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Introduction '

The use of three 1.C.1L, Sirius computers has been made available to
the Merlewood Regearch Station by courtesy. of Mr, D, MoAlllster of the
Blackburn College of Pechnology and Design, Slrlus is a rather old
pompﬁﬁer, but the same model of computer was bought by'the Forestry
Cbmmissioﬁ'Reséérch Branch more thah five years ago, and there now exists
a very large library of programs generally-useful in biological research,
and, particularly, in moo&lana research. This paper describes the programs
which are likely to be of 1nterest to Lhe members of the Merleﬂood Résearch
Station, or of other Branches_Qf the Nature Censervancy. The information
has been taken from a similar ?afér by J. K. R, Jeffers and Joyce Hudson
and issued as Statistics Secticn Paper No, 118 by the Forestry Commission
Research Branch, but programs listed in that paper Whlch are unllkely to
be of interest to the Nature Conscrvancy have been omltted and the list
of programs brought up-to-date. An index to the programs has been added
by Mrs, P. Ao Ward, | . - .

Most - of the programs described brlefly in thls paper have been
wriuten in the Sirius Autocode, or in the Sirius Matrix Interpretive Scheme,
and are, therefore, only available for use with the Sirius computer. The
iutocode is, however, basically o subset of FORIRAN, and experience has
shown that it is very easy to translate the Autocode programs into other
languages. These prograns may also be used, therefore, as a svurce of
practical algorithms for the ﬁany problems OOV&rwd by the list.

411 of the programs outlined brmefly in this paper are degeribed fully
in the relevant program specification, copies of which are available on
application to the Director, . .iewood Rescarch Station, Grange~over-bands,
Lancashlre, o o _

A number of general programs which are avallable on Sirius are not glven”
in this paper, These include prcgrams for linear programming, critical path

analysis, engineering caleculations, ete,




|
AS 2 :m;qg of Veriance (Single Classification)

' Gomputes the between-group sum of squares end mean Square. :
The withinegroups sums of squaras, mean squares and standard errors,
and tests the witbin groups mean squares for heterogensity by
Bartldtt's test. Angular, logarithmic, and square root transformations
are avallable. N

ig of Variance for a Randgmiée@ Block

lculates and prints the sums of squares, mean squares, and
degreés of freedom for blocks, treatments and error, also the
treatment means and standard error, Angular, logarithmic, and- square
root transformations are available. ' _

" Reads the number of trees in each girth class represented in a
samplé plot, by non-fomes and fomes classifications, and the girths
and heights of the measured sempls trees; converts these data into
vplume end basel aree; and prints the volumes by size classes and tptal
‘basal|ares for each species, and forithe sum of all species. .

eads the number of trees in each girth cless represented in

ebch sample plot, by fomes and pon-femes classifications, converts these
date into basel areas, and prints the basal areas by species and size
classes. .

AS 11

f ads the number of trees in eagh girth class represented in &
sample plot, and the girths and heights of the measured sample trees;
converts these date into volumes and basal areas; and prints the
volumes by size classes and the totel basal area for each species, and
for the sum of all species. When the volumes for all plots in the
survey, or the stratum of & larger survey, have been calculated and
printed, the progrem caleulstes the mean basal ares and mean volume
per uhit area, the standard error and standard deviation of the volumes,
and the percentage standard errors and deviations. The distribution
of thé volume by species and sisze classes for the stratum as a whole is
also printed. .

A 12 Distribution - Smell Sampleg

Celculates and prints the mean and corrected sum of squares of
each pf a number of groups of data, and the index of dispersion. Also
printed is the total number of observations, the cumulsted total and the

AS 14

per 1

ch between given ages of a tree's life,

AS 15

crement Percent far Yield Tables

For sach of & series of plets (or quality classes) the program
copies ths quality class, and states whether the increment percent

ia be caloulated for basal area or volume, For each quality class
the increment percents (basal area and volume) are computed and printed
for egoh of the three grades, The imcrement percents are printed in
one column below the appropriate heading.

A5 16 ngif$r Stend Tables

cmputes for each girth, the logarithm of the girth and the probit
transformation corresponding to the proportion of trees in the stand
with girths greater than or equal to the girth, Finally, camputes the
regregsion pf probit on log girth, together with the x¢ for dispersion,
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AS 17

AS 18

AS 19

AS 22

A8 2,

AS 25

AS 27

‘ﬁhaixsis of Covarggpce'fdr 8 Bandomised Block

Calculates the analysis of sovariance from the date and
results of two randomised Block analyses (A4S 3).

Calculation of Means from Nursery Assessment Forms (Seedbeds)

‘Calculates the mean height and number of trees on each
assessed plot from data on the field assessment sheets.

Calculation of Means from Nursery issessment Forms (Transplants)

Caloulates the mean helght and number of trees assessed from
the data on the field sheets.

g;mpls of Variance for a One-Third Regllcata of a Five-Factor
Experiment in Nine Blocks _

Computes the experimental mean, the means, sums of squares, and
variances for all main effects and first order interactions, and the

.corresponding F~ratios. A component, with two degrees of freedom,

of the first-order interaction between two treatment-factors is
confounded with blocks, and, for this interaction, the unconfounded
component is esgtimated,

Orthogonalised Regressions

Celeculates the orthogonalised regression of a dependent variable
on the principal components of up to 20 independent variables. The
basic data required are the correlation coefficients between the
independent varisbles and the dependent variables, and the latent roots
and standardized vectors of the correlation matrix of the independent
variables, These latent roots may be readily obtained by the use of
the Sirius Library Subroutine §.1530. '

Comparison of Rates of Growth

Celculates the estimated growth rate calculated from Rao's
empirical method which assumes average growth curves can be made
lineag‘by a common time metameter,

Calcglgtipn of Discounted Revenues

Diiscounts revenue at a selected percentage rate using data supplied
for a chosen set of rotation ages between 1 and 170 years, Data may be
supplied at any integral age botween 1 and 50 years. After 50 years the
age must be a multiple of b years.

. Corrects the discounted revenue values to allow for subseguent
rotations and. if required, reduces these corrected values by a chosen
factor to allow f'or production based on the forest acre being lower

‘than production based on the model acre «f the yield tables. Gives the

discounted expenditure and corrects the reduced revenue to account for
this factor, : .

~Caleculation of Linear, QUadratlc, etc= nggonents for Analysis of

VYariance
From treatment means and a polynomlal matrix, the regression

.eoefficient and the estimated treatment means are calculated.

The Size of 2 Small Population of /Animals Fstimated by Removing Animals

From successive catches in a trapllne made at short uniform
intervals the program estimates 2 maximum likelihood size for the
population at rigk of capture. Also estimates the probability of an
animal at risk being captured during a single trapping interval.
Calculates a standard error for each of these estimates.




AS 28 . Expopentiel Fitting - . . -i_
| Pits the ourve Y = ACPY o algiven set of points P (X, ¥) by
. sugoessive least sguares adjustment of given initial estimates of
B, Estimates are computed of the standard deviations of A and B
.. and.of the residuals of Y, -The vglues of Y only are sssumed to subject
i to|érror. They are also assumed o be of equal weight.
L : |

lett 's Test

A8 30 :
| Caloulates the eorrected CHI square of Bartlett's-test for eny
nusber of samples. o o
' ' : - E
AS 31 ylation of Stapndard Brrors from Three and Four Factor Results
From the components whioh make up the error, caleulates the error
medn square, the standard errors and F ratios appropriate to the
. fadtors and interactions nominated.
AS 32 -% Anglysis of Verisnce - Hierafohal Classificaticn

Computes for every group, the between sub-groups sum of squares
and variance and the standard error of the group mean., It computes the
- within sub-groups sums of squares, variances and standard errors and
| tegts the within sub-group vdrianges for heterogeneity by Bartlett's
' tegt, Also the between groups sum of squares, variance and standard
ergor of the overall mean are computed. The pooled within sub-group
of squares and variance and the pociied between sub-group sum of
‘ Eggares and veriance over all rroups are computed. Bartlett's test for
. homogeneity of variance is ag‘plieq to both the preceding sets of
. vagiance, : RN :

AS 3% Ca;,culation of Ridits

From the numbers in the cetegories the ridits are caleulated and
- printed, ridits for the comparisors chosen can also be calculated and
. their confidence limits printed, | . o |

A5 5 . Analysis of Variance of Pole-Stage Hanurng Ixperiments

Calculates the means and the analysis of variance for N, P, K, Ca,

- and Mg, with first order interactﬂons, together with Bartlett's test on
| the| first order interactions. ! '

A3 35  Ranomiged Blc-ks

This program will accept unsorted data (i.e, data in field order)
 conpisting of either one or two veriables per plot, from 2 randomised

ihlock experiment, carry out & varihnce analysis of the date, and print

. out| treatment (or variety) means, grand mean, F-Ratios for treatments -
~.and) blooks with assoeiated degrees of freesdom, and the standard error of

a treatment mean. ' o '

AS 36 |Analysis of Varisnge of a Confoundéd 3° Fasctorial Design - !

: Regults of a‘}s-factorial experiment, cornfounded in blocks of 9
-arejaccepted in field ordéer (Block by Block), and F-Ratios, one-way and
tworway tables of means, and standard errors are printed out., Thére is
no irovision for missing plots., . :

AS 39,;-?2&3 | o | : ,?
s l

Normality for Samples Less Than 1000
. ! For a sample of less thag 1005 observations, the £TEmn

' : ' ro gstimates
whether distribution departs significantly from ﬁormalpdue to sk&Fness
-or kurtosis, ' 5 ' :
| : ‘ |
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AS 45

A3 48

A5 19

A5 50

AS 51

Preparation of Conversion (or other)Tables

Prints out for a given factor (F) values from either (a) 1 x F
to N1 x F, or (b) Divisor Table F + 1 to F + N1, The print out
is arranged in lines of 10 values.

- Randomised Blocks with Kissing Values

This program will analyse data consisting of either one or
two variables per plot from & randomised bloek experiment. The
print-out includes treatment means and their standard errors and
a variance analysis table. Individual plot residuals can also be -
printed out if required. If there are missing values, this is
indiceted on the data tape by entering L in place of the missing
figures., The program estimates any missing values by a method of
successive approximations, and prints out the estimated values before
starting the main analysis,

Compute Total Basal Area of Species and Mean Height of Species
for Bach Plot '

Uses the data prepared for working plan enumerations to caleulate
the total basal area of each plot to 4 decimal places, and the mean
height of the plot to 4 decimal places. The caleulation is carried
out for each individual species in sach plot. - It also sums the basal
areas and the mean heights to give totals over the stratum.

Galculations of Areas of Trisngles and ngverﬁes

Calculates the areas of triangles and adds the triangles together
to give a section area which has been surveyed and mapped. The areas
are given in square yards from original data in links,

?olugg_Calculations for Felled Plots

Converts the breast height girth into feet from inches and
calculetes the basal area of each tree, Calculates the square of the
height, and finds the logarithm of the breast height girth and +he
height., If the volume given is in true measure, the prograu converts

this to quarter girth measure.

Extension to Volume Tables

Caloulates the volume for trees of heights from 4 ft, 1 ft, and
then by whole numbers up to & height of 50 £4. The girth may be
specified by the user of the prograem, and the volume is calculated in
half inch intervals for the range of girths required, In order to
speed a somewhat slow program the volumes are calculated for 5" range
in girths at one time., For example, for each height, the program

" computes the volume from 50" to 54%" at once.

Pole Stage Menuring, Preliminery Celculations

Caleoulates the basal area of each tree in a plot, and the volume
of the tree, taking into account 21l forks., Then celculates the
height of each tree in feet at each of five dates, Adds these h?lghts
and also the basal areas and volumes of alltrees in the plot. Gives

the mean basal aree and volume, and the mean height at each of the
dates, :

Mean, Sum of Sguares, Mean Sguare and Standard Error of N Numbers

Computes and prints the mean, the sum of squareg, the mean
square and the standard error of "N" numbers. ﬂN“ may take any value
between 2 and 1369, :




AS 52
A8 5

AS 58

AS 61 |
AS 62

AS 63

Covariance Apalysis for 25 Polg' Stage Manuring Experiments

: : Cem et
1
| |

"Pisher's Emact C son of Two Percentages {or Ratios)"

From data of the form of A 2 x 2 oontlngency table, computes
the exact probability that this set of {requencies and any mors
extreme sets on the same 'ta:.1|of the binemial distribution m:l.ght
be observed by chance. _

Calpulation of Numbers &;rvivgd to Survival Percent Transfoggd.

Caloulates the tranaformed pergent survival from the nupbers
survived, A correotion of . 23 is made for 100% and Of for original
numbers between 13 and !+9- The transformation used is the square
root of the arcsine, - ' :

Caleulation of Treatment Hegg_g

From the replicates of‘ plct totna, caloulates indiv:.dua.l
treatment means. .

Extension to Teriff Tabl 's

Calculates the volume in hoppus feet over bark for quarter
girth =nd a given taxriff numbqr. The celeulation is parried out for
eleven tarift numbers at .any quarter glrth at one time. !

Ng Regeating Pseudo Ran".om Ngm_b

Generates a set of rendom numbers from a basic set of 1,000
numbers, The range within which the numbers are required shquld be
a complete number of chousandsl o.g. 1-2000, 1-5000. The nugher of
random numbers is specified tqgether with the size of a block of
numbers, €.g. 250 numbers may be required in blocks of 50 numbers,
giving 5 blooks.

Breakdewn of Rendomised Blocks

: _ i
From originel data apd thla error mean square the subdivision
of the treatment sum of s;;uares into the follcmmg is perf‘omd.-

0 ve 13 treated

within ¢treatments
bstwieen treatmerts. 20 trentmente.
| .

!ma;xs*g sf va%gee fog S?;Lngle Clagsification

Calculates the sum of products for each treatment and between
treatments, with their z'egressﬁ.on coefficients.,

Tests the hypothesis that several sample sorrelaticng are

|drawn from a population with correletion coeffiocient p and oombi.nea

the separate R's to give an estlmate of p.

Computes the ana%ysia of govariance for successive sets of
measurements of the 2° pole stage manuring experiments. The first
data set on the tape i3 taken 4s the dependent variable, and each
sucoaaane set is **aga.rded aa dr new dependent variable, =

C‘a_l_c_gtlon of Volume per Plot -Usmg Dendrometer Readings

| Caloulates the height and diameter corresponding to each

dendrometer reading, and then qses these to compute the vclum of sach
rample tree in a plot. : ;
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AS:G:‘.

AS 65

AS 67

A8 _‘6_8

AS 69

as 7

AS 72

- - 'If there is more than one sample tree in the plot, caloulates
the volunc - basal area regression coefficients, Then computes
the volune p.r »lat, if the number of trees and the total basal area
are given, '

- Elimination. of Seascnal Effects, Trend Velues, Seaganal Indices,

and Adjusted Values

Caleulates the seasonally adjusted values of a set of monthly

*data for eight years or less,

Two Factor Analysis of Variance Flus Blocks

Caleulates the analysis of variance for two factors plus blocks
and produces means for blocks, A treats, B treats and 4 x B trests.
with their standard errors.

Safoudation of Basal Area and Volume Increment

Caleulates the volume increment per acre ana the basal area
increment per acre. The data required are the area of the plot, the
present form height, the past form height, and the girths and redial
inerements for each girth,

hscendine Contingency Tables in Ordered Nests

" A version of AS 52 which computes exact probabilities of
successive 2 x 2 tables, Designed for use as an idle~time program.

Randomised Blocks with Subdivision of the Treatment Sggs_gf Sgquares
into Control VS Treated, within Control, between and within Treated,

Extends the randomised block program (45 3) to caleulate the
subdivision of the treatment sum of squares intoi-

Control VS Treated

#Within Control |
Between Trezted |
Within Treated.

There is also a provision to transform the data to angles, sjuare roots
or logarithm,

inalysis of Variance for a Split Piot (with Sub Plots Subdivided)

. The program calculates the analysis of variance for a split plot
d.‘e_Sigﬂo - . ' '

Analysis of Variance with Subdivision of Treatments into Between and
Within Treastments : '

L “An extension of the rondomised block program - in addition to the
treatment sums of squares there is a2 subdivision into between and
within treatments. There is provision for the data to be transformed
into angles, square roots or logarithms.

Linear Regression for Two Veriables by the Method of Least Squares’

Caleulates the regression constant and coefficient for one
dependent variable on an independent variable. Also gives the sample
stendard deviation from regression, the value of 'I'! and the degrees
of freedom associated with the value of T'. Up to 500 values of sach
variable are permitted. '

Calgulation of Megns, Standerd Deviations end Correlation Metrix for

Principal Component fnalysis

Computes the means and standard deviations for eech of P variables,
and then calculates the matrix of linear correlation coefficients between
every pair of variables. The output from the program is in a form




AS T4

ST

A8 76

AS 78

T and Coloulation of .malygis of Veriance for a Rendomised Block
: Fo .

" lsudtable for direct input to the sirius latent Toot end vector
* progrem (8,1530) and is intendeF to serve as the first stage of a

principal component analysis. .

Calculation of Means and Plant Numbers from Nursery assessment Forms

Calculetes the mean hpightgand number of seedlings in each plot
From field assessment sheets. These are derandomised and an analysis

of variance for a randomised block is calculated and printed for
heights and numbers of seedlings or trensplents, .

There are three versicns OF the program:- .
() Por sesedlings: ﬁaigh& clasaes form .25, .75;.1.25 tb 10.
(b) For transplants: Height classes sterting at 3 inches.
(¢) PFor traﬁéplants:; Heikht classes cover any range.
Mransformaticns into logs and shuare roots are available,

Step by Step Multiple Regression _ "

_ Computrs 2 multiple regrespion analysis in which the independent
yarisbles are added or deleted puccessively so as to find the set of
independent varisbles which accbunts vor the greatest proportion of
the variability of the dependent veriable,

Calculation of Basal ares and Volume Increment by Girth Classes

keads in & 1ist of plét de%ails and dates of measurements! wikch
re used as a control to subseglient compriztions, then computes the
gression of volume on basal area for sample trees for the standing
rop end for thinnings where there are more than 44 in the plot,.
ese regression constants. and ¢oefficicents are printed out and also
ored in the machine for subseiuent use, The trees in the Geperal

Register are read into the Computer one tree at a timeé, and bapal

réa and volume increment per tree caleulated and stored by girth classes,
inally the proportion of increment per girth class is calculated.

tput consists of girth class, increment and proportion alternafively
or basal area and volume. All output is in hoppus measurs irrespective

f whether original data were chculated in true measure or not,

The regression constadts and coefficients are used in stage 3 of

ihis investigation (see 4S '78) where basal area and volumes by girth
lasscy are caleulated. The output tapes from stages 1 and 3 will be
ombined in orier to caleulate increment percent and relative increment
ercent, {Stezs ) see 7 79). The output tape from this program
8 79) will be used as ths datj tape for 48 88 to calculate tﬁe
gression of inecrements on basal area,

culation of Numbers of Trees by Girth Classes

Lists fron the General Register of & permanent sample plot the
numbers of treea in each & ineh girth class, separately for boﬁh
stending crop after thinnings, and for thinnings., Using data tapex
lﬁzgare& for 48 76, OCutput is in such o form thet it mey be used
diately as data tape for AS 78. '

i)

Cpleulation of Basal irea apnd Volume of Standing Cro d Thinni
2R EL EY 1L d p and Thinnings
by Girth Classes _% }n

_From data provided by AS 7?; the bassl area anl volume in ﬁ
s$?pld‘pl9t are computed by girth classes, separately for standing orop
apl thinnings. The regression constants and cocfficients from AS 76 are
vded to caleulate the volume, ;

!




AS 81

A5 82

AS B3

a5 8,

AS BB

A8 86

i3 87

Calculations of Increment Percent anl Relative Increment Percent
by Girth Classes

The plot lata tape is used to caloulate the periods during which
growth has taken place between successive.measurements. The output
tapes from A8 76 and aS 78 are used es lata tapes. They are combined

_ by this program to provide an output tape for 4S5 88 and 311 relevant

figures are converted to z per acre basis.

Lalculation of Range/Standard Deviation

From n numbers the program calculates the range. ‘and from the
range it calculates the stanlard deviation.

Check Suns

The program caleculates the total of n numbers an&vprints this
total., -

Preparation of Data for analysis

fccepts data from several types of height and number assessment
forms and produces mean heights of e rlot, numbers or percentage
survival per plot. They are printed out in a derandomised form as
specified for each speoies,

Calculate Transformed Variables

Czleulates the transformed varisbles derived from the vectors
of principal component analysis,

Program to Insert Headines in Summerics of Experinental Data
Prints titles on to summaries of data,

To Sort General Register into Form Suitsble for Use with AS 76 and 48 77

Reads the tree number and the stem classifications and girths for

" that tree which appear on the first sheet of the general register, If

the tree has been thinned in the first set of measurements, the tree

- number, stem classifications and girths are printed out. If the tree has

not been thinned the progrem reads a tree number from the second tape
reader and compares it with the tree nuwiber from the first reading, If
the tree numbers differ the prograsm comes to = 90-Group wait, indicating
an error, If the tree nusbers are the sams, the program reads the sten
classificationa and girths on the second sheet of the Gener=l Register
end sorts these with the readings from the first sheet. It prints cut the
tree number, followed on a new line by the stem clagsificaticns for ail
meagurements, On another new line the girths are printed and the results
are terminated by an 'L' and blenk tape for sach tree.

To Sort Data from One Lavout to fAnother Lavoud

Reads a metrix of nudbers giving the original position of the
data, then reads another matrix of the desired position of the same

- nurbers. Data are read in, sorted, and printed out in blocks and

treatment order as specified.

Checging_Data bv'Check Sums

To check the punching of Jata by check sums. The check sums being
reed in by tape reader 'BY, o

Regréssion of Periodic innuel incroment/scre on Basal irea

Using the output tape from 48 79 as dsta tape, the program galgulates
the regression of increment on the initisl basal ares at the beglnnlng_
of the peried. it =iso adds titles to those parts of 45 79 whare headings
were not previousiy printed.




AS 8%

A8 90

AS 91

AS 93

aS o,

L

4S 92

: furpher selections can be made froix the

4 set of programs for car E'ng out the Long Homogepeity T?sts X
n duplicate deteruinations of germination percent, purity pergent,ean
cisture content., Hach test is contained on a separate prograi tape.

sis of Variance for g Split Plot Design

Caloulates the analysis of variance for the main plots, spb plots
4 interaction for a splip plo? design, %

...

echsnical Anelysis

Computes percentage moisture, percentage organic matter, percentage
and, percentage silt, and percentage clay in scil samples,

cmpute. Minimum, Maximum, Mean igd Standard Deviation

Calculates the minimum, mean and meximum value of any Eumber ﬁf
ets of any number of variables, presented iy-a-standard orier. The
ﬁtandard deviation is also calculated and printed,

verturning Moments by Degress

| H
Caleulates the bending moment at the base of a tres, for each
egree deflection from the vertical from a series of values.of measgured
ull (applied at one third the tree height) and the tree weight.
aloulates the moment M, from the formula M = PH Cos + W % Sin Q -
ba. ft. 3

g
1

Where O is the deflection in degrees from 1 to 40 E
P is the pull applied in Ibs. at each of the 10 values of O
H is the tree height in ft.
W is the tree weight in lbs,

inear Regression analysis

Provides for a general linekr regression analysis, under the
ghidance of a steering tape, by which any cowbination of the desired )
agpects of regression analysis can be selected. The facilities included

fa) Minimum, mean, maximum end standard deviation of each
variable; :

Ebg Caleulation of the reg#ession equation; :

Caleulation of the regression coefficient and its standard
error; l

(d) Calculation of the regression constant and its standard
error;

(e) Caleulaticn of the coefficient of the regression through
the origin, and its gstandard error; :

(f) The enalysis of varienge for the regression and deviaticns
components ; - E :

(g) Estimated values of the dependent varizble for given values
of the independent variable, and their fiducial limits;

(h) Inverse estimates, and their fiduocial limits, for given
values of the dependent variable;

(1) Estimated tolerances of. the dependent variable for given
values of the indepenflent variable; o §

(3) ‘Inverse tolerances of the independent variable for given
values of the dependent variable;

(k) Estimated values of the dependent variable from e regression
through the origin, and their fiducial 1imits;

(1} Inverse tolerances of the independent varizble from a regression

through the origin, for given valucs of the dependent

variable, i ' é

i

Provision is elsc made for pﬁeserving all the necessary défa 50 that
: facilities available, without
recomputing from the basic observaticns.




43 95

AS 96

AS ¢8

AB 101

AS 103

AS 104

-~ AS 105

A8 106

Five

Provencnce Experiments from Field Deta

From field sheets, caleculates the mean of each replicate of
each trectment and the overall mean for cach treatment,

Lincar Regression with Grouped Data

Computes the linear regression of a dependent variable on
given values of the independent varisble, where there is more than
one observaticn of the dependent varisble at each lovel of the
independent variable, The significance of the deviations from
linearity is also tested by the progrem.

Industrial Ready Reckoner

Coleulates the hourly rates and overtime rates for given weekly
rates of pay. AS 97A deals with a 39 hour week, A4S 27B = 42 hour
week, and A5 3I7C a 43 hour wesk, For all three ready reckoners, the
overtime rate is workad as for a 42 hour week,

Percentage Organie Matter

Computes percentage moisture and percentage organic metter.

Tg Find the gtandard Errﬁrg_for the Q;Factor analysig of Variance
Program o

The progren calculates the stendard errors associsted with the
means of the four factors and blocks program,

Fit Orthegonal Polynomials

Fits orthogenal polynomials to sets of data of any size,
computing successively the linear, quadratic, cubic, guartic and quintis
terms, and the sppropriate variance components and deviations, The
intervals between the values of the independent variable nust be equnl.

Capture Recapbure

Estimates the net daily survival rste and populstion size of an
animal comrunity. The data required for the progrem is conveniently
expressed in the form of a trellis diagram,

General Multiple Regression

Provides all the facilities of 2 general multiple regression
analysis, including a su.mary of the data, the half-matrix of eorrel=tion
coetficients, and the sums of squares and coefficients for the regression
of any variable on any selection of the other variasbles, No significance
testing procedure is provided, but an opticnal facility to preserve '
the basic nmatrices is available, and can be used to test any additional
or removal of variables desired, in a further analysis of the data.

Calgulation of Canonica] Variates

A set of six sub-programs designed to provide a complete analysis
of canonical variates. For the n; individuals of k groups, on each
of which p variables have beon measured, the program computes the
mean of each variable for each grcoup, the correction sums of squares
and products and the "Within Group" sums of squares and preoducts, the
"Between Groups" sums of squares and products for each group and the
pooled "Within Groups" sums of squares end products, the determinantel
matrix, the latent ruots and vectors of the determinantal matrix, and
the values of the canonical varistes for each group.

Pole-Stage MNanuring; Standard wrrorg of .djusted Means

Computes the standard errors of adjusted means after analysis of
covariance of a 22 fractional factorial experiment.
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' Randomised Bloeck with Subdivisicn of Treatnent Sums of Squareas

into within Control, #ithin Treatments, Control Vs Trested,
Between Treated _

This is 2 development of iprograms 48 3 and 43 69 which it super-
sedes in addition to subdividing the treatment sums of squargs,
provision is mede for annotation of the plot and treatment means,

| significance value of the 'F' test is indicated and transformation of

the data into angles, square roots or logarithms provided.

Missing Values for Randomised Block

Lecopts an amended dutpuﬁ tape from AS 82 or AS 86 and will copy
each set of data, with title headings, for which no missing values

- are required; but compute and insert 2 missing value for each zero

element in the data. The computabion uscs a non-iteretive technique.
It has been arranged thet the joutput of this progran may be subsequently
used as input to 45 3 using the same parameter tape for both ;programs,

Variation Constant Tempefaturé/ﬂumiditv Cabinets

A Kent recorder autowatically plets the doubled wet and dry
bulb centigrade temperatures in each cabinet at fixed time intervals,
From each puir of readings the program evaluates a relative humidity.
ifter computing a run of pairdd readings, it prints the numb?r of
pairs then the minimum,. mean, imeximum and standard error of the
relative humidities in clear and the mean and S5.E. of the same values
when each is in angular form,

The minimum, mean, maximum and S.E. of the dry bulb temperatures -
follow, : '

The program intergolates;gapour pressures for centigradé
temperatures between 1 and 327, Doubled values should, therefore,
lie between 2 and 78.

Randomised Block with Subdivisicn of Treatment Sum of Squares into
Control Vs Treated, '%‘f'ithg‘.p_n Control, & Treatments, B Treatnentas,
A x B Treatments " T T :

This program extends the randomised block program to subdivide

i the treatment sum of squares into the above comparisons. The cutput

annctates the treatment, gives 2 mean figure for each plot and the
treatment means., This is followed by the analysis of variance table
and the 4 and B treatment mears, together with their standard error,
The 'F' values of the signifidance test are given the conventional
signs, transformation of the deta can be made into square roots, logs

! or angles,

Test of Significance of Principal Components

Provides an approximate test of the 'Significane! of the
components derived from & principal component analysis. The test is

| first applied to the entire structure of the correlation matrix,

;and the successive components are then extractsd and the residuals
tested,

Plot Cartesian Co-ordinates

This progran plots the values of cartesian co-ordinates. Tt is
intended mainly for the plotting of the transformed values derived from
principél component or canonicel variate analyses, but it will also
plbt correlation scatter diagrems, 4 variety of symbols may be used
in the piotting, and the data do not have to be sorted before entry
to the program, ' : ! . :

|
. o
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AS 119 Calculate Matrix for Cancnical Correlaticns

Takea the correlztion matrix and partitions it in two ways.
The resulting matrices have identical rocts, which are the squares
of the correlaticn coefficicnts, and the vegtors of the ccorresponding
roots represent the vectors of the two sets which have that degree of
correlation. If the correlation matrix is to be partitioned as

Thin the program calculstes both (BCﬁﬂBﬂ—A) and (BjﬂrqB—C).

48 120 3ick Pay Heady Reckoner

Copputes the sick pay ready recioner for industrial staff. The
sickness and injury benefits are computed separstely.

45122 jnalysis of Covariance for & Rendomised Block

Computes the analysis of covariance for s randomised block,

48 125  Polynomisl Fittings (-6th Degree)

Fits polynomials to pairs of data up to a maximum of 500 pairs,
fitting succcssively polynomials of degrees 1 to 6 as far as required,

AS 126 Principal Component Analysis: Sﬁmmarv of Results

Tzkes the sllgntly'edlted results of the Sirius Latent Rcots and
Vectors Program (5.1530) anl tabulaies the results of the component
analysis, giving the percentage of the variability accounted for, and
the vector loadings of the successive components,

AS 131 Caleculetion of Wind Profile Parameters

Uses a least-square nethold to estimete the three parameters of
wind profile; rcughness length, zeropoint displacement, and surface
stress, in the oddabatic surface lzyer of the atmosphere.

AS 132 Eveluation of Model for Length of Life Distributicn

Takes the nunber of individuals failed after a certain number of
years and forecasts the expected average lengbh of life together with
a standard error for ths forecast.

AS 1334  Discounted Revenues {Main Program)

Caleulates discounted reveénucs obtainable frow any yield model
specifying a pattern of thinning and felling yields under varying
- assunptions cf rate of discount, cxpenditure and price. Revenues
' and expenditures are discounted tc the year of origin of the stand,

~ A8 13,E  Discounted Revenues (Max Program)

Gives the maximum revenues obtainable as total DR for one rotation,
nett DR for one rotation, and nett DR for rotations repeated in
perpetuity, together with the rotation lengths at which they occur,

A5 134C  Conversicn of Yield Model Data nccep able to 48 25 to a Form fcceptable
to A8 1344, B, D L

From a data tape containing 4S 25 data, the program will produce
yield models accepteble to AS 1344, B, D, k., It will delete the five
initial parameters, and insert an 'L' sequence at the end of the yleld
model, Titles will be reproduced with preceding 'H' sequence. 4 2-inch
gap is left betweon yield models,
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alculation for Index Plots

otal basal area for each plot. The figures for the plots are
orhined to give a figure for a sub-compartment ard sub-compartment
fligures are combined to give a fliigure for the stratum. The P~year
end top height are also oom@uted for the stratum and each flgure
has its standerd error. : i

G
Tiakes the girths a.nd numb ex of trees at sach girth and computes the
L
)

Nimerical Sort

Tokes a 1ist of numbers and sorts them into & monotonic ascending
spguence. Tt omits numbere which are repeated, Humbers up to
six figures sre allowed. There is room for over 2000 numbers at
oche sort, ' : ' i

Tyee Profile Fitting (B.H, Omitted)

Flts polynomials from linear up to a specified degree < 6 te a set
of height (f£t) / sectional area {sq.ft.Q.G.) data. The total
volume of a tree is estimated using the polynomial of highest degree
fitted, below timber height (3" Dia,); and treating the tip above
timber height as a cone. Usingi this polynomial, the heights and
volumes to 3", 4", 5" Dia, ¢to,,!are estimated down to B.H. All
volumes estimated are alsc expressed as a percentage of volume to
timber height, Predicted values of 3.4, corresponding to input
h¢ights are optionally obtainable, Coefficients of each polynomial
fltted together with R.K.S, residual S.A. are given sutomstieally .

The Caloulation of Data for Use én AS 26 from Split Flot Dats

By the use of data in a form foriuse on the split-plot program,
A8 90, this progrom calculates means and error sums cof squares for
uge as data on the A5 26 vrogram (calculation of linear quadratic
efc. components of the variance).

Pitice/Size Curves (Type II)

: 2 - .
Tq produce & cuxrve of ¥ = a-b {x+¢)” passing through a given point
and having a given max1mum,'and then to produce similar eurves
passing thraugh a given point, and touching the original curve at

a given point, Points on all curves are printed at unit intervals
to a specified value of x. a,b,c are given fcr each curve in that
order, )

Tvbluation of Price/Size vunotion;

Calleulates values of ¥ (Prlcp) fqr given yalues of x (B H,.G.) in
funotlons of the form -

a =D 4 oX + dx + ex5 + ”x + gx5 + hx6

Fokm'Pentad leans of Tempsrature and Rainfall

Data consists of starting date, apd, for each day}the mastimum and
minimum temperatures and the! rainfall Tach line of output is
dated and, after the first four lines, gives maximum, minimum, mean,
temperature, mean temperdture over flve days’ ralnfall day's
rainfall, rainfall totalled over 5 days and rainfall avergged over
2a$ays Tor the first four lines thn three pentad values are -
ulated as zero. :

Minirum Ageregate Distance

.4 det of ¥ points is situated on & network of ares. Lotatgs o

pojnt on the network with thé minimum aggregate distance .rom the
other points on the network,
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‘ earest Nelgpbour.ﬁnalysis AR h'lt-x-'v_=tj-'*‘“

-1 -

Computes, Por each set of po:nta “the nearest neighbour in
- N-dimensionel space.. The dlstance is also computed._

: Compute Means of Gro;pg

Computes the centres. of gravity of groups that have been derived

" from nearest nelghbour an&LySis‘

_Compute Group; from Nearest Neighbours

“Computes the‘ba31c groups of-1nd1v1duals from the'data ¢f the nearest

neighbours to caeh individual, Fach grolp contains those individuals
which are nearest heighbour to one of 'the original chain of individuals,
the chain belng term;nated by two 1nd1v1dua15 which are mutually

. nearest,’

-_'Bmomlal Probgl_x_gj_:g

Computas the prdbablllty of dbtalnlng 2 value greater than a given
value when sampling from the binomlal dlstrlbution. The test can
be oasrried out on either’ the single tail ‘or thé double tail of the
dlstrlbutzon.

Calculation of Means from Port-a-Punch Card.Data“'

. Caleulates the means of plots when they'are punched on to cards and

A8 155

A8 156

LS 160

AS 162

oonverted to paper tape format,

_TranSfeggati-n-of:Tree}Parcentage Volume Curves

- Carries eut the trahsformatlén of the.ba31e date and prints wut the

results ina fonm ‘suitable for ons of the linear regression programs.

Caloulation of Lagge Correlatlon Hatrlx

Computes the lewer half of the correlation matrix for up to 60

varisbles, and prints the results in a form suiteble for direot
1nput to the latent root and vector program AD 114,

is of Varlance for Rendomised Blo k with Sub ision of Treatment
Sum of guares 1nto within freatments and Between fre&tments.

This programme 48 an exten31on of programme A4S 7 giving a

: provision for annctation of plot and treatment ueans, and an indicaiion
-~ of 31gn1ficant values for the 'F! ratlos.

Test of Ranﬁoggess of Plant D;gtg;butlons from Measuremeﬁts of Nearesgt
Neighbours, _ '

The program calculates EWO tests of the randomness of plant

- distributiones from measurements to the nearest neighbours of a sample of

points, If n sample points are chosen in an ares under study cnd X1 and
£, are the distances from a given sample point t¢ the nearest and next
nearest plants, the two tests are defined as follows:-

(1) The ratlo test based on the sample mean of the ratio
Zy, = X /X2 of the squares of the distances to the 1st and
2nd nearest plaents from each sample plot,

(ii) The correlation test, based cn the sample eorrelation
coefficient /12 between the square of distances to the 1st
and 2nd nearest plants from each seample point.

hggregation will tend to inerease both these statistics, while
regular arranzements, e.g. a square lattice, will tend to decrease both,
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A3 172

AS 173

. This program accepts readings of light intensity from inside each
plot and from in the op‘en' finds the pexcentage cf light in t’;g wood

of that in the opeh and t ste?ndard dewation of the percentages within
each plot. _ i : ,

Sequential 1ing Chara teri t:n.cs for Normal Distri ut O

This program computes the chracteristics of a sequential sample
from & normally J.iatri‘buted pcpulatlon with a known standard.deviatiom,.

Ca tlon of 1 Flo Dat

This program is oomp:q.led for calculating sample plot da‘ba.
‘ N
Ane £ Vapriance {S5i n g C ass:.fice_tlon)

'l‘h:.s progran is a new ?eraion of hAS 2 which has been wr:.tten to
allow the easier representation of data. . The program ccmputes the
between-group sum of squeres and mean squares, the within groups sum
of squares, mean squares and standard errors, and tests the within-
groups mean squares for homogeneity by Bartlett a8 test.

Three Factor 1ma;xsis of Varig.p'ce gm ﬂord Autogods )

This program is an extensi lon of program 85 2 which ca.lculates :
Eﬁe analysis of.variance ?zr three factors and blocks, The program
8-been-anended "so that it pr:l|.n'cs the plot and treatment meags inm
an- ennotated tatte, provides o significance tgst fqr the F ratios and
allows the data to be transformed to angles, squere roots or logs.

: : : ‘.
Progressive Discriminatory junelysis (7000 Words)

This program evaluates the best discriminant function bagsed on
q cheracters from ezch of two pgopulaticns, where.-q starts at one and
increeraea by one on each pass through the program until all p characters
spoocified for the two populatidns have beeu used. The character chosen
on each pass is the. chamc[‘l:er n hich yields the most informatiqn (the .
greatest generalised distapnce of Mahaloncbis), On each pass the
progrem caleulates ths d:x,sprim,nant function coefficientz and the value
lof the--discriminant-furction fdr each population based on g characters,

also the significance of the aldition of the g th character to the
ulti.ng diseriminant functicnas.

' '-uares and - Products Matri ges

. The program enables the d.a*ta from successive sets of regression
analyses, output under the PRESERVE facility of the ‘General Multiple y
Regressicn program (4 104) to Eg cunulated and printed in a iTorm _
uita.'ble for reinput to AS| 104 by the RESTART :.nstruction. o

_ The program computea, for a given set of three-d.mens:.onal data,
he co~ordinates required to plot the points on two-dimensional

diagreps cdpable. of being. uewed. by a.lens stereoacope o preduce a

‘he!‘BOBcOpic or. 3~D eff.‘ectq :

“The program computes” ﬁ'or a.*lgiven set of three-dimens:.onal data, the
dietanoea between the separate species or nodes, with the ob,]eot oft
provid.ing the necessary mﬁomta.on for bu:leing e three-~dimensional model.
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Computation of Permanent Sample Plot Summaries and Regressions

Using the methods described in the Code of Sample Fiot Procedure,

1959, the program (a) computes the volume of sample trces and prints

their pedan height, girth, volume, form height, crown width, etc.

(b) computes the linear regression of volume on basal area for the
volume sample trees and prints the constant, coefficient, deviction
from regression, etc., (o) repeats (a).and (b) for the thinnings, (&)

computes and prints out totals per plot of number of trees, basel area

and volume for various tree size cptegories, (e) computes and prints a
summary of the tree classification,(f?-computes-and prints the
characteristies of a curvi-linear regression of height on girth and
(g) prints a sumary of the plot measurements per acre.

Association dnalysis

The progran carries outa noouvthetie subdivision of a population
of individuals specified by binary attributes. The program is designed
to subdivide the population a stage at a time, the output tape from
each stage being the input for all staeges except the first,

Diesgrams for nssociation snalysis

This progran is designed to plot the diagram of a monothetic
subdivision (association analysisg on the Calcomp plotter.

Compute Avproximate F and t values

The program computes approximste values of F and t for Blven

' degrees of freedom and levels of probability (€.05, 0.01, or 0,001).

Caloulation of Means from Porta Punch Card Data’ -

A program 6 calculate the means .of plots when they are punched
on to cerds and have a tape produced from them. One measurement only
for each tree. :

Mean Wind Velocity Profiles

The progran selscts batches of 12 consecutive scars, as indicated
on the parameter tape, from the output tape of S8 8 (Westinghouse date
Logger check program), and caleulates the mean value for each channel,

I,

_Analxsis of Variance for a Balanced Lattice Design

The program calculates the analysis of variance for Balanced
Lattice Designsas follows:i=-

Treatments 9 16 | 25 g 6l
Units per block 3 4 .5 7 8
Replicates Lo 5 6 8 9

rrrrrrr

and Convert-to Inches

The Benson Lehner data.processing bureau at Aldershot is given
X-ray plates of discs cut from each interncde of theé tree. There are
four lines marked on the X-ray plates and the radii of each ring along
these lines is measured and punched on to taps {or cards) at the same
time. If the measurements aye punched on to cards, the cards are fed
into the computer at Benson Lehner to give a paper tape copy. < print-
out of the paper tape is obtained, The tapes and print-cuts are
returned, Thia program finds the mean ring radius for each ring on each
plate and converts this radius to inches. The Benson Lehner tapes give
the measurements on a scale of 1000 divisions to 6 inches. The result
tape is suitable for input to &S 185,



45 189

£S5 1%0

AS 139

=7 -

V 1uma Incrament from Tree! Disc

The program takes the' md.:l.p. of the discs, ( the results f;rom

WS 18,), together with the intepnodal lengths and calculates the
volume increment for each year of messurement. The redii date has
been checked by Entomology to epsure that there are not more rings
then posaible years of life of the tree. For example, a disc measured
from the 1950 internode eannot have more then 17 rings since these
rings would be for 1950-1966 growth inclusive,

o Compute a, b and ¢ of a. gggﬂggtlc Regression

Uaing Gauss's method of p:a.votal condensation, the progmm computes
he regression constant a and régression coefficients b and ¢ of the
uvadratic regression of x on e

l

ric Tariff Tables

The program computes & table which gives the volume of the tree
cubic metrus for a given tariff nurber and breast height diameter
centimetres.

The range of tariff numbers, the range of diameters and the
tervals between the tariff niumbers are specified by the user, thus
ing the program more generaly

The programme calcula’aes th.e enalysis of varisnce for a latln
quere and prints-the plot and freatment mesns and the analysis of
riancé table. Provision has been made to transform the data to
gles, Square rocrl:s (:x.+ »5) or logs (x + 1)

ais of Govar:u.ance for a Latin Bguare

This progran calculatep the analysis of variance for the .
ependent (x) and dependent varisble (y) then calculates the analysis
of covariense with adjusted plcﬁ;'| and treatmént means. Prov:n.s:.qn has
been made for the use of onp set of x values for o succession of sets
of .y valuss- or-a different % for| each set of y values, Tmns:f‘ormat:.on

1 be made :.nto nngles, Square troots (x+ .5) or bogs (z +1)

its Logarithm

. The program caleulates thg value of the determinant for the matrix
of numbers read ic and also its logaritim,

_ This program calculates values of y given values of x and the

ecoefficients of a nth degreg, polynomlal with coefficients

CAs. 01, l.l‘t..tccn. WhEre i

o . b2 .n
y:c +Qx+ [ 4] + sETE R NA Y
¢ M 2 o

 Multinomial Distributicns

2
x< distribution, and which may be used 1;0 test null oth
inomial . d:LS'bribut.Lons.. hypotheses from

g ;.je The program oanputes an informetjon statistic which clcaely follows
1t
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AN, Spegifications

Analysis of Variance for a one-third Replicate of A 35 eriment

Nine Blocks

Computes the experimental mean, all main effects and unconfounded
first order interactions between the factors, and the corresponding
mean squares and F~Retics. 4 component with two degrees of freedom
of the first order interaction between two treatment factors is
confounded with blocks. The component of this interaction which rem&ins
is ineluded by this progrem in the estinmate of experimental error,

Four Digkrihution Statistics

- Computes and prints the sample gize, and moment estimates of
the mean, standard deviation, G1 =‘/§} and G2 = 32 - 3, for any number

of samples of size not greater than 1280,
Randomiged Blocks

Calculates the treatment means, their common standard error, the
analysis of variance, the experimental mean, error standard deviation
and coefficient of variation, The guantities are printed with annotations
including the non~linear transformztion when used and the treatment
names, There is provision for an optional addendum to the program if a
specinl transformation is required for any of the sets of data to be
analysed by one reading of the program.

A.0, Specifications
Manner of Growth Studies

The purpose is to evaluate the graphs deédribed by Pearce
(Biometrics, 16, 1-6). 'The three standard errors are denoted in the
cutput by 81, 32, 85. The initial year is year O; the others are

numbered 1, 2, ssaave.as 8tee 4

Data Pransformation

The purpose is to take "Field Variates", to operate ¢n them as may
be desired to form "Derived Variates" and tc output the derived variates

-in canonicel form A ready for analysis,

The total number of data (i.e. of field variates and derived
variates together) should not exceed 2,200 at any point of the calculation.
If space is limiting, derived variates may over-write field variates or
derived veriates no longer needed, Not more than 50 variates can be
carried at one time,

Ther¢ is no limit on the range of field variates, but all values
derived variates should lie between C.000, 001 and 10,000,000,

Variance Components in a Hierarchic Classification ~ Division into Two
at _Each Level . - e

There are U primery units (Level 0) each of which is divided into
two {level 2) and so on, as fer as level V (V not greater than 9)., The
ultimete units are measured and the.’computation is for finding the
variance component, both as a variance and a ‘standard error, for each
level of splitting,

Univariates data are commonly available in eanonical form A. If
these are to be combined for a multivariate computation they may be
wanted in canonical form D. 1In this progrem the transposition is made,
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plot being wholly discarded if* it is defective in respect of any
ta.riate. Data are assumed to be mostly between 0,01 and 10,000, If
P is the nuwber of plots and V the number of variates, P (¥ + 1) must
hot exceed 1680. - - ' :

ta Selection )
The purpose is to take deta in canonical form 4, and, from a

pegment of ‘them, to select acecording to a systematic pattern, e.g. to
take every other, to omit every third, to scleet two and leave two,
Btc. as may be required. There should not be more than 500 unselected

;ﬁ.ata.

ﬂi ot Totals and Means R

! . 'Phe purpose is; to take a series of figurea for each plot, their
humber being unpredictable, and to produce a table <f totals or means
Pr both as reguired.

1

F_] aloulation of Large Covariance and Correlation Matrices

|
Caleulates either (1) the lower half of the covariance matrix for
variates or (ii) the lower half of the correlation matrix or (iii) both
i) and (ii). It is assumed that P does not exceed 50, The number of
lots N is wnlimited, If a sovariance matrix is required the data should
or the most part lie between 0.01 and 100, If only & correlation matrix
is required thére is no limit.

1

ga;xsis of Variance for a One-wWay Clasgificetion .

} There is no further assumption about design except that the number
pf data should not exceed 144, Dats are assumed to lie mostly between
?.01 and 10,000, . e o

|
i

sis of C gnce for a One-ia C ggification

| It is assumed that data mostly lie between 0,01 and 10,000,

&a}xsis of ¥ariance for an Orthogonal Two-Way Classification,

| It is assumed that data mostly lie between O.#1 and 10,000 and do
ot exceed 144 'in number. Replaces an older version, which was however
e same for both input and output,

@lﬁﬂs of Covariance for an Orthogonal Two-Way Classification

i It is assumed (i) that the number of data does not exceed 144, and
(ii) that most data lie between 0,01 and 10,000,

snalysis of Variance for an Orthogonal Three or Four-¥ay Classification

Caloulates the analysis of variance for an orthogonal three or four—
ay classificaticn, and also caleculates means of treatments and their
tandard errors. Will also estimate missing plots. The data are
ssuped to lie between 0.01 and 10,000 and not to exceed 1), in number,

Ehp

sis of Variance for a Iatin Sguare

| This program is quicker than &0 14 because the data are presented
their order in the field, not in arbitrary order. It is assumed that
© aquare is not larger than 12 x 12 and that data mostly lie between
«H and 10,@.

There are V variates from P plots and these have been subnitted to a
omponent analysis, the results of whieh are aviilable. The vector
ound number F, It is desired to find the value of sach vector to be
scribed to each plot,
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AG 19 ‘Linear Regresgion Loueticns and. Tests for Parallelism and fdentit
of Regression Linés (Une Indépéndent Variate) ' .

. ... Calculates A, B In Y - A + Bx, mecan sguare of deviations from
regression (error} and standard errcor of B, alsc X, ¥ for each line.
For each line there, nay be from 3 tc 300 pairs of values of x and y.
For more than cne line the progren tests (optionally) whether the B'a
differ significantly and if they do not whether the A4's differ
significantly. 4 joint estimate of B’ is obtained for parallel or
identicel lines and the general means X, y if there are more than 2
lines, Maximun 50 lines. .

AD 20 jnelysis of Variance for a Design of Type T

_ It is assumed that there are not more than 144 plots and that
© data mostly lie between 0.01 and 10,000, Designs of type T include
balanced incomplete blocks. '

A0 21 Partitioning of Treatments s.s.

The purpose is to partition the treatments s.s. presented to the
mechine, in & menner also presented to the machine, and to produce the
apprepriate analysis of variance teble., It is assumed that the number
of treatments is not greater than 100,

?0-22) -Analysis of Variance for a Randomised Block Design with Split-Plots
MkIT

plot treatment occurs once and only once in each blooka It is assumed
a2l1so that each sub-treatment occurs once and only once on each main

- plot, that the total number of sub-plots does not exceed 14 and that
data mostly 1ie between 0.01 and 10,000.

A0 2% Lnalysis of Variance for a Multiple iatin Square '

It is assumed that the squares are physically distinet, though

possibly adjacent, and that the interaction of squares and treatments
is not required. If it is, the whole experiment should be analysed
~using this program to obtain an érror sum-of-squares of S'. Then each
square should be analysed separately to give errer sums-of-squares that
total to 5. The analysis from this program should then be adopted,

.. except that its error sums-of-squares, S', shculd be partitioned into
two components.

-3 for the 1nteractlon of squares and treatments, and S for error,

'.Thls.program can be used for a single latin square. There will
then be zero degrees of freedom, and sums-of-squares "Between Squares'.
It is assumed that the data lie mostly betwebn 0.0t and 10,000 and do
not exeeed 144 in number. . .

AQ 2. Randomised Bloeck Design, Treatggnﬁ 2-x:2 x 2 x 2 jnalysis of Variance

- - ' Intended for 2+ designs without-confdunding in randomised blocks.
It is assumed that there are not moere than nine bloeks, with data that
lie mostly between 0.01 and 10,000,

4925 Wuiltiple Regression inalysis
- (Mk2)

Computes the regression coefficients and means for each variate,
for up to 19 independent veriates. There is nc limit upon the number
-of points. 4n analysis of variance into s component.due to regIESSlOn
and a residual is formed, and standard errors are given for the regression
cocefficients.

A0 26 nna11513 of Variance for a Desxgn ef Type T 00

D651gns of this type arise when a treatment is critted from a latin
aguare, It is assumed that deta mostly lie between 0.01 and 10,000 and
that their number ldoes not exceed 144,

N
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D 29

A0 30

80 36

AQ 38
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| _inalysis of Variance for a Design of Type O:TO

The most usual designs of this type are youden sQuares_in_which
+the treatments are orthegonal to rowa but not to columns, It is
gssumed that the data mostly lie between 0.01 and 10,000, and that
there are not more than 1.4, of them.

analysis of Variance for © Design of Type O:0T

The most usual designs &f this type are youden sguares in which
the treatments are crthogonsl to rows but not to columns. It is
assumed that the data mostly lie betw.en 0,01 and 10,000, and that
there are not more than 14l of them.

Bvaluation of a Linesar Repreésion Function for Given Values?of the
Independent Variates 5 ;

Given the coefficisnts and constants in a regression equation

- expressed. in either of the fqrms:~

”BO + B1 x1_+ P BN.?.N

f

2. ¥ }+~1(x1—§1)+=....+BN(XN—;N)

The program e¢valuates Y for g given set of values of x1, x2i*"" "xN‘“

Variates A and B are powered and differencel to give the variate
(AN -~ BN)  called the first variate, which is then -correlated with
a gecond variate C, The power N, which may be fractional. and negative’
is rmised by successive increments The initial power, increment and
number of increments to be added are given by the design tape., There
is provision for transforming to natural logarithms cither or both
"the first and second variates, also for correlations of the variate
Al with C. The value for each plot of the second variate can be

_printed for any specified set of powers, Number of plots is limited

to 160,

Analysis of Variance for Derign of Tvpe X with Omega Known
. 3 e

i ‘
Aveilable for any block design (i.e. two-way classification)

~ provided ocmege, the variance - covariance matrix of the treatnent

parameters, is known. It is assumed that the data mostiy lie between
0.0t- and 10,000 and do not exgesd 1ij, in number. Missing plots are
dealt with by modifying omega,

_Analysis of Variance for a Deéign of Type O:TT

There is only one design of type O:IT of useful size,.i.e.-that“
with' six rows, six cclumns, and four treatments. The program is
intended to deal with such & design howsver randomised. It is assumed -
thet most data lie between 0.1 and 10,000, h |

Analysis of Variance for a One-way Classification of Uhlimited:SQZe -

- Lt is asaumed that the number of treatments does hot exqeaf;ZOu and
that data mostly Jie between d.o1 and 10,000, o '

| Analysis of Varjance for an Orthogonal Two—WaXVCIassificatioﬁ of
Unlimited Size .

_ There is no limit to the humber of plots Wut neither blocks nor
treatments must be more than 200 in number and each must be orthogonal
to the other. The data Por the most part should lie between 0.01 and

' 10,000
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K0 45

40 47

AD 100 -

A0 101

& 1014

A0 102
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' Analysis of Variance for a Randomised Block Desisn

For this purpose a randomised block design is defined as an
orthogonal two-way classification with 211 blocks of equal sise and
all treatments equally replicated. Accordingly, AU 44 is = specialised

version of A0 12. In respect of running time it hes little advantage,

but it carries out a more thorough check on the design information.

Data tapes and design tdpes are the same for both programs; conseguently
if 40 12 were already in the computer there would be little point in
changing to AC 4J, unless a better check were needed on the design tape,

Disgeragon'and_Corrélation Matrices on Data with a Iwo-Way Classification

Limited to not more than ten wvariates number of divisions of first
classification (x) must not be such that xn 100, where n is the number
of veristes. Maximum number of divisions of second classification about
100 with ten variates, more with less variates or on comviled programme
Number of sets of data (plots) wnlimited. There is provision for
transformation of initial data to natural logarithms beforc analysis,

Czloulation of Bvapo~Transpiration using the lethod of Penman

The purpos¢ of the prograame is to calculate on a daily basis the
loss of moisture by vegetation. By taking into account rain and
irrigation, this is used to find the total change in soil moisture. These
figures can be accumulated if needed, The method is set out in J. agric.
Sei., (1962), Vol. 58, pages 34,3-348.

Examination of Residuals in Randomised Block Data

The routine analysis of varisnce mokes a number of assumptions
about the data including (1) additivity and (2) constant variance. Data
suspected of not conforming to one or other of these requirements is often
arbitrarily transformed without investigetion of whether the suspicion
is justified or whether the transforuation used is, or is likely to be,
effective, Tuis program enables data from a rendomise: block or similar
source to be tested for these two defects, and calculates constants which
can be used to indicate transformations likely to remove the non—a.ditivity
or non~constant variance ("Heteroscedasticity") should either of them be
significant.

" Improved Graph Flotter

These programs each assume 4 common interval between successive
ordinates and plot y-values for given x-values. A0 101 plots a graph
between O and the maxirm value for y, or between minimum and maximum
y=values, with the origin or axis denoted by an asterisk. 4D 101A is a
variation of A0 101, that moves the origin or axis to the lowest value
of y. This ensurecs that if all the values are fairly large and positive,
the plot will be over the actual curve itself, the better to show its
characteristics. Both programs secale the data up or down so that all
values are plotted within the limitation of the creed model 75 teleprinter,
(This has been set at 65 spaces), There are two tapes for sach program,
One tepe fills in the distance betwecn the axls and the y-velue with a
dash., The other tape puts in ‘a space so that all that is printed is the

- agterisk at the axis and the y-value denoted by a '+' in the appropriate

space.

Oc¢upancy Probability Distribution

Given a random distribution of R obJects in N cellis the progrem
caleculetes the probability P(M) of finding exactly M cells smpty.
N-M - .
(N) S . EN"M) M+v
v) (1 -x

) R

N=2, 3,_ l|., SEPFO OIS ANI By 20
Rﬂ2,5 l*-’ ﬁII'."O.l.'B.‘OQ.I 1‘2
M =:( 5,-. --.:-a--ooo..o.---.(li“"?)
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Time Series, Moving Averages

|

program also calculates expected yields of fault-free glass.

Assuming that the R objects are faults in picces of glass the

Centred 12 Monthly Moving_Averagés

Given a series of monthly values, %y Xps ........xN; the brogr&m

otloulates centred 12-monthly mofing aversges and prints out the .
ayerages against the actual valug.

Control Limits for iverages and Ranges

Given a szet of sample measurements divided into equal sub-groups

tae program calculates the range and mean for each sample and the average
ge and overall mean. From these results and the corresponding control
chart factors, the program celeulates the control limits for the IQR.chart.

Given a series of valu$s correspondlng tc egual tlme 1ntervals the
P ogram calculaces moving averagea of any order,

P rlodos Analysis

i
1

Calculates the values of the intensity 82 for a time series, based
various values of period .

Cérrelation Matrix

Accepts tapes punched by thé multiple regression tape preparatlon
progran (M) and calculaves: the éorrelation coefficients, meens! and -
stenderd deviations required fori component snalysis,

Guagsian Curve Fitting

i Uses an iterative method to fit an equation of the form
A 2 2
y=dy e By e B” (x _ C5)
To a serdes of exPerlmentalip01nts (xl, yl,) 01 and C1 are fixed
d the program attempts to: succéssxvely reduce the sum of squared
d viations between experimental and calculated values by adausting
s B1, A2 ard B, using the linear corrections.

Mgltlnle Regression Ar- ysis

Standard multiple regression analysis of a single dependent
variaeble against up to 26 independent variables.

1) + Az?e

guality Control Limits

Calculates the control'charﬁ limits flor average and range based on
a |series of aqually sizged sampl

Cgrrelaulon Matrix

Takes a series of observations on a number of 'Independent’
vdariables X5 and a number of dependent variables y. and calculetes the

cqgrrelation coefficients, means and standard deviations.

Pariodogram snalysis

Calculates values of the 1nﬂenslty S for a series of dbservatlona
af equal time intervals basad on !various values of the period, u.

Tage Series énalysis, Moving Avere ges
|

J Calculetes moving averages of any order R, for a series of
obse

rvations taken at equal 1ntervala of time, x1, x2 . = » Xt’ x$+1. . .xT




Moving average, Et + !rhj!nz

For r odd, the-averages-corresPSnd to tabulated valuea.
For r even, the average of sach pair of consscutive moving averages
is taken to give this correspondence,

A0 114 Latent Rocts and Vectors

Finds 2ll the latent roots lying within a given range of a
symmetric matrix, together with the ccrresponding latent vectors.

AD 115 Correlozran Analyéién

Caleulates v, for a correlograim,

k
M3 Specifications
MS 2 Non-Orthogcnal inalysis of Variance., Two Gonstraints

Calculates the analysis of variance for two constrainus, which
may be orthogonal or non-orthogonal, une of the ccnstraints is
assumed tc be due to experimental trestments, and the other due to
- blocks, and the means for the treatments are adjusted to allow for the
effects of the blocks contributing t¢ each mean.

M3 3 Non-Orthogenel snelysis of Variance. Three Constraints

Calculates the analysis of variance for data with three constraints,
which may be orthogonal or non-orthogonal. One of the constraints
is assumed to be due to e Xxperimental treatments, and the cotlers due
to row and cclumn effects of the experimental design, or block and
previous treatment effects,

M3 7 Caleulation of Discriminant Function between Two Groups

Czleulates the linsar function which best discriminates between
two groups of cbservations of P variables, ant the value of the
coefficient of multiple correlation of this discriminant,

M3 8 Normalise and Solve Populstion Equationgs

Designed to carry through the computations described by Dempster
in J, Anim. fZcol, 30, 1961, 423-1,32, The cbserved numbers of organisms
present at the various stages of development for each sampling date
are presented as a system of simultaneous equations, These equations
are first normalised and then solved to find the mortality between
each stage of development.

58 Specifications

S8 2  Three Factor analysis of Veriance

The analysis of variance for three factors and blocks is
calcuiated. In addition the means for each main treatment and the
first order interactions with their standard errors are produced.

835 3 Compare Two Tapes

The program reads characters alternatively TRO (A) and TRI (B),
compares them, and if they are the same steps the tapes on to repeat
the process. If the characters are not the same the machine stops at
& 99-wzit, from which it can be restarted by pressing "Continue®.
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58 L Four Factor Anelysis of Variance

The analysis of variance for four factors and blocks is
calculated, In addition, the means of each treatment, main effects,
and first order interactions are printed.

886 Eliott Data Conversion

This is a program to convert data in Eliott 5-Chennel Paper Tape

Code to Ferranti 5-Channel Paper Tape Code,

S0 Speecifications

80%2 Convert 7-Hole Paper fape tg 5-Hole on Sirius

Converts 7-track Lecton tape to S-track Sirius tape.
|
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Analysis of Covariance
Latin sguare AS 190
Orthogonal two-way classification AD 42
One=way classification AD 140
Randomised block AS 17
Randomised block AB 122
Single classification A8 60
25 Fractional factorial design AS 62
Analysis of Veriance

Balanced lattice design AB 483
Confounded 33 factorial design A3 36
Degign of type Q:0T A0 28
Design of type C:TO AS 27
Design of type 0:TT A0 36
Design of type T A0 20
Design of type T:00 . A0 26
Design of type X - 40 32
Fouf factor S8 4
Hierarchal classification : ' AS 32
Latin square . AS 189
Latin square AD 16
~Multiple latin square ‘ A0 23
Non-orthogonal, two constraints _ s 2
Non-orthogonael, threc constraints MS 3
Orthogeonal two-way classification : AG 12
Orthogonel two-way classification of unlimited size AQ0 39
Orthogonal three- or four-way classificaticn - A0 14
One-third replicate of 2 55 experiment in nine blocks - A8 20
(ne~third replicate of a 35 experiment, nine blocks : AN A1
One-way classification - - A0 10
One-way clessification of unlimited size A0 38
Randomised blook. _ A3 3
Randomissd block : P I/
Randomised block with within treatments and between

treatmonts subdivision AS 160
Randomised block design | , A0 LY
Randomised block design with split plots A0 22
Randomised block design, treatment 2 x 2 x 2 x 2 AQ 2,
Single e¢laasaification . AS 2
Single.classification ' ' AS 168
Split plot (with sub plots subdivided) AS 70
Split plot design AS 90



Split plot design in randomised blocks
Subdivision of treatments into between and within

treatments

Three factor
: Three factor (7000 word nutoc¢de)
| ‘Two factor, plus blocks | f'

|ippfoxinate F and £ values, oomputd
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reogram to, and convert to mnchqs
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Bartjlett's test
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Cpnvert 7-hole paper tape to 5-hole bn Sirius
Co-ordinates for sterecgraphic plotting, Compute
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Cunulate sums of squares and products matrices

-D -

Data for analysis, Preparation of

Data for use on AS 26 from split plot data, Caleulation of
Data from ocne layout to another layout, To sort

Data selection

Data transformation

Design of type 0:0T, Analysis of variance for

Design of type 0:T0, Analysis of variance for

Design of type 0:TT, Analysis of variance for

Design of type T, fnalysis of veriance for

Design of type T:00, snalysis of variance for

Design of type X with omega known _

Determinant and its logarithm, Calculation of

Discounted revenues, Calgulation cof

Discounted revenues (Main program)

Discounted revenues (Max program)

Diseriminant function between two groups, Calculation of

Dispersion and Correlation matrices on data with a
two=way classification

Distance between species, Computse

-F -

Elimination of seasonal effects. Trend values, season
indices, and adjusted values

Bliott data conversion

Evaluation of a linear regression funetion for given
vaiues of the independent variates

Evaluation of model for length of life distribution
Evaluation of Price/Size functions

Evapo~transpiration using the method of Penman, Calculation
of

Bxamination of residuals in randomised block data
Exponential fitting
Extension to tariff tables

Bxtension to volume tables

- B -
Four factor anzlysis of variance
"Fisher's exact comparison of two percentages (or ratios)"

Four distributicon statistics

AS 171
A8 82
A8 440
48 86
a0 5
A0 2
A 28
AD 27
A0 36
A0 20
AD 26
A0 32
AS 195
A3 25
AS 1344
A8 1348
MS 7
L0 45
A5 173
AS 64
85 6
A0 29
A5 132
A8 L5
AO0 47
AD 100
43 28
a3 57
A5 49
SS &
A8 52

AN 2

o R
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éGen ral multlple regr9551on

Gen ral register into form suqtable for use with a8 76
: d A5 77, To sort

'Grn ps from nearest neighbourq, Co%pute

Gro h studies, Manner of
;Gua sian curve fitting

|
|
|
|
B
- H

éHierarchal elassification, anaiysi# of veriance
Homogeneity tests for seedutesfing]laboratory

i
- I~

Imprpved graph plotter

Increment percent and relative increment percent by girth

classes, Calculations of

Increment percent for yield tables

indet

plots, Calculations for

Indugtrial ready reckoner
Information from multinomial distributions, Analysis of

Insert headings in summerieas of experimental data, Program to

Iarg%
Larg¢

-L-

correlation matrix, Calculation of
covariance and correlatlon metrices, Caleulation of

Latent roots and vectors

!
Lat
| ﬁiT
©4an
s
Line

square

sis of Covariance
is of varisnce
8is of variance

» quadratic, etc. Componédnts for analysis of variance,

Caloulation of

~Linedar regression analysis

Linear regression equations and tests for parallelism and

Hine

ﬂinear regression funetion for given\values of thc independent
. vaplate, Evelugtion of :

% izE%tity ¢® regression limes (1 independent veriate)
|

regression for two variables by the method of least

BQUATES ; |

L@n&ar regression with grouped aata‘

- M -E

Mﬁnner of growth studies
Matrix for canonicel correlations, Calculate

Méana
- Cal
Meana

and plant numbers from nurseny assesgment forus,
culation of

from nursery asseasment forms {seedbeds)

A5 104

iS5 85
A8 1150
ﬁSé 1
1-,0'@108
' ﬁSé 2
AS% 83
Y ?101
AS 78
i85 15
A8 137
AS 97
A8 200
AS 8y
AS 156
40 9
«0 144
AS 150
48 189
AD 16
45 26
AB 234
a0 é19
A4S 72
A0 29
AS 96
LD ?1
a8 119
AS T
A5 18



Means frow nursery assessment forms (transplants)
Means from Port-a-punch card date, Calculation of
Means from Port-a-punch card data, Calculation of
Means of groups, Compute

Means, standard deviations and correlation matrix for
principal component analysis, Calculation of

Mean sum of squares, mean sguare and standard error of
N numbers

Mean wind. veloecity profiles

Mechanical analjsis

Metriec tariff tables

Minimum aggregate distance

Minimum, maximum, mean and standard deviation, Compute
Migsing values for a randomised block

Model for length of life distribution Evaluation of
Multinomisl distributions, Analysis of informetion from
Multiple latin squars, unaLYEis of variance for
Multiple regression annlysis

Multiple regression analysis

Multiple regression, step by step

Multipie regression, general

ﬁearest neighbour analysis

Nearest neighbours, Compute groups from

Kon-orthogonzl analysis of variance. Two constraints
Non-orthogonal snalysis of variance, Threc constraints
Non repeating Pseudo random numbers

Normalise and solve population equations

Normality for samples less than 1000, Test

Number of rings per inch, Caleulation of

Number of tress by girth classes, Calculation of

Numbers survived to survival percent tresnsformed, caleulstion

of
Numerical sort

Nursery assessment forms (seedbeds), Calculation of means

Nursery assessment forms (transplents), Caleulation of means

Nursery assessment forms, calculation of means and plant
numbers

-

Occupancy probability distribution

One-third replicate of a 32 experiment, nine blocks,
Analysis of variance

Dne-third replicate of a five factor experiment in nine
blocks, snalysis of variance

48
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A8
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A
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A8
A5
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181
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92
108
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5
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158

58

39
14
I

Sh
138
18
1%

o
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One way classification of unlimited size, An:lysis of variance A4S 38
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Ohe way classification, isnelysis of covariance-
Oﬁe way classification, unaiyﬂis of variance-
Olganic matter, Percentage

hogonal polynomiale, Fit

hogonalised regressions |

hogonal three- or fourbway cla351ficatlon, nnalysls
of' variance :

hogonal twe way classificatioﬁ, analysis of euvariance
hogonal two way clasaifiéatioﬁ, wnalysis of varience

hogonal two way classxflqatlon of unlimited size, inalysis
of variance

0 erturning moments by degréea

T -
1

rtitioning of trestments, 8.s, |
Pented means of temperature and uainfall, Form

Percentage light in the wood of llght in the open and the
standard deviation of the perventage within plots

Parcentage organic matter
iodogram nnalysis
odogran analysis

ent sample plot summaries and regressions, Computation
i of

Plpnt distributions from measurements of nearest neighbours,
‘Test of randomness of

Poison distribution - smali pamples, Testing
Poilynomial fittings (-6th degree)
Pb}ynomlal, kvaluation of

Population equations, Normalise and sclve

paration of conversion (or other) tables
paretion of date for analysis |

i
1

ce/Size curves (type II)

. Price/Size functions, Eveluation ¢f

cipal component analyais. Summary of results

| Prqgressive diseriminatory analysia (7000 words)
; Pravensnce experiments from flield /data
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iQuaPratic regression, To compute &, b, and - of

Quality control 1limits

£0
FAy)

A8

O
AC

ko

QQ
48
AS
A0
its}

AS

AS
w3

(!
10

98

101

22

14
13
12

59
93

21

46

163

98
106
112

17

162

12
125
199

154
18

43

82

143
145
126
170

95

187
110

n

T




- R -
. Rendomised blocks A8 35
Randomised blocks Ny
Analysis of covariance for 43 17
analysis of covariance for &5 122
Analysis of variance for AS 3
inalysis of variance for a8
Randomised blocks, Breakdown of a8 59
Randomised block design, .snalysis of vardiance for FNORRFN A
Randomised block design, treatment 2 x 2 x 2 x 2, ~nolysis
of variance LY 24
Randomised block design, with split plots, Analysis of
variance AQ 22
Randomised blocks, Missing velues for AS 108
Randomised blocks, withhmisaing values AS 44

Randomised blocks with subdivision of the treatment sums of
squares into control Vs treated, within control, between
end within treated i8 69

Randomised block with subdivision of treatment sum of squares
into control Vs treated, within control, 4 treatments,
B treatments, 4 x B treatments AS 110

Randomised block with subdivision of treatment sums of squares
into within cuntrol, within treatments, control Vs treated,

between treated £8 107
Randomised block with subdivision of treatments sum of squares

into within trvatments and between treatments a8 160
Randomness of plant distributions from measurements of nearest

neighbours, Test of ' 48 162
Range/standard deviation, Calculation of ' AS 80
Rates of growth, Comparison of LS 2
Regression of periodic annuzl inerement/zcre on basal area LS 88
Ridits, Calculation of A8 23

-8 -

Sample plot data, Caleulation of A8 167

Sample values of R are drawn at random from the same
population, and combinaticn into a single estimste, Test

that . AS &1
Seasonal effects, trend values, seascnzl indices and adjusted
values, Elimination of AS 6l

Sequential sampling charecteristics for normal distribution  AS 166

Sick pay ready reckoner A3 120
Significance of principal components, Test of A5 111
Single classification, snalysis of wvariance &8 2
Single classification, snalysis of covariance . A8 60
Single classification, inalysis of variance AS 168
Sirius, Convert 7-hole paper tape t¢ 5-hole 80 2

Size of a small population of enimals estimated by removing
animals A8 27

8plit plot (with sub plots subdivided), Analysis of Varianc. 48 70



Split plot design, Analysis of vgriance

andard errors frem three and f‘-iour factor results,
Caleulation of '

standard errcrs for the four fapior :nnalysis of variance
program, To find '

'ep by step nultiple I\egreasioni .
ereographic plotting, Computé ¢o-cordinates for

“Subdivision of treatments into between and within treatments,
analysis of variance with

S]:::, check _
-8 of squares and products matrices, Cumulate

-T =

Tariff tables, Lxtension to

Three factor analysis of variance (7040 word autocole)
Threc factor analysia of variancé

T series analysis, moving averages

T; seric¢s, moving averages

Tptal basal area of apecies ani mean heighh of species for
each plot, Computs

Totals and means, Flot
Transformation of tree percentege volume curves
Tfanafomed variables, Calculate |
Tpeatment means, Calculativn of
T#‘eatmeni;s 8.8., Partitioning of
Tree profile fitting (B.H. omitted)
o factor énalysis of variance, plus bloecks
fractional factorial design, Analysis of variance
7 fractional factorial design, Preliminary caleulaticns
i_ fractional factorial design, {nalysis of cofaria.nce
]

i fractional factorial design, Standand error of adjusted
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