put on tape or disk, the variables can then be

obtained individually by using the appropriate format statement.



Batch processing is assumed.

The dimension may be changed if a larger number of treatments is
desired. The dimension for replications should also be modified if
the dimension for treatments is changed.

If the option is used to both print and punch the unadjusted,
adjusted treatment means, and the standard errors of the difference of
two means, the format and sequence for the cards is the same as for
what is printed. The first card punched contains the unadjusted and
adjusted standard errors of the difference between two means in that
order. On the following cards the treatment number is punched first,
then the unadjusted treatment mean is punched second and the adjusted
treatment mean is punched last. The decimal is punched in the output

cards,

VI. SAMPLE PROBLEM:
The following example is taken from Cochran and Cox,
“Experimental Designs," pp. 396-400. There were 9 treatments and &4

replications with the data cards punched in the following format:

Columns Description
(1-2) Block number
( 3- 5) Not used (trt. no. and rep. no.

were punched here)

( 6~ 8) Data (X.XX)

The Df loop reads in the data cards and some basic calculations

are performed within the loop as follows;:



Trt. Total Block Total Rep Total

1 6.97 1 6.22 1 15.07
2 7.36 2 4,76 2 14,10
3 8.05 3 4,09 3 14,21
L 6.42 L 3.54 4 14,04
5 4,01 5 4,78
6 7.62 6 5.78
7 5.46 7 4,08
8 5.61 8 5.72
9 5.92 9 4,41

10 4,77

11 4,52

12 4,75

The following analysis of variance is derived from these and

later calculations:

Source d.f. Sums of Squares Mean Squares
Total 35 5.9609

Replication 3 0.0774

Treatments 8 3.2261

Blocks (Adj.) 8 1.4206 0.1776
Error 16 1.2368 0.0773

The reader is reminded that it is invalid to make an F-test with
the above information. The adjusted F ratio that is calculated and
printed out last is computed in the following manner. The sum of
squares of deviations of the adjusted treatment totals is calculated
first. This is then divided by the number of replications and the
quotient is divided by (k2-1) where k2 represents the number of
treatments. This final result is divided by the effective error mean

square. The error mean square from the analysis of variance table



above is multiplied by the quantity (1 + kML), where k = \/Eé and
(Epb-Ee)

g o= —_— to obtain the effective error mean square. The Ej
K Ey
and Eg used in the last equation refer to the blocks (adj.) mean

square and error mean square, respectively.
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DESIGNS ARRANGED IN REPLICATIONS
(TYPE I)
I. DESCRIPTION:

This program was written to serve as a utility program in a
statistical laboratory. It will compute the analysis of variance, the
unadjusted and adjusted treatment means, and other pertinent
statistics, At the present time this program can handle up to 100
treatments, If more treatments are desired, then a simple
modification of the dimension statement is all that is necessary.

At the user's discretion the program can punch the unadjusted and
adjusted treatment means on cards in addition to having these means

printed. It is advisable to have some knowledge of Fortran language.

II. METHODOLOGY:

A DP loop reads the data cards. The treatment number is read
first and the data field second. Some of the calculations performed
during this loop are total sums of squares (uncorrected), block sums
of squares, block and replication totals, and the grand total of all
observations., The other necessary computations are then performed
using the procedures described by Cochran and Cox, “"Experimental

Designs," pp. 443-446,

III. INPUT:
The input consists of three types of cards preceding the data
cards, The first card, called the control card, defines the number of

treatments, number of units per block, number of replications, and
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number of blocks within each replication in the experiment. The
second card is the format card which describes how the data cards are

to be read. The last card is the sequence designation card.

CONTROL CARD
(615, 10X, 10A%)

Columns Description
( 3-5) 4-100 Number of treatments
( 9-10) 2- 10 Number of units per block
(14-15) 3- 10 Number of replications
(18-20) Number of blocks within each

replication
( 25) Type of output wanted

0 = Print unadjusted and adjusted
treatment means

1 = Print and punch unadjusted,
adjusted treatment means, and
standard error of the difference
between two treatment means

( 30) Data input device code
1-4 = Tape, disk, etc. (see COMMENTS)
5 = Card reader
(41-80) Descriptive information

INPUT FORMAT SPECIFICATION
The first column must be a left parenthesis (punched on either an
026 or 029 key punch). This is followed by the Fortran format of the
data cards. This consists of any appropriate combination of wX and
Fw.d specifications. The Fw.d is used to read in both the treatment
number and the desired variable. Up to 80 columns may be used for the

format expression.
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SEQUENCE DESIGNATION CARD
2013)

Columns Description

( 2- 3) Position of treatment number in read
list

( 5- 6) Position of data field in read list

There are times when the treatment number will not be punched in
columns preceding the data. To make allowances for this, a sequence
designation card is required to rearrange the input sequence. As an

example, if the data card format were:

Columns Description
(1-7) Not used

( 8-11) Y; (XX.XX)
(12-15) Not used

(16-17) Treatment number

the format statement would be:
(7x’ F4'2, u’x, FZ.O)

i !
Data Treatment number

This means that the data is being read in first and the
treatment number is being read second. Therefore, the proper
sequence designation would be 2,1, This means that the second
element being read is the treatment number and the first element is

the data.,
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DATA CARDS

The data cards must be punched so that they can be read with a
Fortran read statement. No alpha-numeric codes may be used for
treatment numbers. The treatment numbers must be consecutive integers
starting with one. The data fields may or may not be punched with a
decimal, but the procedure must remain constant for all data cards
once the decision is reached. If negative data is required, then an
extra column must be allowed for the negative sign. The negative
sign is made by using an eleven punch to the left of the most
significant digit in the field. The data cards must be sorted blocks
within replications. An invalid F-test and erroneous adjusted treat-

ment means will result if this is not done.

IV. OUTPUT:

The cards preceding the data cards are first read and then
printed out. The next thing printed out is the completed analysis of
variance table. The rest of the output is extensively labeled and no

explanation will be given here.

V. COMMENTS:

Even though it is not a requirement to the program to have the
replication and block numbers punched on each card, it would be
advisable to do so for ease in sorting the cards in the previously
specified manner.

The program is presently set up to read only one data field at a

time, If the user wishes to analyze multiple data fields, then he will
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first need to put all of the data on either disk or tape by using some
of the available utility programs or creating his own program to
accomplish this. After the data has been put on disk or tape, the data
fields can then be obtained individually by using the appropriate
format statement. Batch processing is assumed.

The dimension may be changed if a larger number of treatments,
units per block, and/or replications are desired.

If the option is used to both print and punch the unadjusted,
adjusted treatment means, and the standard errors of the difference of
two means, the format and sequence for the cards is the same as for
what is printed. The first card punched contains the unadjusted and
adjusted standard errors of the difference between two means in that
order. On the following cards the treatment number is punched first,
the unad justed treatment mean is punched second, and the adjusted
treatment mean is punched last. The decimal is also punched in the

output cards,

VI. SAMPLE PROBLEM:

The following problem was taken from Cochran and Cox,
"Experimental Designs," pp. 443-446. There were 6 treatments, 2 units
per block, 5 replications, and 3 blocks within each replication for

this problem. The data cards were punched in the following manner:

Columns Description
( 1) Not used

( 2) Treatment number



( 3) Not used

( & 5) Data (XX.)

The DP loop reads in the data cards and some basic calculations

are performed within the loop as follows:

Block Total Block Total Block Total Rep Total

1 24 6 59 11 59 1 137
2 51 7 35 12 66 2 153
3 62 8 63 13 38 3 148
4 4y 9 50 14 4s 4 190
5 50 10 65 15 58 5 141
Grand total = 769
The following analysis of variance is then derived:
Source d.f. Sums of Squares Mean Squares
Total 29 1649.0
Replication 4 298.5
Unadjusted treatments & 1059.8
Blocks within
replications 10 213.4 21,34
Error 10 77.3 7.73

It is invalid to make an F-test in the conventional manner using
the above information. The adjusted F-ratio that is calculated and
printed out last is computed in the following manner. The sum of
squares of deviations of the adjusted treatment totals is calculated
first. This is then divided by r(t-1) where r represents the number

of replications and t refers to the number of treatments. The

15
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quotient is then divided by the effective error mean square to give an
F-test. The effective error mean square is computed using the

formula E, [.1+(t-k)/iv] = Eg» where Ey is error mean square, and

k is the number of units per block from the analysis of variance table

of above, The weighting factor, L s is interpreted as

r(Ep-E
K = rf(E—TTEé+ETESi-€:ITEe where all symbols are the same as

previously defined, b is the total number of blocks, and By is the

blocks within replications (adj.).
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DESIGNS ARRANGED IN GROUPS OF REPLICATIONS
(TYPE II)
I. DESCRIPTION:

This program will compute the analysis of variance, the
unadjusted and adjusted treatment means, and other pertinent statistics.
At the present time, this program is set up to handle 100 treatments.
If more treatments are needed, then a simple modification of the
dimension statement is all that is necessary.

At the user's discretion, the program can punch the unadjusted
and adjusted treatment means on cards in addition to having these
means printed. It is advisable to have some knowledge of Fortran

language.

II. METHODOLOGY:

A DY loop reads the data cards, The treatment number is read
first and the data field second. Some of the calculations performed
during this loop are total sums of squares (unadjusted), block sums
of squares, block and replication totals, and the grand total of all
observations. The other necessary computations are then performed
using the procedures described by Cochran and Cox, "Experimental

Designs," p. 446.

ITI. INPUT:
The input consists of three types of cards preceding the data
cards., The first card, called the control card, defines the number of

treatments, number of units per block, number of replications, number
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of blocks within each replication, and number of groups. The second

card is the format card which describes how the data cards are to be

read,

Columns
( 3- 5)
( 9-10)
(14-15)
(19-20)
(24-25)
( 30

( 3%

(41-80)

4-100

The last card is the sequence designation card.

CONTROL CARD
(715, 5X, 10A%)

Description

Number of treatments

Number of units per block

Number of replications

Number of blocks within each group
Number of groups

Type of output wanted

0 = Print unadjusted and adjusted
treatment means

1 = Print and punch unadjusted,
ad justed treatment means, and
the standard error of the
difference between two
treatment means

Data input device code
1-4 = Tape, disk, etc. (see COMMENTS)
5 = Card reader

Descriptive information

INPUT FORMAT SPECIFICATION

The first column must be a left parenthesis (punched on either an

026 or 029 key punch).

data cards.

Fw.d specifications.

number and the desired variable.

format expression.

This is followed by the Fortran format of the
This consists of any appropriate combination of wX and
The Fw.d is used to read both the treatment

Up to 80 columns may be used for the
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SEQUENCE DESIGNATION CARD

(2013)
Columns Description
( 2- 3) Position of treatment number in read
list
( 5-6) Position of data field in read list

There are times when the treatment number will not be punched in
columns preceding the data. To make corrections for this, a sequence
designation card is required to rearrange the input sequence. As an

example, if the data card format were:

Columns Description
(1-3) Not used

(&4 5) Data field

( 6-9) Not used

(10-11) Treatment number

the format statement would be:
(3X’ cmo’ L"X, FZ.O)
¢

Data Treatment number

This means that the data is being read in first and the
treatment number is being read second. Therefore, the proper sequence
designation would be 2,1. This means that the second element being

read is the treatment number and the first element is the data.

DATA CARDS

The data cards must be punched so that they can be read with a
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Fortran read statement. No alpha-numeric codes may be used for
treatment numbers. The treatment numbers must be consecutive integers
starting with one. The data fields may or may not be punched with a
decimal but the procedure must remain constant for all data cards

once the decision is reached. If negative data is required, then an
extra column must be allowed for the negative sign. The negative sign
is made by using an eleven punch to the left of the most significant
digit in the field. The data cards must be sorted blocks within groups.
An invalid F-test and erroneous adjusted treatment means will result

if this is not done.

IV. OUTPUT:

The cards preceding the data cards are first read and then printed
out. The next thing printed out is the completed analysis of variance
table. The rest of the output is extensively labeled and no

explanation will be given here.

V. COMMENTS:

Even though it is not a requirement for the program to have the
block and group numbers punched on each card, it would be advisable to
do so for ease in sorting the cards in the previously specified manner.

The program is presently set up to read only one data field at a
time. If the user wishes to analyze multiple data fields, then he
will first need to put all of the data on either disk or tape by using
some of the available utility programs or creating his own program to

accomplish this, After the data has been put on disk or tape, the data
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fields can then be obtained individually by using the appropriate format
statement. Batch processing is assumed.

If the option is used to both print and punch the unadjusted,
adjusted treatment means, and the standard errors of the difference of
two means, the format and sequence for the cards is the same as for
what is printed. The first card punched contains the unadjusted and
adjusted standard errors of the difference between two means in that
order. On the following cards the treatment number is punched first,
the unadjusted treatment mean is punched second, and the adjusted
treatment mean is punched last. The decimal is also punched in the

output cards.

VI. SAMPLE PROBLEM:

The design used is No. 11.15 as found in Cochran and Cox,
"Experimental Designs." There were 3 groups, 10 treatments, 30 blocks,
3 units per block, and 3 replications per group for this sample

problem. The data cards were punched in the following manner;

Columns Description
(1-3) Not used

(4 5) Treatment number
( 6 Not used

( 7-8) Data (XX.)

The DY loop reads in the data cards and some basic calculations

are performed within the loop as follows:
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Total (uncorrected) sums of squares = 25,536

Block (unadjusted) sums of squares = 74,246

Block Total Block Total Block Total Block Total

1 27 7 24 13 o4 19 51
2 24 8 Ls 14 L 20 65
3 90 9 79 15 34 21 22
L 40 10 21 16 19 22 22
46 11 13 17 84 23 17
6 65 12 L5 18 26 24 L6
Block Total Group Total
25 80 Grand total = 1312 1 L61
26 18 2 472
27 38 3 379
28 67
29 20
30 49
The following analysis of variance is then derived:
Source d.f. Sums of Squares Mean Squares
Total 89 64099, 560
Group 2 172.156
Unad justed treatment 9 1478.622
Blocks within groups 27 L344,210 160.900
Error 52 414,968 8.137

It is invalid to make an F-test in the conventional manner using
the above information. The adjusted F-ratio that is calculated and
printed out last is computed in the following manner. The sum of

squares of deviations of the adjusted treatment totals is calculated



23

first. This is then divided by (tr-c) where t is the number of
treatments, r is the number of replications, and ¢ is the number of
groups. The quotient is then divided by the effective error mean
square, which is the error variance/unit in the output. The effective
error is estimated as Eg [} + (t-c)fL] where Eg is the error mean
square from the above analysis of variance, H is the weighting factor,

and the other terms are the same as previously mentioned.
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DESIGNS NOT ARRANGED IN REPLICATIONS OR TREATMENTS
(TYPE III)
I. DESCRIPTION:

This program was written to serve as a utility program in a
statistical laboratory. The program will compute the analysis of
variance, the unadjusted and adjusted treatment means, and other
pertinent statistics. At the present time this program can handle up
to 100 treatments. If more treatments are needed, then a simple
modification of the dimension statement is all that is necessary.

At the user's discretion the program can also punch the
unad justed and adjusted treatment means on cards in addition to having
these means printed. It is advisable to have some knowledge of

Fortran language.

II. METHODOLOGY:

A DB loop reads the data cards. The treatment number is read
first and the data field second. Some of the calculations performed
during this loop are total sums of squares (uncorrected), block sums
of squares, block totals, and the grand total of all observations.
The other necessary computations are then performed using the
procedures described by Cochran and Cox, "Experimental Designs,"

pp. Wh6-447,

III. INPUT:
The input consists of three types of cards preceding the data cards.

The first card is the control card which defines to the program the
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number of treatments, the number of times each treatment is replicated,
the number of units per block, and the total number of blocks in the
experiment. The format card using an appropriate Fortran statement
describing how the data cards are to be read comes next. The last card

is the sequence designation card.

CONTROL CARD
(6I5, 10X, 10A4)

Columns Description

( 3-5) Number of treatments

( 9-10) Number of times each treatment is
replicated

(14-15) Number of units per block

(19-20) Total number of blocks

( 25) Type of output wanted

0 = Print unadjusted and adjusted
treatment means

1 = Print and punch unadjusted,
adjusted treatment means, and
standard errors of the difference
between two treatment means

( 30) Data input device code
1-4 = Tape, disk, etc. (see COMMENTS)
5 = Card reader

(41-80) Descriptive information

INPUT FORMAT SPECIFICATION
The first column must be a left parenthesis (punched on either an
026 or 029 key punch). This is followed by the Fortran format of the
data cards. This consists of any combination of wX and Fw.d

specifications., The Fw.d is used to read both the treatment number and
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the desired data field. Up to 80 columms may be used for the format

expression.,
SEQpENCE DESIGNATION CARD
(2013)
Columns Description
( 2- 3) Position of treatment number in read
list
( 5- 6) Position of data field in read 1list

There are times when the treatment number will not be punched in
columns preceding the data. To make allowances for this, a sequence
designation card is required to rearrange the input sequence. As an

example, if the data card format were:

Columns Description
(1-5) Not used

( 6-9) Data (XX.XX)
(10-13) Not used

(14-15) Treatment number

the format statement would be:
(5X, F4.2, 4X, F2.0)

Data Treatment number

This means that the first element being read is the data while
the treatment number is being read last. Therefore, the proper
sequence designation would be 2,1. This means that the second element
read corresponds to the treatment number and the first element is the

data,
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DATA CARDS

The data cards must be punched so that they are compatible with
Fortran read statements. No alpha-numeric codes are used to identify
treatment numbers. The treatment numbers must be consecutive integers
starting with one. The data fields may or may not be punched with a
decimal, but whatever the choice it must be consistent. If negative
data is required, then an extra column must be allowed for the
negative sign. The negative sign is made by using the eleven punch to
the left of the most significant digit in the field. The data cards
must be sorted into blocks. If this is not done, the adjusted treat-

ment means and the calculated F-test will not be correct.

IV. OUTPUT:
All cards preceding the data are read and then printed. The next
print out is the completed analysis of variance. The rest of the output

is extensively labeled and no explanation will be given here.

V. COMMENTS:

Even though it is not a requirement for the program to have the
block number punched in the data cards, it would sase the problem
somewhat of sorting the cards in blocks.

The program is currently set up to read and analyze only one data
field at a time. If the user wished to analyze multiple data fields per
card, then he would need to put all of the data on some device, such as
a disk or tape, in order to manipulate the program and the data to

obtain the desired analysis. There are utility programs available that
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will store the data on tape or disk. After the data has been put on
one of these devices, the individual data fields can then be obtained
by using the appropriate format expression., Batch processing is
assumed.,

If the option to both print and punch the unadjusted, adjusted
treatment means, and the standard errors of the difference of two means,
the format and sequence for the punched cards is the same as for what
is printed. The first card punched contains the unadjusted and
ad justed standard errors of the difference between two means in that
order. On the following cards the treatment number is punched first,
then the unadjusted treatment mean is punched second, and the adjusted

treatment mean is punched last. The decimal is punched in the output

cards,

VI. SAMPLE PROBLEM:

The data for this example was taken from Fisher and Yates. There
were 9 treatments, 4 units per block, 18 total blocks, and each
treatment was replicated 8 times. The analysis of variance output by
the program is the same as that by Fisher and Yates. The other
statistics, however, do not appear in their example. The computation
procedures and explanations of these statistics can Be found in Cochran
and Cox (pp. 443-447).

The data cards were punched in the following format:

Columns Description

(1-2) Treatment number
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( 3-5) Not used
( 6- 8) Data (X.XX)

The adjusted F-ratio is computed by first finding the sum of
squares of the adjusted means, Divide this sum of squares by the
number of treatments minus one, (t-1). This quotient divided by the

effective error variance per unit gives the adjusted F-ratio.
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Aggendix A

Listing of Balanced lattice Program
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Appendix B

Input and Output for Balanced Lattice Sample Problem
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SAMPLE INPUT

(F2.043X4F3,.2)

1
111
112
113
214
215
216
317
318
319
421
522
623
424
528
626
427
528
629
731
832
933
934
735
836
337
938
739
1041
1142
1243
1144
1245
IN46
1247
1048
1149

9

2
220
184
218
205
85
186
73
160
176
119
226
212
120
107
203
115
145
163
181
176
171
157
116
216
180
113
111
177
150
204
160
93
157
178
143
142

4

BALANCED LATTICE TEST



BALANCED LATTICES

9 4 0 5 BALANCED LATTICE TEST
(F20013X'F3.2)
1 2

ANALYSIS OF VARTANCE

SQURCE OF SUMS OF SQUARES MEAN SQUARES
70T 35 0.59609000D O1
REP 3 0.77388889D-01
TRT 8 0.32261000D O} 0.403262500 00
BLK(A) 8 0.14206037D 01 0.177575460 00
ERROR 16 0.12368074D 01 0.773004630D-01
TRT UNADJ MEANS ADJ MEANS

1 0.174250000 01 0.18035178D 01

2 0.18400000D 01 0.17543554D 01

3 0.201250000 01 0.196434450D 01

& 0.16050000D0 01 0.17267220D 01

5 0.10025000D 01 0.9392R8615D nO

6 0.19052000D 01 0.18447665D 01

7 0.136500000 01 0.13869601D 01

8 0.140250000 01 0.14346559D0 01

9 0.148000000 01 0.150039160 01

EXPERIMENT AVE 0.15950000N0 0]

EFFECTIVE FRRNR= 0.,91850716D-01
COEFFICIENT OF VARIATION= 0.19001181D 00
ADJ F RATID= 0.,43163811D0 01



Appendix C

Listing of Designs Arranged in Replications Program
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Appendix D

Input and Output for Designs Arranged in Replications Program
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SAMPLE INPUT

{1XyFle0,1X,F2.0)

'~J1waO*t—'O‘bJ-&‘NU’Ir-‘\ﬂWO‘N#‘HO‘-L‘U'INUJHO‘W-“UJN'-'

1

6

7
17
26
25
33
29
17
27
23
27
29
30
10
25
26
37
24
26
25
40
25
34
34
32
11
27
24
21
26
32

2

2

5

MILLER TEST DATA



INC. BLK<—-ARRANGED IN REPLICATIONS

6 2 5 3 0 5 MILLER TEST DATA
(IXQFIOO'].X,FZOO,
1 2

ANALYSIS OF VARIANCE

SOURCE DF  SUMS OF SQUARES MEAN SQUARES
T07 29 0.16489667D 04

REP 4 0.29846667N 03

UNAJ TRT 5 N.10597667D 04

BLK/REP 10 0.21340000D 03 0.213400000D0 02
ERROR 10 0.77333333D 02 0.77333333D 01

TREATMENT MEANS

TRT UNADJ MEANS ADJ MEANS
0.14000000D 02 0143602990 02
0.23000000D 02 0.23455115D 02
0.26400000D0 02 0.26722373D 02
0.27800000D 02 0.28084447D0 02
0.316000000 02 0.311448850 0°?
0.31000000D 02 0.300328810 02
ERROR VAR./UNIT D.10666295D 02
ST. ER. ADJ. MFANS 0.226555510 01
ADJUSTFD F RATIO 0.17696222D0 02

N WN =
n

W



Aggendix E

Listing of Desig_ns Arransed in Groups of Rep_lications
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Aggendix F

Input and Output for Designs Arranged in Groups of Replications
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SAMPLE INPUT

10 3 Q 10 3 5 MILLER TEST DATA
(3X43F2.0,1X,F?2.0)
1 2
101 3 11
101 2 9
101 1 7
102 8 12
102 5 8
102 2 4
103 3 27
103 4 29
103 7 34
104 6 15
104 1 11
104 4 14
105 5 13
105 7 16
105 8 17
106 9 25
106 4 18
106 6 22
107 1 3
107 9 12
107 7 9
10810 19
108 8 16
108 2 10
109 3 20
109 9 28
10910 31
11010 10
110 5 4
110 6 7
211 1 2
211 2 S
211 4 5
212 2 13
212 6 17
212 3 15
213 3 29
213 4 320
213 8 35
214 5 9
214 9 19
214 4 13
215 7 15
215 5 12
215 1 7



216
216
216
217
217
21710
21210
218
218
219
219
219
220
220
2201
321
321
321
322
322
322
323
323
323
3241
324
324
325
325
325
326
326
326
327
327
327
328
328
328
329
329
32910
330 4
33010
330 5

D~ 0™ 0

O ~NP DNONII DA DD VDO DNOITNN A NWONDIAON D

18



A.0.V. INC. BLK.—-ARRANGED IN GROUPS

10 3 9 10 3 0 5 MILLER TEST DATA
(3X4F2.0,41%X,F2.0)
1 2

ANALYSIS NF VARIANCE

SOURCE DF  SUMS 0OF SQUARFS MEAN SQUARES
TOT 89 0.64099556D 04

GRP 2 0.17215556D 03

UNAJ TRT Q 0.14786222D 04

BLK/GRP 27 0.43442111D0 04 0.16089671D 03
ERROR 51 0.41496667DO C3 0.81366013D 01

TREATMENT MEANS
TRT UNADJ MEANS ADJ MEANS

0.63333333D 01 0.11582921D 02
0.888888R89D 01 ND.10R95931N 02
0.17777778D 02 0.12053798D 02
0.18222222D 02 0.14192499D 02
0.13222222D 02 0.13978121D 02
0.142222220 02 N.14978121D 02
0.19333333D 02 0.17310652D 02
0.140000000 02 0.155743550 02
0.15333333D (2 0s17439424D 02

10 N. 184444440 02 N,177719550 02
FRROR VAR./UNIT 0.10808865D 02
ST. ERs ADJ. MEANS 0.1549824a00 01
ADJUSTED F RATIO 0.52195577Dh 01

VOO N HWN =

[



Appendix G

Iisting of Designs Not Arranged in Rep_lications or Treatments












Appendix H

Input and Output for Designs

Not Arranged in Reg;ications or Treatments
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SAMPLE INPUT

9 R 4 1R 5 MILLER TEST DATA
(F1.0,1X,F3.1)
1 2

26
97
54
69
59
26
59
63
70
46
49
33
24
40
30
24
50
74
103
94
101
97
57
75
39
41
64
673
40
61
44
33
28
26
28
33
57
93
54
61
47
66
55
53
30

14

cnr—‘oav-ﬂmowmr\)wmONwNO*\:onmJ-‘NCo()r—'J-‘wmeO‘s)b'OW-OO"—'NO\IO‘WW-“O‘



HFONNDIDIPUNANWNNP N = 0N~~~ N~NWDNO

42
28
75
22
26
44
37
52
24
24
30
26
47
24
45
60
46
33
26
49
60
46
73
54
57
44



AQV

INC BLK-NOT ARRANGED IN RLKS OR REPS

9

A 4 1

(Fl.q'1X1F3.1’

1

2

8

ANALYSIS OF VARIANCE

MILLFR TEST DATA

SOURCE DF SUMS OF SQUARES MEAN SQUARFS
TOT 71 0.31872444D 03
UNAJ TRT 8 0.24009444D 02
ADJ BLK 17 0.17526444D 03 0.10309673D 02
ERROR 46 0.11945056D 03 0.25967512D 01
TREATMENT MEANS
TRT UNADJ MEANS ADJ MEANS
1 0.54875000D 01 0.57075428D 01
2 0.48875000D 01 0.49128B506D 01
3 0.51625000D0 01 0.486R80955D 01
4 0.545000000 01 0.56784930D 01
5 0.521250000 01 0.520607790 01
6 0.445000000 01 0.42647719D 01
7 0.35750000D 01 0.39123314n 01
8 0.53500000D 01 D.50Nn25284D 01
9 0.472500000 01 0.47473085D 01
CERROR VAR./UNIT = 0.294723970 01
ST. FR. ANJY, MEANS = 0.85846370D 00

ADJUSTED F RATIO

0.93676389D 00
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