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ABSTRACT 

The utimate aim of a breeder's working collection is to 

utilize the genetic variation for breeding new culti vars. Before tl1is 

variation can be utilised, it is necessary to obtain the description 

of attribute from the collection. These can either be obtained from 

the records of genetic resources (base collection or active collection ) 

or obtained directly from the working collection itself. This will 

resulted in a huge amount of data. To be of any value, thi s information 

need to be classified systematically, and the classification need high 

degree of objectivity, especially for speci es of no o priori knowledge . 

A Working collecti on of 160 Yorkshire Fog seed populations, 

from all over New Zealand, . ~ere planted out in Hassey University. 

This formed the gene pool. During Summer 1975, 11 agronomic and ~orpho- . _ 

logic characters wer e scored in a semi-quantitative scale . This yield 

approximat ely 42 ,000 data records . These were then systematically 

reduced to 550 by a series of multivariate anal ys i s techniques . 

The pr ocedures of Multivariate Anal ysi s of Variance, Multiple Di scri

minant Analysis and Cluster Analysis were reviewed and their computer 

progr a~mes wer e developed . 

The clustering behaviour s of seven agglomerative polythetic 

strategies were studied and compared, using the full set of characters. 

Most of the results concurred with studies carried out by other workers 

The Minimum Increment Sum of Squares strategy was found to be most suitable 

for this analysis. A probabiliotic decision method was devised to decide 

objectively, the truncating point for clustering. 

For all set of data, the studies did not reveal any ecotypes 

and hdnce did nat agree wirh t he ecoclinAl trends hypothesoa (of 

Yorkshire tog in New Zealand) of Jacquee .Tne approaches of both studies 
(of Yorkshire Fog in New Zealand) of Jacques. The approaches of both 

studies ( that of Jacques and t he present one ) were reviewed critically 

and a more appropriate approach was suggested for future ecological 

study. 

Preliminary results revealed that there were a few promising 

groups showing agronomic desirable characters. They were promising 

breeding materials for future lines selection. 



Of all the characters studied, flowering date and clump erectness 

were found to be the most discriminating characters amongst groups, and the 

most dominant characters in clustering. These implied that selection should 

be beneficial, if they had moderate high predictive heretability. 
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l 
INTRODUCTION 

Hill country pasture is important in New Zealand, as it is 

a highland country, with 28 million acres (64 percent) of the farming 

land being steep hill country (Scott 1956). 

Hill country pasture production can only be maintained if 

suitable species are grown. In particular, attention must be given 

to the species' soil fertility requirements. It is convnon for high 

producing pasture species to lose their producing ability where soil 

fertility falls below their requirements, or where practices to suit 

their best growth are not followed. In the hill country, soil 

fertility is often poor (White 1973), and species suit to this are 
preferred. 

Yorkshire Fog grass (Holcus lanatus L.), is noted for a 

virtual absence of edaphic specialization, wide climatic tolerance, 

low soil fertility requirement, and good adaptation to extensive 

agricultural (pastoral) system. This grass has established well in 

New Zealand in humid hill country, unploughable steep hills, acidic 

peat soils and even swampy lands (~asnyat 1957). It is the major 

constituent of some 8 million acres of 1'\lorth Island marginal pasture 

land, of which 5 million acres are in the wetter hill country of the 

west. It's contribution toward farm productivity has been judged as 

significant (Munro 1961, Basnyat 1~57). 

In 1953, Jacques started to investigate Yorkshire Fog as a 

useful pasture species. The investigation commenced with collecting 

a wide range of local seed populations from most major areas of New 

Zealand. After a series of progeny tests and selections, a synthetic 

cultivsr "Massey Basyn11 was bred in 1960 (Jacques 1962). A synthetic 

cultivar is made up of genatypes whi~h have previously been tested 

for their ability to produce superior pr0geny wh n crossed in ell 
combinations (i.e. they have good combining abilities) (Allard 1960 ) . 

In a sward productivity trial, Munro ll961) found tnat 

nMassey Basyn" compared favourably with perennial ryegrass and per

formed much better than a commercial Fog line. Riveros(l963) found 
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that dry matter yields were always significantly higher in Yorkshire 

Fog swards, than in ryegrass swards. In a trial from 1961 to 1964, 

Watkin and Robinson(l974) Found that "Massey Basyn" had a similar dry 

matter yield to the ryegrasses (Ariki, Manawa and Ruanui); and the 

seasonal production of "Massey Basny" well distributed, with relatively 

good production in winter and summer. 

To enable further detailed investigation, and to improve 

further the agronomic value of Yorkshire fog grass, Dr. R. G. Clements 

organized another collection of Fog accessions in 1972. A total of 

201 seed populations were collected. These included 108 from the 

North Island, 89 from the South Island, 3 from Australia and 1 from 

Spain. This collection was sampled from most parts of New Zealand, 

even the Westland region (Which Jacques had missed out), and the 

Northland region (which Munro(l961) and Jacques(l962, 1974) considered 

as having the most potential for highly productive genes). 

Out of the 201 seed populations collected, 160 were planted 

out as a working collection at Massey University. According to 

Vavilov, "collection and classification" is the first phase of scien

tific plant breeding (Frankel 1947); and the aim of the presant study 

was to examine the phenotypic variability in, and to reveal the re

lationship amongst, major characters within this collection. In this 

study, populations have been grouped into phenotypically-similar 

clusters. The clusters so obtained could be used as sources for breeding 

material. Several multivariate analysis techniques have been used to 

achieve this. Firstly, multivariate analysis of variance has been 

used to investigate whether there were any differences amongst popu. 

lations, Secondly; multiple disctiminate analysis has been used to 

estimate the relationships between the phenotypic character~, and to 
ordinate the original eeores into uncorrelated diecriminant scores. 
finally, cluster analysis has been used to group together populations 
with similar phenotypic patterns of dispersion. 
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CHAPTER 1. LITERATURE REVIEW 

1.1. Yorkshire Fog 

Yorkshire Fog (Holcus lanatus L.) probably has it origin in 

the Iberian Peninsular (Vinal and Hein 1937). However, it is found 

throughout Europe and North \~est Africa, and in the most recently 

developed temperate farming areas of Americas, South Africa and 

Australasia (Hubbard 1945, Munro 1961). 

Yorkshire Fog was introduced into New Zealand either as a 

seed impurity or as a hay grass during the 1060's. It has spread 

throughout the mainland and even to the remote Chatham and Auckland 

Islands (Chesseman 1923). It is one of the most widespread and adapt-

able grasses introduced from Western Europe. It has established in 

pasture of diverse type over a wide altitude range (Basnyat 1957). 

Despite its relatively recent introduction to New Zealand, natural 

selection has probably taken place, and a considerable number of 

ecotypes appear to have developed. The variability in New Zealand is 

believed to be similar to that in the centre of origin. New Zealand is 

believed to be a secondary centre of diversity of this species (Munro 1961, 

Jacques 1962, 1974). 

Yorkshire Fog has shown an almost complete absence of edaphic 

specialization. It is capable of growing in a wide range of soil types, 

from heavy loams to sands (Hubbard 1945). Though the optimum soil pH 

is considered to be within 5.0 to 7.5, it is found growing on areas 

with much hgiher acidity (Davies 1944). It also grows on areas of 

extreme soil moisture content (Hubbard 1945). However, its growth will 

become aggressive only where the soil moisture content is "adequate" 

(Jacques 1962). Levy(l970) suggested that Fog will tolerate tidal 

salt mud flats, swamp and flood areas; very wet or water-logged areas 

and soils with average moisture; but it \11111 not tolerate moderately 

dry, dry and extremely dry soil. Yorkshirt~ Fog is classified as 1110\1/er 
fertility'' grass (Suckling 1960). It lliill dominate on soils with 

fertility WhiOA 1~ high, moderately high, average• moderately low, 
er lo\11 (Levy 1970). But on aoila with eMtremely high fertility, very 
low fertility, or extremely low fertility, it will not dominate (Levy 

1970). Though the exact physiological basis of these wide tolerances is 

not known, Munro(l961) suggested that the anatomy, competative absorbing 
ability,and the endrotrophic mycrorhiza of the roots are important 

factors. 



Yorkshire Fog exhibits a wide tolerance of temperature and 

light regimes. A high rate of growth is maintained at temperatures 

ranging from 12.8° to 29.4°C (Mitchell and Lucanus 1960); and at light 

ranging from dense shade to open and sunny (Levy 1970). Even during 

the winter season, where temperature and light could be limiting to 

other species, growth and new tiller formation continue (Munro 1961). 

It has always been regard as a good winter grower (Hubbard 1945, Watkin 

and Robinson 1974). 

Crown rust (Puccini ~onata) is the major disease, which 

will not kill the infested plant but reduces its palatability and yield. 

Yorkshire Fog is regarded as being relatively less palatable than other 

pasture grasses. Pubescence and extremely prostrate growth forms are 

believed to be the factors (Jacques 1962). 

In the sward, growth of fog is centred on leaf expansion on 

a moderate number of large tillers, whereas in ryegrass and brown top, 

it is centred on large number of smaller tillers (Munro 1961). In 

growth form classification, Levy(l970) classified fog as heaving its 

crown at or above ground level. the growing points are elevated above 

ground (Jacques 1962). The leaves are soft, being comparatively low 

in strengthening tissue (Jacques 1962). The general growth habit, and 

mode of vegetative reproduction of Fog, are most suited to a lenient 

system of grazing. It's grazing tolerance lies between perennial rye

grass and cocksfoot (Mitchell 1956). It is probable that its feeding 

value is high, as a result of its low proportion of both strengthening 

tissue and collateral vascular bundles (Jacques 1962). 

In most New Zealand pastures, the flush of growth is in spring, 

with more variable production in Summer and Autumn (depending on district 
rainfall), whilb winter production is low. The winter (June; July, 
August) dry matter yield of New Zeblend pastures range from o to 13% 
of the total annual yield (Radcliffe 1974a, Radcliffe 1974b, Radcliffe 
and CbSsens 1914, Radcliffe 1975a• Baars !t•!!.•1975, Baars 1976b, 

Radcliffe 1976t Round-TUther tt• !!,.1976; Rickard and Radclitfe 1976). 

Howav r, in areas where either sunvner gro~th is restricted by moisture 
streee, such as Gisborne plains (Radcliffe and sinclair 1975), and 

Wairarapa and Hawke's Bay (Radcliffe 1975b), or where winter growth 

is encouraged by high temperatures, such as in Northland (Baars 1976a, 

the winter yield may reach 15-17% of the total annual yield. 
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Similar patterns occurred in unimproved hi!~ country where 

winter low production is always the limiting factor determining stock

ing rate, and spring flush is poorly utilized (White 1973). The good 

winter growth of Fog might be able to ease this limitation. Watkin 

and Robinson(l974) have show that "Massey Basyn 11 not only has higher 

total yield, but also a more even seasonal distribution of yield. It's 

winter yield was 16% of total, as compared to 11.5% for Ruanui, 14.7% 

for Manawa and 12.5% for Ariki ryegrasses. 

In summary, these findings indicate that Fog is well suited 

to less intensive farming systems, typical of many dairy pastures and 

upland sheep farms. It would seem especially suited to the humid, low 

fertility North Island hill country. 

1.2. Gene Pool Concept And Maintenance 

Response to selection is based on genetic variation in the 

original population (Allard 1960, Bennett 1970). Therefore, it's true 

that plant breeding's success is dependant on this variation. In the 

progress from Neolithic to scientific plant breeding, not only the 

method of selection, but also the nature and range of variation has 

changed. Intense and directional selection for modern "improved" 

cultivars has reduced the genetic variability generally utilized in 

agriculture (Bennett 1970). This is especially so \I/hen the "improved" 

cultivars are either selected for uniformity (as in purelines or multi

lines), or selected for closely defined objectives. 

Modern scientific farming, which enable 11/idespread cultiva

tion of relatively fell/ "improved" cultivars, not only intensified the 

tendency, but also threatened to wipe out the broad genetic variation 

.of primitive cultivars by encroaching on their habitats. The primitive 

cultiv rs of wh@ tj coff e and barley in Ethiopia bre under auch a threat 
{Men~aehe 1975). Aleo t he introduction of wheat from CIMMVT, and of 
"miracle" rice from lRRI, to Latin Amerit:as ans Asia provide the same 

threat to their primitive cultiv~rs (Frankel and S~nnett 1970). 

The adaptability of a population will decrease as the genetic 

variability decreased. Most of the "improved" cultivars are well 

adapted to a restricted range of environments. These they can productively 

exploit but at the expenses of their adaptability. Simmonds(l962) 
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noted, critically, that such a sacrifice of adaptability is unwise. 

Finlay and Wilkinson(l963) also suggested that selection should aim 

for "general" rather than "special" adaptation. However, the amount 

of adaptability retained should depend on the degree of environmental 

fluctuation. On the other hand primitive populations have greater 

genetic variability and adaptability. These features should be pre

served for future exploration and exploitation by plant breeders 

(Frankel and Bennett 1970). 

The goal of preserving genetic diversity of plants, in genetic 

resource collection or gene pools was originated in 1920 by N. I. 

Vavilov (Frankel 1975). To preserve these variations, the initial 

collecting has to be extensive, and, also, the resulting collection 

has to be maintained carefully. The problems and procedures of 

exploring the centres of diversity, the optimum statistical sampling 

techniques and sample sizes, and the procedures of collecting have 

been reviewed by Frankel and Bennett(l970), and Hawkes(l975). 

The maintenance of collections has two distint but interre

lated aims: firstly, to conserve the maximum amount variability for 

future generations; secondly, to allow plant breeders easy access to 

utilize this variation (Marshall and Brown 1975). Two types of collect

ion are proposed generally to suit these aims: (i) base collections, 

for long term conservation; (ii) active collections for: (a) medium 

term conservations: (b) regeneration; (c) multiplication and distri

bution; (d) evaluation; and (e) documentation. The detail requirements 

for maintaining this two collections are outlined in Frankel(l975). 

Breeder's working collections are different from the above two, and 

are actually derived from active collections. However, they may gene

rate valuable information which should be incorporated into the genetic 

resources records (rrankel 1975). 

Other problems associated with maintenance are whether the 

collection should be maintained as seed, or as living plants, and 

whether it should be maintained as separated or bulk populations. 

Simmonds(l962) proposed that a bulk living collection, or 11Mass gene 

reservoir", was best for long term conservation, as he regard seed 

collection, or "museum collection", as a wasting resource with high 

rate of losses. However, in simulated "mass reservoir" study of 

barley, Jain(l961), Allard and Jain(l962) and Clegy et. al.(1972) 
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found that under a colllJlon environment,"mass reservoirs" not only re-

tain a small portion of the genetic variation, but also tended to retain 

the same spetrum of the variation. They concluded that "mass reservoirs" 

have little value in preserving genetic variation . Moreover, the 

technology and facility of seed storage has been improved such that 

seed of many species can be stored for a longer time before regenera

tion is neccessary. Nevertheless, completely "static" preservation 

is impossible, and loss of genetic variation can occur through differen

tial survival of genotypes in storage, and through sel~ction, hybridi

zation and genetic drift during the seed rejuvenation process (Allard 

1970) . 

Collections maintained as separated populations provide more 

flexible usage. This allows any subset of the whole collection to be 

used, whereas collection maintain as bulk population had to be used as 

a whole. Thus seed stored as a separated populations is most widely 

practiced (Marshall and Brown 1975). 

1.3 Multivariate Analys is 

Multivariate analysis is the simultaneous analysis of data 

from several correlated r andom variables, orginating from independent 

individuals. The use of a series of univariate analysis on each 

variable separately is often inadequate. It can overestimate the true 

dimensionality of divergence, as it does not separate covariance among 

the variables from their apparent variances. This may result in declar

ing too many significant differences. In general, multivariate analysis 

can reveal the relationships, interdependence and relative importance 

of the characters examined (Bfyant and Atchley 1975, Kshirsagar 1972). 

The main "obstacle" to the application of multivariate 

analysis has been the computational work involved. However, with the 

modern availability of high speed computers, this obstacle hardly 

exists today. Various multivariate techniques based on different stati

stical models are being used more frequently. Researchers ate dften 

faced with the problem of selecting the appropriate technique for their 

particular hypothesis and types of data. To aid this, a brief key to 

the major multivariate techniques is provided in appendix A-1. 



Multivariate analysis techniques have been used in almost 8 
every field of biological research. To name a few of the recent ones: 

physical anthropology (Howells 1970, 1971), behavioural science (Cooley 

and Lohnes 1971), medical science (Kshirsagar 197i), taxonomy (Clifford 

and Stephenson 1975) and ecology (Crovello 197U, Pritchard and Anderson 

1971). These techniques have also been applied in Agronomy, such as 

in pasture grazing trials (Williams and Edye 1974). They have been 

used also in Plant Breeding, such as in selection of parents from a 

gene pool (Bhatt 1970, 1976), in genotype-environment interaction studies 

(Mungomery et. al.1974, Shorter et. al.1977), and in s creening gene 

pools (Burt et. al.1971, Edye et. al.1973). 

1.4 Assumptions for Multivariate Analysis 

The results from statistical analysis are strictly_valid only, 

when the data conform to the basic assumptions underlying the analysis. 

lf the assumptions are not fulfilled, the validity, efficiency (i.e. 

the accuracy of estimating the population parameter from the sample 

statistic), and sensitivity (i.e. the fineness of actual differences 

detected)will be affected. The essential assumptions for multivariate 

analysis are derived from those of univariate analysis, as considered 

py Cochrar,(1947) and tisenhart(l947). There are some less corrvnon 

methods that either require no assumptions (such as nonparametric 

methods), or need only some of the assumptions (such as multivariate 

time series and stochastic processes) (Kshirsagar 1972). However, 

these methods can only be used to summarize properties of the data in 

hand, and could not be used to infer properties of the population from 

which the data were drawn (Andrew et. al.1971, Eisenhart 1947). 

Multivariate analysis can be expressed in symbolic forms. If 

there are p variables, x1, xz, x3, ••••••• xp observed from an indivi

. dual x, then this can be expressed in vector form as 

X 

(pxl) 
= . 

• • • xp 

If there are n individuals observed, thdn the \I/hole 

data matrix can b~ expressed as 



X 
(pxn) 

= . . 
X X pl ••••••••••• • pn 

with mean, JJ 
(pxl) 

µl 

µz 
= • Then the . 

JJp 

9 

var(x2 ) : P variance matrix of X is defined as( I: ) pxp 

cov(x1 x2) •••• cov (x1 x J 
x1) .•••••••••••••. varCxp) 

It is usually assumed that X 
\PXl) 

r 
(pxp) 

) . If X's are 

ootained from g(g ~ 2) populations, then it is further assume that all 

r matrices are equal i.e. r 1= r 2= r3= ··········= ,rg. 

1.4.1. Multivariate Normal Distribution of Variables 

Multivariate analysis assumes that the variables are drawn 

from a population with a multinormal distribution. The multivariate 

normality test is difficult. A series of tests for goodness of fit 

(Rohlf 1971), or for probability curve fitting (Press 1971), may be 

used to examine the univariate normality (marginal normality) separately. 

However, conformity of all variates to marginal normality does not auto

matically imply multivariate normality, because of interactions amongst 

characters(Andrews et. al.1971, Press 1971, Rohlf 1971). 

In general, directly observed biological measurements and 

qualitative characters do not diverge too far from multivariate normal, 

and can be assumed to fit this distribution (Seal 1968), 

Under moderate non-normality, F-test and two tail t•teet of 

univariate data will still be valid, unless large departures occured 
in the outlying regions (Bartlett 1947). However, their efficiency 

and sensitivity will be affected more. In general, univariate non

normality tends to lead to underestimation of the significance levels. 

This results in declaring too many significant differences and increa

sing type I error. Type I error is the probability of rejecting the 

true null hypothesis (Freund 1972). Similary, in multivariate cases, 

Ito (after Press 1971) has shown that when sample sizes are very large, 

violation of the multivariate normality assumption has only slight effect 
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on testing hypothesis by MANOVA (multivariate analysis of variance). 

The choice of directions of the canonical axes and discrimin

ant axes have nothing to do with normality and so are less sensitive 

to non-normality. However the subsequent significance tests still 

depend on normality (Seal 1968). 

1.4.2 Independence of Observations 

Multivariate analysis assumes observations from different 

individuals to be independent, though the variables (attributes) may 

be correlated (Kshirsagar 1972). If the observations are not indepen

dent, the estimates of variance will be biased by this covariance, and 

this will affect the analysis. Observations from random individuals 

are usually considered to be independent. 

1.4.3 Additivity of Effects 

As in univariate case, some multivariate analysis (such as 

MANOVA) assumes the main and environmental effects are additive. Non

additivity (i.e. interaction) will cause overestimation of error and 

increase the significance level, i.e. increase type II error. Type 

II error is the probability of accepting the false null hypothesis. 

Unless the non-additivity is very severe, the effect can be neglected, 

for most of the tests are still valid. 

1.4.4 Equality of Variance-covariance Matrices 

The dimension and orientation of the ellipsoid-shaped multi

variate normal population are characterized by the variance-covariance 

matrix. The variances represent its dimehsion (size) whereas the co

variances determine its orientation (direction) ($ea! 1968, Cooley and 

Lohnes 1971.) Inequality in variance~covariance Matriees is caused 
when the dimension and/or the orientation of the corresponding ellip

soids are different, Standardization will only standardize the dimen

sion and turn the variance-covariance matrices into correlation matri~es. 

Their orientations will not be the same, unless the correlation matrices 

are equal (Seal 1968). 

If the observations are sampled from more than one population, 

most of the multivariate analyses assume the variance-covariance matrices 
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to be equal (i.e. equal in the dimension and orientation of the ellip

soids). However, some methods may need only the equality of correlation 

matrices (i.e. equality in orientation of the ellipsoids), e.g. canoni

cal variate analysis (Seal 1968), and multiple discriminant analysis 

(Cooley and Lohnes 1971). 

At present there is no criterion to test the equality of cor

relation matrices. However the equality of variance-covariance matrices 

can be tested by Bartletts' Chi-square (Seal 1968) or Box's M criterim 

(Cooley and Lohnes 1971). These tests are reasonably powerful in de

tecting inequality (Cooley and Lohnes 1971), but very sensitive to non

normality (Seal 1968). Non-normality is the main cause of inequality 

in variance-covariance matrices. Frequently, in large samples, non

normality leads to the rejection of the null hypothesis that the variance

covariance matrices are equal (Press 1971). If the null hypothesis is 

rejected mainly because of differences in dimensions (i .e . variances), 

but one believes that their orientations (i.e. the correlations) are 

approximately equal, canonical variate analysis and multiple discri

minant analysis are still valid (Seal 1968). 

When variance-covariance matrices are unequal, Anderson(l963) 

and Press(l961, 1971) have proposed other methods than MANOVA. (These 

are the multivariate extensions of Behrens-Fisher problem). They are 

seldom used, because they are more complex and subject to other resti

ctions. Also, it is generally believed that MANOVA is still robust, 

even under this situation (Cooley and Lohnes 1971, Press 1971). 

In univariate analysis, heterogenity of variance affects 

efficiency and sensitivity most, and validity of the F-test is least 

affected (Cochran 1947). 

1.4.S Transformations 
Bartlett{l947), Corchran(l947) and Eisenhart(l947) have sum

marized the consequences and remedial methods when the assumptions are 

not fulfilled in univariate analysis. Based on an extension of the Box 

and Cox (1964) likelihood method, Andre\lls et.al.(1971) have proposed 

methods for obtaining data-based transformations of multivariate obser

vations. The fact that the characters may be correlated means the 

value of marginal transformation (transforming one variable at a time) 
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is doubtful. Though functions for joint transformation (transforming all 

the variables simultaneously) are available (Andrews et. al.(1971) they 

are very complex (Press 1971), and their validity becomes doubtful as 

the dimensionality of data increases(> 3) (Andrews et. al. 1971). 

Also, complex transformations will reduce the flexibility and inter

pretability of the original data (Andrews et. al.1971). 

For most types of biological data, the extent of violation 

of the assumptions may not seriously invalidate the statistical 

techniques, as most of them are considered sufficiently robust (Steel 

and Torrie 1960, Seal 1968). 

1.5 Multivariate Analysis of Variance (MANOVA) 

Fisher(l948) defined the analysis of variance CANOVA) as 
11 the separation of the variance ascribable to one group of cause, from 

the variance ascribable to the other groups". 

In simple (one way classification) ANOVA, sums of squares are 

denoted by scalars. The total sums of squares can be separated into 

two components: the among-group and the within-group sums of squares. 

Each of these two partitions, divided by it degree of freedom, is a 

separate independent estimator of the within group variance when the 

null hypothesis holds, The ratio of these two estimators is the F

value, the probability of which is used to test the equality of the 

two estimates of the variance. If the two estimates are not equal, it 

implies that the among group component is non-zero (i.e. the null hypo

thesis is rejected). This implies further that the group means are not 

equal. 

In simple MANOVA, sums of squares and cross-products are con

tain~d in a sqYbre matrix of p order (p= No. of vijriables). As with 

ANOVA, the 11 tot 1 slims ot squares and cross-products" matrix (T-5SCP) 
can be partitioned into "among group SSCP 11 (A-SSCF') and "within group SSCP" 

(W-SSCP). Both W-SSCP and A-SSCP have independent characteristic distri

butions (Wishart distributions), with n-g and g-1 degrees of freedom, 

when the null hypothesis is true (Kshirsagar 1972) (When n= total no. 

of individuals, g= no. of groups). Since W-SSCP and A-SSCP are matrices, 

their ratio does not exist. The determinant of such a matrix is it's 

generalized variance (Anderson 1958, Press 1972, Searle 1966). t·Jilks(l932) 
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therefore introduced the determinant ratio statistic, lambda (A), to 

test the variance-equality null-hypothesis for matrices. Wilk's Lambda 

plays the same role in MANOVA as F plays in ANOVA. It is defined as: 

= \-J-SSCP = I W-SSCP! 

A-SSCP + W-SSC IT-SSC~ 
:\ 

(n-1, p, g-1) 
In order to use this criterion for testing the null hypothesis, 

it is necessary to know its distribution and its percentage points. 

However lambda is a family of curves each with three parameter (n-1, p, g-1 ) , 

the percentage points of which are tedious to tabulate (Cooley and Lohnes 

1971). Ths percentage points of Lambda distribution and its percentage 

points have been tabulated for certain restricted values of its parameters 

(Schatzoff 1966, Pillai and Gupta 1969 ) . Pearson and Hartley (1972) have 

improved the tables and listed the 5% and 1% points for P:3 to 10, g-1 = 
2 to 22, and some selected values of n. However, general utility still 

depends on the transformation of Ato x2 of F approximations (Cooley and 

Lohnes 1971). 

Bartlett introduced the x2 approximation for l ambda. He 

derived that (-m loge:\ ) is approximately dis tributed asa x2 , with p (g-1 ) 

degree of freedom, where m = n-1-¾(p-H;J ) , i s Bartlett's correction factor. 

This approximation i s sufficiently accurate, only if n is comparatively 

large. In fact, it is accurate to three decimal places, if p2 + (g-1 )2 

~(l/ 3)m. (Kshirsagar 1972), i.e. approximately, n>3 (p2-H;J2). Rao(l952 ) 

derived an F-approximation for Lambda, which is superior to the x2 method 

in that it gives a more accurate approximation even for very small de

grees of freedom (Cooley and Lohnes 1971). Rao's t approximation is: 

n1 = p(g-1 ) 

n
2 

= ms- %(p(g-l )-2) 

m = Bartletts' correction factor. 

When either p or (g-1) is less than 3, a special F-ratio is 

used (Kshirsagar 1972, Cooley and Lohnes 1971) (See Appendix A-2). 

This special F-ratio will reduce to univariate ANOVA Fin cases of g 

groups and one variate ( i.e. p=l ) , and to student's tin cases of two 

groups (g=2) and one variate (Cooley and Lohnes 1971) . 



1.6 Multiple Discriminant Analysis 

Discriminant analysis estimates a set of linear coefficients 

vector(V) which will transform the original data vector (x) to a new 

vector (Y), such that the differences between the new vectors are ma

ximized. This is achieved by minimization of residuals orthogonal to 

the function Y (Cooley and Lohnes 1973). Linear multiple regression 

also obtains such a linear function, but its minimization residuals 

is with respect to Y (Draper and Smith 1966). There are three types 

of discriminant analysis. 

When there are two univariate populations (Tf1, lf2 ) with means 

JJ 1 and JJ 2 , and a common variance a 2• The standardized distance be

tween the means is (JJ1 - JJ 2)/cr, if JJ 1> µ 2• An observation x will be 

classified to belong to if1 , if it is nearer to µ 1 and to lf2 if it is 

nearer to µ 2• The risk of misclassification is smaller if (µ1 - JJ2)/cr 

is larger (i.e. the two populations are further apart). For this 

reason, Fisher suggested that in multvariate case, the p variates 

be combined linearly in such a way that the (µ1 - µ
2

)/cr for the 

linear combination is a maximum. The classification rule is then 

based on this optimum linear combination. The Fisher's discriminant 

function is: = V' (lxp) (p~2). Where V' is the vector of linear 

coefficient which will maximize the standardized distance between v11 
and v12 • The original p-dimensional classification procedure is reduced 

to a one dimensional one. The discriminant function (Y) obtain from 

original grand centroid (i.e. the grand mean vector of these two popu

lations) will be the boundary point for classification. The discrimina

ting ability of the function is measured by Mahalanobis D2• This is 

the original discriminant analysis (Anderson 1958, Kshirsagar 1972, 

Press 1972, Rao 1952). 

Discriminant funetion had been used by Fisher (1936) to 

discriminate two Iris species; by Rao to allocate Highdown §kull to -Bronze Age or Iron Age Populations; by Selia and tlowers(l969) to allo-

cate American lobster into one of the two groups; and by Mather end 

Philip (after Mather 1949) to discriminate Barley into two groups, 

Mather and Philip have used the discriminant function as a "super cha
racter", which is undefinabl~ in or~inary scales and is impossible to 

measure directly. Their "super-character" was concerned \llith ear

conformation in Barley (Mather 1949, Mather and Jinks 1971). Some 

other examples had been cited by Kshirsagar(l972). 
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When t here are g(g > 2) groups, the problem becomes more-com

plex and "generalized discriminant analysis" is used. The main purpose 

is to find g discriminant functions which will serve as indices for 

allocating a new individual into one of the g groups. For each group 

the generalized discriminant function is defined as: 
y = V' X + K 

(lxl) (lxp) (pxl) (lxl) 

where V = (W-MSCPx)-l X 
(pxl) (pxp) (pxl) 

K = J.: X' (W-MSCPx)-l x 2 

(lxl) (lxp) (pxp) (pxl) 

An observation is fitted into all the g discriminant functions and 

each associated probability is obtained. The observation is classi

fied into the group for which it has the highest associate probability 

(Anderson 1958, Anonymous 1975, Anonymous 1968). Some authors, such 

as Anonymous(l975), Gould and Johnstone(l972), and Anonymous(l968) refer 

to this method as "multiple discriminant analysis". However, to avoid 

confusion with the next method, the term "generalized discriminant 

analysis" is preferred. 

Rao(l952) used this method to allocate army recruits into 

different neurotic groups. It's been widely used in the study of geogra

phic variation (Gould and Johnstone(l972) have cited more than 20 

examples). 

Multiple discriminant analysis is an ordination method, and 

is different from the last two allocation methods. Ordination is a 

group of techniques which is used to reduce the original P-dimensional 

space to a new q-dimensional space, with minimum loss of information. 

In this usage, q is the rank of the model, II/here q"4]-l (if g-l<p), 

or q~ (if p~g-1). 

The purpose of multiple discriminant analysis is to find a 
set of coefficient vectors (V), the application of which to the origi

nal ·data vector maximized the observed differences amongst the groups 

(Clifford and Stephenson 1975). 

The multiple discriminant functions are defined as: 

Y = V' X , 
(qxg) (qxp) (pxg) 

such that the ratio of (A-SSCPy) to (W-SSCPy) is maximized, subject 

to the orthogonal constraint that V 'V = I ( q) • This constraint is 
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necessary, for otherwise the ratio can be indefinitely maximized. 

It is similar to canonical variate analysis in that the can

onical vari ate is defined in the same way. However, in this case it 

is (A-MSCPy) which is maximized, subject to the new constraint that 

W-MSCPy = V' (W-MSCPX)V = I(q)" 

The q discriminant functions are obtained sequentially ac

cording to their discriminating ability. This is measured by their 

corresponding eigenvalues, or roots. The first discriminant function 

provides the maximum "separation" of the group means. The second dis

criminant function provides the second largest"separation" of the group 

means in an orthogonal direction to the first one, and so on. By test

ing the discriminating ability of successive functions, one can retain 

only the first, most significant functions, and ignore the rest with

out sacrificing too much information (Kshirsagar 1972). (The detailed 

procedure will be discussed in Chapter 2). However, the insignificant 

functions must not be disregarded unreservedly, as they may reveal some 

small, subtle and highly interesting variation (Gould and Johnston 1972). 

There are some cases of misuse in this sense. e.g. without any test, 

Glenday and Fejer(l956) regarded the first multiple discriminant func-

tion as the only useful function and ignored the others. They further 

used the coefficients of the first function in a selection index in the 

selection of lolium Species. 

In some cases of ordination, the first few axes may be adequate 

to explain most of the variation in the original data. Examples of this 

follow. (a) Project Talent (a project that studied the relationships 

among the abilities, interest and other characteristics of American Youth) 

of Cooley and lohnes(l971). The first function explained 99.83% of the 

variation in the three original variates. (b) Soy bean study of Mun
gomery tl• al.(1974), in which the first two axes explained 18.3% and 

82.~ of the original variation of seed yield and protein -c~ntent, 

respectively. However, in more complex cases, more axes may be required 

For example: (a) lavarack's(l972) taxonomic study of orchids, (b) Noy

meir's(l970, 1971) study of semi-arid Australian vegetation. In each 

of these cases more than ten axes were needed. 

Multiple discriminant analysis, and canonical variate analy

sis, can be used as descriptive and exploratory tools. The former 
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summarizes the complex relationships amongst variables, and provides 

a useful method of reducing the dimensionality of a problem by consi

dering only the first few important axes. In short, it is a systematic 

technique for analysing an interacting complex system (Kshirsagar 1972). 

However, the whole system is by no means simplified, for while the 

space has been reduced, the complexity of the axes has been increased. 

The whole system has been changed from a c.omplex space defined by many 

simple variables to a simple space defined by several complex variables 

(i.e. a "super character", as defined by Mather and Phillip) (Clifford 

and Stephenson 1975). These complex variables are "artificial" com

binations of the original variables, and have no meaning in the original 

scales (Kshirsagar 1972). 

1.7 Clustering Analysis 

The terms "Cluster Analysis" and "Classification" have been 

used loosely to refer to a wide variety of fundamentally different 

numerical techniques (Cormack 1971, Williams 1971, Williams and Clifford 

1971, Lance and ~Jilliarns 1967a, Anderberg 1973). In this study, 

"Classification" will be used in a very broad and general sense to 

mean allocation of individuals into groups, so that individuals with-

in groups are in some sense more similar to one another than to indi

viduals in other groups. This includes both "pattern . recognition" 

and "pattern extraction". Pattern recO]nition (Williams 1972), 

"identification" or "assignment" (Cormack 1971), aims at identifying 

given individuals and fitting them into~ priori defined patterns. 

This includes methods of simplification or ordination, such as princi

pal component analysis, generalized discriminant analysis, and multiple 

discriminant analysis (Refer to section 1.3, 1.6 and Appendix A-2). 

Pattern extraction, "pattern analysis" (Williams 1972), or "cluster 

analysis", sorts a given set of individuals into meaningful patterns 

undefined!!. priori, 

Cluster analysis implies a numerical model, plus a strategy 

(or algorithm) whereby the model is implemented Williams 1971, Cormack 

1971). They are interdependent.. The numerical model will translate 

the concept of "similarity" into some measure, which the strategy will 

work upon. An example is the increment sum of squares strategy which 

utilises only the Squared Euclidean Distance measure of similarity. 
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The basic data for clustering normally comprises a set of in

dividuals (elements, entities or OTU---Operational Taxonomic Units) 

described by a set of attributes (characters). Attributes are any form 

of numerically coded descriptions (Lance and Williams 1967). There 

are four main types of attributes (or measurement scales), graded from 
11\lleakest" to "strongest" 11/ith respect to information content (Conover 

1971). They are binary, disordered multistate, ordered multistate, 

and continuous (Clifford and Stephenson 1975). Different terminology 

has been used by other authOrs. (Refer to Appendix A-3). 

1.7.1. Similarity Measures 

A \1/ide range of numerical definitions for interindividual 

"similarity" or "dissimilarity" have been devised. The extensive re-

vie\1/s of these measures by Goodman and Kruskal, Dagneli, Sokal and 

Sneath (all cited in Williams 1971), Cormack(l971), Anderberg(l973), 

and Clifford and Stephenson(l975) may be consulted, but any single one 

of them is far from complete. Of all these measures, relatively fe\1/ are 

in current use. Most of the neglected measures either are variants 

of others and have some undesirable properties, or are highly specia-

lized for certain types of data only. The important properties of 

similarity measures have been discussed by some authors. For example, 

Boyce(1969) and Williams(l971) have discussed the choice bet\1/een simi

larity or dissimilarity measures. (A similarity measure has similar 

properties to a probability or a correlation coefficient, its maximum 

positive value represents identity, and differences cause reduction 

in the measure. A dissimilarity measure has similar properties to a 

linear distance, it is zero for identity and increases positively for 

increased extent of difference). These authors also considered choices 

bet\1/een size and shape measures, \1/hether to have double zero matches 

or not, and the properties of spatial or probabilistic models. With 

size measures, such as Euclidean Oistanbes, two individuals are ident-
ical if corresponding attributes have equal absolute value. With shape 

measures, such as correlation coefficient, they are identical if attri

butes occur in equal proportion. Lance and Williatn(l976e), and Clifford and 

Stephenson(1975) have. discussed the metric and additivity nature of 

tne measures. There are four fundamental requirements for a metric 

measure: (iJ synvnetry, (ii) ·triangular inequality, (iii) distinguish

ability of non-identicals, and (iv) indistinguishability of identicals 

(Williams and Dales i965). These requirements clearly indicate the 
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geometrical advantages of a metric measure. Additivity of measures 

will be important only when the attributes are dimensionless (Lance 

and Williams 1967). 

Three classes of measures seem to dominate, and are being 

used widely. All of them are dissimilarity and size measures, and have 

been proved applicable to mixed types of attributes (Williams 1971, 

1972). They are as follow:-

(lJ Measures based on first Minkowski metric (L1) 

Llij = kf 
1 

Wk l Xik-X jkl (Lance and Williams 1967b). 

l.Jhen Wk=l, it is the "City Block" or "Manhattan" metric 

(Lance and Williams 1967b, Cormack 1971) . 

l 

(Xik + X jk) 
it is the "Canberra" metric (Lance 

and Williams 1967b , Cormack 1971). 

Here, xik and xjk denote the value taken by two individuals 

or clusters (i) and ~j), for the k th of p attributes; and L1 . denotes 
l.J 

the measure of dissimilarity between individuals of clusters (i) and 

(jJ . Tnese measures are metric and additive over attributes. 

l2) Measures based on the second Minkowski metric (L2 ), or Euclidean 

Distance (lD). 

L2 .. l.J 
(Lance and Williams 1967b). 

The square of tD is known as Squared luclidean Distance (SED). 

l·Jk is the standardizing factor: \-Jk=l for unstandardized ED, Wk = 1/a~ 
2 for standardized by standard error (Gower 1~66), Wk = 1/max (xik - xjk ) 

p . 2 . 
r·or stsndardi:ted by range (Cotmaek 1971), Wk = h~k X hk for standardized 

by measure of importance of the attribut~ (Williams anci Uale 1964) 

The 11 irnportanoe 11 ie meaaurl!cl in the r~llowing \II y. X ~k in ~alouloted 

bet~een every p ir of attributes hand k, and the sum of all the x2 

which involve a particular attribute h (i.e. h~k X~I<) is the measure 
of importance of that particular attribute h. 
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SEO is not a metric, it is additive over attributes, and it 

possesses combinatorial properties. ED is a metric (when there is no 

missing data), but it is not additive over attributes (Clifford and 

Stephenson 1975, Lance and Williams 1967a, 1967b). 

SEO has an important (and sometimes undesirable ) property 

of giving extra weight to outlying values, so that a single large dif

ference will dominate over several small differences. A prior square 

root or log transformation of attributes will correct this (Clifford 

and Stephenson 1975). 

When attributes are measured in different scales, ED and SEO 

have nondefinable physical dimension. To avoid this,standardizing 

factors, such as standard error, mean,cube root of the sample third 

moment (Cower 1966), the range (Cormack 1971 ) and the measure of im

portance (i.e. E X~k mentioned previously) (Hilliams and Dale 1964) 

may be used. 

Sokal(l961) pointed out that, if the attributes are corre

lated then E( xik - xjk)2 is not SEO. In this case, Maholanobis D
2 

or 
11 restricted 11 SEO is used. Restricted SEO is evaluated from the least 

correlated attributes only (Corkmack 1971). However, this method is 

being ~r iticized on two bas~s . Firstly, if the correlation matrices 

vary from group to group, the pooled matrix is inappropriate. Secondly, 

much of t he correlation present may be an intrinsic property of the 

true clusters which are being sought. This correlation must be retained 

(Cormack 1971). Gower(l966) proposed that principal components should 

replace correlated attributes for evaluating SEO to overcome these di

fficulties. This is practicable, provided the attribute set does not 

contain "too many" ordered multistate attributes or 11too many 11 missing 

or inapplicable entities (Williams 1972). 

(3) Information or Diversity Measures. 
The taxonomist prefers the term "information", \llhereas the 

ecologist prefers the term "diversity". There ere three major types. 

The detailed derivation and explanation of these are outlined in 

Clifford and Stephenson(l975). 

(a) Shannon diversity index. 

p 
H = N log N - E Nk log Nk; 

k=l 



(b) Brillouin diversity index • 

.e. 
H(B): long (NI) - log (Nk!); 

k:l 

(c) Shannon Information Gain. 

p 
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SIG = P(N log N) - t: ( ak l og ak + (N- ak ) l og (N- a,, ) ); 
k=l " 

When N = No. of individuals involved, 
p = No. of attributes, 

Nk = No. of individuals ink th attribute, 

ak = No. of individuals at state Oink th attribute . 

When dealing with a sample from the total population, His 

prefered. H will be maximum when all Nk are equal. When dealing with 

the total population, H(B ) is more appropriate. However, the ratio of 

Hand H(B) i s almost constant over a large range of Nk, so they are not 

very different. 

Both Hand H(B ) are measures of a particular group. They 

may be used to measure similarity between members of a pair of groups 

("information gain", ld ) , AI =Hof group (l + 2) - Hof group 1 -

H of group 2. Whereas , SIC i s in itself a AI measure . 

Apart from special interest of users, the choice of inter

individual measure will largely depend on the nature of data. For 

highly skewed binary data, such as the presence-and-absence records 

of species in plant ecology, an information or diversity index is 

preferred. For data defined by a small number of continuous attributes, 

with no strong outliers the Euclidean Distance is preferred. For 

positive data ~ith few zeroes, but with oeeasional extreme outliers, 

(~hich shouldnot dominate), the Canberra metric is indicated (Williams 
1971, 1972). Wheh data have no striking pecularities, the choice of 
clustering strategy is much more important than the choice of similarity 

measure (Williams 1971). 



1.7.2. Clustering Procedures 
The major decisions in selecting a clustering procedure can 

be represented as a series of dichotomous choices (Appendix A-4) 

(Williams 1971). These are considered in more detail in the following. 

An exclusive clustering procedure is one in which a given 

individual occurs in one cluster and one cluster only; the population 

is divided into a set of mutually exclusive clusters, which nowhere 

overlap in their membership. This type of clustering is usually seen 

in the Taxonomy of living organisms. Conversely , a non-exclusive 

clustering procedure is one in which any given individual may appear 

simultaneously in more than one cluster (e.g. disease classification, 

medical diagnosis, and forest survey) (Williams 1971). 

In intrinsic clustering, all attributes used are regarded as 

equivalent. There are two types: (a) intrinsically intrinsic, and (b) 

extrinsically intrinsic. In the first type, resultant clusters are of 

inter est in their own right, as in pure taxonomy. In the second type, 

the boundaries between clusters are examined to find out if they reflect 

discontinuities in some external attributes (e.g. environmental attributes, 

which will affect the individual, such as altitude, temperature, and 

soil fertility). The nature of the external discontinuities is unkno\1/Tl 

in advance (e.g. in land survey problems) (Williams 1971). On the 

other hand, with extrinsic clustering, the external attribute is known 

in advance, together with the internal attributes. The resultant clusters, 

though based on the internal attributes (i.e. the attributes measured 

from the individual itself, such as height, size, and weight) are required 

to reflect discontinuities in the external attribute as closely as 

possible. Reallocation based on the external attribute may be required 

(Williams and Lance 1968, Williams 1971), It should be noted that ex

trinsic clustering is different from clustering based solely on external 

attributes, followed by examination of internal attribute of the result
ant pattern of clusters. In such a clustering (which is baaed initially 

on external attributes), the resulting configuration of internal attri

butes may lack any pattern of their own, ao it has no predictive value 

(Williama 1971), If there are more than one external attributes, 

canonical correlation analysis is reconvnended (Williams and Lance 1968). 

A hierarchical clustering always optimizes a ''route'' between 

the entire population and the set of individuals of which it is composed. 
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The best 11 route 11 may be obtained at the expenses of having a slight 

reduction in homogeneity of individual clusters (Lance and Williams 

1967a). Conversely, a nonhierarchical clusteri..!2.9_ always optimizes 

the structure of the individual clusters themselves, which are made 

as homogeneous as possible. The infrastructure of such a cluster 

cannot be examined, because no route is defined either between cluster 

and constituent individuals, or between a cluster and the complete 

population. When homogeneity of clusters is of prime importance, 

non-hierarchical clustering is preferred (Hilliams 1971 ) . Hierar

chical clustering has higher organizing ability. It's more tradi

tional; and it parallels evolutionary theory approaches. It is much 

preferred by the taxonomist. Other advantages it has are: Flexibili

ty in the final number of clusters formed, and availability of highly 

developed computer programmes (Clifford and Stephenson 1975). 

The basic principle of serial optimization is: a cluster is 

defined and removed from the total population, and further clusters 

are serially formed by sequential definition and removal. This process 

continues until all the population is accounted for. Final realloca

tion may be needed to end the process. However, the general methodologi

cal principles of such straegies are being cril icized on numerical and 

computational grounds (Williams 1971). In simultaneous optimization, 

the total population is partitioned, and the clusters are simultaneously 

optimized by an iterative process. It is strictly based on a Eucliden 

model. However, this method is believed to lack power, in that it 

produces types of cluster, not usually wanted (Williams 1971). 

An agglomerative strategy is one that proceeds by progressive 

fusion, beginning with the individuals and ending with one complete 

population. Conversely a divisiv~ strategy progressively splits the 

population into smaller and smaller clusters, begining with the complete 

population and ending with the collection of individuals (Williams 1971. 

Anderberg 1973). A polythetic system is one based on a measure of 

similarity or dissimilarity, applied over all attributes simultaneously. 

This results in an individual being grouped with those individuals 

which, on the average, it most resembles. A monothetic system is one 

based on a single attribute at a time. The first "division" attribute 

must be optimized in some sense, dividing the population into two parts 

as unlike as possible. The selection of the attribute depends on the 
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properties of population. All agglomerative strategies are polythetic, 

and most commonly used divisive strategies are monothetic (Williams 

1971). 

As agglomerative strategies begin at the individual level, 

they suffer from two disadvantages. Firstly, there is comparatively 

longer computation time. Secondly, theoretically they are prone to 

comparatively greater amounts of misclassification, because of the 

greater possibility of error at the interindividual level. Monothetic 

divisive strategies produce relatively stable clustering structure when 

new individuals are added, provided the priority in the attributes re

mains the same (Clifford and Stephenon 1975). Monothetic cluster 

definitions are simple and clear. However, monothetic clustering tends 

to produce an unduly large number of fragmentary clusters at later stages 

(Williams 1971). 

1.7.3. Hierachical Clustering Strategies 

There are three main types of hierachical clustering strategies, 

namely polythetic divisive, polythetic agglomerative and monothetic 

divisive (Williams 1971). Strategies are based on different algebraic 

models, so that each of them will exhibit different properties (Cluster

ing behaviours). These properties also depend on the similarity measures 

used. The understanding of these properties will help in deciding on 

which strategy to use (Clifford and Stephenson 1975). The main proper

ties are discussed in the following. 

(a) Combinatorial or Noncombinatorial 

a combinatorial strategy is one in which the original inter

·individual similarity measures can be discarded immediately a cluster is 

formed. The similarity measure of this newly formed cluster is sufficient 

for later proce§sea. ln noncombinatorial strategies, the original inter

individual similarity m· suree must be retbined for later calculations, 

even though the individuals are already in a cluster. The combinatorial 

strategy has conceptual and computational advantages (lance and Williams 

1967a). 

(b) Compatible and incompatible 

A compatible strategy is one in which measure calculated later 

in the process are of exactly the same kind as the initial measures; they 
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have the same dimension (if any), are subject to same constraints, and 

can be illustrated by an exactly comparable model. Whereas in an in

compatible strategy, at least some of the properties of initial inter

individual measures are lost later. This causes difficulties in inter

pretation (Lance and Williams 1967a). 

(c) Space-conserving or Space-distorting 

The original interindividual measures are regarded as occur

ing in a given space \1/ith kno\1/n properties. If the properties of this 

space remain unaltered \I/hen clusters form, the strategy is "space con

serving". If the opposite occurs, the strategy is "space-distorting" 

(Lance and Williams 1967a). If a cluster, on formation, appears to mo\.e 

nearer to some or all the remaining entities, the method is "space

contracting". The chance that a remaing "unclustered" individual \I/ill 

add to a preexisting cluster rather than act as the nucleus of a ne\1/ 

cluster is thereby increased and the system is said to "chain" n-Jilliams 

1971). If clusters appear to recede from other entities, on formation 

and gro\1/th, the method is "space-dilating". Individuals not yet in 

cluster are no\11 more likely to form "non-conformist" clusters, in \1/hich 

members are quite dissimilar. This tendency is cluster size dependent: 

the larger the existing cluster, the greater the tendency to form a 

second cluster. The tendency of cluster size dependency may be "asymp

totic", so that once the cluster has attained a modest size, further 

accretion makes little difference; or it may be "indefinite" so that 

every accretion makes the cluster substantially more remote and there

fore more difficult to join (Williams 1971). 

(d) Monotonic and Non-monotonic 

A monotonic strategy is one which will not cause reversal in 

the dendrograrns. As clustering proceeds and clusters grow, the similarjty 

measure is noh-decreesing. However, in noh-monotonic strategies, the 

similarity measure of the new cluster may be less than that of the t\1/o 

before they ere merged. The conceptual illogic of reversals makes non

monotonic strategies, obsolete. They should be avoided (Clifford and 

Stephenson 1975). 
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1.7.3.1 Hirearchical Divisive 

Although the polythetic divisive method is comparatively 

promising, the method has seldom been used, because the development of 

the computer progranvnes is still rather primitive (Wi lliams 1971). 

There are two common approaches. One subdivides the initial population 

on the basis of a single attribute and then reallocates apparently mis

classified entities on the basis of a maximum likelihood procedure. The 
other undertakes a principal component analysis, and then subdivides the 

initial population on the basis of the principal component scores on 

successive axes (Clifford and Stephenson 1975). 

In the monothetic divisive method, the main feature is the 

careful choice of first and successive attributes on which the entities 

are divided. Two main methods are available for the determination of 

division attribute--those depending on information theory and those 
2 depending on X • 

The X 2 method is often referred to as "Association Analysis" 

(Williams and Lambert 1959, 1960, 1961). It looks for an attribute 

which will divide the entities into two most-dissimilar clusters. x2 

are calculated for every pair of attrioutes over all entities. These 
p 2 

are then summed over all attributes and tnat \l/ith the l c1 rgest E X is 
h~k hk 

used as the basis for dividing the set of entities into two subsets. 

Each subset is futher subdivided in the same manner as the first one, 

until the required number of subsets is obtained. (Note: t x2 
hfk hk 

is the measure of importance used for standardized ED is section 1.7.1) 

(Clifford and Stephenson 1975). A computer programe is available for 

this method (Lance and Williams 1968b). 

The information theory method looks for an attribute which 

will divide the entities into two clusters that have the greatest 

internal homogeneity. This is based on information measure. The 

attributes \1/hich give maximal "information gain", i6I (Refer to section 

1.7.l), is used as the basis for dividing the set of entities into two 

subsets (Clifford and Stephenson 1975). Computer programmes are available 
(Lance and Williams 1971). 
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1.7.3.2 Agglomerative Polythetic_Strat~g_ies 

There are two main 

the following. 

groups of such strategies, discussed in 

l.7 .3.2. l Strategies Based on Successiv~Inform~ti~!l_Gain 

These strategies are based on minimum information gain (61 ) at 

each fusion, or on a minimum value of the decision function 2./iiJ - J2n+l 

at each fusion (Clifford and Stephenson 1975). They are used when most 

of the attributes are binary or disordered multistate. Programmes are 

available for completely binary attributes (t,iilliam et. al .1966), and for 

mixed attributes (with or without missing data) (Lance and Villiams 1967b ) . 

Edye et. al. (1970) and Burt~· al. (1971 ) have used these programmesfor 

clustering the legumes. 

They are space-dilating and the cluster-size dependence is in

definite for both individual/cluster merges and cluster/cluster merges . 

They are non-combinatorial (Williams 1971). Their advantage is strongest 

when dealing with binary attributes and is ~eakest when dealing with 

continuous or metrical attributes (Clifford and Stephenson 1975 ) . 

l . 7.3.2.2 Strateoies Not Based on Successive Information Gain 
- -------- -- -- ----

These are the most widely used and most studied strategies (Burr 

1968 , 1970 , Cormack 1971, Lance and \J illiams 1967b, Williams 1971, 1972, 

Clifford and Stephenson 1975). 

There are nine main strategies. In all of them fusion begins 

~ith the most similar pair of individuals, as established by whatever 

similarity measure is employed. The differences amongst strategies 

appear in subsequent fusions. 

(1) Single Linkage or Nea.E_~S!_Ileigb_b_O.!:!£. 

This is the simplest and oldest strategy. T~o clusters are 

fused if the similarity between their closest elements, one in each 

cluoter is maximum. It's combinatorial, compatible and monotonic. The 

space-contracting and consequential chaining tendencies are notorious 

(Lance and Williams 1967) . Due to this, Pritchard and Anderson(l971) 

de r ibe it as "least useful" for ecological study. From a practical 

point of view, this strategy should be regarded as obsolete. However, 

its simplicity and comparative stability are preferred by mathematicians, 

thus ensuring its continual popularity (Williams 1972, Clifford and 

Stephenson 1975, Cormack 1971). 
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(2) Complete Linkage or furthest Ne~_g!1bou.E_ 

This is the exact antithesis of single linkage, in that tl!lo 

clusters are fused if the similarity is maximum betu,een the most ~f'!l_Ote 

pair of elements, one in each cluster. It's combinatorial, compatible, 

monotonic and markedly space dilating (Lance and Williams 1967) . The 

intense clustering results in meaninglens relationships amongst clusters . 

Only relationships within individual clusters are interpretable (Anderberg 

1973 ) . This strategy is particular ly suited for weakly structured data, 

and so Pritchard and Anderson(l971) regard it as one of the most useful 

for ecology. 

(3) Centroid 

In this strategy, every cluster is regarded as a single point 

at its centroid in multidimensional space. Clusters with minimum dis

tance between centroids (i.e. most similar) are fused. The new centroid 

is the weighted average (by cluster s ize ) of the tu,o original centroids. 

It's compatible, nonmonotonic and space-conserving (Lance and Williams 

1967b ) . Hol!lever, under a "simplex test" (a simulated clustering analysis 

\!/ith the similarity measures between all entities being made equal at the 

beginning of clustering ), Burr (l970 ) found it produced chain reversal 

(i.e. nonmonotonic and space contracting ) . It is combinatorial, if the 

similarity measure is metric or SED. Otherwise, for correlnt ion coeffi

cient and other non-metric measures, it is non-combinatioral (Lance and 

Williams 1967 ) , and difficult to interpret (Anderberg 1973). Due to the 

weighted average, small clusters tend to lose their identity by being 

me rged with large cluste rs. 

(4 ) Median 

The median method was proposed to retain the identity of smaller 

clusters, as discussed in the previous method (Go\!/er 1966 ) . The general 

idea is that, after fusion, centroids are l!leighted equally regardless of 

their sizes. The new centroid will lie at the midpoint between the two 

"old11 centroids. It is space conserving, nonmonotonic and combinatorial. 

It's compatible for SED and non-metric measures, but non-compatible for 

correlation coefficients (Lance and Williams 1967 ) . 

ill Group Average Between Me.E.9.e.9..__C.J.~sters 

(often referred to as "Group Avera9e ") 

Two clusters are fused if the average interindividual similarity 

of every possible pair of entities is maximum (where each pair comprises 
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Cluster I Cluster J 

FIGURE l. J The difference bet\l/een ··Group Average Oetween 
Merged Clusters" method and "Group Average l-Jitnin 
New Cluster" method. 

- = relationships examined in the first method, 
(see text ,1 . 

= additional relationships examined in the 
second method, (see text). 
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of one entity from each cluster). See Figure 1.1. Assuming cluster 

I contains NI= 2 entities, and cluster J contains NJ = 3 entities. 

The group average is defined as the average of the NINJ (=6) possible 

similarity measures amongst these entities. That is, the average of 

6 relations expressed by solid lines in Figure 1.1. Only a similarity 

measure which has a meaningful average can be used. Some, such as 

the correlation coefficient, should not be used (unless correlation 

are transformed to covariance first) (Cormack 1971 ) . The method is 

combinatorial, monotonic, and compatible. Since it has no marked 

tendencies to space distortion, it may be regarded as a space-conserving 

strategy (Lance and Williams 1967). Pritchard and Anderson (l971 ) 

considered it as one of the more useful strategies. 

( 6) Grol!e._ Average ~Ji thin Ne\!/ Cluster 

Two clusters are fused if the average interindividual simi

larity of every possible pair of entities within the cluster to be 

formed, is maximal (Anderberg 1973) . In this case, the group average 

is defined as the average of the ~(N1 + NJ ) (N1 + NJ - 1 ) similarity 

measures. That is,the average of the 10 relat i ons shown by all the 

(solid and dotted ) lines in Figure 1.1. It' s properties are believed 

to lie between those of the Single Linkage and Complete Linkage. How

ever, detail is not known, and, in practice, it usually gives similar 

results to Complete Linkage (Anderberg 1973 ) . 

(7) Minimum Increment Sums of S_gyares (Uard's Method) 

Two clusters are fused if the fusion results in a minimal 

increase of the pooled within-cluster sum of squares. This strategy 

was first described by Ward(l963 ) , and later by Burr (l968 , 1970 ) . Oath 

of them recommended the minimal . increase, rather than the minimal sum, 

of within-cluster sums of squares as the criterion of merging. The 

latter gave absurd results (Ward 1963, Burr 1970) . Since the total 

sum of squares is constant, this strategy is equivalent to maximizing 

the among-cluster sums of squares. 

If measures other than SED are used, the properties of this 

method are not known (Anderberg 1973, Clifford and Stephenson J.975 ) . 

Anderberg (l973) has shown that the within-cluster sum of squares is 

equal to half the sum of SEO. The method is combinatorial (Anderberg 

1973, l·Jishart 1969), Monotonic (Burr 1970) , non-compatible and space

dilating (Clifford and Stephenson 1975). Cluster size dependence is 
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asymptotic for indidual/cluster merges, and indefinite for cluster/ 

cluster merges. A neur individual urill tend to join the smallest avai

lable cluster (Williams 1971). Pritchard and Anderson(l971) felt that 

this strategy uras useful for ecology. 

(8 ) Minimum Variance 

Turo clusters are fused if the fusion results in a minimal 

increase of pooled within-cluster variance. The strategy uras intro

duced by Burr(l970) and it's properties are believed to be similar 

to those of Ward's Method, although the detail is not fully knourn. 

For SED, it is combinational (Williams 1971), and monotonic (Burr 1970). 

(9) Flexible 

Lance and Williams(l966, 1967) suggested that the Nearest 

Neighbour, Furthest Neighbour, Group Average Betureen Merged Clusters, 

Centroid, and Median strategies are special cases of a general system, 

at least urhen the similarity measure is SED. Ward's Method was included 

in this system later (Hishart 1969, Burr 1970, Cormack 1971 ) . They 

defined a system urith three clusters (h ) , (i) and (j), containing nh, 

n. and n. individuals, respectively, and with inter-cluster distances 
1. J 

defined as dh . , dh . and d~ : . Also, it uras assumed that d . . \!/as smallest, 
l J 1J 1.J 

so that i and j fused to form a neur cluster K, with nk (= n. + n.) 
1. J 

individuals. Their general linear model was: 

dhk = ai dhi + aj dhj + 8 dij + y l< dhi - dhj )j 

where the parameters a . , a . , 8 and Y determine the nautre of the 
1 J 

clustering strategy, and are defined in the following ; 

a· 1 

Nearest Neighbour ~ 

Furtherst Neighbour k 2 

Median k 2 

Group Average Between n. 
l 

Merged Clusters nk 

n. 
Centroid 1 

nk 

Cl· 
J 

% 

% 

½ 

n. 
_J_ 

nk 

n. 
_J_ 

nk 

0 

8 

0 

0 

y 

0 

0 

0 
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Flexible 
( X = B) ½(1-x) 

n . + nh 
J 

½(1-x) 
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0 

x(.:::l) 0 

Where Y =o, the strategies \II ill be monotonic if (CL. + CL. + B) > l 
l. J -

(Lance and Williams 1966, 1967, Williams 1971 ) . Only Median and Centroid 

strategies fail in this requirement. 

Applying the quadruple constraint (CLi + CLj + B = l, 

CL- = CL, , 
l. J 

B = x ~l, Y=O) to the linear model, a monotonic "Flexible11 

strategy is derived (Lance and Williams 1966 ) . This strategy is then 

completely defined by a (or X), the clustering intersity coefficient. 

As B decreases from ~l to a negative value, the clustering intensity 

will increase from weak to intense, and its space distorting proper

ties change from space-contracting to space-dilating . 

These strategies are combinatorial and compatible for SEO. 

They are meaningless and non-compatible for correlation coefficients 

(Lance and Williams 1967 ) . With negative S , cluster-size-dependence 

is asymtoptic for both individual/ cluster and cluster/ cluster merges. 

J.7.3.2.3 Number of Clusters 

A practical problem in performing a cluster analysis is 

deciding on the number of clusters to obtain. The result of hierarchical 

clustering can be represented in a dendrogram (tree diagram ) . The 

number of clusters which may be obtained from the dendragram varies 

f rom one to the number of entities, depending on the level at which 

the hierarchy is 11cut-off" (Anderberg 1973). The choice of "cut-off 11 

point 1nvolvea subjective decisions (Clifford and Stephenson 1975 ) . 

Some authors seek the largest proportionate changes in the clustering 

criterion (inter-cluster distance ) at successive stages of clustering 

(Pritchard and Anderson 1971). Most seem to use a subjective "optimal" 

number of clusters (Anderberg 1973). Burt et. al. (1971) arbitrarily 

chose 20 clusters as their "optimal" for 154 stylosanthes plants. 

Mungomery et. al.(1974) arbitrarily chose 10 clusters for their 58 

lines of soy bean. These arbitrarily choices seem to be too subjective, 
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especially, if the nature of the original population (i.e. population 

to be clustered) is unknown. A more objective, probabilistic decision 

method will be discussed later. 



CHAPTER 2. MATERIALS AND METHODS 

2.1 Field Design 

This study uses a working collection of a Yorkshire fog gene 

pool aggregated by Dr. R. J. Clements (Unpublised). The geographical 

location, altitude and habitat of the 201 accessions are given in 

Appendix B-1. 

The working collection consists of seed progengy of 160 

accessions, each seed lot having been open-pollinated at its original 

site. Each accession (seed population, group, entity) was replicated 

in three randomized complete blocks. Experimental units consisted of 

a single row of eight seedling plants. Plant spacing was 60cm in both 

directions. 

2.2 Field Measurements 

In surrvner 1975, 11 characters were scored on every plant of 

the working collection. These scores proviJed semi-quantitative defined 

scales of measurement. This system had also been used previously in 

1974 (Gordon, unpublised). All characters, except flowering head colour 

and flowering date, were scored at about two to three weeks prior to 

elongation for flowering. The characters and their scoring systems 

are as follows: 

(1) Clump Diameter (C.DIA) 

Scores ranged from½ to 5 with increment of\. Each unit 

represented 15cm of length across the average diameter of the clump. 

Those exceeding 60cm were scored as 5. for computation, scores were 

doubled (scale: 1-10). 

(2L Clump D nsity (C.DEN) 
Scores ranged from% to 5 with increment of~. Each unit 

represented a green leaf coverage of approximately 1/B (12,5%) of the 
tot l ground area oover d by th& Clump. A soor of 1 indioated th t 
more than~ (SO~) was non-green (inclu d bare ground and dead mater
ial), and a score of 5 indicated that all ground area of the clump 
was covered by green tissue. ror computation, scores were doubled 
(scale: 1-10). 
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(3) Clump Erectness (C.ERE) 

Scores ranged from% to 5 with increment of\. Each unit 

represented approximately 18° of average angular elevation between the 

ground level (horizontal) and the tiller axes. Vertical tillers (90°) 

were scored as 5. For computation, scores were doubled (scale: 1-10). 

(4) Clump Height (C.HEI) 

Scores ranged from% to 5 with increment of\. Each unit 

represented an average height of 10cm from ground level. For computa

tion, scores were doubled (scale: 1-10). 

(5) Rust (RUST) 

Scores ranged from Oto 5, with increment of l unit. A 

score of O represented no rust, l represented< 10% of leaf area with 

rust lesions, 2 represented 10-25%, 3 represented 26-50%, 4 represent

ed 51-70% and 5 represented> 70%. This scale (0 to 5) was transformed 

and centralized to a complementary scale of 6 to 1 by function TRANSF 

(see section 2-3) during MANOVA. In this form it represented putative 

resistance to rust. 

(6) Overal Disease (O.DIS) 

The system was the same as used for rust, but considered all 

leaf disease lesions present. The same transformation and centraliza

tion were performed also. 

(7) Leaf Roll (L.ROL) 

Scores ranged from Oto 2, with increment of 1 unit. 0 re

presented flat leaf, 1 represented partially rolled (longitudinally) 

leaf and 2 represented very rolled leaf. This scale was centralized 

(One was added to all scores), to remove zeroes (function THANSF) 

during MANOVA. 

(8) Leaf Ti,e, Colour (L.COL) 
Scores ranged from Oto J, with increment of 1 unit.ore

presented green, 1 represented slight red, 2 represented red to light 

purple and 3 represented dark purple. This scale was centralized 

(one was added to all scores), to remove zeroes. The colour of leaf 

tip was believed to reflect the pigment content of the leaf tip (Gordon, 

unpublised). It was assumed that the deeper the colour, the greater 

was the concentration of the pigments. It was also tentatively assumed 
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from the nature of the colour, that the pigments may have been flavonoid. 

(9) Leaf Width (L.WID) 

Scores ranged from l to 5, with increment of 1 unit. A 

score of 1 represented an average of 5mm across the widest part of 

leaf balde, and each additional unit represented an increase of 3mm. 
Those exceeding 14mm were scored as 5. 

(10) Inflorescence Colour (F. COL) 

Scores ranged from l to 5, with increment of l unit. They 

were scored immediately after the infloresence emerged. A score of l 

represented pale white, 2 represented green, 3 represented purplish 

green, 4 represented light purple, and 5 represented dark purple. 

Increase in score reflected putative increase in pigments, particularly 
those of the purple colour. 

(11) Flowering Date (F.DAT) 

Scores ranged from 1 l o 9 with increment of l unit. They 

were scored, once, when the infloresence emerged. Each unit represent

ed one week, starting from 11th November, 1975. Those flowering after 

6th January, 1976 were scored as 9. 

Under these scoring systems all characters were regarded as 

ordered multistate attributes (Clifford and Stephenson 1975). Also 

all these chnracters were intrinsic attributes (Williams 1971). Plants 

with any missing characters (attributes) were treated as missing plants. 

Four sets of attributes are used in the computations of this 

study. They are: (1) all characters (ALLCHARA), which included all 

the eleven characters in the analysis: (2) Agronomic characters 

(AGROCHARA), which included eight of the characters namely, C.DIA, 

C.DEN, C.ERE, C.HEI, RUST, O.DIS, L.WID and F.DAT; (3) most discrimin

ant characters (DISCCHARA), which included the five characters found 

from ALLCHARA to have greatest discriminating ability, namely, C.ERE, 

C.HEI, RUST, F.COL and F.OAT; and (4) Jacques' characters (JACQCHARA), 

which included four characters nominated by Jacques(l962) as being 

ecocline indicators, namely, C.ERE, RUST, L.WID and F.DAT. These four 

sets of attributes were used in separate complete analyses, in order 

to examine the phenotypic variation from these four points of view. 
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2.3 Multivariate Anal sis of Variance (MANOVA) and Multi le Discriminant 

Analysis DISCRIM 

A computer program MAND15 was used for this part of the 

analysis. The program was adapted and modified from MANOVA and DISCRIM 

of Cooley and Lohnes(l971). These modifications included the addition 

of: function TRANSF(Gordon unpublished) for transformation and mani

pulation of input data; functions PRBF and SIGNIF (Gordon unpublished) 

for obtaining the probabilities and significance symbols of X 2 and 

F-ratio; subroutines SMPRIN and DMPRIN for printing of matrices and 

vectors; and addition of Bartlett's x2 test of homogeneity of W-MSCP 

(Seal 1968) in the main program. For greater compatibility with other 

programmes, other data handling options were added also (See listing 

of MANDIS in Appendix 8-2). 

2 .3 .1 M.I\NOVA 

The linear model of MANOVA is: 

xik = µ + a. k + ~ ik (Cooley and Lohnes 1971 ) , where xik = 

the observed values of i th individual ink th group, µ =grand centroid 

of the whole population, a k= the deviation of centroid of k th group 

from µ , and t ik = the deviation of i th individual from centroid of 

k th group. 

MANOVA calculated the mean, standard deviation and coeffi

cient of variation of each character, and the determinant of MSCP for 

each group. Homogeneity of pooled W-MSCP was tested by two approaches, 

namely, Bartlett's X 2 test and F -test. This involved the following: 

g 1 - 1 2t2 + Jp-1 , 
Al = ( k~l Nk - 1 N-g) 6 g-l)(p+l) 

g 1 1 ~e~1J. (e+2l 
A2 = ( r 1)2 (N-g)2 ) 

k=l (Nk - 6(g-1) 

nl = ~g-ll (P+l)P 
2 

, 

I nl + 2 
n2 = , 

2 Az - Al 

M = (N-g) loge D\11 - g (Nk - 1 ) log Dk, 
kh 

e 



where g = No. groups, 
p = No. of characters, 

Dk = Determinant of W-MSCP of k th group. 
D = \II 

Determinant of pooled W-MSCP of all group, 

Nk = No. of individual ink th group, 
and N = total no. of individual over all groups. 

z 
Then X nl = (1-A1 )M 

If z Az - A1 was positive, 

M 
= b 

If Az - Ai was negative, 

nz 
then b = -=-..---.... ,,...---.--

l-A1 + (Zinz) 

(Derived from Seal (1968)). 

(Cooley and Lohnes 1971). 

, and 

(Cooley and Lohnes 1971). 

;:Js 

Next, Wilk's Lambda and it's complement (the square of multi

variate generalization of Fisher's correlation ratio) were calculated. 

Rao's F approximation for Wilk's Lambda was used to test the equality 

of the two estimates of variance (i.e. significance of amongst-groups 

variance). The complement of Wilk's Lambda is often referred to as 

"MANOVA Eta-square" (Cooley and Lohnes 1971). It was a descriptive 

statistic that expresses the proportion of criterion variance (total 

generalized variance) explainable by the predictor variance (generalized 

verianoe due to grouping). It was similar to the square of the multiple 

correlation co fficient (the coefficient of multiple determination), 

which was defined as the ratio of sum of squares due to regression to 

the total sum of squar a (Draper and Sm1 th 1966). "Nonindependent '' 
univariate F-tests were also carried out (Cooley and Lohnes 1971). The 

"Nonindependent" univariate F-ratio was the corresponding ratio of the 

diagonal element of A-MSCP (Among group mean squares of the character) 

t o the respective diagonal element of W-MSCP (Within group mean squares 

of the same character). This sho ld be interpreted only if the MANOVA 
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null hypothesis has been rejected. When Wilk's Lambda test has produced 

a rejection, i nspecti on of the "nonindependent" univariate f-ratio may 

suggest which of the characters was contributing most to the discrimina

tion of the groups. Though the probability of this f-ratio was report

ed also it should be used only as a rough indicator and should not be 

used as an explicit inference of significance level. A descriptive 

statistic was more suitable under this circumstance. Thus, Eta-square 

for each character was reported also. £ta-square was defined as: 

n2 = Among group sum of squares 
Total group sum of squares 

2 n expressed the proportion of criterion variance (Total variance ) ex-

plainable by the predictor variance (Among group variance ) . This was 

similar to the square of the coefficient of multiple correlation (the 

coefficient of multiple determination). Consequently, nwas similar to 

the coefficient of multiple correlation also. 

Though true independent univariate F-tests can · be_ performed 

their computations are very complex and the resulting "Stepdoum F -

ratios " are hard to interpret (Cooley and Lohnes 1971 ) . Therefore 

they have been omitted. 

The T-SSCP, W-SSCP, group centroids and grand centroid were 

obtained for the M~ltiple Discriminant Analysis, which followed. 

2.3.2 Multiple Discriminant Analxsis 

The model was: Y = V' 
(qxp) 

Leading to~= 

= 

(qxg) 

(A- SSCP y) I 
n·l-sscP y) mnx 

V' CA-SSCP x) V 
V' iw-sscP x~ - V 

X 
(pxg ) 

max, 

subject to the constraint that V'V = I(q)" 

Here, x was the matrix of original scores, with g groups 
and p characters; 
V' was the matrix of the coefficient of q discriminant 
functions; 
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Y was the matrix of the q discriminant scores for 
g groups; 

~ was the vector of q eigenvalues for the q discrimin
ant functions; 

I(q) was the identity matrix of order q. 

It can be shown by differential calculus that~ and V are the 

eigenvalues and their eigenvectors of the equation : 

~W-SSCPx )-l (A-SSCPx)-~\puV = 0 (Seal 1960 , Cooley and 

Lohnes 1971). Subroutine NROOT (Cooley and Lohnes 1969 ) was used to 

solve this. 

Wilk's lambda criterion (A) may also be computed as a function 

of the eigenvalue as follows: 

). = l 
1-ti!S . 

J 

Where~ - = the j th element of the ~ vector, or the j th 
J 

eigenvalue . 

This was a different approach f or obt aining A to the previous 

one (as in MANOVA). The ;\ obtained here was also used, as a cross

check, to estimate Rao's f-approximation to tes t the equality of the 

previous two estimates of v .. riance. 

The decision of how many of the eigevalues and their eigen

vectors should be retained to significantly explain the original varia

tion can be made with the help of Bartlett's X 
2 t est (Seal 1960) . The 

procedures was to test whether all the eigenvalues after the L th. 

say, could be given zero value. 

lation, 

X2(p-L) (g-L-1) = -(N~(p+g)-1) loge ;x.•, 
Where N = the total no. of individuals in the whole popu-

If l=O, the 

1 
I+i:' . 

j 

X' = A and x2 was then testing whether all 

the eigenvalues could be given zero value (i.e. were non-significant ) . 

If X 2 was significant then this implied that all t he eigenvalues (as a 

whole) were significantly different from zero. Next, the first eigen-
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value (also the largest) was removed and all the other eigenvalues 

were tested for significance. This time L equaled 1. If X 2 was 

significant, this implied that from the second to the last eigenvalues 

(as a whole ) were significantly different to zero. Next, the first 

two eigenvalues were removed, and the rest 

fore. This process continued on until the 

or until all the eivenvalues were removed. 

tested against zero as be-

x2 · ·f· t was non-s1gn1 ican , 

The first of these alter-

natives i mplied that all the rest of the eigenvalues were not signifi

cantly different f rom zero; whereas the latter i mplied that all the 

eigenvalues were significantly different from zero (Cooley and Lohnes 

1971, Seal 1968, Kshireagar 1972). 

The proportion of the total discriminating power contained 

in the k th discriminant function was expressed as percent trace: 

percent trace X 100. 

This indicated the percentage of the total discriminating information, 

available in (W-SSCP -l A-SSCP ) , which was accounted for by the k 
X X 

th discriminant function. 

Multiple discriminant analysis can be considered as a s pecial 

case of c8nonical correlation analysis in which a set of binary dummy 

variables on one side of the canonical equation carry the information 

about group membership (Cooley and Lohnes 1971 ) . The canonical corre

lation coefficient between the k th discriminant function and the 

group variables(coded as a set of binary dummy variables) can be obtain-

ed as: r;;-. 
R ck = ,J1+Jk 

Rck' the canonical correlation coefficient, gives the correlation between 

the p original characters end the g group membership variables (coded 
in binary dummy variables) , and therefore shows the predictive potency 

of the k th discriminant function. It's square, R~k' is the eta-

square for the k th discriminant function. This indicates the pro

portion of variation in the k th discriminant function which is in 

common with the variation in the specific matching linear function 

of the group membership variable (Cooley and Lohnes 1971) . These 

statistics also were obtained by the present program. 



For ease of ordination and understanding, it is desirable 

that Y be centralized and standardized. That is, 

1 
y = (T-MSCPY) 4 (Y-V), 

C 

(qxg) (qxq) (qxg) 

= (T-MSCP )--¾ 
y V' (X-X). 

~ 
Let B = (T-MSCP ) 2 V'. y 

. y = B (X-X) .. C (qxp) (pxg) 

Bis the matrix of coefficients for transforming deviation scores, 

(X-X), to standardized discriminant functions, Y. 
C 

y 
C (qxg) 

= B 
(qxp) 

SOX 
(pxp) 

so -l 
X 

(pxp) 
(X-X) 
(pxg) 

Where SO is the diagonal matrix formed from the diagonal 
X ~ 

elements of (T-MSCP ) 2
• That is a diagonal matrix of standard deviax 

tions of X. 

Let Z = so -l ( X-X) 
X 

and C = B so 
X 

y = C z 
(ijxg) (qxp) (pxg) 

C is the matrix of coefficients for tranaforming standardized scores, 

(Z), to standardized discriminant function Ye. 

Let R be the correlation matrix based on T-MSCP , then the 
X 

matrix of "factor structure coefficients", S, can be expressed as: 

S = R C. 
Sis the pxq "structure" matrix of correlations bet\1/een the p original 

variables and the q discriminant functions. 

Two other interpretative aids can be extracted from the 

structure matrix, S. These are the table of communalities for each 
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variable, and the percentage of trace of R for each function. The 

cornmunalities for each variable represent the sums of squares of q 

elements in every prow of S. This shows the proportion of each 

original variable being accounted for in the full set of q discrimin

ant functions. This will only be of interest when (g-1),p, since 

otherwise the communalities are always sum to 1. The percentage of 

trace of R for each function is found by dividing the sums of squares 

of p elements in every q th column of S by the trace of R. This 

shows the proportion of the trace of R being accounted for by each 

discriminant function. These fraction will sum to 1 only when 

(g-l)~p. The present program obtained these statistics as well. 

Finally, Y , the standaidized discriminant score for each 
C 

group, was obtained for ordination and further analysis (via tape 

storage). 

2.4 Similarity Measures 

Program SIMMAT \I/as used to obtain the similarity measures 

used in this study. This program \I/as capable of calculating standard

ized or unstandardized Squard Euclidean Distance (SED) and Euclidean 

Distance (ED). Either SED or ED could be norminated to be stored as 

a vector for use in cluster analysis (See listing of SIMMAT in Appendix 

8-2). 

The similarity measures used in this study \I/ere standardized 

SED, obtained from the standardized discriminant scores, Y. Since the 
C 

discriminant scores obtained from MANDIS \I/ere already standardized, the 

unstandardized option of SIMMAT \I/as used (to avoid double standardiza

tion). 

fhe u e of Ye rather than X or Z for obtaining th$ standard• 
ized SED concurred with Gower's(1966) proposal or ueing principal com

ponents (See section 1.7.1). Y and principal components are similar 
C 

in the sense that they are both uncorrelated scores. However, where 

principal components are for observations from one population, Ye are 
for observations from more than one population (See Appendix A-2). The 

standardized SED obtained from Y was expected to provided a good esti-
c 

mate of the similarity between groups for subsequent use in cluster 

analysis (Ratkowsky 1977, pers. Com.). 



2.5 Cluster Analysis 

Program CLUSAN was adapted and modified from subroutines 

of Anderberg(l973). At present CLUSAN has seven optional clustering 

strategies. They are Centroid, Complete Linkage, Average Linkage 

Within New Cluster, Single Linkage, Average Linkage Between Merged 

Clusters, Median and Ward's Method. According to l-Jilliams ( 1971) , 

these are all hierarchical, polythetic, agglomerative clustering 

procedures. During each execution of CLUSAN, subroutine TREE pro

duced the dendrogram of the Clustering. 

All seven strategis have been applied to the full set of 

attributes (ALLCHARA); and the properties of each clustering stategy 

and the dendrogram has been studied and compared briefly. Those 

strategies with undesirable properties were eliminated then, and a 

final one was chosen to analyse the other sets of attributes (i.e. 

AGROCHARA, DISCCHARA and JACQCHARA). 

2.6 Post Clustering Analysis 

After clustering, program SEFWIG was used to reveal the 

relationships between a given hierarchical agglomerative strategy 

and each of the characters (attributes). Program SEFWIG (selected 

error for within group) was adapted and modified from ERROR of 

Anderberg(l973). The modifications included the calculating of F

ratios (and their associate probabilities) for each selected charac

ters, and for the clustering criterion of Ward's Method. The latter 

was used to decide the clustering "cut-off" point. 

SEFWIG examined the growth in the "error" sum of squares 

(i.e. pooled within-cluster sum of squares) of each attribute as 

clustering progressed through increasing levels of aggregation. At 

the beginning of agglomerative clustering, each individual was con
sidered as a cluster on its own (i.e. a cluster with only one indivi

dual). Then; there wae no within-cluster sum of square (WSS), and the 

total sum of squares (TSS) was solely represented by the among-cluster 
sum of squares (ASS). As clustering proceeded, TSS remained constant, 

WSS increased and ASS decreased. At the last stage of clustering, 

there was only one cluster, and it contained every individual. Then, 

TSS was solely represented by WSS and there was no ASS. At any stage 

of clustering, the ratio of WSS to TSS was tbe portion of the total 



sums of squares not explained by the current set of clusters (Anderberg 

1973). This ratio was the complement of Eta-Square (ASS/TSS) (Refer 

to section 2.3.1 for Eta-Square). The growth of this ratio for each 

character may be different. for some characters the ratio may become 

large at early stages of clustering; whereas, for others, the ratio 

may remain small even until the last few stages. The former charac

ters were considered as dormant and the latter as dominant. Dormant 

characters contributed little to the clustering results, and their 
elimination has little effect. Conversely elimination of dominant 

characters will have a marked influence on the clustering results. 

The f-ratio (Among cluster mean square to within cluster mean square ) , 

and the associated probability, for each character were also obtained. 

As Ward's Method of clustering was based on the minimum incre

ment of WSS of all characters as a whole, the clustering criterion was 

WSS. At every stage of clustering, SEfWIG calculated the overall f

ratio and the associated probability for the clustering criterion. 

These aeeociated probabilities helped in deciding the most "suitable" 

stage to 11cutoff 11 the clustering, and so to obtain the set of clusters 

for further consideration. Some basic properties of this application 

to Ward's Method of clustering, were studied. 

After the clusters have been obtained, their structure can 

be studied by program POSTCA. This was adapted and modified from POSTDU 

of Anderberg( l 973). The major modification was the inclusion of sub

routine DlffS (Gordon unpublished). POSTCA listed the clusters' mem

berships, and the attributes for each cluster. Next, DlffS ranked the 

means of each cluster (one attribute at a time) and performed least 

significant difference tests or Duncan's multiple range tests. 

Program CONVER has been developed to study the realtionships 

between Centroid.Average Linkage Between Merged Clusters, and Ward's 
Methods. The program was based on Gower 1s(l970) conversion equations. 

It oonvetted the clustering criterion of any one of these three methods 

to the clustering criterion of the other two. It also reported the 
increment of pooled within cluster sums of squares due to that merge, 

and the variance of the newly merged (formed) cluster. f-ratio and the 

associated probability was claculated for each stage of clustering. 
This program helped in deciding the "cutoff" points for any of the 

three methods. 



CHAPTER 3 RESULTS AND ASSOCIATED DISCUSSION 

3.1 MANDIS 

The mean of each character for each group is summarized in 

Appendix C-1. The grand mean, standard deviations and coefficient 

of variation for 160 groups are lsited in Table 3.1. The coefficient 

of variation ranged from 17.11%(f.DAT) to 40.22%(L.COL). The latter 

was considerably high. However, it was not surprising, as the within

plot variance was based on open-pollinated plants, containing potential 

genotypic diversity even within the one population. As there were 

four sets of data analysed, discussion here will be concentrated on 

ALLCHARA and the others (AGROCHARA, DISCCHARA, and JACQCRARA) will be 

discussed only briefly, to minimise repetition. 

3.1.l ALLCHARA 

Prior to analysis, the equality of the group MSCP matrices 

was tested by two approaches: X 2 test and F-test of Box's M Criterion. 

The results of these tests have been presented in Table 3.2. Both of 

these tests rejected the hypotliesis that the MSCP matrices were equal, 

with very high significance level (P<0.0001). The exact cause of this 

rejection was not known. It could be due to the actual difference in 

dimension and orientation or due to non-multivariate-normality of the 

distribution, or both. However, non-multivariate-normality has general

ly been believed to be the main cause. By examining the marginal dis

tributions (Appendix C-2), it was found that some characters (such as 

L.ROL and L.COL) were highly skewed and did not fit the marginal nor

mality. This implied that multivariate normality was not satisfactory. 

As both the above tests are highly sensitive to non-normality (Seal 

1968, Press 1971), the rejection of the null hypothesis would be ex

pected from this cause alone. 

Wilk's A :0.272866, and f-epproximation : 2.8670 with df1=1749 

and df2:39915. These results rejected the hypothesis that group cen

troids were equal, with a very high significance level (P<. 0.0001). 

The complement of Wilk's A (eta-square)=0.727134. This is the genera

lized coefficient of multiple determination, which shows the proportion 

of generalized total sums of squares (determinant of T-SSCP) explain

able by the generalized sums of squares due to grouping (determinant 



Charac 
-ter 

C.D!A 

C.DEN 

C.ERE 

C.HEI 

RUST 

a.ors 

L.ROL 

L.COL 

L.lHD 

F.COL 

F.DAT 

l 2 AMS3 l-JMS4 Eta 
Mean s.o. c.v. F-ratio Square 

6.4452 1.4736 0.2193 4.8145 1.9983 2. 4093 0.09515 

6.4875 1.3124 0.2023 3.4053 1.7224 1.9771 0.07944 

4.6476 1.8393 0.3957 18 .. :5039 3.3829 5.4699 0.19273 

4.1588 1.5144 0.3641 7 .2677 2.2933 3.1691 0.12151 

3.6137 0.9544 0.2641 2.3600 0.9109 2.5909 0.10159 

2.8307 0.9018 0.3186 2.0252 0.8133 2.4900 0.09803 

1 .3526 0.4917 0.3635 0.4995 0.2418 2.0661 O.OIJ272 

1.3255 0.5331 0.4022 0.5009 0.2042 1.7625 0.07143 

2.8501 0.6507 0.2283 1.0059 0.4235 2.3756 0.9394 

2.7586 Q.7187 0.2603 1.5270 0.5165 2.9565 0.11429 

5.3831 0.9211 0.1711 5.2935 0.8485 6.2306 0.21401 

1. Stahdard deviation based on pooled within group mean squares. 

2. Coefficient of variation. 

3. Among groups sum of squares. 

4. Pooled within groups sum of squares. 

TABLE 3.1 Analyses Sunvnary Of All Characters For 160 groups 
(For F-ratio df1 = 159, df2= 3643) 

47 

Eta 

0.30846 

0.28105 

0.43901 

0.34858 

0 .31873 

0.31310 

0.28761 

O .26726 

0.30650 

0.33807 

0.46261 
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[3ox's H = 16187.742 

F-1utio = 1.2617:> dfl = 10494 

df2 = 76U375 

Prob. 0.0001 

xz = U 463.9'/4 df = 1U494 

Prob. (.. O.OUOl 

TABLE 3.2 The Results Of Equality Test Of MSCP Matrices, 

For ALLCHARA 
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of A-SSCP). It is a generalized coefficient because it considers all 

the characters simultaneously (Refer to Drapper and Smith(l966) for 

the definition of coefficient of multiple determination ) . This sho\1/s 

the overall efficiency by which the groups (considering all the charac

ters simultaneously) II/ere represented by their o\f/n centroids. In this 

case, it was 72.71%. 

The non-independent" univariate F-ratios (Cooley and Lohnes 

1973) are listed in Table 3-1. Though all the F-ratios II/ere highly 

significant (P<0.0001), it should not be inferred automatically that 

group differences in each character were significant as the characters 

were "not independent" (see Section 2.3.1). The eta-squares, which 

are similar to the coefficient of multiple determination, showed the 

efficiency by which the groups were represented by their means, on a 

univariate basis. The eta-values, which are similar to the coefficient 

of multiple correlation, suggested that F.DAT contributed most to the 

discrimination amongst groups. This was followed by C.ERE, C.HEI, 

F.COL, RUST, O.DIS, C.DIA, L.WID, L.ROL, C.DEN, and L.COL, in that 

order. 

The results from the multiple discr iminant analysis are sho\1/n 

in Table 3.3. In this Table, R . is the canonical correlation coeffi
CJ 

cient between the j th discriminant funclion and the group variables. 

The value of R . for the first discriminant function was 0 . 5010. This 
CJ 

sho\1/ed that the 1st discriminant function had a predictive potency of 

o.~OlU between tne 11 original variables and the 160 group membership 

variables. The second function had a canonical correlation of n.nn,¼ 
and so on. T1 ,e R2 . represented tt,e eta-square of j th d1sc-r · 

CJ 
function. The eigenvalue,~ - indicated the "generalized variation" 

(available in W-SSCP-1• A-S~CP ) of the j tn discriminant function. 
X X 

The decreasing trend in the eigenvalues (Table J.3) II/as expected as 

the orthogonal funotiona were extracted according to their discrimina

ting abilities. The .% trace of ~j showed the proportion of the total 

variation accounted for by each of the j functions. The first three 

functions collectively accounted for 51.1% of the total variation 

available in W-SSCP-l. A-SSCP • X 2L ( =X2 j-1) is the X 2 for testing 
X X 

whether all the eigenvalues after L th, can be regarded as zero value. 

The results showed that even the eleventh (last) eigenvalue (i.e. 

after removing the first ten largest eigenvalues), \UBS highly signifi

cant (P=0.0055). These suggested that all the eleven discriminant 



j 

l 

2 

3 

4 

5 

6 

7 

8 

9 

lU 

11 

R 2 
95 . % trace 2 

df(x2) cj 
R . . 

of ~-. A XL l.J J 
J 

0.5010 0.2510 0 .33510 28.82 0.2729 )1000 1749 

0.4031 0. 1630 0.19472 D.84 0.3643 )1000 1580 

0.3;J89 0.1591 0.18920 14.45 0.4)52 )lOOU 1413 

0.3220 0.1037 0 .11568 U.22 0.5176 }1000 1248 

0.3205 0.1027 0.11447 !::l.13 0.5775 "'!1000 1085 

0.2990 0.0894 0.09815 6.98 0.6436 nouo 924 

0.2880 0.0829 0.09044 6.43 0.7067 )'1000 765 

0.2690 0.0724 O.U7800 5.54 0. 7706 968.3 608 

0.2625 0.0689 0.0'/401 5.26 0.83U7 689.2 453 

0.2409 0.0580 0.06162 4.38 0.8922 423.8 300 

0.2298 0.0528 0.05574 3.96 0.9472 201.6 149 

· TABLE 3.3 Results from Multiple Discriminant Analysis, 
for ALLCHARA 

50 

Prob(x2) 

0.0000 

U.0000 

U.0000 

O.Oi.JOO 

U.0000 

0.0000 

0.0000 

o.oouo 

0.0000 

0.0001 

0.0055 



51 
functions were required, inorder to retain sufficient amount of the 

original variation. 

Table 3.4 shows the S matrix (the correlations between the 

discriminant functions and the original characters). The first two 

discriminant functions were associated mainly with F.DAT, C.ERE, and 

C.HEI. This is seen from the following: the first discriminant funct

ion correlated -0.8094 with F.DAT, 0,6969 with C.ERE, -0.3841 with 

F.COL, -0.3085 with L.ROL and 0.2629 with C.HEI. The second discrimin

ant function correlated 0.5952 with C.ERE, 0.5220 with F.DAT, 0.2840 

with C.HEI and 0.2325 with C.DEN. 

From the S matrix and the nature of the original characters, 

the 11 functions appeared to be measuring, respectively; (1) clump 

elevation measures(+) versus flowering characters(-); (2) clump compact

ness, elevation, and F.DAT measures; (3) C.HEI(+) versus C.DIA and 

disease measures(-); (4) overall size, and disease measures; (5) C.DEN 

and O.DIS(+) versus L.WID and F.COL(- ) , (6) clump measures(-) versus 

D.DIS and colour measures(+); (7) Horizontal size measures(-) versus 

disease and flowering measures(+); (8) F.COL and clump measures(-) 

versus L.WID and RUST(+); (9) L.WID and clump measures(-) versus leaf 

nature and disease measures(+); (10) L.ROL(+) versus L.COL(-), and 

(11) clump and leaf measures. 

Table 3.5 shows the B matrix (the coefficients for producing 

standardized discriminant functions from the group deviation vectors). 

The location of the 160 group centroids for all eleven discriminant 

functions would fully describe the group differences from this data. 

The 160 group centroids for the first two discriminant functions have 

been displayed in Figure 3.1. This "ordination" (in Figure 3.1) was 

not very informative in the present case, and should be interpreted 

with care for the following reasons. The distances between group 

centroids (for these first two discriminant functions) did not represent 

the total centroid dissimilarity. This was due to the fact that the 

first two discriminant functions accounted for only 37.65% (refer to 

~~ trace of ~ j of Table 3 .J) of the total discriminating information, 

and the other functions were significantly important, accounting for 

the other · 62.35%. However·, as the first two functions do have the 

largest individual discriminantory abilities, this "ordination" does 

give a rough indication of the group differences. It is impracticable 



Character . l 

C.DlA -U.0657 

C.Dt.N -U.Ob20 

C.ERI:: 0.6969 

C.HEI 0.2629 

RUST 0.0527 

O.DIS -0.0074 

L.ROL -0.3085 

L.COL -0.1436 
-

L.WID 0.1468 

F.COL -0.3841 

F.DAT -O.G094 

Discriminant function 

I ! ! ; I 
I I 

2 3 4 5 I 6 7 8 9 10 
I 

-0.145i -0.33U2 0.4013 0.14>7 -0.3114 -0.::>643 -0.4208 -U.Ol48 -0.1671 

0.2j25 -0.1628 -0.0380 0.4208 -U.2474 U.1482 -0.257'L -0.48::>7 -O.ltl56 

0.595/ 0.0768 0 .1818 -0.0154 -0.1295 -0.0968 -0.2433 0.0525 

0.2840 0.4583 0.5616 -0.1372 -0.3546 -0.0419 -0.2586 -0.2238 

-0.0962 -0.4767 0.2855 -0. 1777 -0.0844 0.7129 0.2154 0.2185 

-0.1096 -0.2668 0.5075 0.3766 0.5333 0.4213 0.0724 0.1189 

-0.1732 -0.1431 -0.0600 0.1376 -0 .0779 0 .1853 -0.0910 0.2842 

-0.0881 0.2010 -0.0048 -0 . 0101 0.2392 -0,0383 -0.0341 0.5677 

0.1210 -0.2874 0.3014 -0.4167 0.1295 -0.4755 0.4728 -0.2894 

0.0545 -0.2352 -0.0732 -0.4405 0.4860 0.2093 -0.5470 -0.1209 

0.5220 -0.0642 0.0650 0.0431 -0.0288 0.1087 0.0371 0.0341 

TABLE 3.4 The S matrix - The Correlations Between The Discriminant Functions 
And The Original Characters, for ALLCHARA 

0.1186 

0.0515 

-0.1056 

0.0817 

0.5717 

-0.6217 

-0.5470 

-0°0094 

0.1276 

11 

0.1281 

U.5629 

0.1324 

0.2416 

-0.1625 

-0.1699 

0.6123 

0.4024 

0.2509 

0.0176 

-0.1738 

--

~ 
N 



Discriminant Function 

Character 1 2 3 4 5 6 7 8 9 10 11 

C.DIA -0.0739 -0.1571 -0.3718 0.2398 0.1034 -0.2630 -0.3662 -0.3370 0.1823 -0 .0773 -0.1533 

C.DEN O.OOll 0.1515 -0.1509 -0.1852 0 .3371 -0.0359 0.2511 0.0214 -0 .4869 -0.3172 0.3591 

C.ERE 0.3037 0.4423 -0.2196 -0 .1057 0.0475 0.0571 -0.0792 -0.1427 0.2839 0.0901 -0.0001 

C.HEI -0.1058 -0.1439 0.5567 0.5020 -0.2320 -0. 1401 0.1982 -0.0595 -0.2088 0.0416 0.1088 

RUST 0.0997 -0.0317 -0.5231 0.1406 -0.4552 0.6344 0.6467 0.1341 0.2371 -0.2934 -0.0574 

O.DIS 0.0603 -0.0723 0.0336 0.6744 0.7033 0.8175 0.0316 0.0313 -0.0866 0.1649 -0.0889 

L.ROL -0.2185 -0.3753 -0 .2110 -0.0035 -0 . 1043 -0.1495 0.0409 a.ons 0.7735 1.4817 1.2351 

L.COL -0.2053 0.2224 0.38.50 0. 1348 -0.0149 0.3533 -0.0748 0.08.58 1.0842 -1.2061 0.7692 

L.WID -0.0062 0.2307 -0.436.5 0.34.57 -0.5558 0.4441 -0.4958 0.9300 -0.4021 0.0238 0.6281 

F.COL -0 .ll.50 -0.0233 -0.2128 -0.1204 -0. 7913 0.6309 0 .1000 -0 .9223 -0.3088 0.0183 0.0667 

F.DAT -0.6385 0.7645 -0.0407 0.1394 0 .113.5 -0.1588 -0.0991 0.1943 0.2314 0.0262 -0.2200 

TABLE 3.5 The B Matrix - The Coefficients For Producing Standardized Discriminant ~ 
Function (Y) from group deviation vectors (X - X), for ALLCHARA W 

C 
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to diagram more than two functions at a time, and so this is the only 

choice available for Fig . 3.1. 

3.1.2 AGROCHARA 

The results of the equality test of the group MSCP matrices 

are given in Table 3.6. Both the X 2 test and the F test rejected 

the null hypothesis that the MSCP matrices were equal, with a very 

high significance level (P~0.0001). Though the highly skewed characters 

(e.g. L.ROL and L.COL) were excluded in this set of data, non-multi

variate normality was s till believed to be the main cause for reject

ion. By visual examination, the distribution of C. ERE was found to 

be too "flat" for marginal normal distribution (refer to Appendix C-2). 

Though the marginal distribution of other characters may have resembled 

binomial distributions,their joint distribution may not necessarily be 

multivariate normal when the interactions were encountered (Andrew et. 

al. 1971, Press 1971, Rohlf 1971). 

The value obtained for Wilk's Lambda was 0.344865, and F 

approximation= 3.25746 with df1= 1272, df2 = 29074. These results re

jected the hypothesis that the group centroids were equal, with a very 

high significance level (p~0.0001). The complement of Wilk's A= 
0.655135. This eta-square showed that the overall efficiency of the 

groups (considered all the 8 characters simultaneous~y) being represent

ed by their own centroids was 65.51% 

The detail univariate investigation revealed the same results 

as for ALLCHARA (as listed in Table 3.1). These results were expected, 

as these univariate studies did not take the covariance between charao

tera into consideration. The order of magnitude of the contribution 

of each charact~r to t he discrimination amongst groups (ranked according 

ttl their eta v lue; in T ble 3,1) ~as. r.DAT, C.ERE. C,HElj RUST, n.D1$, 
c.OIA, L,WID nd C.DElN, 

The results from the multiple discriminant analyais are hewn 

in Table J.7. The let discriminant f unotion obtained a canonical cor

relation of 0.4952. This showed that it produced a predictive potency 

of 0.4952 between the 8 original variables and the 160 group membership 

variables. The second discriminant function showed a canonical correla

tion of 0.4008, which is interpreted similarly, and so on. The R2cj 
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Oox 's M = 9086 . 5315 

F-ratio = 1.37945 dfl = 5 /24 

df 2 = 774679 

Prob. < 0,0001 

x 2 = 7963 . 099 dt" = 5724 

t-'rob , < 0,0001 

TABLE 3 . 6 The Results or Equality Test Of [·1SCIJ f·1atrices, 

For AGROCI 1/\RA 

2 ~~ trace 
x 2 R cj r. . ~- of ~. >. df 

CJ J J L 

U.4952 0 .2452 0 .32494 28.02 0 ,3449 3950 . 19 1272 

0 .4008 0 . 1607 0 . 19142 16.51 0 .4569 2912 .08 JlU6 

0 . 3805 0 . 1509 0.17T/2 15 .33 0,5444 2260.90 942 

0 .3216 0 . 1034 0 . 11530 9.95 0 .6411 1652. 70 780 

0.3093 0 .0957 0. 10582 9 • .13 0,7151 1246 . 72 620 
--- ------- 1-----

U,2086 u.0833 0 .09087 7.04 0.7908 072 . 75 462 

u.2042 0.0808 0.08785 7.50 0.0626 549 .30 306 

o.2402 0.0616 0.06.962 5.66 0.9384 236,32 152 
-

TABLE 3.7 The Results from Multiple Discriminant Analysis, 

For AGROCHARA 

Prob 

-

0 . 0000 

0. 0000 

0 .0000 

0.0000 

0 . 0000 
- - -

o.oouo 

o.oouo 
-

0.0002 

-
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gave the eta-square of the j th discriminant function. The 1st eigen

values, ~1, was 0.32494, and these gradually reduced to 0.06562 for the 

8th (last) eigenvalue. This decreasing trend was expected as the ortho

gonal functions were extracted according to their discriminating abili

ties. The% trace of~- showed that the first three discriminant fun-
J 

ctions collectively accounted for 59.8% ot the total discriminating 

information available. x2L (= x2j_1) was the x2 for testing whether 

all the eigenvalues after L th can be regarded as zero value, as noted 

earlier. The results showed that even the 8th (last) eigenvalue (i.e. 

after removing the seven largest eigenvalues) was highly significant 

(P=0.0002). This suggested that all eight discriminant functions 

were required to retain the original variation. 

Table 3.8 shows the S matrix (the correlations between the 

discriminant functions and the original characters). From this table, 

it was noted that the first two discriminant functions were associated 

mainly with C.ERE, F.DAT and L.WID. This was seen from the following. 

The first discriminant function correlated -0.8225 with r. DAT, 0.7016 

with C.ERE, 0 . 2628 with C.HEI, and 0.1507 with L.WID. The second dis

criminant function correlated 0.5090 with C.ERE, 0.4848 with F.DAT, 

0.2843 with C.DEN, and 0.2380 with L.WID. 

From the S matrix and the nature of the original characters, 

the 8 discriminant functions appeared to be measuring, respectively, 

(1) clump elevation measures(+) versus F.DAT(-); (2) F.DAT, clump 

elevation and compactness measures; (3) C.DIA and disease measures(-) 

versus clump height measures; (4) overall size and disease measures; 

(5) C.DEN and O.DIS(+) versus L.WID(-); (6) horizontal size measures(+) 

versus C.DEN and disease measures(-); (7) clump measures(+) versus 

leaf and disease measures(-); and (8) clump and leaf measures(+) versus 

F.DAT and disease measures(-). 

Table J.9 shows the B matrix (the coefficients for produ-

cing standardized discriminant functions from group deviation vectors) • . 

3.1.3 DISCCHARA 

The results of the equality test of MSCP matrices are listed 

in Table 3.10. Both the r test and x2 test rejected the null hypothesis 

that MSCP matrices were equal. The main cause of the rejection was 



Charac 
-ter 

C.DIA 

C.DEN 

C.ERE 

C.HEI 

RUST 

O.DIS 

L.WID 

F.DAT 

58 

Discriminant Function 

l 2 3 4 5 6 7 8 

-0 .0716 0.0265 -0.3879 0.3758 -0.0162 0.2245 0.7938 0.1455 

-0.0775 0.28431 
' 

-0.0444 1 -0 . 0838 0.3013 -0.3366 0.3757 0.7473 
I 

' 
0.7016 0.5090 0.3662 l 0.1888 0.0268 -O.OU78 0.2784 0.0041 

0.2628 0.0467 0.5637 0.6017 -0 .1118 -0.1306 0.3723 0.2832 

0.0573 0.1369 -0.4804 0.2951 -0.1819 -0.6186 -0.4466 -0.2104 

-0.0060 0.0258 -0.3321 0.4281 0.6475 -0.1804 -0.4465 -0.2325 

0.1507 0.2380 - 0 .1963 0.3496 -0.3706 0.6124 -0 .2472 0.4311 

-0.8255 0.4848 0.1949 0.0711 0.0338 0.0793 -0.0789 -0.1621 

TA~LE 3.8 The S Matri~ - The Correlations Between The Discriminant 

functions and The Original Characters, For AGROCHARA 



Charac 
ter 

C .DIA 

C.DEN 

C.ERE 

C.HEI 

RUST 

O.Dl!:> 

L.vJID 

F.L)AT 

Discriminant function 

l 2 3 4 5 6 7 

-0.0800 U.0356 -0.4236 0.2163 -0.0299 0.11~9 0.5569 

-0.0320 0.1831 -0.1135 -0.2260 0.2469 -0.2851 0.0067 

0.3250 0.5087 0.0134 -0.1245 0.0766 0.0524 0.1075 

-0.0954 -0.3900 0.4535 0.5515 -0.1162 -0.2041 -0.0145 

0.1043 0 .2171 -0.4882 0 .1992 -0.7155 -0.7900 -0.1048 

0.0449 -0.08L2 -0.0784 0.5492 1.0812 0.2501 -0.3283 

0.0348 0.4228 -0.2676 0.3976 -0.3940 0 .S677 -0. 7276 

-0.6690 0.6976 0.2490 0.1231 -0.0587 0.0565 0.0107 

TABLE 3.9 The B Matrix - The Coefficients For Producing 

Standardized Discriminant Functions (Y) from 
C 

Group Deviation Vectors (X - i) For AGROCHAHA 

Box's M = 3702.0385 

F-ratio = 1.42572 dfl:: 2385 

df2 = 825241 

Prob. 0.0001 

x2 = 3411.044 df = 2385 

Prob. O.Ol.lOl 

TABLE 3.10 The Results Of !:.quality Test uf 

MSCP i 1atrices , For DISC!:RARA 

59 

8 

-0.2367 

0.6628 

-0.2343 

0.1895 

-0.0930 

-0.0654 

0.7870 

-0.2624 
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believed to be the non-multivariate normality, as stated in section 

3.1.2. 

The results of the Wilk's Lambda test estimated a ~ = 0.469817 

and F approximation= 3.73398 with df1 = 795 and df2 = 18194. These 

results rejected the hypotheais that the centroids were equal, with a 

very high significance level (P < 0 .0001). The complement of vJilk 's 

A, eta-square = 0.530183. This showed that the overall efficiency of 

the groups (considering 5 characters simultaneously) being represent-

ed by their own centroids was 53.02%. 

The five characters in this set of data were the most dis

criminatory characters, in that they had the largest eta values (refer 

to Table 3.1). Their discriminatory ranking in descending order, was 

F.DAT, C.ERE, C.HEI, F.COL and RUST. 

The results from the multiple discriminant analysis are list

ed in Table 3.11. The 1st discriminant function obtained a canonical 

correlation of 0.4944. This showed that it produced a predictive potency 

of 0.4944 between the 5 original variables and the 160 group member

ship variables. The% trace of~- showed the first two discriminant 
J 

functions collectively accounted for 60.66~~ of the total discriminating 
2 information available in this set of characters. x L showed that even 

the 5th eigenvalue was highly significant (P~0.0001). These suggested that 

all the 5 discriminant functions were required to retain the original 

variation. 

Table 3.12 shows the 5 matrix. The first two discriminant 

functions accounted mainly for F.DAT, C.ERE and C.HEI, as noted (as 

before) by an examination of the correlation trends. 

trom the S matrix and the nature of the original characters, 

the 5 discriminant functions appeared to measure, respectively, (l) 
clump measures(+) versus flower measures(-); (2) F.DAT and clump mea

sures; (3) clump measures(+) versus RUST and F.COL(-); (4) RUST and 
C.HEI measures;; (5) RUST and DAT(-) versus F.COL and clump measures(+). 

Table 3.13 shows· the coefficients for producing standard

ized discriminant functions from group deviation vectors. 
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R2. 
~o trace z R cj ~- of ~. >. XL df Prob. 

CJ J J 

0.4944 0.2445 0.32356 38.97 0.4698 HOOD 795 o.uooo 

0.3914 0.1532 0.180'74 21.79 0.6218 ~1000 632 0.0000 

0.3437 0.1181 0.13395 16.13 0.7343 )lOUO 471 0.0000 

0.3072 O.OY44 0.10421 12.55 0.8327 680.94 312 0.0000 
···- ··· · - ----- ---

0.2838 I 0.0805 0.08757 10.55 0.9195 312.22 155 0.0000 

TABLE 3.11 The Results From Multiple Discriminant Analysis 

For DISCCHARA 

Character 

C.ERE 

C.HEI 

RUST 

F.COL 

F',DAT 

Discriminant Function 

l 2 3 4 5 

-0.6975 0.6393 0.2626 0.0821 0.1693 

-0.2466 0.2806 O.T/09 0.4595 0 .2336 

-0.0723 -0.0496 -0.5827 . 0.7236 -0.3586 

o.3010 0.0546 -0.4757 0.1854 U.7656 

0.8268 0.5377 -0 .0826 0.0747 -0.11~0 

--

TABLE 3.12 The S Matrix - The Correlations Between 
the Discriminant Functions And The Original 
Characters, For DISCCHARA 
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Discriminant Function 

Character 1 2 3 4 5 

C.ERE 

C.HEI 

RUST 

F.COL 

F.DAT 

-0.3354 0.5123 -0.2141 -0.1525 0.0369 

0.1488 -U.1810 0.5654 0.5366 0.1591 

-0.1685 -0.0llO -0.4343 0.8421 -0 .3879 

0.1348 -0.0282 -0 .49T7 0.2593 1.3088 

0.6398 O.T/62 0.0409 -0.0224 -0.3480 

TABLE 3.13 The B Matrix - The Coefficients For Producing 

Standardized discriminant functions from group 

Deviation Vectors, For DISCCHARA 
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3.1.4 JACQCHARA 

The results of the equality test of MSCP matrices are listed 

in Table 3.14. Both the f test and x2 test rejected the null hypo

thesis that MSCP matrices are equal. The main cause of rejection was 

believed to be the non-multivariate normality, as stated in section 

3.1.2. 

The results of Wilk's Lambda (0.527671), and f approximation 

(= 3.96824 with df1 = 636, df2 = 14560) rejected the hypothesis that 

the group centroids were equal, with a very high significance level 

(p.c:;.0.0001). The complement of Wilk's \ (= 0.472329) showed that 

all the overall efficiency of the groups (considered all 4 characters 

simultaneously being represented by their own centroids was 47.23%. 

The results of multiple discriminant analysis are shown in 

Table 3.15. The 1st discriminant function had a canonical correlation 

of 0.4887, indicating its potency. The decreasing trend of the eigen

values agai n was usual. The% of trace of~- showed that the first two 
J 

discriminant functions collectively accounted for 70.29% of the total 

discriminating information available in this set of characters. x2L 

showed that even the 4th eigenvalue was highly significant (p<0.0001). 

Table 3.16 shows the S matrix. The first two discriminant 

functions were associated mainly with f.DAT and C.ERE. 

from the S matrix and the nature of the original characters, 

the 4 discriminant functions appeared to measure, respectively, (1) 

C.ERE(+) versus f.DAT(-); (2) C.ERE, f.DAT and L.WID measures; (3) 

RUST and L.WID(+) versus C.ERE(-); and (4) L.WID(+) versus RUST and 

f.DAT(-). The B matix is shown in Table 3.17. 

3.1.5 Additional Comments 

for all sets of data (ALLCHARA, AGROCHARA, DISCCHARA and 

JACQCHARA), the MSCP matrices equality tests have shown a very highly 

significant result, with a consequent rejection of the null hypothesis 

that they were equal. This was believed to be due to the non-normality 

of the data distribution. However, the actual differences in dimension 

and orientation of the MSCP matrices could not be ruled out either. 

The large sample sizes involved (as shown by their large df in Table 
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Box's M = 2454.6582 

F-ratio = 1.44317 dfl = 1590 

df2 = 877095 

Prob • .( 0.0001 

x2 = 2299.096 df = 1590 

Prob. ,( 0 .0001 

TABLE 3. 14 The Results Of Equality Test Of 

MSCP Matrices. For JACQCHARA. 

R K 2. ~. 
?~ trace x2 df cj of 6i. A CJ J J 

L 

0.4887 0.2388 o.31380 44.84 0.5277 2378.13 636 

0.3908 0.1527 0.18025 25.55 0.6933 1326.85 474 

0.3340 0.1116 0,12556 17.80 0.8183 ' 746.35 314 
I . - . . 

0.2012 0.0790 0,08593 12.17 0,9210 306,33 156 

TABLE 3,15 The Results From Multiple Discriminant Analysis, 

For JACQCHARA. 

Prob 

o.ouoo 

0.0000 

0.0000 

0.0000 



Discriminant Function 

Character l 2 3 4 

C.ERE 0.6954 0.6096 -0.2011 -0.0017 

RUST 0.0689 -0.0292 0~8172 -0.5710 

L.WID 0.1506 0.1997 0.5061 0.8251 

F.DAT -0.8564 0.4887 0.0523 -0.1563 

TABLE 3 .16 The S Matrix - The Correlations Betl!leen The 

Functions And The Original Characters. 

For JACQCHARA. 

Discriminant Function 

Character 1 2 3 4 

C.ERE 0.2626 0.4353 -0.0796 -0.1045 

RUST 0.1851 0.0558 0.8362 -0.5601 

L.HID -0.0155 0.2703 0.8627 1.2189 

F.DAT -0.7151 0.7319 0.0)77 -0.0697 
-· - -

iABLt J,17 The B Matri~ • fhe Ooetricienta ror Producing 
Standardized Discriminant Functions From Group 
Deviation Vectors. For JACQCHARA. 

65 
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3.2, 3.6, 3.10 and 3.14) could also have contributed to their apparent 

rejection, as these tests are sensitive to large sample size (Cooley 

and Lohnes 1973). In short none of these sets of data fulfilled the 

assumption of MANOVA. Many research workers prefer to ignore this 

fact, and make inferences from their results in the belief that MANOVA 

is robust enough (Cooley and Lohnes 1973). A similar approach is com

mon in practice with ANOVA (Cochran 1947). 

Non-normality of the multivariate distribution and non-equality 

of MSCP matrices, were believed to increase Type I error (Press 1971). 

However, the significances of group centroid were so high (p~0.0001), 

the inferences concerning centroid differences could still be sufficient

ly correct in prac~ice. These results were used as a descriptive guide 

for the data in this study. However, the main purpose of MANOVA here 

was to reduce the data, and to organise it for multiple discriminant 

analysis. 

The x2 test for eigenvalues retention was blso affected by 

the non-equality in MSCP matrices (Seal 1968). However, ordination 

of group centroids using all discriminant functions would not affected 

(because all discriminant functions would be retained in that case). 
2 . 

The X test of this study suggested that retention of all the dis-

criminant functions for all cases was needed in any case, so that this 

problem did not arise here. The main purpose of multiple discriminant 

analysis in this study was to transform the correlated original score 

vectors (x) to standardized uncorrelated discriminant score vectors 

(Ye). The removal of these correlations between characters is import

ant for estimating the similarity measure (SED) in cluster analysis 

(Refer to section 1.7.2). 

lhe etudy of S matrix for each data set revealed two import

ant points. (l) The first 5 discriminant functions of AGROCHARA ac

counted for aimilar characters to the first 5 discriminant functions of 

ALLCHARA, Furthermore, the 6th and 7th discriminant functions of 

AGROCHARA ~ere similar to the 7th and 9th discriminant functions of 

ALLCHARA. This showed that the e~clusion of the 3 characters. (F.COL, 

L.COL and L.ROL) from AGROCHARA did not alter the pattern of discrimi

nation very much. This impiied that the 3 characters were not very 

important for discrimination. (2) For all cases, F.DAT and C.ERE were 

the two major characters associated with the first two discriminant 
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functions. This showed their importance as the discriminating characters. 

These findings agreed with the eta values of the characters (Table 3.1): 

r.DAT, C.ERE, f.COL, L.ROL and L.COL ranked 1, 2, 4, 9 and 11 respective

ly in their__eta values. 

for all cases, the communalities of all discriminant functions 

over every character was 0.9994742. This meant that, in all cases, 

over all characters, 99.95% of the original information was recovered 

in all the discriminant functions, collectively. This was expected, as 

g-1 = 159) p= 11 (or 8, or 5, or 4 ) (see section 2.3.2). The slight 

deviation from 1.0 was probably due to rounding error. 

3.2 Comparison of Different Clustering_Strategies, Using ALLCHARA 
Attributes. 

The standardized SED's (Square Euclidean Distances) obtained 

from SIMMAT were used for the clustering analysis (program CLUSAN) . 

The value of the merging criteria at each stage of clustering and 

the dendrogram have been obtained for each of the seven strategies, 

for the ALLCHARA set of attributes. However only the dendrograms nave 

been presented (figures 3.3, 3.4, 3.5, 3.6, 3.7 , 3.8 & 3.9 ) . In each 

cases , the full dendrogram, which involved 160 groups, has not been 

shown. Only the stages of clustering after the 11 cut off" point were 

shown (i.e. after the formation of clusters was well advanced ) . In the 

dendrogram the positions of the clusters along the vertical axis have 

no meaning, since any two clusters may be rotated about their point of 

fusion. 

In order to compare the properties (clustering behaviour) of 

the different strategies on a same basis, it was desirable to "cut off" 

the clustering at the same stage, and to obtain the same number of 

clusters for each strategy. As the clustering criteriOfl of Ward's me

thod was tne within~cluster sums of a~uares, the probability of the F
ratio (AMS/WMS) aould be used, objectively, to decide tnl:! "cutting off" 

point for clustering (Program SEFWIG wae uead for this purp01e and ie 
discussed subsequently). A brief comparison of the seven strategies 

is presented in section 3.2.9. 
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3.2.l Results of SEFWIG as Applied to Ward's Method 

As clustering proceeded from stage Oto stage 159, the num

ber of clusters decreased from 160 to 1. The total sum of squares 

remained constant at 192.56. The pooled within-cluster sum of squares 

increased gradually from Oto 192.56, \1/hereas the amongst-cluster sum 

of squares decreased from 192.56 to O. Also the degree of freedom 

for pooled within-cluster increased linearly from Oto 159, as the 

degree of freedom for among-cluster sum of squares decreased linearly 

from 159 to O. The overall f-ratio dropped from 22.9693 (at stage 1) 

to a minimum value of 7 .01159 (at stage 79), then it fluctuated bet\1/een 

7.014 and 7.042. It next increased from 7.02613 (at stage 99) to 

20.9164 (at stage 158). The associated probability dropped from 0.17056 

(at stage 1) to a minimum value of 0.3326 x 10-8 (at stage 110) and in

creased to 0.69282 x 10-4 (at stage 158). All these trend have been 

sho\1/n in figure 3.2. 

The aim of clustering was to gather the most similar enti

ties into the same cluster, and to segregate the dissimilar entities 

into different clusters, thus reducing the number of entities. Ho\1/

ever, as clustering proceeded and clusters merged, the internal homo

geneity of clusters decreased, the sacrifice of this internal homoge

neity is unavoidable as the number of cluster is reduced. The probabi

l i t y of the overall f-ratio showed the probability that the among

cluster dissimilarity (as measured by among-cluster mean squares) was 

equal to the heterogeneity withi n clusters (as measured by \1/ithin 

cluster mean squares). When this probability is minimum, the chances 

of them being equal is least or the among-cluster varicance is most 

significant. This was the most "logical" compromise point for the 

maintenance of internal homogeneity and for maximising amongst-cluster 

differences. This stage was adopted as the most suitable cut off 

point in the clustering, and the clusters at this stage were adopted 

as the most relevant. This approach is examined in detail with the 

present data. 

With the ALLCHARA attributes, it was found that the minimum 

probabili ty occurred at stage 110, which resulted in 50 clusters. Thus 

all strategies were "cut off" at stage 110 in order to compare their 

clustering behaviours. These are considered in the following (see 

also Revie\1/, section 1.7.3.2.2). 



TSS = Total Sum of Squares, 
wss = Within-cluster Sum of Squares, 
ASS = Among-cluster Sum of Squares, 
DFW = Degree of Freedom for WSS, 
DFA = Degree of Freedom for ASS, 

X = F-ratio, 
= Probability of F-ratio in log10 scale. 

FIGURE 3.2 Changes in SS, and t-test for ALLCHARA; as examined 
by program SEFWIG. 
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3.2.2 Single linkage 

Of the 50 clusters obtained, 47 were single entity clusters 

(i.e. clusters with only one group ) , one cluster contained two groups, 

another contained three groups, and the remaining 108 groups were in 

one big cluster. This demonstrated the severe space-contraction, and 

the consequent chaining tendency (see reveiw ) . The dendrogram is 

shown in Fig 3.3. 

3.2.3 Centroid Method 

The results from program CONVER showed that, as clustering 

proceeded, the probabilities of the F-ratio (among-cluster mean squares 

to within-cluster mean squares) fluctuated. In view of the nature of 

this strategy (see review), thi s fluctuation was expected. Through 

minimum probability (0.5802 x 10-6) occurred at stage 78, the cluster

ing was "cut off" at stage 110 (with the probability of 0.2715 x 10-4 ) , 

for the reason already given. 

Of the 50 clusters obtained, 40 were single entity clusters, 

eight clusters contained two groups each, one cluster contained three 

groups and the remaining 101 groups were in one big cluster. 

Reversals occurred at various stages of clustering (at 30/ 159 

stages ) . The most serious reversals were at stages 157 and 128 , where 

the clustering criterion dropped from 2.876 to 2.411 and from 1.206 

to 0.9699, respectively. The clustering criterion generally ranged 

from 0.106089 (stage 1) to 2.918606 (stage 159 ) . 

The results showed the severe space-contracting and non

monotonic properties of this method (see Review). These results 

agreed with those of the simplex test of Burr (l970). However, these 

did not agree with those of lance Bhd Williams(l967a). They regarded 

this as a space-conserving strategy. The dendrogram ie ahO\lln in 

figure 3.4. 

3.2.4 Median Method 

This method had similar results to those of the centroid 

method. Of the 50 clusters obtained, 42 were single entity clusters, 

six clusters contained two groups each, one cluster contained four 
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FIGURE 3.3 DendrolJ o ALLCHARA by Single Linkage Method. 
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groups and the remaining 102 groups were in one big cluster. 

keversals also occurred at various stages of clustering. The 

dendrogram in Fig 3.5 shows space-contracting and non-monotonic pro

perties of this method. The results did not agree \l/ith those of Lance 

Williams(l9b7a), who regarded this method as space-conserving and non

monotonic. 

3.2.5 Average Linkage Between Merged Clusters 

The results from program CONVER showed that, as clustering 

proceeded, the probabilities of F-ratio fluctuated. This fluctuation 

\I/as expected because of the procedure (see Revie\11). Though minimum 

probability t0.6337 x lu-81 occurred at stage 101, the clustering \llas 

"cut off" at stage 110 ~with the probability of U.1160 x 10-7). for 

uniformity in the comparsion. 

Uf the 50 clusters obtained, 21 \llere single entity clusters, 

13 clusters contained 2 groups each, 6 clusters contained 3 groups 

each, 2 clusters contained 4 groups each, 3 clusters contained 5 groups 

each and the remaining 5 clusters contained 6, 8, 13, 20 and 25 groups 

eacn, respectively. 

A very mild space contracting and chaining tendency was sho\l/n 

in the later stages of clustering. This occurred around the clustering 

criterion value of L.O, as shown in Figure 3.6. 

3.2.6 Average linkage Within New-Cluster 

Of the 50 clusters obtained, 20 of them were single entity cluster, 

9 clusters contained 2 groups each, 4 clusters contained 3 groups each, 

5 clusters contained 4 groups each• 5 clusters contained 5 groups each, 

2 clusters contained 9 groups each and the remaining 5 clusters contain

ed 6, 8, 10, 11, and 12 groups· ·respectively. 

This method showed a more even distribution of cluster size 

when compared to the previous one. Although it had 20 single-entity 

clusters, the largest cluster contained only 12 groups (as compared 

to 25 in Average linkage ~etween Merged-Clusters). This showed a 

more intense clustering. The dendrogram is shown in Figure 3.,. 
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3.2.7 Complete Linkage 

Of the 50 clusters obtained, 12 of them were single entity 

clusters. fhere were 10, 15, 2, 3, and 4 clusters containing 2, 3, 

4 , 5, and 6 groups each, respectively. The other 4 clusters each con
tained I , 8, 9, and 12 groups, resectively. The dendrogram is shown 

in figure 3.8. 

3. 2.8 Ward's Method 

This was the most intense clustering strategy of the seven 

studied. It produced the most even distribution of cluster size, with 

the l argest cluster containing 9 groups. Of the 50 clusters obtained, 

9 of them were single entity clusters. There were 10, 12, 9, 5 and 

3 clusters containing 2, 3, 4, 5 and 6 groups each, respectively. The 

remaining two clusters contained 7 and 9 groups each, respectively. 

The dendrogram is shown in figure 3.9. 

3.2.9 General Comparison 

Single Linkage, Centroid, and Median methods were every 
111Ueak 11 clustering strategies, in that they produced heavily "chained" 

clusters. The chaining tendency of these methods produced one big 

cluster and many single entity clusters. The clusters obtained were 

of no practical use. Moreover, Centroid and Median methods showed the 

conceptual illogic of reversals. These findings agreed with those of 

Williarns (l971, 1972), Lance and Williams(l967a, 1967b ) , Anderberg (l973 ) , 

Cormack (1971), Clifford and Stephenson(l975), Boyce(l969 ) , Burr ( l970 ) 

and Pritchard and Anderson(l971). Thus, practically, these methods 

were of little use. 

The Average Linkage Between Merged Clusters method produced 

2l single entity cluatera and mild chai ning eff&ot. It was not kMown 
whether this chaining tendency was due to the property or the method 
or to the weak structure of the data. It was suspected that the data 
was weakly stuctured, and, very probably this was a cause of the chain

ing. This method had been considered as a space-conserving strategy 

(Lance and Williams 1967a, 1967b), and a "most useful method" (Prit

chard and Anderson 1971). However, its usefulness here was not obvious 

and it showed space-contraction. 
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Cluster Group 
No. No. 

l -- 19, 66, 9, 39, 69. 
2 --140, 146, 139, 7, 126. 
.5 -- 20, 94, 156. 
4 -- 76, 77, 38. 
5 -- rn, 145, 120, 122, 160. 
6 -- 31, 59 , B, 42. 
7 -- 28, 116, 128, 143, 82, 106. 
8 -- 89 , 99, 35. 
9 --llO, 135, ll4, 118, 125. 

10 -- 25, 45, 44, so. 
11 -- 72, 112, 73. 
12 -- 21, 127, 51. 
13 -- 49. 
14 --101, 107, 117, 130. 
15 --115 , 119, 131, 85. 
16 -- 97, 121, 98. 
17 -- 36, 133, 6, 57. 
10 -- 14 , 62, 41. 
19 -- 56. 
20 -- 15, 124. 
21 --102, 108 . 
22 -- 86, 92. 
23 -- 26, 88 , 65, 90. 
24 -- 70, 80, 27, 46. 
25 -- 23, 147, 87. 
26 --104, 123, 132, 48, 04, 109, 75. 
27 -- 16, 33, 17. 
28 -- 64, 152. 
29 -- 2, 47, 5, 136, 3, 37. 
30 -- 40, 58 , 153. 
31 -- 43, 157, lll, 60, 52. 
32 -- 11, 24, 95, 96, 29, 141, 1, 71, 78. 
33 -- 67, 148, 74, ll3, 83, 129. 
34 -- 63. 
35 -- 68. 
36 -- 81, 103, 105. 
37 --159. 
38 -- 10. 
39 ·-144, 
40 -- 53, 54. 
41 -- 30, 100. 
42 -- 91, 154. 
43 -- 22, 61. 
44 --138, 142, 134. 
45 --158. 
46 --137, : 151. 
47 -- 34, 55, 93, 150. 
48 -- 79. 
49 4, 13, 149, 155. 
50 -- 12, 32. 
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The Average linkage Within New Cluster and Complete linkage 

methods were more intensely clustering strategies in that they produced 

more evenly sized clusters. The largest cluster contained only 12 

groups. These two methods produced 20 identical clusters (clusters 

containing the same group or groups) out of the 50 clusters obt ained. 

furthermore, most of the other clusters amongst them were quite similar 

in their constituents. This showed that the two methods produced simi

l ar patterns of clustering. This finding concurred with that of 

Anderberg(l973). 

Judging from the result of the "traditional" space-conser

ving strategy (Average Linkage Between Merged ~lusters method), the 

set of data used in this study was weakly structured. That is, the 

groups were continuously spread out with no distinctive natural cluster. 

To facilitate description of such loosely defined clusters (with natural 

diffuse boundaries), Williams(l971) suggested the use of a space dilat

ing, intensely clustering strategy to artificially 11sharpen 11 the boun

daries. Among the seven strategies studied, Ward's method was the most 

intense in its clustering. It's space dilating and intense clustering 

properties have been noted by Clifford and Stephenson(l975), Williams 

(1971, 197l), Lance and Williams(l967b), and Burr(l970). Hence, Ward's 

method was chosen as the principal clustering strategy of this study 

and has been used exclusively for other sets of attributes. Moreover, 

the logic of a 11variability 11 approach (i.e. one based on the minimum 

increase of pooled within-cluster sums of squares) in weakly structur

ed data, and the ready association with probabilistic "cut off" deci

sions (found in progranvnes SEfWIG and CONVER), confirmed the choice 

of Ward's method as the principal strategy for this data. 

J.3 Clustering Analy ia and Post Clusterin9.Anelysia 

Jr:l•,..l,. AbLCHA ~ 
The clu tering re ults of thia set of attributes have been 

discussed briefly in section 3.2.8, and the dendrogram shown in Figure 
3.9 •. There were nine single entity clusters. They were clusters 13, 

19, 34, 35, 37, 38, 39, 45 and 48. A detailed investigation of these, 

with respect to the ranking of group means for each character separately, 
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revealed that most of these groups had outlying values (i.e. they had 

at lease one extreme ranking (either first or last) in one of the cha

racters). As SED will give extra weight to outlying values (Clifford 

and Stephenson 1975, and Cormack 1971), these groups became more remote 

from the others. This was the reason that they remained as single 

entity clusters, despite the intense clustering of Ward's method 

(Williams 1971, and Clifford and Stephenson 1975). 

Table 3.18 shows the growth of the WSS/TSS ratio of each 

character as clustering proceeded. This ratio indicated the proportion 

of the total sums of squares of each character not explained by cluster 

differences. It is the complement of eta-square, and it is similar to 

the complement of the coefficient of multiple determination. 

As the clustering was "cut off" at stage llO. Table 3.18 can 

be studied in two parts. The first part included stages l to 110, and 

described the changes of intra-cluster structure (pooled over all clus

ters ) of each character. The second part included stages 111 to 159, 

and described the subsequent structure, when further merges occurred 

between the "accepted" 50 clusters. In this case, the relationships 

amongst the 50 clus ters can be examined. 

At stage 110, C.ERE was well partitioned across the 50 clus

ters; only 11.1% of the TSS was not accounted for by the among-cluster 

sums of squares. F.DAT was also well partitioned across clusters with 

only 13.2% of TSS not accounted for by clustering. The other characters 

were ranked in increasing order of proportion of TSS not accounted for 

by clustering, as follows. O.D15(19.8%), RUST(22.5%) , L.W1D(25.9%), 

C.DIA(27.0%), L.ROL(28.1%), C.HEI(30.1%), F.COL(30.1%), C.DEN(30.2%) 

and L.COL(33.0%). These results implied that C.ERE and F.DAT were the 

two most dominant characters with more than 85% of their variation ac

cawnted far by diffetences amongst olu§ters, Cenv!rs~ly, C.HEI, r .COL, 
C,DEN and L.COL were the moat dormant aharaoters, with mare thah JO% 
of the variation not accounted for by olustering. This proportion (of 
JO~) du& to within cluster variation etill indicated, how~ver, that a 
substantial proportion of the variation was due to cluster differences. 
In other words these character were only relatively dormant, but still 
contributed considerably to cluster structure. 



Stage Criterion C.DIA C.DEN C.ERE C.HEI RUST O.lJIS L.ROL L.COL L.HID F.COL F.IJAT 

l 0.05> 0.000 0.000 0.001 0.001 0.000 0.000 a.OOO 0.000 0.000 0.000 0.000 

10 1.226 0.009 0.006 0.002 0.007 0.008 0.013 0.006 0.008 0.005 0.007 0.004 
20 3 .. 065 0.015 0.015 0.009 0.017 0.018 0.026 0.024 0.017 0.014 0.014 O.OOi' 
30 5 .. 340 0 .. 031 0.028 0.014 0.023 0.033 0.038 0.041 0.026 0.034 0.024 0.012 
40 8.107 0.046 0.046 o.u21 0.039 0.049 0.048 0.051 0.061 0.048 0.028 0.021 
50 11.391 0.071 0.090 0.026 0.054 0.056 0.060 0.089 0.085 0.066 0.039 0.029 
60 15.069 0.088 0.102 0.042 0.075 0.076 0.077 0.104 0.128 0.088 0.054 0.048 
70 19.299 0.114 0.145 0.055 0.106 0.106 0.096 0.136 0.171 0.102 0.133 0.059 
·80 24.293 0.127 0.201 0.072 0.146 0.130 0.125 0.148 0.195 0.130 0.144 0.071 
90 30.179 0.169 0.236 0.085 0.183 0.174 0.153 0.195 0.216 0.177 0.212 0.088 

100 37 .399 0.197 0.274 0.104 0.227 0.211 0.175 0.206 0.276 0.218 0.268 0.101 
llO 46.010 0.270 0.302 0.111 0.301 0.225 0.190 0.281 0.330 0.259 0.301 0.132 

120 56.957 0.455 0.349 0.147 U.338 0.300 0.247 0.299 0.371 0.307 0.410 0.156 
130 70.789 0.569 0.401 0.191 0.405 0.389 0.331 0.347 0.422 0.420 0.503 0.211 
140 88.732 0.696 0.610 0.268 0.493 0.510 0.391 0.486 0.619 0.538 0.593 0.238 
150 115.845 0.854 0.841 0.309 0.616 0.689 o.573 0.665 o. 718 o. 721 0.719 0.337 
159 192.560 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

TABLE 3.18 The Proportion Of Sum Of Squares (WSS/TSS) Not Explained By Clustering, 

At Different Stages Of Clustering By Ward's Method for ALLCHARA. 
(Z; 
N 
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The ranks of the cluster means for each character are shown 

in Table 3.19. The notable feature was the outstanding ranking of 

cluster 35. It ranked 1st in C.DIA, 3rd in C.DEN, 3rd in C.ERE, 2nd 

in C.HEI, 2nd in RUST (i.e. high rust resistance), 5th in O.DIS (i.e. 

good overall disease resistance), last in L.ROL (i.e. flat leaf), 

last in L.COL (i.e. green leaf tip), 1st in L.WID (i.e. widest leaf) 

and 9th in F.COL. Clusters 34, 38, 39, 45 and 16 also had extreme 

ranking (good or bad) in some characters. Of these extremely ranked 

clusters, all except cluster 16 were single entity clusters. 

With respect to an ecotype consideration, an extrinsically 

intrinsic study (Williams 1971, see section 1.7.2) has been carried 

out briefly also. This involved the examination of relationships 

amongst clusters' constituents and their respective external attribute 

(such as location, altitude and habitat from which the groups were 

collected, as listed in Appendix 8-1). The object was to find whether 

the boundaries between clusters reflected any discontinuity in exter

nal attributes. The results failed to show any clear cut patterns. 

This implied that, as far as this analysis could reveal, there were 

no true ecotypes in the collection. 

After stage 110, the growth of the WSS/TSS ratio for C.ERE 

and F.DAT remained slow. They were still the lowest even at stage 

158. This indicated that they continued to be dominant. The growth 

of this ratio for C.HEI and L.ROL was also slow after stage 110, such 

that they became the 4th and 5th most dominant characters at stage 

150. C.DIA and C.DEN remained as the most dormant characters. These 

results implied that further merging was influenced mainly by C.ERE 

and F.DAT. That is, the relationships amongst the 50 clusters at 

stage 110 can be expressed mostly by differences in C.ERE, and F.DAT; 

and least effectively by differences in C.DIA and C.DEN. 

The clustering strategy used was polythetic, where similari
ty was based on all the characters as a whole (Williama 1971). There

fore, it waa not appropriate to aet up an identifying key (based on 

th 11 chareotera) for these 50 clusters. This can be done by a mono
thetic strategy (Williama 1971). However, the relationships amongst 

the 50 clusters can be described approximately by the dominant charac

ters. These are presented briefly in Table 3.20. From this informa

tion, a descriptive partitioning could be .devised similar to that 
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RANK C.DIA C.DEN C.ERE C.HEI RUST O.DIS L.ROL L.COL L.WID F.COL F.DAT 

1 · 35 39 38 39 8 34 17 19 35 20 21 
2 5 34 39 35 35 11 3 16 13 15 22 
3 6 35 35 50 40 12 16 20 44 25 25 
4 22 23 37 42 11 50 15 29 41 12 14 
5 43 22 45 37 4 35 12 28 6 8 23 
6 34 33 34 38 38 10 7 12 36 22 15 
7 31 3 42 43 13 14 28 23 43 13 28 
8 14 49 50 24 . 6 8 23 27 37 2 26 
9 12 50 43 49 18 18 40 39 l 35 36 

10 49 21 41 3 12 48 14 13 11 16 12 
11 17 7 46 36 44 7 5 18 9 18 8 
12 10 6 36 25 48 40 4 17 27 14 20 
13 11 36 30 27 46 13 8 40 10 34 4 
14 3 16 44 41 7 16 25 31 45 40 7 
15 7 20 40 34 9 38 18 33 7 21 13 
16 1 46 49 19 25 15 22 22 30 23 11 
17 18 26 3 11 14 17 21 32 31 36 24 
18 29 30 48 46 41 27 6 25 49 7 9 
19 45 17 13 5 10 43 29 24 38 26 29 
20 13 31 7 26 16 33 2 5 2 9 2 
21 46 8 33 29 47 46 33 43 24 41 16 
22 33 45 25 45 34 47 50 41 17 49 33 
23 2 15 31 l 22 49 26 49 12 3 34 
24 19 29 5 33 5 4 43 48 8 10 30 
25 20 5 32 30 23 32 49 30 25 24 5 
26 4 43 19 32 1 9 1 9 42 5 43 
27 24 14 6 14 17 26 37 36 20 19 3 
28 26 2 47 47 3 36 13 14 39 29 32 
29 44 11 l 31 39 29 32 8 23 32 1 
30 23 10 11 4 15 6 27 37 3 43 17 
31 50 9 23 13 43 25 9 10 15 33 40 
32 9 1 9 2 32 23 30 6 28 1 27 
33 42 25 4 6 27 44 31 42 29 4 10 
34 41 12 24 40 33 39 11 15 47 11 37 
35 16 37 27 20 42 37 24 26 14 47 35 
36 30 4 20 10 36 28 46 3 5 17 31 
37 32 42 26 44 50 22 42 2 18 38 41 
38 50 27 10 7 49 20 36 47 50 44 49 
39 36 28 8 9 29 19 10 21 26 31 18 
40 47 47 2 21 24 42 47 11 4 48 38 
41 39 41 22 23 2 5 41 38 46 6 6 
42 21 48 29 8 20 30 20 44 22 27 42 
43 25 24 12 17 26 2 l~B 4 34 45 39 
44 27 40 21 28 28 41 34 50 21 37 50 
4.S 38 32 17 48 21 l 19 l 32 42 47 
4~ 8 38 18 10 19 :31 44 7 3:, 28 19 
47 40 18 28 22 30 3 45 45 40 30 46 
48 2a 44 15 1S 31 24 39 34 16 50 48 
49 37 19 14 16 45 45 38 46 19 39 45 ,o 48 1$ 16 12 37 21 35 :SS 48 4, 44 

TABLE 3.19 The Ranks Of The Means Of Each Character 
Of 50 Clusters In ALLCHARA Analysis. 
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Clusters 

Characters 1-6 7-13 14-15 16-19 20-23 24-29 30-33 34-43 44-45 46-50 

C.ERE M M L L M- M- M H H H 

F.DAT M M H M H M+ M M L L 

RUST M H M M M- M- M- s s M 

TABLE 3.20 Brief Grouping Of The 50 Clusters Of ALLCHARA, And 

Their Approximate 

H . = High, 

M- = Medium Lou,, 

Average Ranking In Dominant Characters. 

M+ = Medium High, M = Medium, 

L = Lou, and S = Spread Out. 
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achieved by a formal key. However, the separation is not always very 
distinct. 

3.3.2 AGROCHARA 

After clustering by Ward's method, SEfWIG was used to decide 

the "cut off" point for the clusters of the agronomic attributes. As 
shown in figure 3.10, the TSS remained constant at 1.5699, and ASS 

and dfA decreased while WSS and dfw increased, as clustering proceeded. 

The f-ratio dropped from 71.4210 (at stage 1) to a minimum value of 

9.90539 (at stage 103),then it fluctuated between 9.90660 and 9.92109. 

It then increased from 9.90713 (at stage 109) to 24.4873 (at stage 

158). The associated probability dropped from 0.098197 (at stage 1) 

to a minimum value of 0.37027 x 10-9 (at stage 116), and then increas

ed to 0~30295 x 10-4 (at stage 158). These trends were similar to 

those of ALLCHARA (in section 3.2.1). Thus, as discussed earlier, it 
was decided to "cut off" the clustering at stage 116 where the proba

bility of the overall F-ratio was lowest. This resulted in 44 clusters. 

Of these 44 clusters, 8 were single entity clusters (cluster 

nos. 3, 16, 31, 33, 34, 39, 40 and 44). There were 10, 6, 6, 5, 3, 4, 

1 and ·1 clusters each containing 2, 3, 4, 5, 6, 7, 8 and 11 groups res

pectively. The dendrogram is shown in Figure 3.11. 

Table 3.21 shows the proportion of sums of squares (WSS/TSS) 

not explained by clustering. At stage 116, F.DAT was well partitioned 

amongst clusters, with only 12.3% of TSS not explained by clustering, 

and the other 87.7% accounted for by the among-cluster sum of squares. 

C.ERE was also well partitioned with only 15.4% of TSS not accounted 

for by clustering. The other characters were ranked as follows for 

this property: C.HEI(20.9t), L.WID(24.4%), C.DIA(25.7%), RUST(26.4%), 

c.DEN(J0.3%) and 0.015(31.0%). These results implied that F.DAT and 
C. ERE were the most dominant characters, whereas C.DEN and O.DIS were 

the most dormant characters. However, as stated before, this dormancy 

was not absolute. 

The ranks of the ·cluster means for each character are shown 

in Table 3.22. The consistenly good rankings of cluster 40 were noted 

particularly. It ranked 1st in C.DIA, RUST and L.WID, 2nd in C.DEN, 
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Cluster Group 
No. No. 

l -- 29, 141, 38, 71, 95, 96, 40, 148. 
2 11, 24, 9, 93. 
3 54. 
4 14, .41, 62. 
5 1, 78, 55, 3, 56. 
6 6, 57, 111, 52. 
7 7, 69, 43, 157, 60. 
8 -- 42, 133, 31. 
9 -- 39, 120, 59, 34, 149, a. 

10 -- 76, 77, 160. 
11 -- 18, 145, 19, 66, 20, 94, 122. 
12 --llO, 135, 89, 99, 35. 
13 -- 36, 126, 5, 16, 33. 
14 -- 65, 83, 121, 131, 97, 98. 
15 -- 72, 112. 
16 -- 49. 
17 -- 25, 45, 21, 44, 50, 107. 
1~ -- 51, 127. 
19 --114, 118, 125, 143, 128, 73, 85. 
20 --102, 108. 
21 -- 87, 08. 
22 -- 86, 9r1 -· 
23 --116, 153, 
24 28, 106, 90, 67, 129, 15, 26. 
25 -- 27, 46, 17. 
26 -- 70, 80, 23, 147. 
27 -- 37, 101, 117, 130. 
28 --104, 132, 124, 146, 2, 140, 47, 123, 136, 84, 139. 
29 --109, 119, ll5, 48, 75, 64, 152. 
30 --137, 151, 150. 
31 -- 79. 
32 --138, 142. 
33 --134. 
34 --158, 
35 -- 4, . 13, 74, 113, 32. 
36 -- 91, 154, 155, 156. 
37-- 12, 144. 
38 -- 58, 159. 
39 -- 63. 
40 -- 68. 
41 -- 81, 103, 105. 
42 -- 61, 82, 53, 22. 
43 -- 30, 100. 
44 -- 10. 
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Stage Crater- C.DIA C.DEN C.ERE C.HEI RUST O.DIS L.WID F.DAT ion 

1 0.0001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

10 0.0052 0.008 0.005 0.003 0.005 0.003 0.005 0.003 0.001 

20 0.0145 0.015 0.018 0.005 0.009 0.008 0.012 0.009 0.006 

30 0.0260 0.022 0.026 0.008 0.014 0.020· 0.026 0.019 0.012 

40 0.0398 0.035 0.040 0.016 0.024 0.028 0.042 0.027 0.013 

50 0.0581 0.050 0.055 0.026 0.035 0.044 0.055 0.042 0.020 

60 0.0807 0.:072 0.079 0.038 0.055 0.062 0.076 0.057 0.031 

70 0.1090 0.091 0.111 0.045 0.077 0.083 0.105 0.076 0.042 

80 0.1421 0.112 0.140 0.058 0.105 0.100 0.127 0.106 0.052 

90 0.1808 0.139 0.167 0.074 0.134 0. 137 0.162 0.153 0.070 

100 0.2290 0.178 0. 192 0.090 0.150 0.203 0.221 0.196 0.086 

110 0.2899 0.246 0.275 0. 112 0. 172 0.226 0.267 0.226 0. 114 

116 0.3323 0.257 0.303 0.154 0.209 0.264 0.310 0.244 0.123 

120 0.3639 0.301 0.322 0.167 0.220 0.308 0.327 0.262 0.127 

130 0.4603 0.446 0.390 0.227 0.270 0.395 0.405 0.334 0.153 

140 0.5984 0.488 0.547 0.284 0.370 0.493 0.509 0.507 0.208 

15U 0. 8329 0.665 0.648 0.379 0.492 0.702 o. 737 0.700 0.301 

159 1.5700 1.000 1.000 1 .000 1.000 1.000 1.000 1.000 1.000 

TABLE 3.21 The Proportion Of Sum Of Squares (~~~ ) Not Explained 
By Clustering, At Different Stages of Clustering By 

~Jard 's Method For AGROCHARA. 
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RANK C.DIA C.DEN C.ERE C.HEI RUST O.DIA L.~JID F.DAT 

1 40 39 44 37 40 39 40 21 
2 33 40 40 40 3 15 16 20 

·3 15 24 37 36 15 18 33 22 
4 22 22 34 44 12 17 32 27 
5 8 37 39 26 33 40 43 18 
6 39 35 38 38 8 27 19 29 
7 9 14 36 25 44 4 38 41 
8 18 8 43 35 16 35 41 28 
9 11 20 41 41 10 42 8 26 

10 27 41 42 15 18 31 15 24 
11 7 36 33 42 4 37 7 19 
12 6 21 30 11 31 19 17 12 
13 17 11 32 43 42 16 9 14 
14 35 30 35 5 30 12 34 10 
15 10 23 23 39 32 44 23 16 
16 4 42 3 30 17 30 44 23 
17 42 12 31 1 43 2 26 39 
18 34 34 l 7 19 24 13 15 
19 16 7 16 9 21 14 12 25 
20 19 9 11 28 9 8 42 11 
21 24 19 7 27 14 13 25 42 
22 36 13 9 34 2 23 11 13 
23 28 28 26 16 39 29 36 l 
24 5 26 21 21 22 41 37 38 
25 23 6 25 33 26 6 21 17 
26 30 15 15 13 ]3 3 18 7 
27 26 27 5 10 37 l 28 35 
28 14 38 24 29 11 9 6 6 
29 43 29 12 4 27 10 2 2 
30 13 18 2 3 24 32 27 3 
31 l l 19 12 23 28 35 40 
32 41 10 20 8 l 5 24 0 
33 25 17 10 20 41 33 4 43 
34 20 5 8 32 35 30 29 36 
35 2 43 6 19 29 22 5 4 
36 21 31 17 14 36 26 30 44 
37 37 44 22 6 5 21 22 5 
38 29 4 13 17 28 25 39 9 
39 38 33 20 31 25 36 20 37 
40 44 3 18 2 7 11 10 30 
41 32 25 4 24 20 43 14 31 
42 12 32 29 22 6 7 1 34 
43 3 2 14 23 34 34 31 33 
44 31 16 27 18 30 20 3 32 

TABLE 3.22 The Rank Of The Means Of Each Character 

'.Of 44 Cluster In AGROCHARA Analysis 
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C.ERE, C.HEI and 5th in O.DIS. As the scales ascended with increasing 

agronomic desirability, this cluster was outstanding. Clusters 37, 39, 

44, 34, 31 and 33 also had extreme ranking (first or last ) in some of 

the characters. Of these extremely ranked clusters, all except cluster 

37 were single entity clusters. 

The extrinsically intrinsic study did not reveal any clear 

cut pattern again, which implied that as far as the agronomic characters 

of this study were concerned, there were no ecotypic trends . 

Although AGROCHARA was based on the 1st, 2nd, 3rd, 4th, 5th, 

6th, 8th and 10th most dominant characters of ALLCHARA (at stage 110 ) , 

the constituents of the 44 clusters obtained were different generally 

to those of the 50 clusters of ALLCHARA. It was found that clusters 

13, 18, 21, 22, 34, 35, 36, 38, 41, 45 and 48 of ALLCHARA had the same 

constituents as clusters 16, 4 , 20, 22, 39, 40, 41, 44, 43, 34 and 31 

of AGROCHARA, respectively. However out of these 11 clusters, 6 of 

them were single entity clusters, 3 of them contained only 2 groups 

and another 2 of them contained only 3 groups. This showed that only 
a minor portion of the groups (18 out of 160) remained in the same 

clusters under these two analyses based on different sets of characters. 

This futher suggested that although the three characters (L.ROL, L.COL, 

and F.DAT ) were comparatively dormant (in ALLCHARA ) , they contributed 

significantly to the overall similarity amongst groups . That is, as 

noted fro~ the WSS/ TSS ratios, their dormancy was not absolute. 

After s tage 116, the growth of WSS/TSS ratio for F.DAT, C.ERE 

and C.HEI remained slow changing. They were still the lowest even at 

stage 150 with 30.1%, 37.9% and 49.2% respectively. O.DIS remained 

as the most dormant character. The relationships amongst the 44 clus

ters can be described briefly through the dominant characters. These 

have been presented briefly in Table 3. 23. 

A comparison of the constituents of the "big" clusters (i.e. 

cluster amalgamations in Table 3.23) with those of ALLCHARA, revealed 

that the constituents of clusters 8-12 and cluster 19 were similar 

(but not identical) to those of clusters 1-9 of ALLCHARA. The consti

tuents of clusters 25-29 were similar to those of clusters 24-29 of 

ALLCHARA. The constituents of clusters 30-44 were similar to those 

of 34-50 of ALLCHARA. The similarity was especially high in the lattPr 



Clusters 

Character 1-7 8-14· · 15-19 20-24 25-29 30-34 35-44 

F.DAT M- M M+ H H L M 

C.ERE r-1 M M M M- H H 

C.HEI M M M- L r-1+ H M 

TABLE 3.23 Brief Grouping Of The 44 Clusters Of AGROCHARA And 

Their Approximate Average Ranking In Dominant 

Characters. H = Hight, M+ = Medium High, 

M = Medium, M-:Medium Low and L = Low. 

92 
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case, with 7 out of 15 clusters of AGROCHARA being same as the 7 out 

of 17 clusters of ALLCHARA. If these "big" clusters (clusters 30-44 

of AGROCHARA and clusters 34-50 of ALLCHARA ) were compared as a whole, 

there were 28 out of 32 groups of AGRDCHARA in the same meld as the 28 

out of 33 groups of ALLCHARA. 

3 .3.3 DISCCHARA 

This set of characters was chosen because they (C .ERE, C.HEI, 

RUST, F.CDL and F.DAT) were the five most discriminant characters 

amongst groups (i.e. they were the five with the largest eta values 

in MANOVA). The object in chasing them was to define the original 

structure in the collection with fewer characters than the total 11. 

The value of TSS was 1.10505 for this analysis. The overall 

F-ratio changed from 60.5258 (stage 1) to a minimum value of 18 .9742 

(stage 99),and then fluctuated between 10.9825 and 19.2285. Finally, 

F increased from 19.1913 (stage 124) to 36.0662 (stage 158). The as

socia ted probability dropped from 0. 10671 (stage 1) to a minimum value 

of 0.11831 x 10-lO (stage 114) and then increased to D.33069 x 10-5 

(stage 158 ) . These trends were similar to those of ALLCHARA (section 

3.3.1) and AGROCHARA (section 3.3.2 ) . Using the previous criterion of 

minimum probability, the clustering cut off was at stage 114, which 

resulted in 46 clusters . 

Of these 46 clusters, 8 were single entity clusters, which 

were nos. 5, 13, 25, 34, 36, 38 , 39 and 42. There were 11, 8, 8 , 4, 

3, 2, 1 and l clusters each containing 2, 3, 4, 5, 6, 7, 8 and 14 groups, 

respectively. The dendrogram is shown in Figure 3.12. 

Table 3.2 4 shows the proportion of sums of squares (v/SS/ TSS ) 

not explained by clustering. At stage 114, C.ERE was well partition 
amongst clusters, with only. 7.5% of TSS not explained by clustering, 

and the other 92.5% accounted for by the among cluster sums of squares. 

f.DAT was also well partitioned amongst clusters with only 7.7% of TSS 

not accounted for by clusters. The other characters were ranked as fol

lows, for this property: C.HEI (ll.7%), F.COL (l3.0% ) and RUST (l9 .7%) . 

These implied that C.ERE and F.DAT were the two most dominant characters, 

whereas F.COL and RUST were the two most dormant characters. However, 

as before, their dormancy was not absolute. 



Cluster Group 
No. No. 

1 --141, 145, 95, 18, 74, 29, 4, 19, 122, 71, 160, 94, 120, 
66. 

2 1, 149, 13, 56. 
3 -- 70, 80. 
4 -- 17 , 27, 3. 
~ -- 72. 
6 -- 34, 42, 59, 55, 14, 31. 
7 -- 96, 148, 25, 45, 39, 93. 
8 -- 11, 44, 118, 9, 50, 6, 57. 
';) -- 52, 64. 

10 -- 69, 70, 111, 157, 60. 
11 --129, 153 . 
12 -- 40, 43, 58. 
D --159. 
14 24, 67, 143, 116. 
15 26, 92, 28, 114, 51, 90. 
16 -- 82, llO , 73, 106. 
17 -- 76, 112, 38 , 135, 77. 
18 -- 25, 54. 
l j -- 09 , 127, 99. 
20 -- 3"/ , 115, 119 . 
21 --117, 130, 101. 
22 16, 33, s, 133. 
23 83, 109, 40 , 136, 2, 47, 75. 
24 36, 126, 107, 121, 90 . 
25 62 . 
26 15, 124, 139 , 14U. 
27 -- us, 131. 
28 -- 7, 97, 21, 41. 
29 -- 23, 147. 
30 --103, 113, 01. 
31 -- 65, 128, :LO , 49, 125. 
j2 -- 46, 123, 84, 104, 108 , 152, 146, 132 , 
33 -- 86, 87, 88. 
34 --102. 
35 -- 8, 137. 
36 --151. 
37 --134, 142, 79, 138 . 
JU --150. 
39 --150. 
40 --154, lS6, 32, 155. 
41 -- 12, 91. 
42 --144. 
43 -- 10 , 68. 
44 -- 63, 105. 
45 -- 30, 53. 
46 -- 22, 61, 100. 
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FIGURE 3 .12 Deridrogram of DISCCHARA by \·lard's ~lethod. 
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Stage Criterion C.ERE C.HEI RUST F.COL F.DAT 

l 0.0001 0.000 0.000 0.000 0.000 0.000 

10 0.0016 0.001 0.001 0.001 0.002 0.001 

20 0.0042 0.002 0.004 0.004 0.004 0.003 

30 0.0082 0.005 0.010 0.008 0.007 0.005 

40 0.0133 0.008 0.012 0.019 0.013 0.009 

50 0.0197 0.013 0.021 0.029 0.018 0.012 

60 0.0280 0.017 0.024 0.044 0.027 0.016 

70 0.0386 0.024 0.038 0.063 0.033 0.023 

80 0.0524 0.036 0.049 0.081 0.056 0.035 

90 0.0700 0.048 0.064 0.090 0.074 0.043 

100 0.0906 0.057 0.075 0.109 0.105 0.061 

110 0.1159 0.070 0.094 0.164 0.123 0.072 

114 0.1288 0.075 0.117 0.197 0.130 0.077 

120 0.1524 0 .09L~ 0.153 0.216 0.147 0.090 

130 0.2064 0.131 0.219 0.277 0.201 0.127 

140 0.2905 0.196 0.311 0.367 0.270 0.200 

150 0.4496 0.335 0.439 0.551 0.432 0.276 

155 0.6550 0.437 0.667 0.780 0.654 0.343 

159 1.10.51 1.000 1.000 1.000 1.000 1.000 

TABLE 3.24 The Proportion Of Sum Of Squares (WSS/TSS) 

Not Explained By Clustering At Different 

Stages Of Clustering By Ward's Method for 

DISCCHARA 
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The ranks of the cluster means for each character are shown 

in Table 3.25. Although DISCCHARA was based on the 1st, 2nd, 4th, 

7th and 8th most dominant characters of ALLCHARA (at stage llO), the 

constituents of the L~6 clusters obtained were different to those of 

the 50 clusters of ALLCHARA. This suggested that the other six charac

ters were only comparatively dormant (in ALLCHARA), and they contributed 

significantly to the overall similarity. If, instead of these 5 most 

discriminant characters, the 5 most dominant characters (of ALLCHARA 

at stage 110) were used in the analysis, the pattern of the resultant 

clusters would still be expected to differ from those of ALLCHARA. 

This is because the 6 least dominant characters still contributed con

siderably to clustering, being only partially dormant (as discussed 

in section 3.3.1). 

The extrinsically intrinsic study again did not reveal any 

clear cut pattern, which implied that,as before, there were no true 

ecotype evident, using this set of attributes. 

After stage 114, the growth of the l.JSS/TSS ratio for F .DAT 

and C.ERE remained slow. However growth of the ratio for F.DAT was 

slower than that of C.ERE. The F.DAT ratio reached 27.6% and C.ERE 

reached 33.5% at stage 150. Rust remained as the most dormant charac

ter. The relationship between the 46 clusters can be described briefly 

from the dominant characters,as in Table 3. 26. 

3.3.4 JACQCHARA 

The results of SEFWIG again showed,as expected, that TSS re

mained constant (at 0.930705) during clustering, ASS and dfA decreased 

as WS5 arid dfw increased. The overall f--ratio changed from 251.672 

(stage 1) to a minimum .value of 27.5719 (stage 136), and then fluctuated 
between 27.6528 and 27.9386. Finally r increased from 27.9468 (stage 

143) to 41.3563 (stage 158). The associated probability changed from 

0.051586 (stage 1) to a minimum value of 0.22935 x 10 -ll (stage 116), 

and then increased to 0.17575 x 10-5 (stage 158). These trends were 

similar to those of ALLCHARA (section 3.3.1), AGROCHARA (section 3.3.2) 

and DISCCHARA (section 3.3.3). Following these criteria (as before), 

the clustering was cut off at stage 116, where the associated probabi

lity of the F-ratio was lowest. This resulted in 44 clusters. 
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RANI< C.ERE C.HEI RUST F.COL F.DAT 

1. 43 42 18 27 ]4 
2 42 40 19 26 33 
3 13 43 43 28 21 
4 39 41 17 33 20 
5 41 13 25 20 29 
6 44 3 5 19 19 
7 46 5 45 29 32 
8 36 29 16 18 15 
9 40 4 6 44 27 

10 45 46 37 15 16 
11 30 30 36 21 23 
12 35 35 15 31 30 
13 12 2 29 14 31 
14 37 25 24 9 26 
15 11 12 38 32 17 
16 29 l 21 34 11 
17 5 44 33 25 44 
18 14 31 35 24 3 
19 16 38 22 38 9 
20 31 21 14 3 14 
21 2 10 31 43 24 
22 l 32 27 46 5 
23 18 39 44 2 l 
24 10 23 8 16 22 
25 7 26 46 7 12 
26 38 45 28 l 18 
27 4 17 41 45 8 
28 3 36 J 17 46 
29 17 22 7 30 28 
30 15 18 42 23 4 
31 33 20 3 8 45 
32 26 16 23 40 10 
33 6 33 11 35 13 
34 32 7 2 22 25 
35 8 6 30 37 7 
36 23 37 20 10 [~3 
37 22 28 40 6 40 
38 28 34 26 4 6 
39 25 J.5 32 39 · 2 
40 19 11 4 13 42 
41 34 24 12 11 41 
42 9 14 10 5 35 
43 20 8 34 36 36 
44 21 9 9 12 38 
45 27 19 39 42 39 
46 24 27 13 41 37 

TABLE 3.25 The Ranks Of The Means Of Each Character Of 

46 Clusters In DISCCHARA Analysis 



98 

Clusters 

Character 1-5 6-8 9-13 14-19 20-25 26-20 29-34 35-39 40-46 

F.DAT M M- M M M M+ II L M-

C.ERE M M- s M L M- M M+ H 

C.HEI M+ M- s M- M M- M M H 

TABLE 3.26 Brief Grouping Of the 46 Clusters Of DISCCHARA 

And Their Approximate Average Ranking In Dominant 

Charaters. H = High, M+ = Medium High, M= Medium, 

M- = Medium Lo\!/, L= Low and S = Spread Out. 
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Of the 44 clusters obtained, 8 were single entity clusters 

(cluster Nos 9, 17, 19, 30, 40, 41, 43 and 44). There were 6, 11, 9, 

4 and 2 clusters containing 2, 3, 4, 5 and 6 groups respectively. The 

other 4 clusters each contained 7, 9, 10 and 13 groups respectively. 

The dendrogram is shown in Figure 3. 13. 

Table 3.27 shows the proportion of the TSS not explained 

by clustering (WSS/TSS). At stage 116, F.DAT was well partitioned 

amongst clusters with only 6% of TSS not explained by clustering, 

and the other 94% being accounted for by the among cluster sum of 

squares. C.ERE was also well partitioned amongst clusters, with only 

6.2% of TSS not explained by clustering. The other two characters in this 

analysis were L.WID(ll.1%) and RUST(l2.2%). These results implied that 

F.DAT and C.ERE were the most dominant characters, whereas RUST was the 

most dormant character. However, this dormancy was only comparative. 

The ranks of cluster means for each character are shown in 

Table 3. 28 Although JACQCHARA was based on the 1st, 2nd, 4th and 

5th most dominant characters of ALLCHARA (at stage 110), the constituents 

of the 44 clusters obtained were different to those of the 50 clusters 

of ALLCHARA. This further suggested that the other characters, though 

comparatively dormant, contributed significantly to the overall simi

larity amongst groups. 

This set of characters had .been nominated by Jacques(l962) 

as being ecocline indicators. However, this extrinsically intrinsic 

study did not reveal any clear-cut pattern. It did not show the eco

clinal trends proposed by Jacques(l962 ) , and Munro(l961). Jacques(l962) 

proposed that in moving north-ward through New Zealand, there was an 

increasing degree of persistence, vigour, rust resistance and erectness. 

· However this polythetic clustering of a more representative accession 

sample did not confirm his proposal. This matter is discussed further 

in section 4.2. 

After stage 116, the growth of the WSS/TSS ratio remained 

slow for F.DAT and C.ERE. However C.ERE became the most dominant 

character with 22.5% of TSS not explained by clustering at stage 150. 

The other three characters were F.DAT(25.9%), RUST(49.7%) and L. W1D(62. 8%) . 

L.WID became the most dormant character. The relationships between the 

44 clusters can be briefly described as in Table 3. 29. 



Cluster Group 
No. No. 

1 --123, 12[~, 15, 146, 84, 139, 140, ·n , 136, 46, 152, 47, 1U4. 
2 -- 86, 87. 
3 --108, 132, 102. 
4 --121, 131, 75, 98. 
5 -- 70, 90, 2, 109, 119. 
6 -- 51, 130, 127. 
7 -- 37, ll5, 64. 
8 --101, 117. 
9 05. 

10 5, 126, 57, 97. 
11 36, 1U7, 33, 133, 9, 16, so, 21, 44, 118. 
12 14, 62, 41. 
13 31, 35. 
14 42, 45, 34, 59. 
15 3, 78, 6, l. 
16 55, 9), 149. 
17 56. 
10 60, lll, 58. 
l ~ 52. 
20 17, 157, 43, lj. 
21 uo, 125, 7, 69. 
:L2 53, 54. 
23 95, 96, 29, 141, 67, 113. 
24 92' 129, 03, 160. 
25 24, 71 , ll , 94, 18 , 74, 40 . 
26 76, 77, 28, 106, 38 . 
27 20, 135, 82, 116, 110, 23. 
28 26, 65, 8Li , 147. 
'.l 9 73, 114, 89, 112, 99. 
JO 49. 
31 22, 61, 105. 
.)2 --14.'.;i, 153, Ul, 103, 128. 
33 -- 30, 100, 8. 
j4 -- 72, 143, 25, 39, 66, 120, 4, 19, 122. 
35 --138, 142, 134. 
36 -- /9, 150. 
37 -- 12, 151, 137. 
38 .-- 40, 148, 32. 
39 -- 91, 154, 155, 156. 
4U --159. 
41 --158. 
42 10, 144. 
43 63. 
44 68. 
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FIGURE 3 . 13 Dendrogram of J ACQCHAKA by lvard' s Method. 
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Stage 

l 

10 

20 

30 

40 

50 

60 

70 

(j0 

90 

100 

110 

116 

120 

130 

140 

150 

155 

159 

101 

Criterion C.ERE RUST L.WID F.DAT 

0.00002 0.000 U.000 0.000 0.000 

0.00057 0.001 0.001 0.001 0.000 

u.00203 U.002 0.003 0.004 0.001 

0.00418 0.004 0. 007 0 .008 0.002 

U.00680 0.006 a.on 0.010 0.005 

0.01018 o.oou 0.018 0 . 017 u .007 

0.01453 O. Ul 2 0 . 022 0.025 O.OlU 

0.01980 0.017 U.026 0 .033 0. 015 

0.02660 0.023 0 .0>9 0.030 0 .022 

0.03610 0 .030 U.055 0. 052 0. 027 
I 

0.04019 0.039 0 .073 o.on 0.036 

U.06622 0.056 0 . 111 0. 096 
I 

0 .044 
I 

0.08010 0.062 0. 122 0. 111 0. 060 

0 .09126 0 .067 0. 144 0. 135 0.070 

0.12913 0.101 0 .205 0.214 0.096 

0.19423 0.180 0.323 0.310 0 • .117 

0.33457 0.220 0.497 0.628 0.259 

0.49728 0.367 o.847 0.954 0.318 

0.93071 1.000 1.000 1.000 1.000 

TABLE 3.27 The Proportion Of Sums Of Squares ( lJSS/ TSS ) 
Not Explained Oy Clustering , At Different 
Stages Of Clustering By ~-lard 's Method For 
JACQCHARA. 
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RANK C.ERE RUST C.WID F.DAT 

l 42 13 44 2 
2 44 29 30 3 
3 40 44 35 8 
4 41 22 9 6 
5 43 30 21 28 
6 39 26 33 7 
7 31 6 31 29 
8 37 12 14 9 
9 33 :.;5 40 5 

10 38 14 lU 24 
11 35 36 34 26 
12 22 27 32 l 
13 32 42 29 32 
14 18 37 11 n 
15 23 34 41 30 
16 20 2 20 4 
17 27 :.;3 27 43 
13 30 11 42 31 
19 :.;4 4 13 25 
20 36 45 39 10 
21 28 24 5 23 
22 11 8 l 21 
23 16 5 2 11 
24 25 25 19 19 
2S 13 28 6 34 
26 21 )1 28 22 
27 26 16 16 18 
28 14 10 

, 13 I 

29 1 9 10 44 
30 Z9 23 12 40 
31 15 Zl 26 38 
32 24 32 j7 15 
33 2 39 15 20 
34 5 15 25 39 
35 j 20 8 12 
56 11 1 38 33 
37 l'i 30 43 14 
38 10 7 3 42 
39 12 3 36 16 
40 6 17 22 17 
41 7 41 17 37 
42 4 40 24 36 
£~3 9 18 4 41 
44 8 19 23 35 

TABLE 3.28 The Ranks Of Means Of Each Character Of 44 

Clusters In JACQCHARA Analysis 
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Clusters 
I 

Characters 1-3 4-9 10-14 15-li 10-21 22-25 26-30 31-34 35-37 38-4L~ 

F.DAT 1-1 I, M- f·I- M- M+ tl+ 111 L M-

C.Ef1E M- L M- H- t1 M M r-1+ M+ H 

TABLE 3. 29 Brief Grouping Of The 44 Groups Of JACQCHARA And Their 

Approximate Average ~anking In Discriminant Characters. 

H = High, i·l+ = Medium High, M= 1·1edium, M- = f·ledium Low, 

and L = Lo\!/. 
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CHAPTER 4. GENERAL DISCUSSION 

4.1 Multivariate Analysis 

Some general issues concerning the statistical methods 

used in this study are discussed further. 

4.1.l Multivariate Versus Univariate A~alyses 

Multivariate analysis is preferable to a series of univariate 

variance analysis because the l atter ignores correlation amongst 

characters. Because multivariate analysis considers these covariances, 

it regards the relationships, interdependence and relative importance 

amongst all characters (Kshirsagar 1972 ) . 

4. 1. 2 Model Used 

In this study a one-way MANOVA model was used. The model 

(as shown in section 2.3.l J implied that the W-MSCP matrix was com

posed of the variation due to replicates (blocks ) , group x replicate 

interaction (experimental error ) and within-plot variation. The re

plicate variation could have been partitioned out by a two way MANOVA. 

But for the present purposes, it seemed sufficient to amalgamate all 

these sources of variance into one component (the "within-group var

riance"), as the object was to contrast amongst-group variance against 

the rest. 

4. 1.3 Data Transformations 

There was no attempt to transform the original data, even 

though the results revealed that the MSCP matrices of each group were 

not equal. This approach was adopted because: (1) the effect of mar

ginal (character by character) transformations was not certain (as 

discussed in section 1.4.5); (2 ) joint transformation would be cam- . 

plex, and i ts validity was doubtf ul (as discussed in section 1.4.5); 

(3) complex transformations would reduce the flexibility and inter

pretability of the original data. The use of discriminant functions 

amounts to a form of transformation, but this overcame only character 

covariances, this being a prerequisite for the correct calculation of 

SED, 
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4.1.4 Data "Crunching" 

In this study, MANOVA was used to summarize the bulk data 

for multiple discriminant analysis. For ALLCHARA, it has summarized 

the 160 groups x 24 plants x 11 characters data matrix into a 160 xll 

character-means data matrix. Multiple discriminant analysis then 

transformed the correlated characters (i.e. 11 original means of each 

group ) into uncorrelated discriminant functions. These uncorrelated 

discriminant functions were then used to calculate ·the SED for the 

clusering analysis. The clustering analysis compressed the data fur

ther into a 50 clusters x 11 characters data matrix. Under th i s 

series of statis tical methods, a huge amoung of data (approximately 

42,000 elements) has been reduced to a managable and interpretable 

size (550 elements). For AGROCHARA, the data matrix was reduced from 

160 x 24 x 8 to 44 x 8; for DISCCHARA, it was reduced from 160 x 24 x 5 

to 46 x 5; and for JACQCHARA, it was reduced from 160 x 24 x 4 to 44 

x 4. This illustrates well the power of these methods in extracting 

the essential information from large data sets and in reducing them 

to a size which can reasonably be examined and compr ehened. 

4.1.5 Squared Euclidean Distance as a Similarity !1easure 

In this study only standardized SED was used as the simila

rity measure, because of its advantages over other measures. It is 

additive over attributes, it · is a size measure, and it possesses com

binatorial properties (as discussed in section 1. 7.3 ) . However, the 

t ypical property of SED (giving extra weight to outlying values) was 

obvious in this study. This can be seen from the dendrograms (Figures 

3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 3.11 , 3. 12 and 3.13 ) , in that most 

of the single-entity clusters possess an extreme value in one or more 

characters. This property could be desirable in some studies, as it 

isolates the outlying groups. However, it might not be preferred in 

other studies, such as in ecology. 

4. i .6 Probabilistic Decision on Clus~~ring Cut-Off 

For these four sets of attributes, SEHJIG seemed to provide 

a useful decision-base for choosing a clustering cut off point, the 

use of which has been discussed previously (section 3.2 and 3.3). It 

al111a¥,s defined a clear minimum probability point (Figure 3.2 and 3. 10 ) , 

but this behaviour could have been a property of this set of data. 

The method needs further use and evaluation, but if seems very promising. 



106 
These "cut-off" points 111ere defined more objectively than with other 

methods. This was particularly useful with this set of data, for this 

study was a pioneering one in this species. There was no~ priori 

information from which to judge a suitable cut-off point by more 

common, subjective methods. The a ,egsteriori examination of the re

sultant clusters revealed: (a) virtually no contentious memberships, 

and (b) an acceptable structure of association and division amongst 

the clusters. No adjustment of cluster boundaries or membership seem

ed necessary. further use of the procedure 111ill be interesting to 

see if it's efficacy is general, particularly with Ward's method and 

weakly-structured data. 

4.2 Ecotype Studies and Ecoclinal Trends 

This study did not reveal any ecotypes irrespective of which 

set of attributes was used. This result could arise from two possi

bilities: firstly, there were no ecotypes, secondly there were ecotypes, 
but the approach used in this study could not reveal them. The latter 

needs serious consideration because of the following reasons. firstly 

the external attributes available were neither complete nor detailed 

enough (see Appendix B-1). e.g. Nearly half of the 201 accessions 

were without information on the site altitude. Secondly, and in con

sequence of the previous reasons, Dn extrinsically intrinsic study was 

carried out. This study compared only one external attribute, at a 

time, with clusters formed on the basis of internal attributes. Third

ly, the clustering strategy used in this study (l·Jard 's method) might 

not be appropriate for this ecological purpose. The intense clustering 

of Hard's method was preferable in this study, with the aim of "arti

ficially sharpening" the boundaries of the weakly structured data. 

This aim was similar to that of a taxonomist, whose main interest is 

primarily in 11homostate 11 or 11stat" (Williams 1971) or "internal cohesion" 

(Cormack 1971) (i.e. clusters defined entirely by internal similarities). 

This is in contrast to the ecologist's aim, which is primari ly in 
"segregate" or "ait" (~Jilliams 1971), or "external isolation" (Cormack 

1971) (i.e. a cluster which may or may not be internally homogenous, 

but which is defined by its extrinsic separation from other clusters). 

Thus, the main aim of this study was contrary to that of the ecologist. 

furthermore, it should be recalled that the properties of SEO might 

not suit the ecologist's purpose. Fourthly, most of the internal at

tributes, forming the present bases of clustering, were agronomic 
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characters (8 out of 11 characters were agronomic). Agronomic characters 

are known to be non-stable in that they are location and time dependent 

(Burt et. al. 1971). That is they have a comparatively large genotype 

x environment interaction than morphological characters. In this study, 

where the accessions have been grown for several years in one site, 

genotype and genotype x environment interaction effects would be con

founded. 

There are some suggestions,which might be considered, for a 

future ecotype study . (1) more detailed and comprehensive records 

of external attributes are needed, such as the l atitude, altitude, soil 

type, essential soil properties, aspect, and seasonal properties . (2) 

More internal attributes should be measured, especially morphological 

characters (such as floral characters, tiller and leaf characters ) . 

If possible, some intrinsic characters (especially agronomic) of the 

plants should be measured at the accession site as well as at the ex

perimental site. This would enable some measure of genotype x environ

ment interaction and adjustment to be done. (3) Relationships bet~een 

internal and external attributes shoud be examined by canonical corre

lation analysis. (4) Different clustering strategies (such as group 

average , minimum information gain or hierarchical divisive mehtod ) could 

then be applied to these two sets of attributes separately. A subse

quent comparison of the resultant clusterin~ patterns should show the 

ecotypes distributions, if any existed. 

In this JACQCHARA study , the results did not support the 

ecoclinal hypothesis of Jacques (l962) and Hunro(l961 ) , They proposed 

that there were ecoclinal trends from South (cold ) to North(warm ) of New 

Zealand, indicated by an increasing degree of persistency, vigour, 

resistance to rust and erectness in growth forms. The present dis

agreement did not necessarily disprove their hypothesis, as discussed 

already. However, the earlier studies also suffered from experimental 

difficulties. They examined the ecoclinal trends univariately, thereby 

ignoring correlations amongst characters. This study did not omit 

such correlations. The present study also examined a wider sample 

than the previous ones (refer to Introduction). 

Despite the possible inappropriateness of the methods of the 

present study for ecological purposes, it ~as clear that these results 

revealed no cluster distribution which concurred with the ecoclinal 
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trends suggested by Jacques(l962) and Munro(l961). If there are genuine 

ecotypes present in this species in New Zealand, they appear not to be 

distinctly separated, as indicated by the fact that this extensive data 

was weakly structured. None of the New Zealand studies to date on 

Yorkshire Fog have been ideal for examining ecotypes and so the matter 

is unresolved. The present evidence does suggest, however, that eco

clinal trends may be weak and perhaps are only incipient. Further 

research along the lines discussed earlier, needs to be done to examine 

this question critically. 

4.3 Agronomic and Plant Breeding As_Eects 

4.3.1 Agronomic Relevance of Characters Assessed 

The field collection of this study (working collection) was 

also the genetic resources (active collection or base collection) of 

Yorkshire Fog in New Zealand. Therefore the statistics obtained from 

ALLCHARA not only evaluated the working collection, but also provided 

important information about the genetic resources. However the set of 

attributes was fairly restricted for both purposes. To be more useful, 

especially as regards genetic resource evaluation, a larger set of 

attributes should be collected, in order to describe the variation more 

thouroughly, other agronomic attributes, such as duration of flowering 

time, actual performance as spaced palnts (annual yields and/or seasonal 

yields), and tillering habit, would be useful. The practicability of 

obtaining them for such a large collection may be questionable, however, 

other morphological attributes, such as pubesence on leaf, and leaf shape, 

would also be of value. 

The clustering analysis of this collection was aimed at both 

agronomic and plant breeding use. As pointed out by Burt !1• al.(1971), 

two morphologically distinct plants may be similar in agronomic per

formance, and conversely two morphologically similar plants may have 

distinctly different agronomic performances. Clustering based on mor
phological attributes has principally a taxonomic application, being 

of limited use agronomically. Conversely, clustering based only on 

agronomic characters may be too dependent on location and time. The 

attributes of the ALLCHARA analyses were both morphological and agro

nomic. These are considered briefly in the following. 



109 
F.DAT reflected the date of infloresence emergence and hence 

summer maturation. C.ERE reflected the growth forms of the plant. 

This character has been suggested as being related to the palatability 

(i.e. acceptability by grazing animal) of the grass (Jacques 1962 ) . 

He suggested that the postrate from (Low C.ERE) was non-palatable, and 

the erect or semierect (high C.ERE) forms were preferred. F~DAT and 

C.ERE have been found to be the most discriminating characters amongst 

groups (section3.l). They also had the highest correlotion (positive 

or negative) with the first discriminant function. From the breeder's 

point of view, this suggests that selection amongst groups for thses 

two characters should be promising; but this also depends on their 

having moderate-high predictive heritability. 

L.WIU was one of the character indicating herbage yield, 

and also indicated light intercepting ability lJacques 1~74 ) . Jacques 

(1974 ) suggested that the wider leaf of Yorkshire Fog utilized incom

ing light more efficiently, making it comparatively more aggressive 

than perenniel ryegrass under zero grazing condition. This suggested 

that broad leaf (high L. WID) was agronomically preferable. 

L.ROL was considered as a xerophytic character. Leaf roll 

cou ld be considered an adaptation to arid conditions, as it may reduce 

water loss. This would be an i mportant character for drought resist

ant cultivars. 

L.COL and F.COL reflected putative pigment content. This 

pigment has tentatively been assumed to be flavonoid. It' this also 

reflects tannins, such as catechins, it may be relnted to lack of pala

tability, for which Yorkshire Fog has a reputation (Jacques 1962). 

RUST and O.DIS may also be connected with non-palatability 

~JACQUlS 1962, 1974), as well as being of obvious importance with res

pect to yield. The main indicators of herbage yield (in clumps) were 

C.HEI, C,DIA end C.DEN together with l,WID. Direct measurement of 

yield was not practicable in view of the large number ot genotypes. 

4.3.2 Limitations of The Study and Subsequent Analyses 

As noted previously, the pattern of clusters relies not only 

on the strategy but also on the set of attributes used. This was 
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illustrated by the comparison of clustering for ALLCHARA and AGROCHAHA. 

Here the exclusion of the more dormant characters altered the clus

tering pattern considerably. This is especially so for intense clus

tering methods, as they are very sensitive with respect to changes 

(Cormack 1971). Thus, all the clustering patterns obtained in this 

study were unique not only because of the clustering strategy (Ward's 

method), but also because of the set of .attributes used (alsu to some ex

tend because of the similarity measure used). With most of the attri

butes being "unstable" agronomic characters, these clustering patterns 

should also be considered as location and time dependent. A subse-

quent "goal oriented" clustering analysis for agronomic or plant 

breeding use could use only the attributes which influence the ulti-

mate goal. For example, if the goal is for increasing yield, then 

those attributes that will affect yield should be used alone, such 

as, clump diameters, clump height, clump density, leaf width and dry 

matter%. Although the other attributes will not have been used in 

the clustering analysis, they could be used as secondary attributes 

for selecting a particular group within the chosen cluster (refer to 

section 4.3.5). Probably an "all characters" analysis should always 

be included and an overall 11agronomic 11 analysis also has obvious 

utility. 

The set of individuals (groups) used, will affected the 

pattern of clusters, also. This is especially so for an intense clus

tering strategy (Cormack 1971). The collection used in this study 

was a highly representative sample of Yorkshire Fog in New Zealand. 

They were sampled from most parts or the country (as seen in Appendix 

8-1). Thus the pattern at" clusters obtained should reflect well the 

New Zealand situation. 

4.J.3 Variation Amongst Individuals Within Grouee 
In thie colleution, each group consisted of 24 (or less) 

individuals, each of which was potentially a different genotype, be

cause of cross pollination. However, the model indicates that the 

clustering analysis in this study was based on the discriminant fun

ction of means of each group. Therefore th genetic variation amongst 

individuals within each group was not partitioned out, but was includ

ed in ~~-MSCP. A suggested further study might be of interest. It 

would consider each individual (3803 of them) as a different genotype 
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and subject this to the same analytical sequence as \I/as used for groups. 

Ho\1/ever, this analysis on the individual genotype variation, is too 

large for many present computers. e.g. There would be a total of 

\(3803 x 38U2) (=7,229,503) interindividual similarity measures in the 

present data, and the maximum array permissable in the local B6700 

computer is only 65,5j5 words. A study of groups was therefore more 

readily accomplished. In any case, data "crunching" \1/ith individuals 

may conclude with still too many clusters for it to be of value, or 

to be comprehended. 

4.3.4 Agronomic Evaluation of The Groups (Accessions) 

In this study a fe111 outstanding groups were found. The most 

outstanding one was group 68 (from Pioneer Highway of Palmerston North, 

Manawatu), 111hich had an erect, tall, compact, large clump, with good 

disease resistance, broad and flat leaf with green tip and a medium

early flowering date. Group 63 (from 3 miles North of Putaruru, near 

Hamilton) had a similar performance. It had an erect and compact clump, 

of moderately high, flat and narrow leaf with green tip, and good over

all disease resistance. It was not as outstanding as group 68, because 

of it's narrow leaf and moderately high clump. Group 144 had a compact, 

erect, high but small clump, with medium-low disease resistance, flat 

and medium broad leaf, and early flo111ering. From the preliminary re

sults, these groups looked to be promissing breeding materials. They 

could be utilized as line selections, following further evaluation. 

4.3.5 Cluster Analysis and The Choice of Parents 

Clustering analysis can be used to help identify parental 

groups useful in planning crossing program for plant breeding. Parental 

groups within clusters 111ere phenotypically similar with respect to all 

attributes examined. A simplifying assumption is that phanotypic simi

larity reflects genotypic similarity. Consequently, orose1ng of groups 
within any one cluster is not expected to provide great genetic varia

tion in the F2 and later generations. Conversely, the greater pheno

typic variation amongst clusters is assumed to reflect greater genotypic 

diversity also. Therefore, if the parents belong to different clusters, 

a much wider genetic variation is expected, for selection to operate 

upon in segregating generations. This does not imply that one has 

to choose necessaily from the extremes of a character to create genetic 
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diversity, because this could included undesirable alleles. To illu

strate this, the clustering pattern of ALLCHARA has been used as an 

example. Assuming the aim of a breeding project in for early flower

ing date (refer to section 3.3.1) , a cross between parents chose from 

clusters 44-50 (clusters which had early flowering date ) and parents 

chosen from clusters 20-23 (clusters which had late flowering date) 

would be expected to produce great genetic variation for this charcter. 

However, as the aim is for early flowering, the "late" tail of varia

tion will not be of much use. Conversely, if a cross between parents 

chose from different clusters of the a~al gam containing clusters 44-50, 

the variation will be expected to be smaller but mainly at the useful 

"early" end of this character. In order to decide which of the several 

groups within a cluster may be used for crossing, the secondary charac

ters (such as disease resistance, herbage yield, or seed yjeld) should 

be t aken into account. 



CONCLUSIONS 

l. The MSCP matrices of the 160 groups were found 

to be heterogeneous. Non-multivariate normality was believed 

to be one of the causes. Despite of these, the differences 

among groups were highly significant. 

2. There are considerable phenotypic divergences 

among groups. Group 68 (from Pioneer Highway of Palmerston 

North), group 63 (from 3 miles North of Putaruru, near Hamilton) 

and group 144 ("Massey Basyn" of Massey University) possessed 

most of tha agronomic desirable characters. 

3. Among the characters studied, flowering date 

and clump erectness were the two most important characters. 

They had the largest eta-values, hence were the two most dis

criminating characters among groups. They had the highest 

correlation with l stand 2 nd discriminant functions. Also 

they were the most dominant characters in clustering, which 

influenced the clustering pattern most. 

4. For all set of attributes, all the discriminant 

functions were retained, as they were significant. 

5. The clustering behaviours of the seven agglo

merative clustering strategies, using ALLCHARA, agreed with 

the finding of most of the other authors. The reversals of 

Median and Centroid Methods, the chaining effects of Single 

Linkage Method and the intense clustering of Ward's Method 

were obvious in this study. 

6. This study did not reveal any ecotypes irrespect

ive of which set of attributes used. Also in the JACQCHARA 

study, the results did not support the ecoclinal trends hypo

thesis of Jacques. It was suggested that the ecoclinal trends 

might be weak and perhap were only incipient. Further reserarch 

need to be done. 
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APPENDIX A-1 KEY TO MULTIVARIATE ANALYSIS 

MULTIVARIATE ANALYSIS 
I. Observations are sampled from one population (e.g. one cultivar, or 

one ecotype); and concern is only with the pattern of variation and 

covariation of this single sample. 

A. Observations are described by one homogeneous set of attributes 

(i.e. one set of characters). 

1. The main purpose is to described the total variance-covariance 

in a sample in few dimensions, i.e. to reduce the dimensionality 

of the original data while minimizing any loss of information. 

The few dimensions are the linear combinations of the original 

attributes that successively account for the major independent 

pattern of variation in the original attributes of the popula

tion. 

(a)The observations are described by a series of P-axes, each 

representing a separate attribute. 

PIUNCIPAL COMPONENT ANALYSIS 

(b)The observations are described by ½n(n-1) inter-observation 

similarity (ordissimilarity) measures (N =no.of observa~ 

tions. 

PRINCIPAL COORD1NATE ANALYSIS 

2. The main purpose is to study the correlation structure under

lying the inter correlations amongst the observed attributes; 

i.e. to reproduce only the inter correlations rather than the 

total variance. 
FACTOR ANALYSIS 

B. Observations are described by more than one set of attributes (e.g. 

(1) dependent and independent characters; or (2) intrinsic and ex

intrinsic characters). 
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1. The main purpose is to establish maximal linear functional 

relationships between dependent and independent attributes. 

MULTIPLE REGRESSION AND CORRELATION 

2. The main purpose is to establish r~lationships between a 

series of observations described by these sets of data. 

CANONICAL CORRELATION ANALYSIS 

II Ubservations are sampled from more than one population (e .g. several 

cultivars, or ecotypes). 

A. Observations are described by one homogeneous set of attributes. 

1. The main purpose is to determine if the samples could have been 

drawn from a single statistical populat ion; i.e. are the mean 

vectors of the sample populations equal? 

MULTIVARIATE ANALYSIS OF VARIANCE 

*2. The main purpose is to find a set of linear functions for the 

variables that maximize differences among sample populations. 

a. To maximize the ratio of among group sums of squares to 

within-group sums of squares, subject to the condition that 

the coefficients are orthogonal. 

MULTIPLE DISCRIMINANT ANALYSIS 

b. To maximize the among-group variance ahd covariance, subject 

·to the condition that the within-group variances are unity 
and within group covariances are zero. 

CANONICAL VARIATE ANALYSIS 

*3. The main purpoee is to find a eet of g linear functions that 

serve as indices for classifying new observations into one of 

g pre-defined populations. 
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a when g = 2 

DISCRIMINANT ANALYSIS 

b when g> 2 

GENERALIZED DISCRIMINANT ANALYSIS 

4. The main purpose is to sort a previously unpartitioned hetero

geneous collection of objects into a series of sets. 

CLUSTER ANALYSIS 

5. The main purpose is to arrange the objects graphically in few 

dimensions, while retaining maximal fidelity to the original 

inter object r elationships. 

NON METRIC SCALING 

B. Observations are described by more than one ~et of attributes. 

1. The main purpose is to determine if the samples could have 

been drawn from a single statistical population after covariance 

adjustment on one set of variables by the other sets. 

MULTIVARIATE COVARIANCE ANALYSIS 

* Hhen g = 2, canonical variate analysis and discriminate ·analysis 

is the same. Since the number of functions extracted depend on 

g-1 - (when (g-1) <. p) or p (when p ~ (g .. 1)). Therefcra when g = 2 

there exists only one linear function. The canonioal variable 

is then the discriminate function. The new observation will be 

allocatt3d to one or other group depending on the sign of its '. 
canonical v riable (positive or negative) (Seal 1960). 

When g > 2 canonical variate analysis is similar to multiple 

discriminate analysis. 
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Clifford & Stephenson (1975) 
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APPENDIX A-2 

Special Cases of F Approximation for Wilks' Lambda 

Parameter 

p g 

Any 2 l - ).. n - e - l p n-p-1 

" p 

1 
)..72 !2..__=__E._-=-1_ Any 3 

l - 2p 2(n-p-2) 
)..72 p 

1 Any l - " n - g g-1 (n-g) 
A g - l 

2 Any 1 - ,_½ n - g - 1 2(g-l) 2(n-g-1 ) 

" g - 1 

That is 
If H p$2 

n1 = p(g-1) 

nz = p(n-g-p+l) 

If 2~gS3 

F (nl, n20 = n2 (1- A(l/(g-1)))/(nl A ~/(g-1)) nl = p(g-1) . 

.. n2 :! ( g-1) (n~g-p+l) 



APPENDIX A-3 DIFFERENT TERMINOLOGY FOR ATTRIBUTES 

Clifford and Conover Burr Goodall Gower Stephenson 

symmetric 
Binary Binary alternative 

asymmetric 
Nominal Nominal 

Disordered 
Multistate Qualitative Qualitative 

Ordered Ordinal Ordinal Ordered Multistate 

interval 
Continuous Metric Metrical Quantitative 

ratio. 

Lance and Williams 

Binary or qualitative 

Disordered exclusive 
Multistate non-exclusive 

Ordered Multistate 

Quantitative 

.... 
N 
Q 



APPENDIX A-4 

DICHOTOMOUS CHOICE OF CLUSTERING PROCEDURES (BASED ON WILLIAM 1971) 

-[on-Exclusive 

Exclusive 1 

, 1:::.xtrinsic 

Simultaneous ~--optimization 

on-hierarchical---, 

---Intrinsic 
Serial ---optimization 

Successive 

-[

information gain 

--~gglomerative---Polythetic · 

Hierarchical------1 
Polythetic 

Monothetic 
I 

Non-successive 
information gain 

Jnformation 
measures 

... 
N .... 



APPENDIX B-1 

Collection Croup 

The Geopgrphical Location, Altitude and Habitat of the 201 fog Accessions 

No. No. 

1 
2 
_j 

4 
5 
6 
7 
8 
9 

10 
11 
12 

13 

14 
15 

J.6 
17 
18· 

19 
20 
21 

22 
23 

l 

z 
J 
4 
5 
6 
7 
8 
9 

10 

11 
12 

lJ 
14 
15 

16 
11 

18 
19 

Location 

Tara Hills. Mckenzie Basin, near Omarama 
Mt. COD111, airfield, Hermitage 
Mt. llrl.te: Station, Waimakariri River 
Upper Rees River (.Hd L. Wakatipu) 
Warepa, S. Otago (near Balclutha) 
Tara Hills,. Mckenzie Basin 
Ht. Fyf"fe (hut site) Kaikoura Range 
Shotover River, (near Queenstown) 
Kiwi flat,, Nakarora River 
Mossbt.an, Southland 
Athol, Southland 
William's Stream, Clarence River, 
North Caotabury 
TGMU p.lo.t, Mid Dome Soil Con. Res. 
Southland 
Styx River~ Clarencer, North Cantabury 
TGMLI pl.ot, Island Gully Pass 
Clarence/\-Iairau Rivers 
Hanapouri Station, Manapoure, Southland 
Mossbum-, Southland 
Williams Stream Clarence River, 
(.Aouri Sid Club Road.) 
Upper Rees River (Hd L, Wakatipu) 
Mid Rivers Glenorchy (Hd L. Wakatipu) 
Crawford .Junction Hut, Kokatahi River, 
Hokitika River 
lllllSden,, Southland 
Onaraaa,, Mckenzie Basin 

Altitude 

3700' 
2500' 
2500' 
1500' 

200' 
3100' 
3800' 
1000' 
1250' 
1000' 
1000' 
4000' 

4500' 

2600' 
4600' 

700' 
1000' 
3400' 

1500' 
llOO' 
1000' 

750' 
1400' 

Habitat 

Roadside, pasture, localized dense 
Shortgrassland, brown top rescue, scattered plants 
rescue grassland, scattered plants 
Bush edge & open shortgrassland, scattered plants 
Pasture (commercial sample), scattered plants 
rescue grassland, scattered plants 
Snowtussock grassland 
Roadside, pasture, localised dense 
Hay paddock, red clover, Timothy, scattered plants 
Pasture (commercial sample), scattered plants 
Pasture (coovnercial sample), scattered plants 
Fescue grassland, scattered plants 

Plot on bare soil established 1965 "Massey Basyn" 

Pasture, brown top, scattered plants 
Plot established 1965 "Massey Basyn" 

~asture(commercial sample), scattered plants 
Pasture (commercial sample), scattered plants 
Stream side, scattered plants 

Open short grassland, Scattered Plants 
Rank pasture (commercial sample), scattered plants 
Hut site, alluvial terrace, locally dense 

Pasture (commercial sample), scattered plants 
Road side, Pasture, localised dense .... 

N 
N 



Collection Gra,p 
No. No. 

24 

25 
26 
27 

28 
29 
30 
31 

32 
33 
34 
35 

36 
j7 
38 

39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

20' 

2.r 

22 
2J 
24 
25 

26 

27 
28 

29 

30 
31 
32 

JJ 
34 

35 

Location 

William''s stream, Clarence River 
North Cantabury 
lam Hills, Mckenzie Basin 
Ruataniwha Station, Mckenzie Basin 
Upper Clarence River, Bridge (L. Tennyson) 

Oipton, Southland 
Comp stream, Craigieburn Range 
TGMI.I plot, Black Birch, Awatere River 
Flora Hut, Hd Takaka River, Nelson 

Griegs stream, Branch River, Marlborough 
North Crmm Terrace, (near Arrow town) 
South Cr0\1/n Terrace 
William's stream, Clarence River (Amure Ski 
Club Road) 
Wards Pass, Moleswarth, Marlborough 
Ca111erons flat, Matukituki River (near lfanaka) 
Upper Cleddan River (near Homer Tunnel), 
Fiordland 
GlenOTchy airfield, Head of Lake Wakatipu 
Cattle flat Station, Matukituki Kiver 
(near Wanaka} 
Upper Makarora River (Tourist lodge) 
Mid Crov,n Terrace (near Arrowtown) 
Tara Hills, Mackenzie Basin 
Hanapouri, Southland 
liod{e,r nats, Hermitage 
Hekarora Tov,nship (Hd L. Wanaka) 
Hd Ahuriri River Mckensie Basin 
Cardrona Valley (near Wanaka) 
Skippers, Shotover River (near Queenstown) 
Cardrona Valley (near Wanaka) 

Altitude 

5400' 

3700' 
1550' 
3500' 

J.50 I 

3400' 
4500' 
2600' 

4000' 
2400' 
2400' 
3400' 

3750' 
1400 1 

2000' 

1100' 
1300' 

1000' 
2400' 
3800' 

700' 
2600' 
950' 

2800' 
1000' 
2100' 
HOO' 

Habitat 

Roadside, Snow tussock grasslands, scattered plants 

fescue grassland, scattered plants 
Hayshed, pasture, scattered plants 
Alluvial t errace, ~~own TQp, red tussock, 
scattered plants 
Scattered plants i n grazed pasture 
Roadside Mountain beech, localized dense 
Sown plot established 1969 on bare soi l, dense 
Hut cl earing in Silver Beech forest, 
localized dense 
Tussock grassland, scattered plants 
Roadside, pasture, scattered plants 
Roadside, pasture, scattered plants 
stream side, scattered plants 

Open Tussock grassland, scattered plants 
Riverbed, sandbank, scattered plants 
Roadside, broad leaf forest, localised dense 

Shortgrassland, Brown Top fescue,scattered plants 
Large wet alluvial terrace with bushes etc., 
scattered plants 
Bush clearings, scattered plants 
Roadside, pasture, scattered plants 
Pasture short Tussock grassland, scattered plant 
Pasture (commercial sample), scattered plant 
fescue grassland, scattered plant 
Rank sward, scattered plant 
fecue grassland, scattered plant 
Roadside, run country, scattered plant 
Short grassland, scatterd plant 
Roadside, run country, scattered plant 

,.. 
N 
~ 



Collection Group 
No. No. 

51 
52 
53 

54 
55 
56 

57 

58 

59 
60 

61 
62 

63 
64 
65 
66 
67 
68 
69 
70 
71 
n 
73 
74 
75 
76 
77 
78 

36 

37 

38 
39 
40 

41 

42 
43 

44 

45 

46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

location Altitude 

He:raitage Postoffice 
Puf<aki, Mckensie Basin 
Greigs stream, Branch River, Marlborough 

"Nurse.ry" Cave. stream, Craigieburn Range 
Clarence River, North Cantabury 
Caaeron's flat,. Matukituki River 
(nea Wamaka) 
forks River,(Hd of Hollyford River) 
fiordland 
William's stream, Clarence River 
(Amuri Ski. Club Road) 
Mt. Cargill (2 mile N W of Port Chalmers) 
flag swamp, Main South Road between 
Palllerstoo and Waikouaiti 
Bel.'ll!ick forest 
Abbotsf ord {Dunedin) 

Ben Ohau Station, Lake Pukaki 
Ryans Beach, otago Penisular 
Kurov·, Waitakei River 
Lake 61iau 
Luggate/Hawea flat/Tarras Juntions 
Haast Bridge, South Westland 
fl'811Z Joseph Glacier, South Westland 
r erg1.1sson Bush, Ross, ·_Westland 
Orm,aiti, West Port 
Ohikooui River Jen. Buller Gorge 
Inangahua Jen. Buller Gorge 
Springs Jen,, South Nelson 
Haruia Saddle, South Nelson 
W:rlhopai River (Wairau Valley) Marlbouough 
Tongariro, N.P. (near Wanganui River) 

· Huka f alls 

2600' 
1700' 
1800' 

3200' 
2600' 
1400' 

2700' 

5300' 

llOO' 
50' 

1900' 
700' 

1000' 
300' 
600' 

1800' 
900' 

0' 
0' 

30U' 
O' 

300' 
300' 

1500' 
2100' 
600' 

2700' 
1500' 

Habitat 

Recent alluvial deposit, scattered plants 
Short grassland, scattered plants 
Alluvial terrace in open Tussock and Manuka, 
scattered plants 
Drained Red Tussock swamp, dense 
Fescue grassland, scattered plants 
Pasture, scattered plants 

Roadside scrubs, localized dense 

Roadside, Snow Tussock grassland, scattered plants 

Roadside, ridgecrest, Brown Top 
Flat roadside, coastal plain recent alluvial 

Flat exposed, unimproved Tussock plateau, 
Koadside, scattered plants in Brown Top/ gorse 
association 
Amajor component of very old pasture/hay paddock 
laxly grazed pasture on coastal cliffs 
Graved river flats with ~rown Top 
Roadside by shore-stony 
Dry roadside with Brown Top 
Waste area off road 
koadside 
Waste area near road 
Roadside 
Roadside in Bush 
Pasture 
Roadside 
Bush clearing 
Kiverside 
Roadside Tussock 
Beside river track .... 

N ...... 



Collection Group Location 
No. No. 

79 5e Kirikiri Saddle, Coromondel 
80 l<aimarama,, Coromondel 
81 5 miles W.of Whakatane, Bay of Plently 
82 59 Toatoa- Hotu Road, Gisborne 
83 60 Rotoenu 1 Rotorua 
84 61 Ekatah...a, Wairapa 
85 62'. Rimutaka Pass, Wellington 
86 63' Putaruru (J miles North) 
87 64 Punga Road (l mile east of top of) 
88 6S Andy Hill, Owhango 
89 0vthango 

90 66 Ollhango 

91 67 Old liest Road, Palmerston North 
92 Qi, Pioneer Highway {near Rongotea Road turn 

off) 
93 69 Aorangi rield Station 
94 71lJ Fielding: ll\ miles East of) 
95 71 Menzies Ford (between Colyton & Fielding ) 
96 72 Valley Road, 2 miles East of Colyton 
97 73 Ponangina ·valley Road 
98 74. Saddle Road,. SUfllllit 

99 1S, DSIR Hiil Station, Saddle Road 

100 76 4 miles South of Pahiatua 

101 77 1% miles South of Eketahuna 

Altitude 

1800' 
0' 
o• 

2400' 
900' 
900' 

1800' 

Habitat 

Roadside in bush 
Pasture, in valley 
Roadside 
Roadside near bush 
Lakeside 
Roadside 
Track i r secondary bush 
Pasture 

Ryegrass, , White Clover 
Rotationally grazed pasture, eyegrass Brown 
Top, White Clover 
Continually grazed pasture, ryegrass Brown Top, 
vJhite Clover 
Short pasture 

Improved pasture 
Dairy pasture, White Clover and Creeping Fog 

Pasture, Scattered Plants 
Poor hill pasture, Brown Top & weeds 
Short grazed Pasture, White Clover, Brown Top, 
Yorkshire Fog, Dogstail1 Scattered Plants 
Short grazed Pasture, Yorkshire fog, mainly 
Brown Top & Dogstail 
Improved pasture, Yorkshire Fog, White Clover, 
rye grass, Creeping Fog and Brown Top 
Old pasture on flat, some improved spp. but 
Braum Top and dogstail .... 

N 
U1 



Collection Group Location 
No. No. 

102 

103 

104 
105 
106 

107 
108 
109 
llO 

111 
ll2 

113 
114 
115 
116 
Il7 
118 
119 
120 

121 
122 

123 

124 

78 12~ miles South of Eketahuna, 
12 miles North, of Masterton 

79 7 miles North of Masterton, Opaki 

80 7 miles North of Raetihi 
Wangaooi, Victoria Park 

81 5 miles North of MaX\ltell-, ,Wanganui 

82 North of Wanganui 
83 Wanganui (2 miles South of Waverley) 
84 1 mile South of Hawera 
85 2 miles North of Stratford, Midhurst 

86 6 miles South of New Plymouth 
87 IWD 'Wai.reka.' Res. Station , Neu, 

Plymouth 
Andy Hills, OM,ango 

88 Andy Hills Omango 
Atawhai ~ts,, PalmeJrSton North 

89 Holden Station, Mckensie country 
90 Birkes Pass, Mckensie country 
91 Black BirchF Marlborough 
92 Katahu frest,. (Fairlie-Geraldine Highway ) 
93 6 miles East of Woodville 

Opapa (near L. Pou Kawa) 
94 Wairoa 

95 Captain Cook Statue, Gisborne 

96 Gray's Bush, Gisborne (6 miles North
West of City) 

Altitude Habitat 

Old pasture on stony soil, Yorkshire fog, White 
Clover, Brown Top, dogstail & Creeping Fog 
Newish pasture, Yorkshire Fog dominant with 
White Clover, Creeping Fog, many seed head 
Poor, grazed sheep pasture, short 
Isolated plants 
Sheep/cattle pasture, mainly Tim, abundant plants 
isolated head 
Roadside, pas ture 
Sheep/cattle pasture, Crested dogstail 
Grazed pasture, ryegrass, White Clover 
Lightly grazed pasture, abundant Yorkshire fog, 
Brown Top, ryegrass etc. 
Grazed pasture 
Hedgero\1/ plants 

Rail\1/ay side, unploughed 
Pasture, ploughed 
Housing development area, previously poor pasture 
Grazed Tussock grassland (semiarid) 
Roadside, (semi-swamp), Craige burn soil 

4800' Sandy loam 
Grazed Pasture & adjacent roadside near waterway 
Grazed hill pasture, scattered plants, 
11\llatergrass" dominant 
Roads ide on dry hill country 
Sheep grazed pasture mainly paspalum/Yorkshire fog 
isolated heads 
Pasture highly grazed, scattered plants, Yorkshire 
Fog with Creeping Fog, Kikuyu, Paspulum 
Pasture highly grazed, scattered plants, Yorkshire 
fog with Creeping Fog, damp site ... 

N 
~ 



Collection Group Location 
No. No. 

125 
126 
127 
128 
129 

130 

131 
132 
133 

134 

135 

136 

137 

138 

1J9 

14U 

141 
142 

143 

97 Waioeka Gorge (28 miles S. of Opotiki) 
98 Waioeka Road (8 miles S of Opotiki) 
99 Waioeka River, Opotiki Park 

100 Ohope beach, Whakatane 
101 Ellope beach (hill slope) Whakatane 

102 Rongit.aikei Plains, 2½ miles North 
of [dgecumbe ) 

103 Edgecunbe (near factory ) 
104 Edgecunbe (near factory) 

2 mile Edgecumbe Whatatane 

Rotorua 

105 Rotorua- 6 miles towards Paradise 
Valley Springs 

106 Rotorua - 5 miles on Lake Okereka Loop 
Road 

107 Rotorua - 6 miles between Blue and 
Green lakes 

108 Rotorua - 17 miles Waimangu Thermal 
Valley 

109 Ruaumpoko's Throat, Waimangu, 
17 11>ile-s Rotoraa 

110 Taupo-Turanai (midway) 

111 Desert Road, 15 miles N. of Waiurou 
112 Taihape {Hautapu River) 

113 Wanganui {10 miles South of) 

Altitude Habitat 

Ung::azed, dense 
Ungrazed, Moderate dense 
Mown area, Paspalum and Phalaris 
Ungrazed on sandy soil, dense large plants 
Moderate short sheep/ cattle pasture, plentiful 
Yorkshire Fog, White Clover & poor grasses 
Roadside, tall Fescue & Paspalum 

Roadside, in dense Paspalum 
Grazed Paspalum pasture, isolatPd plants 
Roadside ( occassionally grazed by cattle), 
Pumice area, Pas pulum 
Vaccant lot, dense large Yorkshire Fog with 
Fescue and weeds 
Fertile pasture abundant Yorkshire Fog .with 
ryegrass & White Clover, grazed by cattle 
Sheep pasture on Pumice, Hhite Clover, ryegrass, 
Creeping Fog & Brown Top 
Pinus radiate forest fringe, large plants 
(do not grown in forest) 
Pathway in native bush, abundant plants 

Plants bordering on boiling lake 

Rest area abundant Yorkshire Fog, l~hite Clover, 
t'airie grass 
Roadside 
Caravon perk on river bank, large plants, Creeping 
fog roaoue, Clovera, Weadt; ryegr111 
Hill pasture, dense, Yorkshire tog but few seed 
heads, Bro\1/n Top, ryegrass, dogstail, White 
Clover, Creeping Fog ... 

N 
~ 



Collection Group Location 
No. No. 

144 

145 
146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

114 Jltelicirikiri, 12 miles North of 'rJanganui 

115 Otoko. 24 nliles· North of Wanganui 
116 Kakatahi (20 miles South of ·Raetihi ) 

117 Oreore (10 miles South of Raetihi) 

118 Horopito (12 miles North of Raetihi) 

119 Kuratau Junction (Lake Taupo ) 

120 Kuratau Ju,clion, 7 miles North of 
Lake Taupo 

121 Kuratau Junction, 15 miles North of 
lake Taupo 

122 Kuratau Junction, 24 miles North of lake 
Taupe 

12J Taupo (23 miles West of) 

124 Taupo (11 miles West of) 

125 Rangitaiki (~ mile West of ) 

126 Rangitaike, on plateau 

127 Turangak1.mJ, Central North Island 
Hill country 

128 Titiokura, Central North Island 
Hill country 

Altitude Habitat 

Old sheep and horse paddock on flat, Brown Top 
dogstail and thistles 
Sheep pasture, localized dense 
Laxly grazed cattle pasture, Paspulum, White 
Clover, Brown Top, some Creeping Fog, Timothy 
Yorkshire fog, dense 
Fairly closely grazed pasture, ryegrass, 
White Clover, moderate Yorkshire fog 
Laxly grazed sheep pasture, abundant Yorkdhire 
fog, Brown Top with White Clover 
Heavily stocked sheep pasture, Tussock, improvoo 
spp;, White Clover, abundant Yorkshire fog 
Poorly grazed sheep pasture, almost pure stand 
Yorkshire Fog 
Mekium grazed sheep pasture predominantly 
chewing fescue, ryegrass and Yorkshire fog 
New pasture, ryegrass, Creeping Fog, White 
Clover, some Red Clover, Volunteer Yorkshire 
fog, laxly grazed 
Laxly grazed sheep pasture, predominantly 
ryegrass, some Brown Top, White Clover, 
scattered plants 
Laxly grazed pasture, Creeping Fog, Yorkshire 
Fog, White Clover, some Brown Top 

2500' Short pasture, Yorkshire fog dominant, White 
Clover, some Creeping fog 

2400' Tussock grasslands, closely grazed (sheep) 
Creeping fog, ryegrass, White Clover, abundant 
Yorkshire Fog 

2000' Rough pasture, some improved grasses 

2000' laxly grazed, sheep pasture, White Clover, 
Yorkshire fog, few improved species 

..... 
N 
CX) 



Collection Group location 
No. No. 

159 

160 
161 

162 

163 

164 

165 

166 

167 

16(. 

16,.. 

17( 
17 1 
172 

173 

Eskdale {lJ' miles West of Napier) 

129 Eskdale (11 miles West of Napier) 
130 Rissingtoo (5 miles South-east of) 

131 R'issingtm (5 miles South-east of) 

132 Rissington (5 miles South-east of) 

Maraekakaho (6½ miles South-west of ) 

133 Maraekakaho (6% miles South-west of) 

134 Ohaupo (6 miles on Cambridge Road) 

135 Ohaupo (4 milies oo Cambridge Road) 

Rukuhia Slr.3inp (I mile West of Rukuhia) 

136 Rukuhia Swamp, edge (near Ngahinapauri) 

137 Spain 
138 Crookwell 
139 Kuripapange (Gentle Annie Road) 

140 38 miles from Taihape (Gentle Annie Road ) 

Altitude Habitat 

Sheep pasture, Brown Top, native Tussock, 
scatter Yorkshire Fog, some Creeping Fog on ridge 
Sheep pasture (short) Couch/ Paspulum on creek flat 
Closely grazed sheep/ cattle pasture, sweet 
vernal, Brown Top, White Clover, moderate Yorkshire 
Fog, (dry) 
Closely grazed sheep/cattle pasture, Creeping 
Fog, ryegrass, Brown Top, abundant Yorkshire 
Fog, (moist) 
Cattle/sheep pasture, Paspulum reeds, sedge, 
Couch, abundant Yorkshire Fog, (swamp) 
laxly grazed cattle pasture, ryegrass dominant, 
Brown Top White Clover , Creeping Fog, few 
Yorkshire Fog seed heads 
Stream bank, predominantly Creeping Fog, some 
Paspulum, few Yorkshire Fog seedheads 
Laxly grazed cattle pasture , predominantly 
Timothy, Creeping Fog, Yorkshire Fog, White Clover 
Hell grazed dairy pasture, predominantly Paspulum, 
Timothy, Creeping Fog, ryegrass, isolated Yorkshire 
Fog 
Dominantly Yorkshire Fog, Brown Top, heavy peat 
few Yorkshire Fog seed heads 
Cattle pasture, predominantly Paspulum, some 
Timothy, short Yorkshire Fog 

2800' Laxly grazed sheep/ cattle pasture, Yorkshire 
Fog common, White Clover, Brown Top, Creeping Fog 

3100' Improved pasture, abundant Yorkshire Fog, 
Creeping Fog, White Clover & Brown Top, medium 
grazing ... 

N 
c:, 



Collection Group Location Altitude 
No. No. 

174 

175 
176 
177 

178 
179 
180 
181 
182 
183 

184 

185 

186 

187 

188 

189 

190 
191 
192 

193 

141 Erewhon Station, 24 miles from Taihape 2400' 
(Gentle Annie Road) 
Crail Bay, Pelorous sounds O' 

142 "Dundee" NSW 
143 "Colencoe", NSW (15 miles South-East 

Glen Innes) 
144 Hassey University 
145 Lincoln - Coes ford 
146 Lincoln - Coes ford 
147 Green f;nrd, Cantabury 
148 lake Ellesmere, Cantabury 
149 Junction Okaihau - Kerikeri and Waimate 

North - Kabo Roads 
150 No. 10 highway, South of Kaeo 

151 No. l highway, 16 miles North of Okaihau 
(Mangamuka) 
10 miles South Okaihau towards Maungatapere 

152 Balclutha; lnchclutha soil type(very 
fertile) . 

153 Invermay Agricultural Research Station 

154 1 mile iWest of Brynderw)411 turnoff, 
Northland 

155 2 miles South Ruawai flat, Northland 
156 1 mile East Mamaranui, Northland 
151 lop of Bombay EHll (Auckland side), 

Red Ash Soil 
158 7 miles East Maremarua, Sunny Hill Side 

Habitat 

Quite closely grazed, abundant Yorkshire 
fog, Brown Top dominant, White Clover 
Garden, and sharf area 

Massey Basyn 
Roadside 
Roadside 
Roadside 
Roadside 
Grazed pasture (Paspalum, Creeping Fog 
~Jhite C~over, Red Clover,) s9attered fog 
Grazed pasture ( Paspalurn, .l\_zonopus) Crested · 
dogstail etc. 
Grazed pasture (Paspalum, Creeping Fog, 
Axonopus and Clovers 
Grazed pasture (ryegrass, Paspalum, Axonopus, 
Clove~s 
Continuouly grazed pasture, Tiller sampl e 

Old, heavily -grazed, heavily -fertilized 
sheep pasture 
Dairy pasture, isolated fog, well grazed 

Well-grazed dairy pasture, Sparse rog 
Well-grazed dairy pasture, Sparse Fog 
Closely..:grazed dairy .pasture, Sparse Fog 

Laxly-grazed sheep pasture, abundant Fog 

.... 
~ 
0 



Collection Group Location 
No. No .. 

194 
195 
196 
197 
198 

159 1 mile East Turua (Hauraki plains) 
160 Grassland Sl!lhstation, Gore 

199 

200 

201 

Roa Flat~ South-West Otago 
Taupiri Road 1, H'odgkinsom 's farm, Waikato 
"'3takana ,.. Prospect Bay, Kisslling 's farm, 

~uhatotam~ land development block, 
W'aipapa (Nor.thland) 
G~asslan.d djvision, Kaikara 

Ohura 

Alti tude 

230' 
1230' 

500' 
400' 

600' 

Habitat 

Laxly-grazed cattle pasture, moderate fog 
Pasture, ryegrass, Brown Top, Paa spp. 
Pasture, sown 1958, Cocksfoot, ryegrass,goosegrass 
Old pasture 
Old pasture, (ryegrass, White Clover, Paspalum 
Kikuyu) 
Old pasture (ryegrass, White Clover, Yorkshire 
Fog, Paspalum, Cocksfoot) 
Occasional Yorkshire Fog in 4 years old 
Ryegrass/White Clover, Paspalum/Ryegrass/White 
Clover, Kikuyu/Ryegrass. 
Roadside on town outskirts 

... 
~ .... 



• 
LlST SYMBOLIMANDIS 
DATE 01/17/78 

L.ASTRt.CORD = 
MAXRECSIZEIN = 
*** EJtC_D__lC *** 

1 C• 

TIME IS 14:34 

2.,-2_. 1 l 

2 C __ 
- FILE 10 = flLE10, UNIT 

flLE 20 = FILE20, UNIT= 
FILE 30 = flLE30, UNIT= l Sy~DA~T08IND 
C• 
C• 

= FROM CODON/= ; 

• v C* MAND IS 
4 .. " _] 

'ilO 

tH.ADER 
I.H !:>K 
LHSK 

• 

M A1'i DIS 

={ 

• 

MAND !S 
Nt:.EDED: uAKRAY, St,1pRIN, DMPHIN, OMI1'iV, PRtlF, SIGNIF, 

TKANSF, NHoo ·rlEIGlN) 
- · - " - ... " .. ,..., .. · xO 0.Lll, ..rL • W, & LUHN E::,, P • R • C 1 9 7 l ) 
""' "· "1[lTVAH1A1E DATA ANALYSIS• 

~o 2 

MEAN, Nl, N2, Dlt 
ERP, ¥' J~p, TRANSX E PREC SID OET, DElPr , U[TW, uETu, UETO, Ml, M2, BOXSM, j[, 

YL, ~P A, CPB, CP~A, CPC, CPCA, c~o, ~POA, r, z 

0000100 
0000200 
0000300 
000040U 
0000500 
0000600 
00UU700 
0000800 
U000900 
0801000 
0 UlTU-0 
0001200 
0001300 
0001400 
0001500 
0001600 
0001700 
Q_uo 1 BOU 
UOOTVOu 
0002000 
0002100 

_ DIMENSION xcs,s,10,15), XINCS,5,lU,15), SUMT(l5), SUM(lS), 0002200 
3 1 MEANC160 '1~J, SDC15), CPAC15,15), CPBC15,15l, CPCAC2251, 00U7300 

l C• 
l2 
Z1 
l4 2 CPCC15,15),LPOC15,1S), TC15>,UC1~), VC1~),WC15),SC15J, 0002400 

YC15), ZC15), KC(15,5l, DATHANCl~,5), THANSXC15,S>, 0002500 
.... ~ CVC1~), ~HClJJ, FMT1'16),MISSC15), LLC15), MMC15), 0002600 
' " " " • ' x " F , C P u A C 2 2 5 ) , C E iH C 1 6 0 , 1 5 ) , F tH O U T C 1 6 ) 0 UU77Uu 

.:!5 3 
~~ 

8 EwUIVALENCE CCPB,CPBA>,CCPC,CPCA>, CCPO,CPOA>, CX,XIN) Ou025UO 
0002900 
0003000 
OOO.HOO 
ouo .:no o 
0003300 
0003400 
0003500 
0003600 
0003700 
000.3800 
0-0 0 J90U 
0004000 
0004100 
0004200 

i.9 C• 
jQ C• 
J r--C• 
J2 C * 
33 
j 

J 

RlAD C5 , 5) CKHCI), I= 1,13 > ·s 5 ~~~MAf C13 A..6.l_ ·KR1 h I5,KHC21 >- GO TO 46 
j6 C• 
37 C• 
J6 C• :rg--·---c· 
40 C• 
41 C * 
4L _ ~* 

'It 

44 c• 
45 C• 
46 C• ~-c 
48 C• 
49 C* 
~O C* 

IO~I = THE ANALYSTS uPTION 
10 T = 1 FOH MANOVA AND DISCRIMINANT ANALYSlS 

IB~l : ~ fBn ~,g~~1MINANT ANALY~rs 

!GROUP 
!GROUP 
!GROUP 

!MEAN 

= T H E U P T I ON F u H GR O UP S U f-11'1 A I< Y 
~ 1 FOH PHINTIN~ OF EACH GRUUP ~UMMARY 
= 2 FOR SUPRES!:>lNG THE pRI~TIN~ Uf EACH GRUUP SUMMARY 

= THE UPTIUN FuR GROUP MEAN VECTUH 
= 1 FUR SAVl ~u ON FILl 20 

lY01flfTOu 
0004400 
0004~00 
0004600 
ooo-znoo 
0004800 
0004900 
000'.)000 

• 

i-,.. 

w 
N 

- -------------------



~1 
• 
C• = 2 

• 
FUR NUT SAVING ON FILL --- ..-......- - --------

ICENT = THE OPT I ON FUH GROUP OlS~RIMlNANT SPACES 
= 1 FUR PRI NT!NG AND SA VI MG UN FI LE J U 

-fC-'!l''----Jlf-,-------:-----'H -ttff~ ! ~ ~~ t N 8 N °~I ~ t. 3 0 0 NL y 
= 4 FU R NUT U~TAINING THE CENTRUIU 

g ~ E ~ D f 5 L_j O) _l_Of__u_ I u NU UP, IM t. AN, ICE IH 
6 1 o u MA ecrrsT 

GO TO (11, 11, SOU), !UPT 
11 READ CS,10) NG ,NR, NY , NP , NC , NCUT , NF 

- lf_CN..e_OT • LQ •OJ tiCUT = 1 
DO 15 P = 1, NC 
DO 15 JJ = 1, NCOT 

" I '. / ~ ~: <., I i • 

CENTROIU 

0005100 
000:>200 
000~300 
000,400 
000'.:>500 
00056UO 
UUU5700 
Ou05800 
0 Q_(.)_~_90 0 

u <JUoCr w 
0006 10 0 
0006200 
UOU6300 
0006400 
0006500 
0006600 DATRANCP,JJ) = ' 

15 IBANSXCP,JJ) = 0 
AD CS,20) CCKCCP,J), J = 1, 5 >, (OATHANCP,JJ), fRANSX CP,JJ), 

1 JJ = 1, SJ , P = 1, NC) 

0006700 
a o o 5E1l-O 
0000900 b9 

70 
71 
T2 

3 
4 

r 5-

20 FURMAT (5A6, A4, I 6, A4 , 16, A4 , 16, A4 , 16, A4 , 16) 
~~ AD f5,25)(FM~lC!), ! =1, NF ) 

ADS,25) CT TOuTCIJ, I = 1, NF) 
25 FORMAT C16A5) 

OUTPuTs-----11TLE ANU CHARACTERS 1 
18 
/9 - 46 PRINT 47, KH 

0 47 FURMAT C1H1,19X, tlij Cl rl *)/2 0X , 1H*' 78X , 1H*/2UX, 1H*,13A6, 
dl 1 , lH•, 78X , 1H*/20X , 8U (l H*)) 
d2 lFCKH(l)•IS-KH(2)) GU ro 999 

0007000 
0007100 
oo-072cro 
0007300 
0007400 
0007500 
0007600 
0007700 
0007800 
0007900 

1H* l2 0xoouaucro 
0008100 
000ti200 

ti3 ________ PBINT 22 
U4 22 FORMAT C77 2QX , 70TIH$> , 4X, 
tiS 1 4X, 20ClH$)) 

33HMULTIVARIATE ANAL YSIS OF VARIANCE 
000ti300 

,0008400 
000ti500 

d6 PRINT 48 
87 48 ~~RMfT C//14X, lOHCHAKACTER I) 88IN 49, CP,CKCr~,J ), J = l, 5 >, CuATRANCP , JJ) , TRANSXCP,JJ), 
ti9 1 JJ = 1, 5), P = t, NC ) 

0008600 
0008700 
oousa-uu 
0008900 

YO 49 FORMAT c11ox, 12, 2x, SA6 , 3X, A4, I6 , 3X, A4, I6, 3X, A4, I6, 
91 1 A4, I6, 3X, A~ , I6 1 > 
~~ c - -* C• INITIALISED ACCUMU LAroR 
Y4 
2 

Y7 
~8 

101 
102 

03 

105 
106 
107 

109 

H~ 

C* 
.c.* 

50 

C-• ··-·· -- --
C• 
E! RECYCLE PU I NI FOR ANALYSIS Uf EA~H GKOUP 

3X, 0009000 
0009 10 0 
000Y200 
0009300 
0009400 
0009500 
0009600 
0009700 

8009800 
()09900 

0()10-000 
0010100 
0010200 
0010300 
·o o 1 o-z. o-o 
00 10500 
0010600 
00 1 U70 0 
00 l OS-00 
0010900 

80 11 000 
0 111 00 

• 

"""" w 



112 
• 
C• 

U 100 T : 
NPA = 0 
MlSSG = 0 

r\l 

• • 

, NG 
14 

115 
116 - 1 
118 
119 
1 ,o 

C* 
* C• 

NSFOHMATIUN AND C~U NTING UF MISSl~G DATA• 
INPUT WILL BE TREATED AS MISS ING UATA•> 

C• 

OU 44 J = 1, NR 
00 44 K = 1, NY 

l ~ ~ 2~-*r~ 0 : f ~ T ~1; ITT N C J , K , L , P J , P = 1 , N C ) 
Du 43 P = 1, NC 
It CXINCJ,K,L,P),GE,UJ GO TO 40 
MfSSCP) = MISSCP> + l 

. . X J,K,L,P) II 

1JO GO To 43 
1J1 40 DO 42 JJ = 1, NCOT 
1J2 AUX = TRANSXCP,JJ) 
133 KK = fRANSX CP,J-J ~ 
134 If CKK•LT.lleAND,KK•i'JL,O) AUX = XlNCJ,K,L,KK) 
1J5 XCJ,K,L,P>C= XINCJ ,K,~, p) 
136 If COATRAN P,JJ>•NE,' ') 
137 1XCJ,K,L,P) = IRAlrST CuATRANCP,JJ), XINCJ,K,L,P), t'\UX > 
136 If CNCOT•Gl,l•AND,JJ,Lf, NCO T) XI N(J ,K,L,P) = XCJ,K,L,11 > 
139 42 CONTINO£ 

l4~ a~ 88~+I~8~ 
142 OU 45 P = 1, NC • 1 
143 IF CMISSCPl,Nl,MISSCP + 1)) GU TU 70 
144 45 CUNTINUE 
145 MISSG = M1SSC1) 

146 NPA =NP* NR *NY• ~1SSG 
47 TNP = TNP + N~A 
4 a 

1!>0 c• CORRECTION FACTOR A,~ u MEAN FuR EI-ICH CriARACTEK 

l!Jl C* 
~2 DO 55 P = 1, NC 
~~ 8~M§~>J==oi~NH 

1~5 DU 53 K = 1,NY 
1~6 DU 53 L = l,NP 

--~ 53 SUMCPJ = SUM{P) + XCJ,K,L,Pl 
1!>8 SUMT{p) = SUMfCPl + SuMCP) 
1!>9 55 MlAN(I,P) = SUMCP) / NPA 
160 C• ---1--<'5--i'1- - --r-c~.--~5~0 .... M",S___,U,,...f"- c~Rn-rro-r-s..-s~P~R,.....O'UU CIT AND ST AND At< 0 DI:. VI AT ID N 
162 C* 

163 DO 66 P = 1,NC 
04 DU 65 Q = 1,NC 

----.--r-,-- CPCCP,Q) = O,O 
DU bO J = 1,Nk 
Du 60 K = l,NY 
DU 60 L = 1,NP 

--_,....,..- ~prt"'f,-cn-=--cp-c-c-p,w) + XCJ,K,L,pl * XCJ,K,L,~) 
CPACP ,~) = CPA(P,w) + CPC(p,Q) 
C f' C ( p, U) : C p C ( p, Q) "" 5 LJ M ( p) * SU 11( i,I) / i~ p lo\ 

--~- ~--~ ____ CPB<P,Q) = CPdCP,Q)+ ~PCCf,Q) 

0011200 
Uu1T300 
UU11400 
0011500 
0Ull600 
0011700 
0011800 
0011900 
0012000 

lJO 1711JO 
0012200 
0012300 
Ovl:2400 
0012500 
0012600 
ou1:uoo 
0Ul280V 
001Z900 
0013000 
0013100 
0013200 
0013TOO 
0013400 
0013500 
00l360U 
0013700 
Ool.3800 
0013900 
0014000 
001-zfl 00 
0014200 
0014300 
0014400 
OOll+SOO 
0014600 
0014700 
0814800 o t zrvou 
uulSOOO 
ou1s1ou 
uu1s200 
Ou 1 '.> 300 
0015400 
0015500 
001~600 
0015700 
0015800 vu l 5900 
0016000 
OU 161 U o 
0016200 
0016300 
0Ul6400 

--uu-to 5'0 er 
0016600 
0016700 
ooloBOO 
0010900 
0017000 
Oul/100 
Oo17200 

• 

1,-4, 

w 



• • 
173 65 l ) 

~~ b6 

1~9 C* 
C• _ IND THE DETtRHJJ'iANT 

8 C* 
179 

r. * CALL DARRAY C2, NC, N~ , 15, 1':), CPCA, C~C) 
urn 
UH 

C• 

CALL OMINV CCPCA, NC, OET, LL, MM ) 
.• IFCDEJ.EQ,O> llEJ = o.uooouooou1 

- • I C * 2 
ld3 C* 
1 tj4 C• 

FIRST SET UP OF eox·~ M CRITtRl ON 
___ __._.M __ 2 = _M..2__± _CNP A • _j) * UL O G CD ET ) 5_ 

FAl =fA1 + l•O I CNPA • 1) 6 
7 FA2 = FA2 + 1•0 I CNPA • 1) ** 2.U 

C* 
* __ ___. IRST SET IJP FOR S_fAL.~S TEST cRlTERIUN - . . .. .. " 
' - DLTPI = DETPI * DET ** C(NPA • 1) / 2.u ) 

C• 
E: J 

GU TO C70, 100,lOOl, !GROUP 
70 PAG~ = MOOCI,2) 

- . . I f _ teA_ll! • ~ i:- • 0 > GU T U I 4 
, x ~ PRINT 7~ 

73 FORMAT C40X, 10C1H*), 5X, 6HGKQUP, 13, ~X, lOClH*)/) 
GU TO 76 

• 

201 Z4 PRINT 7)--L-.1 ~.... 7- FURMAT (1H1, 39X, 10C!t1•l, SX, 6HuRUUP, 13, '.:>X, lOClH•)/) 
DO 78 P = 1, NC • 1 
If CMISSCP>, Nl • MISSCP + 1)) GU TU 93 

2,..5 PldNi--"'-8~0 __ _ 
- . . 8 0 F U R M A T C 1 4 X , 9 H C H A R A C f £ R , 2 6 X , 4 H 14 E A N , 7 X , 4 H S , U • , 5 X , 4 H C • V • 

PRINT 85, CP, CKCCP,JJ, J = 1, 5), MEANCI,P), sue~), CV(P), 
1 P = 1,NCJ 

- 9 6 5 f O R M_ A T C 1 O X , ~J2 ,_ 2J< , ':) A 6 , 3 X , F 8 • 4 , 2 X , F Y • 4 , 2 X , F 7 • 4 ) 
·- . - P R I N T 9 O , DE r,-M I S S G , N P A 

90 FURMATC//14X, 24HOISP~RSI0N O~TER11INANT =, F20.12, 
1 ~x, 29HNO~ OF ~,ssING OtlsERVAT!UN =, IJ//5/X, 

213 2 _ 5 .tiNll_L_UL .D.aS ER VAT ION I I~ TH l S G k U UP = , I 3 /) 
214 Gu-.o 8 
ili ii ~uAalr 9

t1,12ox, 10C1 H*) , 61HUN(QUAL NU, Of MISSIN~ CHARACTER 
2 1 7 1 SA.MI _[Xe.£.HJ M E.NTA L UN I I , 1 0 C 1 11* ) I I 2 0 X , 2 U ( 1 H * ) , 3 1 H A 1'4 AL Y ~ l S 
218 2HIS GROUP OMITTED, iU(lH*)) 
219 NuA =NGA• 1 
2io 98 PRINT 99 
221 99 EO~LlLlO..Xt. ..100'1H*)/) 
2,2 100 CON INUE 
2~J 1~ NGA•LE•l> GO TO ~uo 

, ~24 C• 
1 ~5 C* SAVE MEAN VECTCIBS OJ".! t ILE 20 
26 C* 

227 GO TO (10,, 1U4), !MEAN 
l28 102 UO 103 I= 1, NG 

----~ ~~~ __ l QL.~~ H-½-a 2 0 t..__f MJ Q_U T ) ( Mt. AN C I , P ) , P = l , 1~ C > 

2J1 104 CONTINUE 
2J2 C* 

!._ _ _l_F ~lliUiE.R_ O.f _Cill_O_UP A F I ER AD JU ~ T M E rn • L E • , T H E N 1 E H M l N A T E 

0017300 

881~~88 
88lt~88 
oulttloo 
0017900 
OOldOOO 
O()ltHOO 
Ou ra200 
00lti300 
0018400 
0018500 
0010600 
0018700 
0018800 
Oultj900 
0019000 
0019100 
OOlY~OO 
0019300 
Uul940D 
0019500 
0019600 
0019700 
Ou1Y800 
U019900 
0020000 
ou2v1ga 
00202 U 
uu2u300 
0020400 
0020500 

/) 0020600 
002U7UO 
0820808 0 2090 
0021000 
0021100 
0021200 
002130(J 
0021400 
0821SOO FROM O 21600 

fOH TU021'/00 
0021800 
0021<.IOO 
0022000 
ou22100 
002~200 
0022300 
0022400 
0022500 
0022000 
Ou22700 
0022800 
0022900 
0023000 
0023100 
0023200 
(JQ2j_30 Q_ 

• 

--

..... 
w 



• 
C• 

• 
If (NGA•LE•l> GO TO ~uu 

SET UP THE T~TAL sscr MATRIX, 
.CHARACTEr< DV fL..ALi liKUUPS • 

DU 105 P = 1,NC 
DU 105 Q = l,NC 

y 

• 
0023400 
0023580 
OU23o U 

MEAN ANU STANDARD UEVIATION OF EACHUU2J700 
Q02.,Hj0U 
0U2J900 
00240()() 

4~ EPA~~-(.J) = CJ~JL(e.-~1i1:l • SUMTCP) * SUMfCl>I) / TNP 
24 PD ,~) = CPACP,Q) 

0024100 
.l)Olit21JO 
0024300 
0024400 
00245100 
Q024600 
0U2470U 
OU24b00 

244 105 CPCCP,U) = CPl.HP,(.I) / CTNP • l'IGA ) 
2'+5 C* 
246 C* Ce..A-AJiD-CPO ARLlJOW TUTAL SSCP MA .IRICES OVlR 
2 4 7 C * C PC IS NOW IH TH IN GR U UP MSC P MAT R l X O VE f< ALL 

ALL GROUPS 
(.jRlJUP S 

246 c• 
0024900 
002,000 
0U2S100 
002,200 
0025300 
002:>400 
002)500 

249 DU 110 P = 1,NC 
2!lQ S11MTCpl = SltM.LleJ_/ Ti~P 
- · SDCP) = OSQRTCCPCCP,PJ) 

CVCP) = SUCP) / SUMTCr) 

PRINT 115, NGA 002S600 
115 FORMAT (1Hl, 35(1H*), JX, 331tMEAN~ ANU STANDARD OLVIAlION~ FOR, 002~7UU 

--------~l---~ I-l-,~ Z~H-GMUPS, JX, 35ClH*)/ J9X, 4JClH*)/ J9X, 43(1H•>> 002~800 
-· · - Nt>\G = NG • NGA 0025900 

If (NMG) 900, 119,116 0026000 
PRINT 117, NGA, NMG 0026100 

262 117 FORMAT C//350Htl.t. 3X, 33HTHI:.i POULED ANALYSIS IS BAS~D ON, I.3.t U02o200 
- · - 17H GROUPS, 3X, 35C1H•)/ 35(1 H* ),1JX, !3, ~lH uROUPS BllNG uMITTEU,0020300 

213X, 35C1H*)/ 35C1H•l, 3X, 42HUNEWUAL MlS~ING CHAKACTlRS FKOM ~A ME0026400 
3 PLANT, 4X, -35(1H•) l . 0026500 

112 PKINI 118~ TNP 0026600 
118 FORMAT (//43X, 30H ov~~ALL NU• OF UBSlR~ATION =, I6, 5X//) 0020700 

P~INT 80 0026800 
PRINT 65, Cp,CKCCP,J),J = 1,S), SUMrCP), ~D (P), CV CP), P =1,NC> 0U26900 

2£0 PRINT 120, NGA Q_o27000 
-7· 120 FORMAT (1H1, 40(1H*), 3X, 22HfQTAL SSCP MATRIX FOK ,IJ, 7H GROUPS,002noo 

1CALL DM~~iN
4~i~~=)~c: 4 ~c, 3?f!gst~:! 4f;, 3

ft~H*)) 88~~~83 
--~~~ __ PRINT 99 88~~~88 

OBTAIN THE AMONG ·GRUUP SSCP 14ATR !X BY SUBTRACTING WITHIN·GRDUP 0027600 
SSCP MATRIX FROM TOTAL SSCP MA TR!X, 0027700 

0027800 
DO 135 P = 1, NC 0027900 
DO 135 Q = 1, NC 002d000 

135 CPOCP,Q) = CPACP,Q) • CPB<P,W) 002bl00 
* .Q02d200 

C• c~c Is NOW TH£ POOLEu WIT HIN ~ROUP MSCP MATR IX 002d300 
C• CPB IS NOW TH£ POOLEU WITHIN uROUr SSCP MATRIX 002d400 
C• CPD IS NOW THL AMONG bROUP sscp MATR IX 0U2d5UO 

---,:-·-111- C• CPA IS NOW THI;. TDT..A.L~SCP t~ATr{IX QO~b600 
~~, C• 00 8700 
2~6 C• UUTPUT 002ti80U 
2U9 C• 002b900 

40~k~AT 14 ~iirl~¾~1H*), 5X, 28HAMUNG·uRUU~ SSCP MATRIX FOR , I3, 88~~~88 
1 7H GROUPS, SX, j6(1H*)/ 41X, 3dC1H*)/ 41X, 38ClH•)) 0029200 

CALL UMPRIN (CPD, NC, ~c , 'A·ssCP'., 1), lU) 0029300 
2Y4 PRINT 99 __ _00224...00 _ 
2Y2 
2Y3 

• 

-- - ---------------

..... 
w 

----·-------------



I • · t 

• .. • 
2'i5 PRINT 150, NGA 
291 
2 '1 
2<J8 
2..2_2_ 
300 C* 

150 FURMAT C1H1, 35ClH*)., 5X, 2YHWI1HIN·GROUP SSCP MATRIX FUR 
1 7H GRUUPS, 5X, 35CtH*J/ 41X, J9C1H•)/41X, 39ClH•l) 

CA~L OMPRIN (~PB, NC, Ne , 'w·$5CP', 15, lU) 
_ ~ NT 99 . 

~01 C• 
02 C• 

FINO THE OETlRMINANT OF POOLLO W1THl ~·~HUUP MSCP MATHIX 
J_O 3 CALL QARRAY C2, N~C, N~, 15, 1~, Cl"'CA, CPCJ 

- CALL OMINV CCPCA, NC , OETW, LL, MM ) 30q 
305 
30~ C• 
30 C• 
308 C• 
309 C• 
310 c• 

c..! 
C• 

IF CDETW,EQ,Ol OETW = 0,0000000001 

S E T U P B O X ~ S M C H I T i:. t\l O N 

TLST THE HOMOGENEITY uf GHOUP oIS~EHSlUN dY 8U X'S M 

Ml= CTNP • NbA) * OLLIG CUET WJ 
BUXSM = Ml - M2 

002Y500 
, 13, 002Y600 

.5 Nl =(NGA• 1,0) * _NC * CNC + l•OJ I 2,U __ _.,,. __ . . . = CfAl • Cl,O / CTNP • NGA ))) * C2•0 * CNC ** 2,0) + CJ10 * 

0029700 
002Y800 
0029900 
0030000 
U03U1UO 
00.3U200 
OOJUJOQ 
0030400 
0030500 
003U60U 
0030700 
00.3Ub0U 
OU30900 
0031000 
ou.:n1uo 
0031200 
00.31300 
0031400 
Ou31500 

NC)UU31600 
0031700 • l•U> I C6,u • lNGA • 1.0> * CNC + 1.0)) 

= (FA2 • Cl,O / (fNP • NGA) ** 2,0)) * CCNC • 1.0> * CNC + 2•0)00.31800 
'H , • rf'"_)_/__c._ 6..L.CL..:!.. lN GA • 1 • U > l 
~~O Olr = A2 • Al ** 2 
3il IF COIF) 160, 160, 16J 
3~2 160 N2 = CNl + 2) / (Al ** 2 • A2) 
3:C:3 B1 = N2 / {1 ~l + C2 / N2)) 
3~4 F = CN2 * BOXSMl / CNl * Ca l • BU~SM)l 
3~5 GO TO 170 
3~6 165 N2 = CNl + 2) / (A2 • Al ** 2) 
3 :C: 7 B l = N 1 / C 1 • A..L • ~ 1'4 1 / N 2 ) ) 
326 f = BOXSM 7 81 
l1g 170 8~~: ~~ 
3J1 Pf = PRBF lllE_u OF 2, r) 
3J2 SF= SIGNIFCPF) 
3J3 C• 
~1~ g: ---3 f6 c,,_• __ 

SET UP _SEAL'S TEST CKITERION 
1t.S1 1.1:t.L tl.O .. M.11.b..£.IIJ[l!'l uF GROUP oISr'EHS!ON tiY CHI .. S~UAR( 

3J7 
338 

340 
341 

0 I:. T PI = D LOG CD ET PI / l l) E TI~ * * C C TI~ P • NG A) / 2 • O l ) ) 
CHI2 = •2 * C(l•O • A!) * OETPI> 

___ __.,OµF_c.1112 = __lNG_A_· 1.0) * NC * (NC + l,U) I 2.u 
PCHI2 = PRBFCDFCHI2, 1000.0, CHI2 I OFCHI2) 
SCHI2 = S1GN1FCPCHI2) 

342 C• 
__ -;3~4;;--;3 C• Ou.le..U_T 

0031900 
0032000 
0032100 
0032200 
00.32300 
0032400 
0032~00 
0032600 
OU3i700 
0032800 
00332908 oo 300 

881~~88 
003.3300 
0033400 
0033500 
0033600 
0033700 
003.3800 
00 33900 
0034000 
0034100 
0034200 
0034300 
0034400 

PHINT 173 Oo.34500 
344 C• . 
345 
346 
34/ 

173 FORMAT ClHl, 35ClH*), SX, 23HTEST UF HOMObENElTY UF., Oo3460U 

:s 
3:>0 
3!) l 

:)~ 

3:)4 
3:u._ 

1 . 17HGRomn· OJSPt::KSIDNS ,4x, .35(1H•)/4 1X,41Cl H•l/ 0034700 
2 4Ix, 4 lH•)) OoJ4800 

PRINT 175, DEW 0034900 
175 FURMAT C//lOX,~OHUETt::1c MINANT LlF PUQLEU ~llHIN·GHDUPS MSCP ~ATRIX =Ou3SOO O 

1 , f20,1211> 00J~1ou 

_ 1_6_0 ~~~~IT 1 ~~i 1I8~~M19~8U~~ ! ., M 0t~i T t~ 1 o~F ~ ~Hf ~o. ~~ l:~ J~i x~c ~Af !T~~ ~ l ~., 88 j5~88 
1 F9.5, ~X, 26HW1TH UEGRlES UF FHEEDLJM =, lb, 5H ANU, I6// U03'.:>400 

___ ....._ ___ 12X.,_ lLl::tAf.lLI _fK u8AB1LITY = ., F7•4, :>X, A4/////10X, 003~~00 

• 

- - -

!--4 
w 



y 

• • • 
356 3 23HSEAL'S TESr ~RITERluN =, FlS,5// l~X, 0035600 
357 4 16HIS ~HI·SQUAKE WITH , I6, 19H U[~REES UF FRE[DU~ II 16X, Ou35/UJ 
3,8 5 17HANU PROBAB1L1TY =, F7.~, 5X, A4 ///) ou3~800 
3~9 PRINT 99 0035900 

* ---~-- - - U03o000 
361 C• UNIVARIATE f•TEST Ou36100 
362 C• 003o2UO 
363 BF1 =NGA• 1 0036300 
Jo4f2 = TNP • NGA _ 0JJJ6_9_0U 
365 PRINT 185, DF1, DF2 U0365UU 
lo6 185 FORMAT (1Hl, JO(lH*), 4X, JlHUNIVARIATE r-KATios, WITH DFl =, 14,003b600 
367 1 10H ANU DF2 =, I6, 4X, 30(1H*l/ 3~X, ~lClH•)/JSX, ~1ClH*l)U036700 
3b8 PRINT 190 OuJ6BOO 
369 190 FURMAT (//7sx, 8HVAR1KtlLE, 24X, 7jHAMUNG M•S· WITHIN M•S· F·RATIUU369UO 
3/0 10 PRObA8ILITY SluNIFICANCE EfA SQUARE/) Oo37000 
371 DO 195 P = 1, NC 0037100 
3 / 2 AM L.::._C PD C P, P l / Jlf l OU 3 7'2 u O 
373 WMS = CPB<P,PTT DF2 Oo373UO 
3/4 F = AMS / WM$ 0037400 
3/5 PF = P~BFlDF1, OFi, F) 0037500 
3/6 S£ = SIGNIE....leEl 0037600 

--~3Tf ET~Q = 8PDCP,P) /(CPu(P,P) + CP8<P,P)) ou37700 
3/6 195 PRINT 20, CKCCP,JJ, J = 1 , ~), AMS, WMS ,F, PF , SF, ETA~Q 0037800 
3/9 200 FURMAT cax, 5A6, 2X,Flo.5, 2x, F10,5, 3X> r 10.s, ~X, F7.4, 6X, A4,0u37900 
3JtQ ___ _ __ L _____ ._ LLX, f tl • ~ ) 8 8 ~ ~? 8 g 

201 

TEST UF £QUALITY OF ~ENTROID~ 

fl~D DETERMINANTS OF POOLED ~ITH1N GKOUP SSCP MATRIX CoET~) ANU 
TO AL SSCP MATRIX Cu~T D) 

8 ~81 6 ~ l~ ~E 
CPCCP,Q) = 0,0 
CfCCp,ij) = CPdCP,Q) 
Htt B~~~OY ~~k~1/N~~'otfs, 1rr,c ~~~ , CPC) 

394 DO 202 P = 1, NC 
395 OU 202 Q = 1, NC 
,li_6 __ -..--::--=- CE C~'-f.L_Q ) = 0 •JL__ 

--~397 202 CPC-ep-;-Q) = CPACP,Q) 
3Y8 CALL DARRAY Ci, NC, N~ , 15, 1~, c~cA, CPC) 
3Y9 CALL DMINV (CPCA, NC , O[TD , LL, MM) --~uo IFCDEID,EQ~O_ >_ DLTD = 0.0000000001 
4UI C• 
402 XL= DETB / OETD 
403 YL = 1 • XL 
404 PHINT 203 

----,,-rrr-- 203 FORMAT CIHI, J5TlH•J , 5X , 31H TEST OF EQUALITY uF CENTROIDS , sx, 
1 35(1H•)/ 41X, Jl(lH•)/ 41X, 31ClH*J) 

0038200 
003tj300 
0030400 
Ou38500 
OUJ8600 
0035700 

B818ij88 
OU39000 
0039100 

881~~8 
oo.H4UU 
0039500 
o_u 396uv 
0039700 
0039800 
U03Y90U 
004UOOU 
Ou40100 
Ou40200 
0040300 
0040400 
0040500 
0U4U600 
0040700 PRINT 205, XL> YL 

-05 FORMAT C/// 37X, 17~JjlLK'S LAHBOA 
1 tTIRRELAIIDN R~ II~~A SQUAR[ ~, 

H CNC • 2) 210, 210 , i20 

= ,F20•12 I lOX, 44HGENERAL1SE0004U8UO 
F20.12) ~U9UU 

1~ CNuA • 3> ,15, 215, 220 
YL = XL 

220 

F~ ~ fNP • 3.0 
GU TO 225 
SL= SQHTCCCNC ** 2.u) * CCNGA - i.u> ** ~.O) • 4eO) /CCNC 

0041000 
0041100 
0041200 
0041300 
0041400 
0041~00 

* * _2 , 0 lQ_O 4 1 6 0 O 

• 

. .....,. 
w 



• • • 
417 1 + CCNGA • 1,0) ** 2,0). 5,U)) 

L = XL ** '1-o Tsl) 
419 PL = CTNP ~ l•O) • CCNC + NGAJ I l1U) 
4~0 QL = •CCNC * (NGA• l•O)) • 2,o> I 4.u 
4 2 ~ 1iL = _ U:L~UiG A_ • 1 t O ) ) / 2 • 0 
r-2 F1 = 2,0 * RL 
4l3 F~ =CPL* SLJ + {2,u * QL) 
4~4 225 Dfl = Fl 
4~!;) Df2 = F2 

5 F = ce1.o • YL1 1 YL1 * CF2 / FU 
PF = PRBfLDFl , DF2, f} 
Sf = SI <iNI F C PF > 

·-· PRINT ~30, .. [1__D_F1, or~ , PF, ~F 
4 J O 2 3 0 f O R1fA'r' C7T/TU X , 3 5 H F • R A TI O , U V E R A L L U I ::> C t-<I M I N A TI U N , = , F 9 • 5 , 

1 26H WifH D~GREtS UF FRlEOOM =, 16, 4H AND, I9//27X, 
2 19H ANu PROBA~!LITY =, F7 1 4, 5X, A4///) 

·-- PkINT 99 
434 C 

C 
C 
C 

C 

DISCRIMINATE ANALYSI~ 

U TO (52/, 910, ,oo>, IOPT 

500 CONTINUE 
IH AD C 5 , 1 O ) NG_, N C , f I~ P , N F ___ .,........ ____ ~tt~~ 

~:1 
m 
447 
448 

C c 
8 

RlAD CS,25) CfMT1CI>, I = 1, 
READ C5, 25) (fMTOUT(!), I = 

READ IN UPPER HALF OF TSSCP 

4 4 9 0 n S-'lS P = 1 , _ N.C 
, 4!>0 505 READ (5, FMTl) (CPA(P,Q), Q = 

4!) 1 C 
4!;)2 C 

___ 4_>3 C READ I N UPPER HALF Uf WSSCP 
4::>4 C 

NF) 
l,Nf) 

P, r~ C) 

4!)5 DO 515 P = 1, NC 
4~6 515 READ CS , fMTl) CCPBC~,y), Q = p, ~C> 
~7 C 

--~4~8 C RlAD IN GROUP MEAN VELTORS AND GRkNU MEAN VEClOR 
4!:>9 C 
400 OU 517 I= 1, NG 

___ '+JLL 517 RlAO C5; F~tl> CMlANC~,p), P = l, _NC) 
462 HEAD CS, FMTI) CSUMTC~J, P = l,NCJ 
4b3 C 
4o4 C COMPLETE THE LITHER HALF OF TSScP ~ WSSCP 

S C 
06 DO 520 P = 1, NC 

4o7 DO 520 Q = P, NC 
:gs s20 g~~~s:~~ : g~~f~=~~ ----,-4 ..... 7.,...0-
471 C COMPUTE A·SSCP 
412 C 
4lL __ D0 _525 P = 1, ~ C 
1fT4 OU S-25 Q = 1, NC 
4/5 525 CPDCP,Q) = CPACP,Q) • CPB<P,Y) 
4/6 C 
!1.1.L C ouTPUJs--·-·ll.ILES 

0041700 
0"041800 
0041900 
0042000 
00421UO 
0042200 
0042300 
004:2400 
01.)42~(.)0 
o·o-ir2 6UO 
0042700 
0042tl00 
0042900 
004300U 
0043100 
0043200 
004J300 
0043400 
0043500 
0043600 
0043700 
0043800 
0043900 
0044000 
0044100 
0044200 
0U4430U 
0044400 
0044500 
0044600 
0044700 
0U44B0U 
00449UU 
004~000 
004:>100 
004:>200 
0Q4::>30U 
004~400 
Uo4,5UO 
004'.:>600 
0U4570U 
0045600 
0U4:>90U 
0046000 
0040100 
0046200 
Oo4o300 
0l)464UU 
0040,00 
004b600 
004o/OU 
Uo'~otiOO 
0U46YOO 
0047000 
0U4/10U 
004/200 
0047300 
0047400 
0047S0u 
Oo4/600 
004(/00 

·-

• 

~ 

w 
r..::,. 



• • • 
478 C 
479 PkINT 47, KH 
4~0 PRINT 526 
4 tH 5 2 6 f CJ R M A T C / / 2 0 X , 2 5 C 1 W£ J , 5 X , 2 l H D I -> C H 1 r,JI t ~ Ai n A N A L 'f S I S , S X , 
ll2 GO TO 529 
4d3 527 PRINT )26 
4d4 528 FORMAT C1H1) 
4b5 P~INT 526 

__ 4 d 6 52LC.itltllN.U----..E __ 

0U4780U 
6u479bci 
uo4aooo 

25(1tJ$))004bl00 
00 1·Ll;200 
OQ4tUOO 
004ti40CJ 
001rn500 
.QoAJi.6.0JJ 
0048700 4b7 -~I~T-~31, NGA, N~, TNP 

466 531 FORMAT C////20X, . NO• llF GROUP='., 1.3, 3X, ' NU • OF CHARACTER 
4d9 1 13, 3X, 'TOTAL NO• OF QBSlRVATION = ', 16 ) 

= ',OU4ti800 
. Oo41:l900 

0049000 
004Y100 
004Y200 
0049300 
0 0 4 2-4 OJ) 
0049500 
0049600 
0049700 
0049_8_00 
0049900 
0050000 
oosu100 
ooso2og 
005030 

490 C _ 
491 If CNC • NGA) 530, 5.3~, 535 
492 530 NCA = NC 
493 GO To 540 
424 535 NCA =NGA• l 
4~5 540 cu~TINUE 

CALL DARRAY C2, NC, N~, 15, 15, 
497 CALL DARRAY C2, NC, ~~, 15, 1~, 
498 CALC DARRAY C2, NC~ _N~~ 15, 15, 
499 CAL NROOT CNC, CPOA, CPBA, T, 
500 CALL DARRAY Cl, NC, N~, 15, 1~, 
501 CALL DARRAY Cl, NC, N~, 15, lj, 
~ O ~ C.A L L D ARR A Y C 1 ,_N_w_ J"J.: , 1 5 , 1 ~ , o C 

CPA NOW CONTAINS r·ss~p MATRIX 

CPBA, 
CPCA, 
Ct"OA, 
CPCA) 
CPBA, 
CPCA, 
CPOA, 

CP8) 
CPC) 
CPD) 

CPB) 
CPC) 
CPD) 

~8~ ~ 
~ 
508 
5U9 

CPC NOW CONTAINS [IGlNVECTORS OF H·SSCP INVERSE* A•SSCP 
T NOW CONTAINS EIGE1~VALUES oF w•sscp INVERSE* A·SSCP 

XL= 1•0 
TRACE= 0,0 
DU 545 P = 1, NCA 

514 UCP~ =TCP)/ ClaO + I1P)) 
515 VCP = SQRTCUCP)) 
516 W(P) = 1.0 I c1.o + f(P)) 
517 XL= XL* WCP) 
5 1 B 5 4 5 UU C E = l.8JlCL__t_L(__f> _) 
519 DO 550 P = 1, NCA 
520 z,P> = o.o 

l 550 ZCP) = 100•0 * CTCP) lrRACE) 

553 
555 
560 

GO TO (575, 910, 553), IDPT 

TEST lHE EQUALITY OF ~ENTROID~, VIA DIFFEKENT APPHOACH 
IF CNC • 2) 555, 555'565 
If CNGA • 3) ~60, 560, 565 
YL = XL = ? i. 

5J1 f2 = TNP • 3•U 
5J2 GO TO 570 
5J3 565 SL= SQRTtCCNC * NC) * CC NGA • 1.u) ** 2) • 4•0) I CC~C * NC) + 
534 ll(NGA • laOl ** 2) • ~.O)) 
535 YL =XL** c1.o / SL) 
536 PL = CTNP • 1.Q) • CC NC +NGA)/ 2,0> 
5 3 7 Q L = .. C C N C * C N G A • 1 • v ) > • 2 • O ) I 1• • O 
5 J 8 R L = C N C * C N t1 A • l-e-0-J l I 2 • 0 _ _ 

0050400 
oo~usoo 
QQ-5 Q6J)_Q_ 
0050 700 
0050800 
0050900 
0 0 51_0 0 Cl 
0051100 
0051200 
00:>1300 
00514.JlO 
00:>1500 
0051600 
0051700 
_Q_l)51800 
0U51900 
00~2000 
0052100 
0052200 
0052300 
0052400 
00:>2500 
_Q(J52 _6_00 
0052700 
0052800 
0052900 
OQ.2_.JQJLO 
005.HOU 
00532UO 
0053300 
00534.00 
Ou53500 
0053600 
00~>3700 

__o_o_s .i8JJJ) 

• 

..... 

...... 



• • 
539 Fl = 2•0 * 
5~0 f2 =CPL* 
541 570 Dfl = Fl 

+ c2.v • QL> 
542 Uf2 = f2 
5 4 3 E = U-L~- YLl. L Y L ) * C f 2 I f l ) 
544 PF = PRBFCOfl, OF2, r) 
545 SF= SIGNIF CPF) 
546 YL = l•O • XL 

__ __,5~7 PtuNT 203 
546 PRINT 205, XL, YL 
549 PRINT 230, f, DF1, DF~, PF, 5f s,o PRINT 99 

' . '( 

• 
_ 0J.)S.i900 

ou:,4000 
0054100 
00,4200 
0054300 
00':>44UU 
00'.:>4500 
0054600 

_ 0..0~4 700 
0054800 
0054900 
00:>:>000 
0055 l 00 5'l1 5.15 PRINL-SU __ _ 

5~2 577 FORMAT(//// JOC1H*), ~x, 4SHCHl·~QUAHE 
5~3 1 REMOVED, 5X, 30ClH•)l3SX, 45(1H*)/35X, 

TlSf rl lfH SUCCESSIVE ROUTS005'.:>200 
4'.:>(lH*)) 005:>300 

554 PRINT 578 
5'l5 578 EOR..M.AT C// 5-XL.-.!-KOUT:> CANLINICAL K ~QUAH~U 
5~6 1• D•F• PkOBA~ ~IGNI• LAM~UA PEKCENT I 
~5b ~R (ETA) CEfAA8~VA~1) VALUES SQUAKE 
5'l9 C --
560 C SET UP THE REVERSE wC~)Pl I NS CP) 
561 C 
562 P = NCA s b 3 s o~_±J_) -=-1...1 o 
564 560 SCP>= SCP+l> * W(P) 
565 P = P • 1 
566 If Cp) 585, 5b5, ,so 
567 565-C..ON...LUUJE . -
568 PL = CTNP • 110) • CCNC + NGAJ I i,Ul 
56~ DO 600 P = 1, NCA 
5/0 PT= P • 1 
511 NOE = CNC • P-L) x_{Nl.iA .. PT • 1 • 0) 
512 YCP) = •PL * ALOG CSC ~l) 
5(3 PCH12 = PKBFCNDF, 10Uv.o, yCP)/NDt) 

oo,s4ou 
LIGE~- CHI005~:,00 

SX, REMOVED 005~600 
BILITY FICANCE0055700 

0U55800 
005,900 
ou,6oou 
0056100 
OU5o20U 
ou5o30U 
0056400 
0056500 
0()':>6Q00 
0056700 
0056800 
oo,6900 
00'.:>100U 
0051100 
00'.:>7200 
00:>7300 

574 SCHI2 = SIGNIFCPC HI2) 
'i.15 6 0 0 e R 1 N I 6 0 ~P--1...LV C~) , U ~ P ) , T C P l , Y ( P ) , N D F , P C Ii 1 2 , S C H I 2 , S C P ) , 
5/6 605 FORMAT C/7X, !3, ~x, r1.4, 6X, F?.4, lX, r11.,,r10.4, lX, 14, 

0057400 
ZCP)Qo5750.0 
2x, ooSt6ou ~f, C 1 Fb16, 4X, A4, ix, F9•o, lX, Fb,4) 

519 C - -
5d0 00610 P = 1, NCA 
5dl DU610 Q = 1, NC 
~~L 5PD~P,Q) ~ o.o --~-OL,_.._, ____ _.,_ ,0 _ LO_ M_ -1., N C 
5b4 610 CPD<P,Q> = CPUCP,Q) + CpCCM,PJ * CPACM,Q) / CTNP • leU) 
585 OU 61r P = 1, NCA 
5d6 DU 615 Q = 1, NCA 
5 b 7 Ci' B C P..,J.l L :;_ _a_._u_ 
5b8 DO 615 M = 1, NC 
5b9 615 CPBCP,Q) = CP~CP,Q) + CPDCP,M) 
590 617 TCP) = DSQRT(CPBCP,P)) 

y_i_ c x.. .. .. . " .. • 
'f i 1,; 1,; r 0--N D W CONT A lNS ( E Id t. NV ECTOR:) 

51J3 C CPB NOW CUNTAINS CEIGt.NVELTOH~ 
5~4 C 
5_9.2_ __ _O_(L 6...2JL e. = __1 , tit 
596 DO 620 Q = 1, NCA 
5Y7 620 CPCCP,Q) = CPCCP,Q) / TCQ) 
51J8 

_ __2_ 
C 

* Ct-'CCM,bl) 

OF W ••(•1)• A) * T•MSCP 
Of W ••C•l)• A> ** 2 * T•MSCP 

8Ssf~88 
0U571JOO 
00:>5000 
005tHOO 
U05t>200 
00:>d300 
00Sd400 
OO'.>b500 
005b600 
Ou'.:>d!OO 
005d800 
0058900 
0059000 
00'.:> ':i l 00 
0059200 
OO'.:>Y3UU 
0059400 
005':iSOO 
0059600 
00'.:>':i 7UO 
0059800 
0.1)5~900 

• 

~ 

~ 
- - ~ 



y 

• • • 
600 625 FORMAT ClHl, 39(1H*), )X, 'Ol!>CRI 11INANT fUNCTlONS VECfORS', 5X, 0U6UOOO 

01 1 39C1H•),/ 45X, JOC1Hw)/45X, 3UC1H*)) · 006Ul00 
602 PRINT 628 0060200 
6UJ 626 roRMAT (/28X, 'THE c9lFFICIENTS F0R PHODUCING STA NO ARUIZEU Dl5CR1M006U300 ~e! ~l~~~!•~COHES~t/33XJ fROM GROUP OtVIATION VlCTOHS ARE LISTED AS cogggs~gg 
606 CALL 6MPR1N ccpc, NC, Ne, •cHARA• ', 1,, tu) 0060600 
607 QU 630 P = 1,NC ' 0060700 
608 630 ZLE) = DSQRTCCPAJP,e) I CT NP • 1.u)) OO!>J.L8UO 

~iZ e z NOW CONTAINS TOTAL !>AMPLE STANOARU UEVIATION 8Btt~ss 
611 OU 635 P = 1, NC 0061100 
6~2 DlL.615-c-~ = 1,-N_c__ Q061200 
, - 635 CPACP,Q) = CPACP,~) / CTNP • LCP) * L(~)) 0061300 

640 

CPA NOW CONTAINS TOTAL SA MP LE C0RKELATI0 N MAf~IX 

OU 640 P = 1, NC 
DO 640 Q = 1, NCA 
CPBCP,Q) = CPCCP,Q) * LCP) 

6 2 O O Q_o_ll5 P = 1 , N-.C_ 
. .. . DO 645 Q = 1, NCA 

CPDCP,Q) = o.o 
Du 6~5 ~ = 1, NC 624 645 ceoc ,Q = cPn~e LQ) + CPAC P,L) * CP8CL ,Q) •.• - C 

C 

0061400 
0061~0CJ 
Ouol60U 
0061700 
0061800 
0061900 
00t>2QOO 
0062100 
Ou6~200 
0U6~3l.lO 
Ou6~400 
UUb2500 
006260() 

P~INT 650 0062700 
---- - ~ 50 EuRMAJ(1H1, JGClH*)-1~X, 45H FAcTUt< STt<UCTUf<E FOR UlSCt<IMINANT FU NCO~Q6l~OO 
6G9 1Tl0~S , sx, 32(1H•)/ .rnx, 45(1H*)/ 3t>X, 4)(1rl*)) 0062900 
6JO PRINT 653 0063000 
6J1 653 FORMAT (/17X, 'THt CUt<kELATI0 NS BlTWELN DISCRIMINANT SCORES (IN cuoooJlOU 

-----s6~2 1LUMNS) ANO DRlGJ_NAL S~URES C 11~ RU~ S)') 006J20U 
bJ3 CALL OMPRlN---ccpo, NC, NC , •c HA RA,~, 15, 1U) 00oJ3U O 
6J4 C 0063400 
6~5 00 655 Q = 1 ,NC 006350U 

___ 6~J- 6 655 ZiQ) = o.o _ UQ63b0 0 
6'J7 DU 665 P = 1, NCA 0063700 
6~8 YCP) ~ 0•0 Oo6J800 
6J9 DU 660 Q = 1, NC 0063900 

--~640 Z(Q)~ Z( __ Q_.)_ +_ CEJ)(Q~P) * cpoC~,P) OU64000 
641 660 vcn = Y(P) + CPOCQ,P) * Cpocw,P) o66410U 
642 665 YCP) = 100•0 * (YCP) / NC) 0064200 
643 PRINT 670, NCA 0064300 
6 4 't 6 7 0 f UJiltAJ _ _LlH 1 , 3 3 U H * ) , 5 X , 1 7 H C O MM U N A L I T I E !> F O R , I '.'J , 2 l H D I S C R I M I N A O O 6 4 4 0 8 
645 lNT FACTORS, 5X, 31ClH*l/39X, 43Clrl•), /39~, 43C1H*)> 0064~0 
646 PRINT 673 U0646CJU 
647 673 fURMAT (/JSX,:THE . SUM OF SQUAr<J="S ur RUWS UF THE STRucruRE MATRIX')006470U 
648 CALL DMPRIN (_"1.__Nc__t 1, 'CHARA. 1 , 15, 10) :_ 00648UU 

i~g ~~l~t i15 88is~88 
6S1 675 FuRMAT (////lX, 1~(1H*), sx, :PERCE NTAGE uF TkAC( OF TOTAL C0RRELA006~10U 
~~f ~,A~~H~,rR;~~~-~I~~})oR BY lACH FLJN~TIUN', ~x, l5(1H*) /21X_, &~~~88 

PRINT 678 006~400 
676 FORMAT (/31X, 'THE SJ M OF SQUARES OF EACH COLUMN OF THE STRUCTURE OOb~~oo 

MA.t RIX',/ 3il, • _Q 1 V 10 £ iJ A Y THE r RA~ E O t TOT AL CORR t. LAT l ON MAT R 1 X ' ) 0 Q 6, 6 O 0 
CALL SMPRIN IT, NC, 1, TFUNCI• , 15, 10) ' 006~70 0 
Pt{INT 99 006,bUU 
PRINT 679 006,90 0 

.,,,. .. ---6 7---9.-FURMAT (////lX, 19.i.ul*), sx, '.sTA ,~ UAf~U UEV1ATI0N (8-ASLU Ori lDlA~_QQ-6oQOU 

• 

t...,._ 



• • • 
_ 1 1 MEAN SQUARE) FOR DI~CRIMINA~T SLORES', SX, l9(1H•)/25X, 0(.)66100 

· - - 2 71C1H*)/25X, /1C1H•>> 
CALL UMPR!N CT, NC, 1, ' S,D• ', 15, 10) 

o~TAl] GROUP CENTRUIU IN DISCRIMINANT SPA~Es 

-- 6 MM • w • ..,_..,, QJ!.O, 680, 730), IC[NT 
67 C 

660 CuNTINUE 
DU 700 I= l;NG 
DU ~~5 ~ = 1, ~.c...A CEN 1, > = O•O -
00 685 Q ti 1, NC 

6/1 
612 

ffi 
6'15 

CENIT Cl,P) = CENT C!,PJ 
. 685 CON IfflE 
x ~00 CONTIN . 

GO TO~ 01, 701, 705, 730), !CENT 
701 PRINT 702, NG, NCA 

gf9 
78 

679 

+ CMEANCI,Ql • SUMTCQJ) * CPCCQ,Pl 

6b0 

8. 066200 
066300 

0066400 
0066500 
0066600 
0066700 
0066800 
Q..066900 
(T0670U-0 
0067100 
0067200 
0067 300 
0067400 
U06750U 
0()67600 
0067700 
0067800 
0067900 
0068000 

. ~ 7 O 2 f ORM A T C l H 1 , . 2 5 C-1J:i.!) , 3 X , 1 2 H C E N T R O l U S lJ F , I 4 , 1 U H G R O UP S ffi S 1 rI H D I ME N S I u ,1 A L l)l S C t< I M I 1~ A N T S P A C £ , 3 X , 2 5 C 1 H ,d / 
IN, I3,006tHOO 
29X, 006d20D 

6b3 
684 

ffi 
687 
6b8 

C 
C 

C 
C 
C 

2 60C1H*)/ 29X, 60C1H*)/) 
CAL.L SMPRIN (~ENT, NG, NCA, 'l.iROUt'', l6U, 10> 

l.O_C 7 0 5 , 7 3 _Q , 7 .f) 5_, 7 3 0 ) , I C E N T 

SAVE THE DISCRIMINANT CENTROlu IN FIL E 30 FOR *SIMMAT* 

05 68NJ~NUE 10 I= 1,~G 
710 WRITE (JO, FMTOUT) CClNTCI,Pl, P = 1, NC > 

LUCK 30 
llO CONTINUE 

TAIL PIECES 
GO TO 910 

905 ttiA~lr 9
~~,, 3ux, 60C1H*>IJox, 60<lH*>13rx, 47HTuo MANY 

1 UP , P O O LED A N AL Y S l S O M I T T E D / 3 u X , o O C 111 * > / J O X , 6 0 C l H * ) ) 
, -1 910 PtUNT 91~ . 
"' " 1 5~RlfKTTT/ 7 3 0 X , 6 0 C 1 H * J / 3 O X , o O C 1 H * ) I I 4 O X , 4 1 H P R O G R A M 

lS•H•TEUW, AUGUST 1976 // 3QX, 6UClH*)/30X, 60'1H*l) 
920 CONT

1
INUE 

GO o 1 
9g--cAbL EXIT 

EN 

U06d300 
006d40U 
006dSOO 
0068600 
0(.)65700 
006tid0U 

8068900 
06':iOOO 

006Y100 
006Y200 
0069300 
0069400 
0069500 
0069600 
006Y700 
0 Oo9""81TO 

MISSIN~ GKU0U6Y900 
oorooou 
0070100 

MANOIS ~y 0070200 
007U30U 
0070400 
0070500 
0070600 
OOfU7UO 

• 

.... 
~ 



• 
LIST SYMBOL/TRANSF 

DATE 01/17/78 TIME. IS 14lJ5 

.J- ... D-M.~-L VERSION 2e9tl70 _ 

LASTRl:.CORD = 
MAXRECSIZEIN c: 
*** Ei:iCOIC *** 

33 
14 BLDCKSILEIN = ~20 

UNITS=i'4URDS 

• 

_ _ FUNCTION TRANSF 
3 C TRANSFORMATIONS ANO MAN IPULATIONS OF UATA 

C CHOICE SIGNALLED BY OATRAN 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

AVAILABLE 
1 
2 
3 
4 
5 
6 

l RANSF ORM7IT1 uN S 

LUGlO(X> 
LUGECX> 
S"rrRTm
S(ilRTCX+O.:.>) 
SIN**C•l) CSQRTCX)) 
1/X 
_QGECX+l1 
Oo5*CLOGE,Cl+X)/Cl•X))) 
LUGECX/Cl•X)) 

-- - -- ---· LUGE(CX/Yu)/Cl•CX/yQ))) 
19 C 11 GUMP B••X . -
20 12 CODE X/K 
21 
22 

13 cTR· x·K 
14 LUG+ LUGlOCX+lJ 

23 c 
,4 C 

15 Rf~K NURMAL ~CuHES 16 C + X+K 
25 C 
26 C 

17 MULT X * K 
_ 18 CMPL K • X C~U MPLEMENT l 

~7 C ia C 
!7 

AVAILABLE MANlPULATILlNS 
29 C 
JO r. 
n- _ 501 MRAT ~/y 

S02~DfX•YJT2 
J2 C 503 MDRX (X•Y)/X 
J3 C 504 MDHY cx•Y)/Y ,, 
~~ ~ ~Q~ ~~B~--H+V /2 

MOlF x-y 
MMGO CX•Y)**O•~ 

-- _ --· MDC L ~x-y+~~) 
39 C 510 MPRD - * y--

44 
45 
46 

" 4B C 
C 49 _ 

AVAILABLE DATA HANDL11Hi 

ArrT r1 I TH ZERO 
SHIFTY lrHO X 

!>O C UATRAN (4 CoLUMNSL =_ M1~EMUNIC 

• 

0010000 
0020000 
0031)00 0 ooirnoou 
oo~oooo 
006UOOO ooTuooo 
001:iOOOO 
0090000 
0100000 
onmrou-
0120000 
013U000 
014000() 
-0 l s-oooo-
0160000 
0170000 
0180000 
-Uf9UUlHf 
0200000 
0210000 
0220000 
oz:ruooo 
0240000 
u,souoo 
0260000 
cnroooo 
otauuou 
U~YUOUU 
OJOUOOO 
OJ10000 -- -
0.320000 
0J3UOUO 

8.340000 
JSOOUO 

0360000 
OJlUOOO 
OJ8UOOU 
U)900ITTJ 
0400000 
0410000 
0420000 
Ulf3u(JUU 
044UOOU 
04~00UU 
04600UU 
04 TUOOv 
0480000 
0490000 

_ _ . __ O :ii)_ Q_O O O 

• 

'"'"4 ..... 



y 

• • • 
1 C W HE~ E M Ii EMO NI C = 0 NE OF f H £ 1' RE CL O IN Li LI~ T, ASSUMED r Ll 8 E. A 4 • 0 ~ 1 U O O 0 

~2 C TRANSX = SECOND I NPUT FOR FUi~CTl01-i, Of< BLANK 052TJ01ro 
~3 C THUS& 'llTRANSA ,LT• 31 = lNUEX UF X VARIATE USED AS 0~30000 
~4 C . ~ECUNO lNPur; 054U000 
~ 5 ~ C 2 ) TRANS A..- GT • 3 0 = A CONS TANT f FOR CUD ING , . f.. TC , _05 5 u_o O 0 
'' ASSUM[O u BL IN DIGIT FuKM U~6uouo 

uF 6 INTlGERS, CURRESPONUING TO o~ruuuu 
KEAL NUM~ER UF FURMAT F7o4 O~dUOOU 

6 c ******************************************************************ID'Juoug o ~~oUOOO 
61 FUNCTION TRANSF(OATRAN,xx,xv> U61UOUU 
62 DlMEN~ION RANKITC20,1U) Oo2Uu00 63 DATA< RANKIICI,J>,J=1,10>,1=2,20>10,5o4 ,u,o,u,u,u,o, u,o, o, ~63UOOO 
64 1 o.ao4,o,o,o,o,o,o,u,o,o, 1,02~,Q.291,0,0,0,0,u ,o,o,o, 064uoou 
os 2 11163,0.~~s,u,o,o,o ,o , o,o, o,1.L67,u,64~,o.i o2 ,u,o,u,o, u,o ,o, uosuuou 
06 3 1,352,o,1s1 ,u.35J,o,u,o ,o, o,o,u,1.4~~,o. ss2 , o .473,o,1s3,o ,o,o, 066oouu 
6 7 4 0, 0, 0 , 1 • 4 8 5 , O...L2...i2, ..u • 5...7 2, 0 • 2 15 , U, 0 , u, U , 0, 0 , 1 • 5 J 9, 1 • 0 0 1 , 0 , 6 5 6 , O 6 1 o O o O 
68 s o,376,0,123,u ,o,o,o,u ,1,s ao ,1, u62 ,o,7~9 , u.462,o,L2s, o,o ,o,o, 06HOooo 
o9 6 o,1.~29,1.116,01793 ,0.537,0.312,0.1 03 ,u,o , o ,u,1.668,1•164, U69UOOO 
10 7 Oa850 >01603,0•3B8,0ol91,Q,O,o,o ,1.lo3,l,20 8 ,u, Y0 1,U•6 62 ,0•456, 07UUOUO 
~1 8 o,267io>oa~10,o,0~1.1J6,1.24B,O.Y48,u.115,o.s10,v,335,o.16s,o, uz1uouo 

2 0 ,o, • 66, •285,0e9i0,0•763,Q,5 T0 ,0•396,0e2J4,0o077, 0 ,u, 072U000 
73 9 1,794,1•319,1,029,o.uu1,o,61Y,o,451,u,2Y~,o.140 ,o,o,1. 8 Lo ,1,3so, 01 Ju uuo 
74 9 1,066,0,s49,u.66S,O . • ~o.2,o.3s1,o.LoB,v,06~,o ,1,844,1.380,1.099, 0740000 
15 9 Ui&Jlb.tlLJLO , O • 5 4Ju O_, 4 0 2, 0 • 2 6 4, 0 • ! 31, o, 1 • o 6 7 , l • 4 O 8, 1 • 131,O•921, O 7 So Ou u 
76 9 o,745,Q,59Q,0,448,0,J1S,01181,0o 0 62 I U76UOOU 
77 C 0110000 
78 IF<XX,EQ,O,o>xx=o.ooouo1 01aoooo 
~~ E 0790000 TKANSFORMATIONS 08UUOUO 
81 C OblUOUO 
82 IFC~ATRAN,EQ•~LOGA 1 )GU TO 1 0820000 
83 Gu O 2 0830000 
d4 1 TRANSF=ALUGlO,XX) 0040000 
85 RETURN 0850000 
86 2 IFCDATRAN.Eij,!LOG N'> uu TO 3 086UOUO 

7 GO TO 4 ___ Ots /O_Q_Ou 
ti8 3 TKANSF=ALUGCXX) 088U00u 
89 RETURN OtiYUOUO 
90 4 IFCDATRAN,EQ,'.SQRT') uu TO 5 09UUOUU 
Y l G-CLlO~----- _ 0_9 l OOO lJ 
92 5 TRANSF=SQRTCXX) 0920000 
93 RETURN 0930000 
94 6 IfCDATHAN,EQ,:SQT+') GU TO 7 U94UOOO 
95 GIJ TO 8 _ 095UOOU 
96 7 TRANSf=SQRTCXX+O.~l 0960000 
97 RETURN 097UOOO 
98 8 If(DATRAN.£Q.~ACSN')uu TO 9 U9dU000 
99 y~ T~ 1~ U99UOOO 

100 9AN F= RSINCSQ~XX)J 1000000 
101 REIURN 1010000 
102 10 If DATRA NeEQ.~ RCIP') Gw TU 11 1020000 

JJ_L -----,--.--- fu ~g lf 1UJUOOO oi. 11RA F= , OIXX lu~00~0 
105 RETURN 10~0 000 
106 12 H CDAT RAN ,EQ, !LGN+' >uu TU 13 1U6U00 0 

__ 1{).7 _ _G.U TQ_j4 . _ 107000 0 
fO-S- TI T ffAffST=ALOG" ( XX+"l • O > l O 8 O OU O 
109 RlTURN 109U000 
110 14 lf COATRAN.EQ•!COR R')UU TO 15 llUUOOO 

___ 111 GU TO 16 _, __ _ __ _ l lli.J~UO_ 

• 

- - --------------------
~ 

~ 
- --- u 



s 
• • " • 

112 15 TRANSf=O.~*CALOGCCl.O+XX)/Cl•U•XXJ)) 1120000 
1 J. 3 RETURN - - 1130000 
114 16 IFCDATHAN•EOe'.EMPI')Gu TU 17 ll4UOOU 
115 GlJ TO 18 11 '.>UOO(J 

tt 17 IRA~SE=ALOG C XX IC L_O•X,O) U 61JOUU 
RET RN 117uooo 

118 18 IfCDATRANeEQ•:LGIT'>Gu TO 19 1ldUOUU 
119 Go ro 20 llYUOUU 
1~0 19 X't'=XY/10000 - 12uooou 
121 T~A1fSF=A[UG(CXX7XY)/Cl.o·CXXIXy))J 12Toooo 
122 RE.TURN 122000 0 

3 20 IFCiATRAN,EQ,;GOMP'>~u TO 21 l2JUOOO 
~ Gll O 22 l24UOOU 

125 21 XY=XY/10000 12)000 0 
126 TRANSF=XY**XX 1260000 
1i7 RETURN 12roooo 
i6 2 2 1 f C DAT RAN • E Q • : 8 AN IL'-1 Gu I O 2 3 12tiOOOU 

129 GU To 24 129UOOO 
lJO 23 I=X't'/10000 lJUUOOU 
LU IFCI,LT•2,0R•l,GT,20)~0 TO 999 1310000 
1J2 

YFt~.LTd)J=l 
1::>20QQ O - --

1.33 133UOOU 
1J4 If(J•I/2)901,YOl,902 134U00 0 
1J5 901 THANSF=3,0·RANKITCI,J) 1350000 

19 Rt TURN . lJ6UOOU 
902 JJ=l•J+ 137UOO O 

1J6 IfCJJ,LT1l)JJ=l lJtiUOOO 
1J9 fFCJJ,GT.X>Jy=I I 1J9UOOU 
1~0 HA.tlS.f=RANKI <I,JJJ_+3~o 1~0UQO O 
141 

24 ~fI8~~RAN,EQ,'COD£')Gu TO 25 
141UOO O 

142 14200 00 
143 Gu To 26 · 14.30000 
144 25 xr=xu:10000 144UOOU 

45 TKANSF=XX/XY 145U00U 
146 Rl:.IURN 146U000 
147 26 It OATkAN•EQ,'CTR•')Gu TO 27 147000 0 

ft8 21 ~V=l~1f8000 . 11i8&&8 
1~0 TRANSf =XX·XY 1SOU00() 
1~1 Rt:.TURN l~luOOO 
1~2 2 8 1LC D A T R AN • £ Q , ' L O G + ..!. 1 u u T O 2 9 - __j 52UQ0 () 
1 :)3 ¥U TO 30 1~3000 0 
1 ::>4 29 KANSF=ALUGlOCXX+l ) 154000 0 
1~5 Hl:..TURN 1550000 

t59 30 I~~·Ea.'~t.R+')Gu TO 31 1~6000 0 
GU O ' 57000 0 

1)8 31 ~Y=XY/10000 l~tiUOO O 
1~9 kANSF=XX+XY 1590000 

Q RLffiN - t{oooou 
61 3 2 IF A 1 RAN d S •:MU L r >Gu TO 3 3 610000 ..... 162 GO TO 34 1620000 

lo~ 33 ~Y=X!/10000 16~0000 ~ 
lo HAN F=XX*XY _ - - 16 ouou 
~ - REffiN 16,0000 
lt:>6 34 IF DATRAN•lS•!CMPL')uu TO 35 1660000 
107 GU TO 500 167UOOU 
1 ti8 .3.5--fY=X~flOOUO - - 16tiLIOOO 

r~g 169U000 R~tl =xv•xx 170()000 Rl:.. RN 
lfl C 

MANLPULATIONS 
17lUUOO 

1 2 C - ·--1720000 



y 

• • • • 
C 173uuu o 

A T~AN • EQ~RAT 'TGu TO 501 
-- D'4000D 

GO TO 02 175000 0 
IfCXY.EQ•O•O)GO TO 99Y 176000 0 
18..~SE=XX/XY _ 1770000 ----RET RN _ f7tWOOU 
IfCDATRAN•EQ•:MMDF'>Gu TO 50J l79UUOU 
GO To 504 1800000 
lliANSF =CX X""XY)/2 - 18100UO 
RCiURN fFZ u-o ou-

1d3 504 IfCDATRAN,EQ.~MDRX')Gu TO 505 1830000 
184 GU TO 506 184UU00 

l ff~ 505 ~H-t1~N=(XC_XYJ/XX l 85CJOOO 
lc,60000 

lb7 
l ti8 

506 IF<YATgA~,EQ.:MDRY 1 )Gu TO SOI 
GO O 0 

lc,7uooo 
1880000 

ldg 507 fE C X~~Millxfll 99~ lb9U00 0 
19 HAN = Y 190(HJO u 
1~1 RETURN 191UOUO 

l~j 508 ~icyergf~•EQ.:MMSM'>Gu TU 509 19~0000 Y 0000 
194 509 TRANSF=CXX+XY)/2 1940000-
UIS Rl::TURN 1950000 
196 510 IFCDATRAN.EQ•:MSUM'>~u TO 511 l y6()00() 
197 Wh-ij 512 1970000 
198 5 11 H St= X X + X y- - - 1Y80000 
1Y9 RETURN 1Y9U000 
2UO 512 ItCDATRAN.EQ•'.MDIF')Gu TO 513 iuooooo 
201 ~U TQ 514 2010000 
202 513HANSF=xx~xv 2020000 
203 RETURN 20.3UOOO 
2U4 514 IFCDATIAN.EQ.'MMGD'>~u TO 515 2040000 
20~ ~8:JUOO O ~~ T~ 16 ' 60DO D 20 515(X • Q.u.Q)XY=O.O~OvU1 
2U7 TRANSF=SQHTCXX•XY) 2oroooo 
2U8 Rt:TURN 2Ud0000 
209 516 ~F<Dal§~N.EQ•:Ml1Cl.~)Gu TO 517 20'i0000 
210 u T 8 21001JITT) 
211 517 THANSF=ALUGCXX•XY+2'.)•V) 2110000 
212 RETURN 212000 0 
213 5 1 8 U. C DAT ~AN .I S • : M.eRD ' > U ~ T O 5 1 9 2130000 
214 GO TO 00 21 ~0000 
215 519 TKANSF=XX*XY 21 '.:>0000 
216 RETURN 2160000 
217 C - - 2170000 
218 ~ DATA !>H!F Tl NG 218000 0 
219 21900UU 
220 600 IFCDATRAN,EQ•'WIP~')Gu TO 801 2200000 
2~1 ¥~--,M 802 . 2210000 
222 601 ;i:-=o. o- - 2220\WU 
223 RETURN 223UOUO ....... 
~~~ 602 ~f(9ATRAN,EQ•'RECV'>uu TO 803 ~~g8888 ~ 0 0 Y99 ' _ _ 

227 
803 THANSF=XY Z26UOOO 

RETURN 2270000 
2t!6 C 22c,oooo 

~--8- ·- UNTRANSfURMEU DATA 2290000 
230UOOU 

2J1 999 TRANSF=XX 2310000 
2J2 ~ATRAN=!ORIG' 232000() 
2 J 3 t::TURN -- - - - 1-.J3uouo_ 
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• 
L!ST ~YMBOLISIGNIF _______ _ 
DATE 01/17/78 TIME IS 14:35 

SXSTEM/DUMPALL VERSION 2.9.170 
LASTkt:CORD = 
MAXRECSIZEIN = 
*** EUCOIC_ *** 

1 

21 
14 BLOCKSILEIN = 420 

UNI rs=wotws_ 

FUNCTION SIGNiFCPHOB) 

• 

TTCAwcr-SYMBULS FUR PROBABILITY T£ST :, 
4 C 
5 IFCPR0BtL£•0,1)GO TO~ 
6 S~F=O NS ' 7 GU d 8 5 IFCPRO tLE•O•OS)GO ro 10 
9 SIGNIF= CNS)w 

10 ~~ TO 30 l 1 IOCPROB,LE•O•ODGO- Tu 15 
12 SIG~IF=' * ' 
13 GU O 30 . 
14 1 5 1-f C ~B , L E • 0 • O O 5 ) (il) l u 2 O 
15 SlG F=' ** ' 
16 GU TO 30 . 
17 20 IFCPR0B.Lt,o,uo1>uo Tu 25 
~ S LG~ I E = ' * * * • _ 
9 Gu O 30 

~o 25 SlGNIF='****' 
21 30 RETURN 1 

• 

' 

----------·--- -- ·- -

• 

0000100 

8888j88 
0000400 
ouuusuo 
0UUU6UO 
OuOOTOO 
oouoauo 
0UOU90U 
0001000 
ouor100 -
ouUl~OO 
OOU130U 
0001400 
uu01500 
00U1600 
0001700 
OuU1800 
OOO 191JD 
0002000 
0002100 
0002200 

- -

• 

...... 

...... 
---·~---' 



• 
LlST SYMBOL /DAR RAY 
DATE Ul/17/76 

YST EM /QU MPALL VERSI 
84 

TIME IS 14:35 

LASTRLCORD = 
MAXRECSIZEIN = 
*** £1:iCQIC *** 

14 BLOCKSILEIN = 420 
UNITS=WuRO_S 

y 

• • 

0010000 
ll' •••• , •••••••••••• IL!_ • •• , ••••••••••••••••••••••••••••••••••••••••••• 002ooou 

• Uo3U00D 

C 

C 
C 

SUBROUTINE DAKRAY 
PURp_U..SE 

CQNVERT DATA ARKAY FROM sI Nu LE Tu UUUBL[ Ol MENSlUN lJ~ VIC[ 
V ER S A • T H I S SU U f<O U T I N I:: I S lJ S E U T U L I N K T H £ U SE t< P R Ll G H A M 
WHICH liAS DOUBLL DI MENSION ARH AYS ANO THE SSP SUBROUTINES 

-- - tlli lCll OPERAll__Dt~ ARRAYS OF UATA IN A VECTOR FASHION• .. . ,, 

0040000 
oosuooo 
U06UOUO 
1)Q7U00D 
0U8UOOO 
0U9U000 
0100000 
D 1 l u-UUU - -

12 C USA~E 0120000 
13 C CALL DARRAY (MOOE, I , J, N, M, S, O) U13 0U00 
14 C . .. 01400U0 
15 C DESCR IPTION OF PARAMETERS u1soooo 
16 C MOD~• CUDE INU!CATING TYPE Qf CLlNVEHSIUN 0160000 
17 C 1 • FRUM SI NG L~ TO DUU~LE UIMENSION 017000U 
16 E 2 • fR~M DOUBLE TO SI NG LE UlMENSlON 0180000 
19 1 .. NUMBE~ OF ROWS IN ACTUAL DATA MATR IX D190000 
2 0 C J .. NUMBER U t COL UM I~~ IN ACTUAL U AT A MAT l<I X O £ 0 0 0 U u 
21 C N • NUMBER UF ROWS SPECI~IED FUR THE MA TKIX u IN 021UOO O 
2 2 E D I M ~ I Q l'i S T A T E M t. N T . 0 2 2 U O U u 
2 3 M .. N U MB - lJT C O L U M N ~ S P E C I F I E D F O R TH E M AT R I)( [) I N --U 2 3 U1J U O 
24 C QlMENSillH STATE M£NT 024UOOU 
2 5 C S .. l F M U D E :: J. , T H I S V E C T U R C U I~ T A l i~ S , A S ! NP U T , A D A T A O 2 5 0 0 0 0 
l6 C MATRIX Of SIZE I BY ~ I N CUN~ ECUTIVE LOCA TIONS 026000U 
~7 C CO LUMN·W,SE· IF MU0~=2, IT CUN!A I NS A DATA MATRrx 017UOOO - -
28 C UF THE SAME SIZE AS UUTPUT• THE LENGTH UF VECTORS O,tlOOOU 
29 C rs IJ, WHlRE tJ=!*J• o,YOOOu 
JO C D • IF t1JJJ:LE=~, THIS MATR ! X CN BY M) CO NTAINS, AS OUTPUT~UJOUOUU 
31 C A DATA MATRIX Of sIZl l tiY JIN FIRST I HUWS AND 0310000 
32 C J COLUM N~ . IF MJoE =l, IT CO NTA I NS A DATA MATR IX OF 0J20000 
Jl C THE SAME SIZE AS INPUT. 033uOOO 
3S E 0340000 
· REMARKS - 0350000 

C VECTORS CA~ 8£ IN THE SAME LOC ATIO N AS MATHIX U• VECTORS 03bUOUO 
C lS REFERRED AS A MATRIX IN UTHEH SS~ RUUTINES , 5INCl IT 03fUOO U 

-- C CONTAI NS A UATA MATRIX• . . . . 03HUOOU 
39 C THIS SU1fR1TurlNr-coNVEH T~ ONL.Y GENEHA L UJ\TA MA'rRTCES CS TirRAGElYJVOOU-0-
40 C MOOE Of O), 04UOOU0 
41 C 0410000 
4~ E SUB~BUllNES ANJLL.l.WCTIUN SU13RUUT I Nl:. S RlUU!HED 0420000 
4 N 04 3UOUO 
44 C 044000u 
45 C METHOD 045UOOU 
46 C __ RE FER TU THE Dl~CUSSIUN ON WARIAULE DATA SIZE I N THE SECTIU N046UOOO 

, ---C- DES CR I 8TNu rJVERALL RULES FO R USAGE IN THIS AAN UAL • 04 7UOOv -
6 C 04~UOOO 

49 C • • • • • • • •. • • • • • • • • • • • •. • • •. • • • • • • • • • • • • • • • • •. • • • • • • • •,, • • • • • • • • • • • • U 49UOOU !)0 C ____ _ ____ 0'..>0UOOO 

• 

..... 
(Jt 

0 



• • 
!) 1 
52 
~3 
~4 

SUBROUTINE DAkRAY (MUu E, I, J, N, M, ~, UJ 
UOUBLE PRECISION s, 0 
DlMENSION SCl), DCl> 

C 

:i 6 C 
!>7 C TEST TYPE UF CUNVEKSIO N 
!>8 C 
!) 9 l F C MODE .. 1 > 1 Q_Q_,. 1 QO, l 2 O 
60 C 
61 C CONVERT FROM SlNGL~ TO DOU~L[ JIMENSIUN 
62 C 
63 100 IJ=~*j!l 64 NM=N• 
o5 DU 110 K=l,J 
06 NM=NM•NI 
67 Ou 110 L=l,I 

J=fJ-1 
NM=NM•l 

110 D(NMT)=SCIJ) 
GU O 140 

CONVERT FRUM OOU8LL TO SINGLE U1MENS1UN 
·- --· lJ=o ____ _ 
76 NM = 

tH 
ll2 

DU 130 K=l,J 
DU 125 L=l,I 

: I .l+ 
NM=NM+ 

125 SCIJ>=DCN M) 
30 NM=NM+Nl 

40 RETURN 
t::ND 

I y 

• 
QjlUOUU 
057UOUO 
O:dUOOU 
U!;>4UOOU 
0550Q00 
0:>6uOOU 
0!)7U000 
o~irnooc, 
O~ 'hJQOU 
OoUUUOO 
061UOOO 
062U000 
0030()00 
064000D 
06:>00UU 
U66UOUO 
Ot>7UOOO 
0 6 ff GO ffD 
0690000 
U7UUOOU 
0710000 
0 7 2U O ITT) 
U73U000 
074uuou 
07:>UOUU 
0760001) 
077ouoo 
07dU000 
079ugoo 
080U OU 
051uooo 
OblUOOU 
053UOUU 
Oti400CfO 
Ob5UOUO 

• 

.... 
c.n 



• • 
LiST ~YMBOL/PRBF 
DATE 01/17/78 1IMt. IS 14:35 

SYSJEH/DUMPALL VERSION 2,9.110 __ 
LASTRECORD = 22 
MAXRECSIZEIN = 14 BLOCKSILEIN = 420 
* * * E b_c_ D I C * * * 

F UN C T I ON P rrn F ( D A , U B , F t< > 

PR Y O f- F,C H l , T , A N D Z 

PRBF=l•O 
- I r C ~El!LB..LE Q • O • O >_JlE_ f llRN 
7 IFCFR;cr,1.o)uU TU 5 
6 
9 

11 
12 
13 

16 

2 

A=OA 
B=DB 

10 
5 

10 

,I I I I 

• 

0000100 
0000£00 
UoITTJ.300 
OOOU40U 
0000500 
0000600 
000070D 
OoOu80U 
OOOO<;OU 
-0001-0-0J.l 
001.lllOCJ 
0001200 
0001300 
0001400 
000150U 
0001600 
0001700 
00-0-1-e-oo -
0001900 
0002000 
0002100 
0002-200 
0002300 

• 

~ 

CJl 



• 
L!ST bYMBOL/SMPRIN 
DATE 01/17/76 

---- - -
TIME IS 14135 

SYST£M/DUMPALL VEK~lill.:t 2.9.1/il 

LASTRt.CORD = 
MAXRECSIZEIN = 
*** Et3CD1C *** 

1 C 

47 
14 BLOCKSl.L(lN = 

U_N_Ll~ = ~l U_B D S 

• 

~20 

2 SUBROUTINE-rt· Mt'JHN .. ex, N, t1 , KH, ,>II), L) 
3 D u U-S-( t::--P Rt ~Io N F M T , f 

• 

4 DIMENSION X NU, M>, F~fC2> , TC 9l 
s DATA 11 ' 10111> •,• ¼OF11 .1> ,,, 1uF11,2> ',' ior11.J> ', 
6 1 ' 10Fll•4) ',• l OFl l•j) ', 1U F11 ,6) ', lOFll,7) ', 

-, TITUf1T • 3 ) I , F •H C l ) / ' C 1 H + , 1 0 X , ' / . ' 8 . ' . ' 
C 

9 
10 

12 
13 
1~ 

16 
17 
18 

2 0 
21 
22 

24 
25 
~ 

£8 
l9 
JO 

J2 
J3 
J4 

J6 
J7 
J8 
J9 
40 
41 
42 
1fJ 
44 
45 
46 
Tf7 
46 

L = L + 1 
IF CL•9)8, 8, 2 

Z-CONTI NOE- -
XM = ABSCXC1,l)) 
DU 3 I = 1,ND 
DU 3 J = 1,M ---x fq'-r- AH"A-X-f"C- A B S 0( C I , J ) ) , X M ) 

3 CUNTINUE 
L = 1 
S ~000000 

4~~ l X~~~S )- GO TU d 
S = S / 10 
L = L+ 1 

---Gu-ro- ,-,C 4,__,--,,-4, 4 , 4, 4, '+' £1, o, 8 J , L 
6 CONTINUE. 

S = S / 100 

-----..--asN r~N~E 
fMT (2) = TCL) 
If CM,GT,1> GU TO 20 
Pl-<INT 15 
DU l0- 1= I, N, - lu 
J = MINO CI + 9, N) 
PRINT 5, KH, CK, K = !,J) 

5 FURMAT C/A7, 10111) 
--~-~INT IS-

15 FORMAT ClOX) 
10 PKINT FMT,CXCK,1) , K = I, J) 

RETURN 
--~2.--...0.---....D o-zs- ~ =- r, M, 1 0 

PRINT 5 
L = MINO CK+9, Ml 
PRINT 5, KH, (J, J = t\, L) 

-----..0....,0 -Z-5 I =-,-,r:r--
P R IN T 30, I 

30 FORMAT C/16, 4X) 
25 PRINT FMT, (X(I,J), J = K,L) 
-- -~ l TOlrff 

END 

00001uu 
ooou2uo 
Ou00300 
UUUU4UU 
UQUU'.)00 
00UU6UU 
Ou00700 
oouuaoo 
OOOU900 
oou1ouu 
0001100 
ouu12ou 
UQUlJOU 
uo U 11100 
0001500 
UOUloOO 
UU0170U 
Ooul8UU 
0001900 
uuo2oou 
OCJ021UO 
00ll.220U 
0002300 
0002400 
ouo2suu 
0002600 
00 02700 
UU028UU 
ouO~YOU 
ouvJoou 
00031UU 
00U.i2UO 
0003300 
000)400 
0003500 
UUU.3oUU 
uooJ70u 
UOOJtsOO 
0003900 
0004000 
Ou0410U 
0004200 
0 0 CJ 4 3 0-0 
0UU4400 
0004'.)00 
00U46UO 
0004700 
00U4800 

-

• 

·-----

...... 
c.n 
co· 



• 
L!ST ~YMBOL/DMPRIN _____ _ 

DATE 0 1/17/78 TI Mt. IS 14: 35 

SYS TEM /DUMPALL VEHS1DN 2•9•11...u. 
LASTRlCORD = 47 
MAXRE~SIZEIN = 14 
*** El:!CQIC *** 

BLOCKSILEIN = 
~S=WU!-WS 

• 

4~0 

l C 
2 SUBROUTINE _J)Jie.ftlN ex, N, M, Kri, NJ, L) 
3 Dau B LE PRrC Is ro N X, F 11 r., X M., r 

• 

4 DIMENSION XCNU, Ml, FMTC2l , TC 9J 
5 DATA TI ' 10Ill) ',' t0Flltll ,.,, }UFllo2J ',' 10F11eJl ', 
6 ~ ' l 0tll•4) ', 10Fll•'.:.>) ', l0Fll,b) ',' 10F11•7) ', 
7 ' lP UE~3) -~/, FMT(l) 1: (lH+, lox,'./ ' 
8 C 
9 L = L + 1 

10 IE <L•9>8, a, 2 
l 11 2 CONllNUl 

12 XM = DABSCXCl,l)l 
13 OU 3 I= 1,ND 
14 DU J J = l,M 

XM= Df.lAXTClTABSCXCl,J)J, XM) 
16 3 CONTINUE 
17 L = 1 
16 S =_10000 UOO 

4C1rfIT1NVE 
20 I~ CXM,GE.Sl yQ Tu 8 
21 S = S / 10 
22 L = L+ l ---·7r GO I O C 4 , 4; 4 - ,- 4, 4, 4 1 4, b , 8 J , L 
24 6 CUNTI NUE 
25 S = S / 100 
.:!6 tfu TO 4 

:ONTINOE 
l8 FMT (2) = TCL) 
~9 If CM,bTol) GU TO 20 
JO P_iiI NI 1 :2_ __ _ 
31 DU 10 I= 1, N, 10 
J2 J = MINO Cl+ 9; N) 
J3 PRINT 5, KH, CK, K = ,,J> 
J4 _5__f UR MAT C / AZ, _lo I 11) 
JS PRINT 1S---
J6 15 FURMAT C1 0X) 
J7 10 PH INT fMT,CXCK,l) , K = [, J) 
3 8- R £1.JJ Rfi__ __ -

----J9 20 DO 25 K = TiM , 10 
40 P~INT 5 
41 L = MINO CK+9, M) 

____ 4 2- P rn NT 5, K li.L-l.J .. .L J - = I\ , L) 

~~ ~~I~~ ~o: f'N 
~5 3Q FORMAT (/Io, 4X) 

-~4....,.6,___. __ _2_5_1:.RlNT fMT , _C~ J), J = K, L) 
47 RETURN 
48 END 

oouu1uu 
oouu200 
Ou0v3UU 
UQOU40U 
0()UU5UI.) 
0000600 
0000100 
OoUuBOO 
0000900 
0001000 
0001100 
uoo1200 
0001300 
0001400 
0001500 
0001600 
UOU1700 
OQ01800 
0001 i700 
OuU200U 
l.)l.)02100 
0002200 
0002]00 
000240 0 
0002500 
OOU26UU 
U002TOu 
OOUi800 
0002900 
UUU30UV 
0003100 
0003200 
0003300 
0003400 
0003500 
OUU.3600 
UOU.37UU 
0003tiOU_ 
0003900 
0004000 
0004100 
0Ull42UQ 
0()04300 
0004400 
Ou045UO 
UUU'4o00 
0004700 
0004800 

• 

- -· - ---·-------------
....,. 
c.n 



• • • 
L!ST SYMBOL IEIGE N 
DATE 01/17/78 TIME IS 14Zj5 

_sj_SJEM/QUMPALI VERS.l!lli 2._._2....._iJ_o 

LASTRiCORO = 176 
MAXRECSIZEIN = 14 BLOCKSiiEIN = 
*** E~COIC *** UrU..1 .. S=Wu~os 

q~o 

C 001.)UlUO 
____ _ ____ ..._._.__.__.............___._ ..... ...._._.__. -' ·-• • • •. • • • • • • • • • • • • • • • • • • • • • • • • • , • • • • • , • , • • • • • • • • • • , o U iJ u l O 0 

3 C 000U30U 

1 

4 C SUBROUTIN( EluEN UUUU40U 
5 C oouusoo 
6 1U.RP..D.S .. L- _ _ OuUU60U 
- C COMPUTE EIGLNVA~UES AND ElGLNVECTUR5 OF A RlAL ~YMM(TRIC OOJiJ/OU 

C MATRIX UuU080U 
C 0000900 

___ ......._...___ ..__ ___ __....w.,u,a .. ( _ 

CALL EIGENCA,R , N,MV) 

DESCRIPTION OF PAHAMETERS 

0001000 
ouu11uo 
0001~00 
UUUlJOU 

--~ORl .. t:i..lNAL MAIKIX CSYr1Mt.Tr(!C), uE~TRUYEU 
. - R ES UL T A IH l ! i.i EN V A L U l S A r< E D l V E L u P E LJ I N 

IN CUMPUTATIUN• 0001400 
UIAGUNAL uF OUU150U 

MATRIX A IN UESCENUlNG uRuEH, 
R - RESULTANT MArRIX OF El<.iLNI/ECTUR~ (STOREU CDLUMNwisE, 
- l.N ~AME SEQUENCE AS ElGLNVALU(S) 

N • URDl:..R Of MAIKIC[S A AND R 
MV· INPUT CUDE 

U COMPJTE El<.ilNVALULS ANU lIGlNVECTOR~ 
l COM~UTE ElGLNVALUl:..S UNLY CR N[Eu NOT 8E 

DIMLNS1UNED BUT MUST STlLL APPEAR IN CALLING 
SE~UENCI::) 

--- - - - -----U-1.--MARKS- -
MATRIX A MUST ti[ HtAL ~YMMLTRIC CSTORA<.il MUDE=l) 
CANN U r LIE IN T 11 E SAME LO CAT I[) N AS MAT ,u X R 

C 
C 
C 

C 

Oln G I NAL 
MATtdX A 

- S.U.~R-OU TI N£S 
NONE 

ANu FU1,CTIUN susPRi.JGRAMS HLQlJ!KEU 

0001600 
0001700 
OOO l 50i.J 
0UU190v 
OOU200U 
0002100 
UUUi:-2UU 
0002300 
0UU240U 
0UU25UU 
OU0i600 
ouu2,ou 
UUU2800 
00U2YOU 
OoUJUOO 
OOO.HOO 
UOU320U 

METHOD OUUJJOO 
- -------- - ~U~ONALIZATIU~ METHOD URlGlNATLO ~y JAC08l AND AUAPTED ouUJ40U 

JS C BY VON NEUMANN tUR LARGl CO ~ PuT~Hs AS FUUND IN 'MATHEMAfICALOOUJ~OO 
J6 C METHODS FOR Olli!rAL COMPuTE~S', EOI1ED ~y A, HA(STO N ANU OoUJ60U 
37 C H•S· Wll.F, JOHN 11ILEY A,~o SuNs, r-n:w YORt<, 1962, CHAPTER / OoOJ70U 
··a_ C __ _ 0003500 
9 c , , ~ •••••••••••••••••••••••••••• ••••••••••••••••• • ••••••••••• , ••••• ouuJ9ou 

40 C 0004000 
'+1 SUBROUTINE. CI"1ENCA1R.n,,MV) 00041UU 
.!U.__ D I M..E.N..S.1.lllL A....( .. U . t..R C 1 ) 0 U U 1+ 2 0 U 
43 l)UUBLE PRl:..CISIUN A, K, ANURM, AN~ d X, THt<, X, Y, SlNX, SINx.2, COSX,0004300 
44 1 COSX.::'., SINCS, RA ,,Gt: 0004400 
45 C 0004~00 

tt? -E- -- GENERATE I UENT I TY MATR l X 888~988 
48 C 000480 0 
49 5 RANGE= 1.00•12 000490 0 

--~ 0--- - If OLV ~ l) 1 0, 2 :> .. , 1 O O o U '..>OOo 

• 

- -

.... 
c.rt 

---~ff---



• • 
.. 1 10 ICJ= .. N ___ _ _ 
52 DO 20 J=t, · 
~3 IQ=IQ+N 
~4 UU 20 I=l,N 
~5 IJ=LQ..U ___ _ 
~6 RCIJ>=o.o 
~7 IFCI·J) 2u,1s,20 
~8 15 RCIJ)=l•O 

---~.2 2 0 CUN T.1-N..LJ.£__ 

2~ 8 COMPUTE INITIAL A~u FINAL NORM~ CANOH M ANU ANOKMXl 
<>2 C 

l 2-5---A-N OR M-0..t---0--- -
04 UU JS 1=1,N 
65 DO 35 J=I,N 
66 IFCI•J) 30,35,30 
b7 30 IA-=l+LJ~.J)/2 
68 ANORM=ANORM+ACIA)*ACI~l 
o9 35 CONTINUE 
70 IFCANORM) 16~,165,40 
11 40 ANORM =OSQ.fU_.(2____*- ANOH,,1 J 
f2 ANRMX=ANORM•RANGE/FLUAf(Nl 

C 73 
74 
l5 
76 
77 
76 

C INITIALIZE lNDICATU!iS ANO l,;QMPUTE THRE~HOLU, THR 

IND=O 
THR=ANURM 

45 THR=THRIFLOATCN) 
~ ~~-tn 
tH C 
b2 C COMPUTL SIN ANU CU~ 
U3 
64 60 MQ=(M•M•MJ/2 
85 LU=CL•L•L)/2 
U6 LM=L+MQ 
ti 7 6 2 .. u :_lOA B SC A-'-L.MJ__)___ .. TH~ ) 1 3 O., 6 ::>, 6 :J 

65 INDL=1 LL= +L(,1 
MM=M+MQ 

--~,.._._-----X-=-O.a-5..*.LA.-U...L->~-M ) l 
68 Y = •ACLM) / USQRTCACLM) * ACLMl • X * X) 

IfCX) 70,75,7'.J 
70 Y=•Y 

___ ___,,_ __ 75 SIN.X = Y / O-S-~RTC2.o * c1.o + (DS~~T(l,O • Y * Y)J)) 
SINX2=SINX*SINX 

100 C 

78 cusx = OSURT c1.o • S1~X2) 
CUSX2=CUSX*CU~X 
s l N..C-S ~Sl..N-X.A.C..U..S.X... 

101 C ROTATE LA ND M COLU MNS 
11J2 C 
1...0..L 11 Q=N•CL•lJ'-----
104 IMQ=N•CM•1l 
105 DO 125 1=1,N 
106 IQ=Cl•I•l)/2 

_ 107 LfCI•L) _8ULl~J..80 
108 80 IFCI•M) 8~,11~,90 
109 ~5 IM=f+MQ 
110 GO O 95 

_ --9_()___U,t .. ~--M.± ... I .. Q - --

~ 

000'..>100 
000S20U 
0U0)300 
ouos4ou 
OU0'.>500 
OoUS60U 
OuU::>7UU 
0()0)800 
OOU:>90U 
OU0600U 
OUUolull 
0000200 
ouooJOu 
0000400 
0U0o50U 
ouOo60U 
U00o70U 
ouooaoo 
UUUo900 
ouurouo 
OuU7lOU 
0007200 
OUO(JOU 
UU0740U 
OUU()UU 
0QU160U 
0UU(70U 
OOU/800 
UQU79U .0 
OoUJOOU 
uuUdlUU 
0QU(j2CJO 
0UUtL300 
UOUB40U 
0U0d)00 
0U0d60U 
U U O d 7 0..0 
UQUtj800 
UU0tj900 
OUUYOOU 
OoUYlOO 
OuUY200 
0UvY300 
0009401) 
OUUYSOU 
ooUYoUU 
0UOY10U 
Ou0980U 
0.UU'i90() 
OOlUOUU 
ou1u1ou 
0010200 
OUlU.iOO 
0()1040() 
0010)00 
0UlU60U 
0010100 
ouiuaou 
UU1090U 
OullOOU 
0011100 

• 

1--4 
Ul 

- -- ------------- -

- --



• • 
112 95 IFCI·L> 100,1os,1us 

00 IL=T+LQ -
114 GO TO 110 
115 105 IL=L+IQ 

__ _Ll_6 110 X=AC~L>*lUS~-.ACl tO *SI NX 
117 ACIM =AC L>*Sl NX +ACl MJ*COSX 
118 A(IL)=X 
119 115 IfCMV•l) 120,125,120 
120 120 JLR=fLQ+L 
121 MR= MQ+I 
122 X=RCILR)*COSX·RCIMR)*~iNX 
1~3 RCIMR)=RCILR)*SINX+R(1MR)*C0SX 
1~4 Ri.llRl~--
1~5 125 CONTINUl 
l~o X=2•0•A(LM)*S1NCS 
127 Y=ACLL)*COSX2+A( MM )*S1NX2 -X 
12a x=AJil l!..S..I~__A__i_M_M > •cusx2+x 
. - - A ( L M ) : C A C L L ) • 1H M M ) ) * S 1 I~ C S + A ( L ,., ) * C C U S X ~ • 5 I , ~ X 2 ) 

ACLL)=Y 
ACMM)=X 

1J3 
1J4 
1J5 
Ll..6 

C 
C 
C 
C 

TESTSFOR- COMPL£TluN 

TEST FUR M = LAST ~ULU MN 

137 
1J8 
1J9 

141 
142 8 

130 I F (~N) 13~Hl~0,135 
135 M:M+l 

GO TO 60 

--TESTFuR L = SECUNu 

l ~ ~ _j_~ l ~ [ ~_i__~ N_· _l> ~ ~ Lt 5 ,t 5 0, 1 i.+ :, 

145 GU TO 55 
146 150 IFCINu•l) 160,155,160 
147 155 IND=O 

--~1~4~6~ ~iLI.O 
149 C 

FROM L~sT 1..0LU MN 

1 ~ O C C O M P A R £. T HI'< E S H u L U id r H F I I~ A L N u R M 
1~1 C 
l::>2 l.6CLLFU1:rn·ANf(..M X) 165,16:,,45 
1 ::>3 C 
1:, 4 C SORT EI C EN VALUE. S A 11 U EI GEN VE C Tu R S 
1~5 C 
~ - 165 IQ=·tL _ 
157 DU 185 I=l,N 
1~6 IQ=IQ+ N 
1~9 LL=l+CI•I•I)/ ' 
16 O __ J..Q ;.tH_U ~ .l _ 
lol DO ~f85 J=I,N 
lb~ JQ=JQ+N 
163 MM=J+CJ•J•J)/i 
1.6...4 H tA (_~ A lMMJ .. J .-1 7 0 , .1 u 5 , 1 0 5 
165 170 X=ATL[T~ 
166 ACLL)=ACMM) 
167 A(MM)=X 

--~1 o.JL _____ If OLV~l )_ l.. lS, 18-5, l 7 S 
169 175 Du 180 K=l,N 
1/0 ILR=IQ+K 
171 lMR=JQ+K 

X.=RJ_H _Ji) 

• 
0011200 

-0611300 
0011400 
0011:>00 
0Ul1600 
0011700 
Ovll80(.) 
Oul190U 
UU12000 
ou121uu 
uu 12200 
0012300 
0012400 
001 .:!~00 
Oul2600 
uu121ou 
001~5UU 
Oul~900 
001.3000 
Ou1.;1UO 
001.3200 
U0133UU 
00lJ40U 
OOlJ~OO 
0013600 
OolJ700 
00lJ800 
Ool390U 
ou14UOO 
0011i100 
U O 1112 0 0 
0 0 1 113 0 0 
0014400 
001,. ,u u 
0 0 l 11600 
00111700 
0014800 
0014900 
oui,uou 
ou1,1uo 
001~200 
001:>.300 
Oo154UO 
001,sou 
uol~60o 
001,700 
00l~80U 
00 1590 0 
OOlbOOO 
0010100 
0016200 
0Ul63UU 

881~~88 
0016600 
00lo700 
UQl6tjOQ 
0016900 
Ool/OOU 
uo11100 
0011200 

• 

-

- -- -

...... 
CJl 
w,;;J 



173 
rn 
175 
176 
.1.ll 

• 
nm 
165 

RCILR)=R< IMR) ITTTMln=X--- -·--· -
CCJNTINUE 
RETURN 
£JW 

-·-- -

---- ·-·-

------------------------------- -·-

---------· ---· ----·- . 

• • 
uul730o 
00174UO 
00ll50 0 
Ool/60 0 
Ool/700 

• 

~- -- ----·-----------

1:--L 
Cft 
00 



• • ~ 

LlSl ~YMBOLINROOT 
DATE 01/17/78 TIMf. IS 14t36 

__§j'._STEM/OUMPALL VE RSION 2e9a1/~ 

LASTR ECORD = 124 
MAXRECSIZEIN = 14 BLOCKSILEIN = 420 
***EBCDIC* ** UNIT~~wuao~ 

C ooou1ou 
• ._., ••• ....___.__.._._._ ••••••••••••••••••••••••••••••••••••••• , ••••••••••• ooou2uu _ _ _ _..,___,,_ __ ~~ UQUUJOU 

suBROUTINL NRUOT 0UUU40U 4 C 
5 C 
6 C PJ.IBPOSl 

·-, C C O,.._,M,.....P-u=r-E- ITGEN VALUES A ND EI GLN V EC TUR;) Uf A Rt. AL 1-JUN SY "1MET R IC 

ouuusoo 
UvOU600 
000u700 
OUUUdUO 
OUOUYUO 
uou1000 
ouo11uu 

8 C MATRIX Uf THE FuKM B• I NV ERSL TI MES A• rHIS SUBKUUTINE IS 
9 C NURMALLY CALLEU UY SUBHuuTI~E CA ~UR IN PEKFLJRMING A 

• 0 C C__AttilJH..C..AL ClJHH£LAT I U~ ANAL Y ~ IS• 
11 C 
12 C USAGE 0001200 
13 C CALL NRUOT lM, A,~,XL,X) 0001300 

- --- ouv1400 
ESCRIPTION OF PAKAMETERS 0001~00 

M • oRuER UF ~~uARE MAIRlClS A, ti, ANu x. 0001600 
A • INPUT MAT~i/4 CM X ~ )• 0001700 
~ l NPUl' MAlKLt.. CM X H)• UOUltiOO 

19 C XL• QUIPUT VECIJ R OF LLNGT tt M CUNTAlNING [IGENVALUt~ Of 0001900 
20 C B·!NVEKS[ IIMES A• uoo2uoo 
2 1 C X • 0 U l P U T M A r t< I X ( M X M ) (.; ll N T A I N I 1~ G E l G E N V E C T Ll R S C u L U ~I N • 0 U O ~ 1 U 0 
£ 2 C "" _ _ _ _ W l !)£ • O U O t! 2 U u 
23 C uo02JOU 
i4 C REMARKS 0002400 
25 C NONE 0002~00 

___ ...... 2~6'- .._________ _ _ _ U u U 2 6 0 0 
27 C SU8ROUTINES ANU FU~CTIUN SLJOPRUGHAMS RlWUIKEU 0002700 
,8 C LlGEN 000280U 
£9 C OoU~YOv 
JO C __ M£THJJD . OOUJUU O 
Jl C REFER Tu w. w. ~U DLE Y AND p. H· LUH,H::s, 1 i~ULTIVAKIArL PRu· 000Jl00 
J2 C CEDUf<ES FUR Trl£ i:j[HAV IOt<AL ~CIE1~C£S', JJH t~ rlIL[Y ANU SUNS, Ou0:3200 
33 C 1962, CHAPTER 3• 0QOJ300 

--~ J=4~ - -------- 0003400 
35 C 1 •, • • • 1 • • • • 1 •., • • • • •, • • • •• • • • • • • • • • • • • • • • • •. •, • • • • • • • • • • • • • ••,•••• OOO 3~UU 
36 C OOUJ60U 
J7 SUBROUTINE NRuoT <M, A, B , XL, X) 0003700 

___ JJL___ CU MkN.S1 ON_A ( U, 13< 1), XL C 1), X C 1) OOO JtlO U 
39 DOUBLE PRECISION A, u, X, XL, ~U .IV OOUJ90U 
40 C 0004000 
'+l C CUMPUTE E!uE NV ALUl:.S AI.U EIGENVECTuRS UF t:i 0UU4lUU 

---a-~- c R=il · - -· -- ggga~gg 
44 DU 100 J=,,M 0004400 
45 L=M*(J•l) 0004500 
46 DU 100 I=l,J 000 460 0 
if, ----L=~l - - - OoU4100 
48 K=K+1 0004800 
49 100 B(K)=BCL) 0004900 

---~~~O.__ ____L _ _ _ _ _ _ ___ OuU~O!JU 

• 

..
c:.n 

-~ 



• • • • 
1 C THE MATRiij __ I_~ __ A Kt::AL SY M1•1ETl~.I. C MATl<lA • UOl.i:>100 

$~ 
Ou0:,~00 

MV = 0 Uu0'.:>300 
54 CALL EIGE N C~, x, M , MV ) 0UU~4UO 

~g C OUU:>500 
C FU R M RE C IPR O CAL s- u r S 1i1 UAR t:: RO u T Of E I~ C NV ALU t::::, • THE HE SUL r S 0Q0'.)60U 

':>7 C ARE PREMULTIPLIED BY lrlE ASSUC JATLu ElGLNVlCTuRS• UQU'.J 7UU 
58 C 000;500 

~ L=Q &8~~88 0 0 l l O J = 1 , M-
61 L=L+J 000<>100 
02 110 XL(J) = 1•0 I OSQRT<UA~SCOCL))) 0006200 

3 ~=Q -- - 0006300 
64 00 115 J=1,M 0()06 400 
65 DO 115 l=l,M Ou06':>0U 
66 K=K+l OUUC>60U 
6-Z 115 IHIO =l<C~)*l(L L.!l 0006700 
68 C Ol.)061:100 
69 C FORM CB* •C•t/ 2 )) PRIM£ *A* C~••C·l/2)) 0006900 
70 C 0007000 

~~ DO 020 I=1tM 00071-00 
N2= ouur2uo 

73 DO 120 J= 1 ,t~ 0007300 
74 Nl=M•CI·l> 0()0740U 

t~ L=~*(J•l)+! ooorsou 
XCL)=O•O OuU/600 

77 DCJ 120 K=l,M 0007700 
78 Nl=Nl+l 00U7dU0 
Z2 ~~ =~2 ±! ouu7900 
dO 120 X [ =X L)+BCNl)*ACN2l OUOdOUO 
tH L=O OUUtjlOU 
d2 DO 130 J=l, M 0U0d2UO 
sa DU i3U I=l,J OuOtDOO 

d~ 
Nl = • M 0008400 
N2 =M•(J •l) OOUd'..,OU 

b6 L=t+l 000tl6UU 
tH AC _ >=o.o - - 0UOH700 
H"8 DO 130 K=t,M u u O ITtruu 
d9 Nl =Nl+M 0UUU90U 
90 N2 =N2+1 UU09UOU 

~~ 1 3 0 _A_C L ) = A ( L ) + ~.8 C N 2 ) OUV')l()(J 
C 000')20U 

Y3 C COMPU TE EIGENVALU~S ANU EIGEN~ECT~RS UF A oou930u 
4 C 0()09400 
L C Ail____l:._I G £ N .tiJ Y... ,_ M , M V ) Ou09500 

96 L=O 0009600 
97 DO 140 I=l,M OuU970U 
98 L=L+I 00UY500 

~ - 1~ 0 .XLCil=AtL) --- Q..OUY90U 
C 0010000 

101 C COMPUTE THE NURM ALIZt:.u EIGENVlcTOr<s 0010100 ..... 
102 C 00 10200 ~ 
lJJ.-3..._ DO 150 I =u-M - uolu30JJ 
104 N2 =0 OU1040U 0 
105 DO 150 J=l, M OulU'.:>00 
106 Nl =l• M UU1U6UO 
11.!Z L=M•CJ•l>+L ___ oolu700 
108 ACL>=o.o 0010500 
109 DU 150 K=l, M 00 109 00 
110 Nl =Nl+M 00 11 000 
LLJ_ - ~li2.± -- - - . - o 0...111_o_o 



.. 
112 150 ACL)=A(LHHCN1 )*XS._N~~ 

13 L::g 
14 K:: 

115 OU 18 0 J=l, M 
116 SUM~•O - - - -
117 DU 170 1=1,M 
118 L=L+l 
119 170 SUMV=SUMV+ACL)*ACL) 
120 1 7 5 S.u.M.V = D S-Q.fil Cs UM V > 
121 DU 180 1=1, M 
122 K=K+1 
123 180 XCK)=ACK)/SU MV 
i4 ~El URN --
25 ND 

-----

---------- -- ... 

------------- - - - - ·-

------- -- -- ... ·-

• • 
0011200 
0011300 
00ll4UO 
OOll~UU 
U0116UU 
0011700 
oulltiOU 
0011900 
0012000 
0012100 
0012200 
uu12300 
Ool240U 
ou12soo 

• 

-· ----

..... 
O':) ..... 



• • • 
blST SYMBOL/DMINV 

DAT£ 01/17/78 TIME IS 14t36 

SYSTEM/DUMPALL VERSION 2•9Llil _ 
LASTRlCORD = 234 
MAXRE~SIZEIN = 14 BLOCKSIZEIN = -.20 
*** E~CO_l_C *** UNI~URDS 

1 c ouiuuuo 2 c -·--------------------------------·----------------------·--------ou2uouo -- - 003UU00 
4 C SUBROUTINE DMLNV 0040000 
S C ( IM~ROVEO Vt~SION l OU5UOUO 
6 C PURPO~E UU6UUOU 
7 CNVERT A MA1~IX Ou7uuou 8 c uo~uoou 
9 C USAGE Ou9uooo 

1~ 8 CALL DMJ..N..Y (1;, N, o, L, i'I) Q10vgou 
1 UllO 00 
12 C DESCRIPTIUN Of PAKAMETERS 012uouu 
13 C A • lNPUT MA IRIX, uE~TROYEu 1N CUMPUTATIUN ANO RlPLACED 0130000 
14 C tH_R_L~UL.TANT INVt.RS[, Ul4UOOU 
15 C N • UROER Of MATRIX A Ol~UOOO 
16 C D • RESULTANI OETERM1NAN1 0160000 
17 C L • WORK VECIUR or LlNGTH N 0170000 
ltS C M .. VLO R.K_ V t:: C l Ll R U F L t. N G T H ti u l thl OU 0 
19 c - 0190000 

C REMARKS 0200000 
C MA T R l X A MUS I BE A G l NE H r1 L MI\ T Id X C I~ 1J Y N ) 0 2 1 u U U 0 
c .. .. 022uouo 
C SUB R O U T I NE SA N U F u 1~ C T l O N ~ U B P K O GR A M S K E a U I R £. D O ~ JO O O 0 
C OSOLVE CSU~fLil D WITH UM!NV) 02400UO 
C O~~oooo 

- C METHOU _ 026QOUO _ 
C THE INVERSION IS DON£ US1NG GAUS5IAN ELI MJNATION ~!TH 027uu0o 
C PARTIAL PIVLJllNG, THl SOLU TlU N IS ADJUSTtO, lU GIVE 0~8uooo 
C MA XIMUM Poss,~LE ACCURACY, U~lNG ITEK ATLVE I MPROVEMEN T, 029UOOO 

-v 8 __ ,A_O_ElERM_i~AJ'd OF ZERu I 1NICAH.:s lliAT THE MATt<lX 1-s o.;uuoov 
31 SINGULAR• 0310000 
J2 C 032000U 
1i 8 ------------------------------------------------------------------g1J~888 

SUBROUTIN[ DSULVE CN, UL, B, X, LJ 0350000 
DIMENSION ULC255,~~5),B(l),XCL),LCl) 0360000 

037U00U 11 C 
'I\' ,,. .0.1tUJlil_1?_8Lk.LS.l_(lN__ _u L , A , S U t 1 , tl O 3 tl U U O O 

0J9U000 
040UOO O 
041uoou 
0420000 
04 JUOO D 
0440000 
04'.>UOUO 
0460UOU 
0470000 
045UOUU 
04'iUOOU 
050__9000 

44 
45 
46 

48 C 
'i9 

-----""5__,,_0_ _ __ J 

NPl = N+l 
IP = LC U 
XL1) = BC l P) 

DO 2 1=2,N 
lP = LCU 
lMl = I·l 
SUM --=-a • o 
OD 1 J=l,I Ml 
__ __s l,LM = ~ u r~ + U L C 1 p , J J * X C J ) - -

• 

--------------

....... 
~ 
N 



!) 1 

61 
~2 
() 

65 
06 
67 

.. 
2 

C 

3 

• 
XC!) = BlIP) - SUM ---

IP= LCN) 
XCN) = XC N) / UL(!P,N) 

-- DO 4 IBA CK =·2, N 
I = NP 1 • ltjACK 

END 

l GUES CN•lJ, 

IP = LC!) 
lPl = I + 1 
SJ.L t1__ ~ O , o 

t • • , 1 

D O 3 J = I P 1 , I~ 

SUM= ~UM+ UL(lp,JJ * X{J) 
<LL= cxcu·su M) /UUrP,1> 

RElURN 

• 
0:, l uoou 
0~20000 
0530000 
0540000 
O:,:>UOUU 
0560000 
U:,70000 
O~dOOUU 
05YOOO U 
Oo00000 
OolOOOO 
062000() 
06.1U00U 
Oo4UOUU 
06:>0uO O 
Ooououu 
oorooou 
0680000 
OoYUOOU 
07UOOUO 
071U000 --------------M---------------------------------------------------0120000 

74 
7~ 

SUBROUTINE DM!NV CA, ~, o, L, M) 
DIMEii.S_lUN Al1),LCl),M(1),AA(2~5,2'.>~),ULC2~5,255), 

* - -- - - S C A LE S C ~ 5 5 ) , X C 2 :> 5 ) , t< ( 2 5 ~ ) , U X C 2 S :> ) , 8 ( 2 5 5 J , U B X ( 2 5 5 ) 
DOUBLE PRlCISION ~uM,uPIVLlT1DlPS,UUXNu1c,uux,DuoxNu,0T 

,oBUL,DAAIJ,oXJ 
.7 
78 * 

-----tbr.A,._ -----* 
* 

d 1 
62 

d5 
t36 

C 

-€--

LSiAITtA~ X1. AA, UL, SCALE~,~O£.r1MRM,BlG,SILE,PIVOT,K,oX,uIGITS, 
- XNURR, OX NORM, T, (M, 9, u, U T 

UET = 1,U 

C1WY MATRIX 
DU 1 J=1,N 

___ dri7.----------
JJ = CJ•l)* N 

___ ()0 l 1=.1.,N 
!J = ,JJ+I 
AAll,J) = 1 

C 

~CIJ) 

DE~OMP~~E MATHlX 
INIT!ALilE ~, UL, ANO S~ALE5 

00 9 I=!,N 
L( U = I 
RUWNR M = 0 ,0 

- -.-..,....-k----------· - --- DJ 6 J=l, N 
ULCI,J) = AACI,J) 

1U1 
102 

4 

---ttt- 6 -
105 
106 
107 
llT8 
109 
110 

C 

___ 7_ 

8 
9 

111 _ C_ 

------------

iJBUL = UL(l,J) 
!FCRUWNR M•iJA~SCOtiUL)) 5, 

RUWNRM = OAtiSCDdUL) 
CONTlNU( 

lFlKO Hi\jRM ) 7, o, 
SCALE;:,( 1) = 
Gu TO 9 
SCALE~(!) = 

Cu1lrINUE 

7 
1,0 I KOvlNRM 

o.o 

6, 6 

07.30000 
07iiOOUO 
07:>UUOU 
0/C>UOU O 
0770000 
0/d(JOOU 

879(,)000 
tiOU (JOJ 

O~lUOUO 
Oo2UOUv 
Ob.30000 
Ob4u000 
Ot;5UOOO 
Oti6UU00 
Uti70000 
0d80000 
0890000 
O<;UUOOU 
0Y10000 
0920000 
09 .30000 
094UOOU 
0950000 
096U000 
097UOOO 
09dU000 
0~90000 
100000 0 
1010000 
1020000 
1Q3UOOU 
1040000 
l0'..>0000 
106000 0 
1070000 
1U8000 D 
10:10000 
110000 0 
1110 0 0 0 

• 

- --------------

~ 

en 
- w 



• • • 
112 C bAUS~IAN ELIMINATION WlTrl PARTIA L PIVOTING 
Hi C - I;T-~;: l) 

11S NMl = N·1 
- -f16 __________ __ OJ) 19 ~=l,NMl . rr ~1~ = ojo 

118 C 
119 D~ 14 I=K,N 

--~ 1_...2_Q ____ _____ _ _ IP = L ( I ) 
121 11 UOUL = ULtlP,K) 
l~~ 12 1rcs1Z~~~la>

0
f~~c~~~Lt3* 

SCALl:.S(IP) 

f:D 

11~ 
1J7 
1J8 
1J9 

141 
142 
143 

149 
150 

C 

C 
C 

14 

17 

1!)1 20 

1:>3 21 

dIG::. SILE 
lOXPlV = I 

CUNTlNUt 
IFlUIG) 15, 20, 15 

IFCIOXPIV·K) 16, 11, 16 
J = LCK) 
LCK) = LtIUXt-'IV) 
L(IOXPIV) = J 
INTCH = I NTCH + 1 

KP = L(K) 
PIVOT= UL(KP,K) 
KPl = K+1 

DO 18 t=Kl"l,N 
1P = LU> 
LM = ·ULtIP,K) / PiVuT 
UL(ll"',K) = -u1 
u O 1 ti J = K P l , I~ 

------ -
ULC!P,J) = ULCIP,J)+EM*UL(KP,J) 

t:QNTlNU£ 
CuNTINUE 

EVALUATE UETEHMI NAN T 

CONTlNUt::.: 

K P = L C ,~ > 
IFCUL(Kl", N)) 21, 20, 21 

L)[l = o.o 
GU TO 52 

1!)4 24 DO 25 K=l,N ,s KP = LCK) 
1~6 - D = ULCKP,~) 
1~7 D£T = DET * u 
1~8 25 CQNTINUE 
1~9 26 IFC CI NI CH/2)*2·1NT~H 
li.O__ 27 _ DEi = ""DET 

) ';.(, L8, 2d 

161 C 
162 C SOLVE ANO IMPHOVE I NVlR5 luN 
lo3 C 
1-oJi_ 26 On 51 J=lt N __ -
lb5 JJ = CJ•l)*N 
106 C 
167 uO 31 I=l,N 168 _c __________ _ 
169 C GENERATL 101:. NTITY VLCTOR 
lfO C 
171 IFll•J) 30, 29, 3 0 

__ ___._l~l ..... 2 __ __ 2.9_____ __ __ ___ i:3 ( I ) = 1 • V 

1120000 
113000 0 
1140000 
11'.:>uooo 
l160QUU 
1170000 
lltiUOOU 
llYUOOU 
12\JUOO O. 
1;,dUOOU 
1220000 
123000 0 
1240 000 
125000 0 
1260000 
127UOOO 
l2dOOOO 
129000 0 
l30000U 
1.31000 0 
l32QQO O 
1J3UOO O 
134000 0 
13'.:>00 00 
1J6000 0 
ljlOOO O 
lJbUOOU 
139UOOO 
140000.U 
141UOOU 
142000 0 
14JUOO U 
144000 0 
1450000 
1460000 
14fUOOU 
14 t>O QQU 
149000 0 
1~0000 0 
l'.:>10000 
~lUOUU 
1~3000 0 
1 :>4000 0 
l:>5000 0 
1~60000 
l:,fuOOO 
1'.:>8UOOu 
1~9UOU •J 
loOOUUU _ 
1610000 
1020000 
1630000 
1-64000_0 
loSOOUU 
looOUO U 
167UOOU 
lbdVOOU 
169UOU U 
17vU000 
1710000 
17 .20D0J) 

• 

- ---------------

---

~ 
en 
~ 



173 
174 
1/5 
176 _ _u 
176 
179 
180 

u,2 
183 
184 

• 

C 

C 
C 
C 

C 

30 
31 CONTINUt. 

.. 
GU TO 31 
!:3CI) = o.u 

__ _c_A.LL- LJ-SOL...V£ L 10 UL, a, X, L) 
ITERATIV~LY 1HPRUVE ~QLUTIU N 

DUUBU:. PRECI51QN 
DtP !> = 1, ou-;D 
ITMAX = 46 
OdXNOR = O.o 

1H5 --- OlJ J6 I=l,iJ 

• 

1~1 
ld6 36 

OB X(l) = .X.(I) 
DHXNO~ = ~MAX1CUUXNUR,OAO~CUBXCill) 
XCI) = DBl'<CI) 

LFLUBXNQR) Jb, 37, Jb 
DIGITS= ·oLOGlOCUEPS} 
GU TO 49 

190 
1Y1 
1Y2 C 

37 

193 38 - - 0--0 48 IllR=l.,IT MAX 
194 C 
1 Y 5 D U 4 0 l = 1 , 1~ 
196 SUM= O•U 

'J 7 - -------- -96 DU 39 J2=l,N 
199 UAAIJ = AACI,J2) 
200 uxJ; xcJ2> 

---2~U ... 1. ___ ,311____ _ _ ~UM = SUM + UAAIJ * UXJ 
202 
2U3 
2U'f 

C 

40 
2U6 ----
207 -
208 C 
209 C 
2 1 O ~ --'lA 
211 

SU M = BCI) • SUM 
R(I).:: SLJH 

CALL OSULVE ( N,UL,K,UX,L) 
U )( I~ U R M = 0 • 0 

uUUBLE PHECI::,lu N 

DO 4~ r=l, N 
UT = XCI) 

173LJ 00U 
174UOUO 
17SUOU U 
17oUv0 0 
ll7UOU O 
17dUOOU 
l 7 "1UOUO 
ldUUOU U 
ld.1U000 
ld2UU00 
ld3U00 0 
ld4UOOU 
ldSUOU O 
ld6000U 
ld7UU00 
ldtlUOO U 
l d9UU0U 
lYUUOOO 
191UUOU 
1Y2U000 
193UOUU 
1940UU U 
lY~UOOU 
196000 0 
197UOOO 
19dU00 ll 
199UOOO 
2oouooo 
2010000 
2u~uuou 
2U3UOOU 
~U'~UOOO 
2U5UOUU 
2060000 
2uruuou 
2l)tlUU00 
:w9oooo 
21uuuou 
2110000 
2120000 212 

213 
214 215 ~ -* 

XCI} = X(I) + OXtl) 
U!;3XC!) = XCIJ 
U B D X ,~ 0 = 0 M A X l ( D t:j D X N U , D A t:j S 

(DBXCl)·UT)) 
XCI) = DIJX(l) 

21.rnuuu 
2140UU O 
21~0000 

216 

~6 
227 
2,8 

C 

45 

46 
* 

47 
48 

49 

___ 22..2_ - -· 5_0_ --
2 JO C 

(;QNTJ.NUE 2160000 
2170000 

STATE= DuOXNU • uEPS * D8XNOK 2lduOOO 
IFCITlR-1) 47, 46, 47 2190000 

iJIGIIS = •uLUG10COMAX1CDUOXNU/D8XNUR,22UOOUU 

IFl5TATE) q9, ~9, 48 
CUNTINUE 

lRJUlii.f_fR SCJLUflO N VEC.TOR TU :.>OLUT !ON MATH IX 

DU ,o 1=1, N 
!J = JJ+I 
AC.1.J) = XCl) 

DlPS))22lOOUO 
2220000 
223UOUO 
2240000 
22j0QOU 
2260000 
221000 0 
22dUOUO 
22-iUOOO 
23000UO 

2J1 51 CONTINUE 231000 0 
232000() 
2JJuUOO 

232 C 
__ -2..J.L--52 __ o = DE'( 

• 

""""" O":) 

"-J1 

--- -------



• • 
2J4 RETURN 
2J5 END 

• 
~34UOOU 
2350000 

• 
----·-----------

-- - - ------------

...... 
en 



• • • 
L!ST SYMBOL/CONDIF -----~---"--------·- ·- --
OAT( 01/17/78 TIME IS 14:J6 

__s_J__STEMIDUMPALL VERSlON 2.9,17~-
~ASTRECORD = 34 
MAXRECSIZEIN = 14 BLOCKSILEIN = ~~O 
*** E~CDIC *** lml_lS::W_LIBOS 

1 $ SET AUTOBINO 
2 $ BI ND = E RLlM_c_o._oDH/= 
3 REAL MEAN 
4 DIMENSION MEANC16U), XC16U, 11l, SUCllJ, KAkHU~Cl), KTYP[CJJ, 
5 1 KCCJ,11) 

9 ~ INPUT 
8 C 
9 RlAD 10, NG , NC , NP 

10 10 FURMAT CJUS) 
11 DO I 5 I = l,NlI 
12 15 READ 20,CXCI,J) , J = l,NC) 
13 20 FORMAT (3X, 11F7.4> 
~ R (AO 2 O , C S U C JJ _, J = l , N C ) 
~ ou~5 J = r, we 
16 2~ READ 30,C~C(K,J), K = 1,3) 
17 READ 30,CKTYPE(K), K = 1,3) 
16 3 O_LO aMAI _ _Ll8 Q...L .. 
19 c 
20 C MA IN LOUP 
21 C 
22 _ QJ:.£ = CNP • _L) * NG 

---2=3-- DO lOO J = 1,NC 
24 SEOD = SDCJ) * SQKTC2,0 / NP> 
~5 DO 35 K = 1,3 
~6 35 KARHDG<K> = KCCK,J) 
27 DU 40 I = 1, ~G -
28 40 MEAN (I) = XCI,Jl 
29 PKINT SO, KARHDG 
J O 5..Q_ f U FlMAJ .! 1 H 1 , .,H _(_ lH * ) , :> X , 1 7 H ! N P U I I/ E.<., T U k F U H , J A 6 , 5 X , 3 7 C l H * l , 
J1 1 /42X, 35ClH•)/ 42X, 3~(1H*)) 
J2 CALL SMPRIN ( MEAN , NG, 1, 'GRuuP :, 160, 4) 
J3 CALL oIFFS ( ME AN, NG, uEF, sEuo, u.01, J, KARHDG, 1, KTYPl, 1) ¾t- 1 O O ffi~llJ1UL_ . 

0000100 
OOUU20U 
OOOU)UO 
0UUU4UU 
OOUU'.:,00 
OOUUb_UO 
OoOo700 
0()00800 
0UUU9UU 
OOUlQOO 
uu01100 
0001~00 
OOU1300 
0U0!40U 
0001500 
0001600 
0001100 
OOOlt;OO 
UOU190U 
0002000 
000~100 
000i200 
Ou02300 
00024UU 

8002500 
()0~600 

0002700 
ouu~800 
UOU29UO 
0003080 
00031 U 
0003200 
000l3UO 
000J400 
00U3500 

• 

- ---

...... 
O'J 



• 
L!ST SYMBOL/DIFFS 
DATE 01/17(78 

-- - ·-- ·-
TIME IS 14:36 

SYSTEMIDUMPALL VE~SION 2.911/0 

LASTRlCORD = 174 
MAXRECSIZEIN c 14 BLOCKSILElN = 
*** EUCDIC *** UNITS=WURDS 

• • 

't20 

SUBROUTINE OIFFSCMEAN,NMNS,OFL,SEUO,FPH~~,IANAL,KAHHDG,KEXPT, 
------ --~1__ KTYPE,ISIGU~) 

4 
5 
6 
7 
8 
9 

10 n 
12 
13 
14 rs 
16 
1 7 
e 

20 
il 
22 

i8 
~~ 
JO 
32 
33 
34 
J 
.3 6 
.H je 
J 
40 
41 
42 

44 
45 

C 
C 
C 
C 
C 

C 

E 

C 
C 
C 

C 

E 

46 _c 
47 C 
48 C 
'19 

RANKS MEANS, FINDS sr~~IFICANT UitFERENCE~ ANU UNUERLlNES GROUPS 

SUBPROGRA MS Nt.EDEU-1 TEE, DUNCAN 
RtAL MEAN, LSU, MNRA ,•H\ 
INT~GER OF£, SIGENU 
DIMENSION MEAN [30U),ILISTC300>,M NKANKC 300l,LSUC2>,LEVELC2), 

1 KARrlDG(S},~ftPEl3),NQTE(4),SIGENUC3UO),NPUSTNC30U), 
2 BUFfC 20) 

RANK MEANS FRUM GREATt.ST TO LEAST 

DO 15 I=l,NMNS 
B--6-G:o. o 10 - iii= 1, NITTTS--
I F C MEAN CM) ·BI u > l 0, 5, S 

5 JLIST=M 
BIG=MEAN(M) 
cu~TINOE - -
I; JLIST•LT,llJLIST=l 
MNRA~KCl)=BiG 
lLIST(Il=JLIST 

15 M[ANCJLISl,=-Too.o 
ESTIMATE LS0Ce05), L~uC.01) 

r,n- -
TOl=TEECOFE,2) 
LS0C1)=SEOD•T05 
L S D C 2 i = S ~ -0__:k +U _ 
LEVEL 1) = 5% 
LEVELC2J='.1%' 

SLEK SIGNIFICA.IiC.£ ~RLl.UPs, AND INU!CATECP=.0~,.01> 

IF C F PRO B • IS• ' N S ' • lJ R • f PRO B • I:> • ' C I~ S ) ' ) GU TO 1 8 0 
IfCfPRO~•GTe0•05)GO Tu 180 . 
I _PR06.=2 

____ .J.;)a' . - ,J f?r~uB =l 
IFCrPR08eLE,O,o5,AND,t PR08 ,GT•0•01JlPKO~=l 
DO 120 I=l,IPKOB 

PK I NT HEAU ff~GS 

IL=MINO(Nr4NS,20) 
--~~ -._f_.._C...._I ..... 5-"-'I Gll.C~ lJtO '- 7 2, Z J 

OUlUOOO 
ou2ooou 
OD30000 
0U4UOUO 
ousooou 
0060000 
0070000 
0080000 
009UOOU 
0100000 
0110000 
012uoou 
0130000 
01400UO 
0150000 
0160000 
0170000 
0180000 
019000-0 
0200000 
0210000 
0220000 
0230000 
0240000 
02suoo o 
0260000 
01,uoou 
0280000 
02~0000 
0 300000 
0310000 -
0J2uooo 
033UOOU 
0340000 
OJSOOOU 
0.360000 
UJi'UOOO 
OJdUOOO 
0.39UQU0 
U4UUOUU 
04iUOOO 
042UOUO 
04"300UD 
0440000 
04 '..>0000 
U46UOOU 
0470000 
04d0000 
049UOOU 
01U U_O O 0 

• 

--- --------------

-----

.
en 



---

• • • 
_ 72 NOTECl>='!:>lNGLE' O~lUOOO :> 1 
2 . NuITC2)=' LEAST 1. --- --- U~20UUO 

NUTEC3>=' SIGNI' o,30000 :>3 
:>4 
~ 

~~ 

NOTEC4>='F OlFF' 0~40000 
------0- to_ 74 ___ ' 0~~0000 

73 NOTECl)='UUNCAN' o,boooo 
NOTEC2>=·~ MUL' o~ruouo 

:>8 
.:l-2 

NuTEC3>='TIPLl ' o,duouu 
2 N0.1LL4l='f1.ANG£S' OS9U00U 
- 74 PRINT 75,IANAL,CKARHUuCJ),J=l,5),KEXPT,CKlYPECJ),J=l,J),LLVELCI), ObUUOOO 60 

61 1 LSD(I),CNOTECM),M=l,4) Uo100UO 
02 

l 
7 5 f U R M A TC 1 H 1 , 4 X , 1 0 H C H AH ~ C T E fl , I ~ , J X , 5 A. 6 , 7 X , l 2 H E 1~ V I k U N M E ~ T , I 2 , 1 U X , U 6 2 o O o u 

I 1 1 2J:ll1iC.S£_ A.R-£_ ME.AN S U t , 3 A 6 / / / 2 6 X , b I H !:> i u N 1 f I C A N T U I F F l R E N ~ t. S AMO N G U <.> 3 U O U U 
2ST MEANS RANKLD FROM ~HEAlEST TO LEAST///l6X,~1HSlGNlfICANCE LEVEL0o4UOOU 
3:: ,A2,1ox,5HLSU =,F1u.,i,1ox,.:+A6,::>H U~EU///5X, Oo'..>UOOU 

64 
65 
of 

8 
o9 
10 

1 
2 

ft C 

!! ~1 4 R AN K E o ~1 E AN s 1 u t. ,n 1 F 1 c A r 1 o N _ c u o 1:. s A i< L u N r H t r r K s r L 1 N E u r E o b o u o o o 
_____ S=A-C BSEI BL LlC KL_ __ w H 1 L l:. I lJEN T l F l CATIONS Ui- MEAN~ W HI C ti 7 9 X, 52H T El{MO of uoou 

6 I N A E S I G N I t I C A N C £ G H u lJ P S AR E O N r H t:: ~ E C U 1~ D L ! N E ) U o U U U u o 
lfCNMNS•GT•20lPRINT 7u U69UU0u 

76 fuRMAT(1H+,60X,51H, wlrH THEIK HANK PusiriUNS lNDICATlU ON LIN[ TH070U000 
.RLE )~--- _ O 11 uooo 

- ---~ -PR I ITT-,J,(K, K= 1 ,I L) 0720000 
77 FURMATC//2X,12HSU~SEflURDER,2UI5I/) 073000U 

U74UOUO 
15 r. --,- -~-,__-~ lN..O__E 1"4.D LO f _s lG NI FI C 11 N C E GR U u PS 

DO 62 J=1,NMNS 
SIGENDCJ)=lLISTCJ) 

--~~ ---·_lie Qll_N Ll1E J_ 

U7:SOOOO 
0760000 
071U000 
07dUOOO 
07'}0001.) 
0tiUUU00 
OdlUOUO 
Oti2UOOU 
Oti3UOO<J 
084UUUU 
08:>UOOU 
0860000 
Ob7UOOU 
080000 0 
0d9U00u 
0900000 
OYlOOOO 
0920000 
0Y3U000 
0<;40000 
0950000 
0960000 
097UOOU 
OYdUOOO 
0990000 
1ouuoou 
1010000 
1020000 

oO IfCJ.EQ•NMNS)uO TU 82 
dl DO 84 K=J+l, NMNS 
tl2 DUNC=1•0 
ti 3 __ lLC tSJ_G.J1.C. • £.Q ._2J D U.N C = U v .~CAN C D Fi:, K - J , I ) 
d4 1FCMNHANKCJ)•MNRANKC~J-LSO(I)*OUN~)80,80,0i 
ij~ 80 SlGENDCJ>=ILISTCK) 
tiu 64 NPOSTNCJ)=K 

---g ~ _ c_ a2_ c_o_Nll.N..U.£ 
ts9 C 

0 C 
SET UP THE. PRINTING 11Ho BLOCKS Ur 20 

1.M=l ·-- - -
92 DO 55 M=l,NMNS,20 
Y3 L=MINO(M+19,NMNS) 
94 C 

C eJiLNLRA~Kt:O MEANS Iut. 1HIFICATJUN CUDl:.S 
Y6 C 
Y7 PRINT 40, IM,CILISTCJJ,J= M,Ll 
Y8 40 FORMATC/6X,I2,6X,20I~) 
VL.-'----·· - -- ---oo C P~INT SIGNIFICANCI:. GrtuUPS 

101 C 
102 WRITECBUFF,90)CSIGENulJ),J~M,L) 

- - l~- 20 &-Ba~-P-¾~W-- -
105 IfCJ.(Q,l)uU To 91 
106 lfCSIGENDCJ).~Q1SlGENuCJ•l))8UfFCJ•CI M•l)*20l=' 

- -1*· - 'l.L ~ ~ N-f N_~ §-, (B"U FF C J • C I M • .l l * 2 0 ) , J = t,1, L J 
109 45 FORMATC//14X,20C5> 
110 C 
.lL _c; __ _p 1:slN.T_G ROU~ •£ ND PUS l l ! UNS 

18~8888 
lO~UOOU 
1060000 
1010000 1oaooou 
lUYUOU O 
1100000 
1 l l uoou 

• 

~ 
O') 

t'.0 

-- ·~------



• • • 
112 C 

113 WR IT E( BU FF,9 0)CNPUSTN, J),J= M, L) 
14 DO 92 J= M,L 

115 I FCN MNS .L T•2l>BUFF CJ~~I M• l)*2U )=' ~ 
_ ---Ll~ I £.1 J • E Q L1.l.G1J - LO- .9 2. -

11 IfCSI GENDC Jl•l Q•SlGENu(J•l))BUFF CJ•C! ~·l l*2 0l =' 
118 92 CONT I NUE 
119 PR I NT 46,C~Uff (J•CI M•!J•2 0) , J:M,L) 
.l.20 ____4_6 EORMALlW..L4X.t.20_C 5_1 I I I I I I I//) 
121 55 IM=IM+l 
122 IFCIPROB,EQ•l)PRINT 117 
123 117 FURMAT(/ll//11X,97HUNLY SIGNlfICA NT DIFFEK[NClS Af P=U•05 
124 1A..IN.E.0, I N VI.D L Clf-Sl~NlFICANCl OF ESTlMATlO F ·Tt::ST ) 
125 PRINT 116 
li6 116 fo RMATCl/ll//3 QX ,6 0ClH •)) 
127 C 
1 2 8 C E.NlLO E l O O P E IJ R J _ GJ \l.t..N S I G N I F I C Al'~ C E L E V EL 
129 C 
130 120 CONT I NUE 
1.H C 
l 1~ E PR 1 NT MU-#-R-A~-- -
134 125 IFCNMNS•LT•2llGO TO 1~1 
135 ItCNMNS,LT•61,AND,IPRu~.EQ,O)uo TU 12d 
136 PR.l..NT 122, LA.N.AL..L.CK.ARrluGCJ),J=l,5) 
137 129 FORMAT(1Hl,4X,10HCHARACTER ,I~,3x,s A6/ /) 
1J8 GO To 131 
1J9 128 P~INT 126 
140 126 EliR.M.U.LJ..LL 
141 131 CALL PR LA 20(IL IST,KTY ~E ,' RANK£D P~SITIONS 
142 PRINT 116 
lij3 127 CONTINUE u 
145 RE C ONS TI TUTEMEAN S VEI.. TOR 

146 130 I=1,NMNS 
147 DOANCil ISUIU-=WIIR-ANK,1> 

C 
C 

l~S 130 ~tTURN 

•,NMNS,2) 

1120000 

1131.lOOU 
14 0000 

1 l 5u000 
J.160000 
1170000 
lltiUOOU 
llYOOOO 
12ouooo 
1210000 
122uoou 

1~ERt. OBT1230000 
1240000 
12,000 0 
12 60000 
12/ 0000 
12 80000 
12 90000 
13 00000 
131 0000 
1J2oguu 
133 0 00 
1340000 
1 3'.:>000 0 
136000 0 
1J70000 
1380000 
13YU000 
14 o u_o o o 
141000 0 
1420000 
1430000 
144UOOU 
14~0000 
1460000 
147000 0 
1 4 d u_o__a_o 
1490000 
15 0UOOU 1 !:>O 

151 OUTPUT FOR NO SIGNIF!~ANT Oi ffERE~CES l~lUOOU 
--- -1 ~2UOOO 

1~3 C PR INT HEAU I NGS 153000 0 
1;4 C 1540000 
1~5 180 IPROB=O 15 50000 

---,1-:>..6- I L =MINO C N 14-NS~ ) 1 5 o Ll O O 0 
1~7 PR INT 185,IA NAL ,C KARHu~(J ),J=l, 5) , K£XPT ,( ~TYPLCJ) , J=l ,3), 1~ruuou 
158 1 CK, K=l,IL) 158000 0 
159 185 FORMATC1Hl,4X,10HCHAKACTER ,Ii,3 X,SA6 , 7X , 12HENVIRUNMENT ,12,7X, 15YUOUU 

-----1-b..,..O- 19HtH~A-R-E---M-£-A.NS 01' ,3 A6 // .:>x , 8Jt-iMEAN!:> l<ANKt.D Fr<OM uREATEST TU L.16UOOOQ 
161 2EAST, BUT THEKE AHE Nu SIGNlf!CANr OlfFERt.NCES ••• ,.l/5X, 34HRANKEOlolUOOO 
102 3 ME ANS ID ENTIFICATION cooEs :/ ~x , 9HRUW/OiiDLR , 2U I5///) 1620000 
163 C lo3U000 
1..o.4- C PR I NT RANK£ 0 ME A N.S-.14) t. NT I F I CA r I ON COD t. S, W I TH NU S I G N ! F I CANCE S 1-6 4J,1. 0 0 CJ 
165 C 16~000 0 
166 IM=1 l66U000 
167 DO 195 M=11 NMNS 120 167UUOU 

_ _ L = M I NO ( M ±_ 9J ~ MN S ) 1 6 8 U u Ou 
PRINI 190,IM,lILISTCJJ,J=M,L> 1~~uouu 

190 FuRM f(lH0 ,s x,12, 6X ,2 UI5I) 1,00000 
195 IM=IM+l 171000 0 

__ __,e..t( . .lliL-2..QO __ - - - _ _ _ _ 1 7 lU_iLU_O 

198 
1z1 

- -

- -

• 

..... 
-l 



173 
174 
175 

• 
200 FURMATC/ ///J_Qj_~6QCl~~J ) 

GU TO 12 5 
END 

• • 
173UVO O 
l14U OUO 
175UOOU 

,. 

..... 
-l 



• 
LIST SYMBOL /SIMMA -· __ 
DATE 01 /17/76 TIME IS 14:36 

SYS TEM /DU MPA LL VERSION 2.9,17~ 

LASTRl:.CORD = 77 
MAXRE CS IZEIN = 14 BLOCKSILEIN = 4i0 
*** E~CDIC *** UNITS=juRDS 

1 fIL£ 5 = FILES, UNlT = REAuER LJ t £ 6 = F LL E 6, UJiU = PR l rd ER 
E 30 = FILE30 , UNI,= UlSK 

LE 35 = FILE35 , UNIT= ulSK 
$ SET AUTOB1NO 
$BIND= FROM CODON/= _ 

• 

4 
5 
6 
7 
8 
9 

PROGRAME SIMMAT CSIMlLARITY MArR1X) 

10 
_ _ BE~ GKuUP 

2 C NC = NUM~ER UF CHARACTER 
13 C NTIN = FILl:. UNIT FUK INPUT DATA 
1~ C NTOUT= f6bl:. UNlT FyH SAVINu THl 
I C S AR E1J---Ol S I .I\ N C E V [ C TD R 

UI5TANCE VLCTDK UR 

16 C 
17 C !PRINT= UPTION fOH ~RINl.ING oF ~!STANCE MATKIX 
1 8 C = 1 F OR P t< I i~ I T H E D I ~ T A r~ C E M A T R I X 
1Q t = 2 Forijol Pt<INTIN~ THE DISTANCl MATHIX 

• 

IDI ST = OPTION FOH ~AVING THE D1STANCl ~ATRlX Of~ FILE NTOUT ___ __ - = l FOR ~AVlN~ THE SYUA H~U DlSTA~CE UNLY 
2 3 C = 2--rmr· SA V I 1-. G T H E D 1 S T A ,,J C £. 0 N L Y 

= 3 FOR NUT ~AVING ANY G4 
lS 

. - fMTIN = FORMAT FOR lNPUT DATA 
,..., C FM TOUT= FORMAT FOR u LJ T PUT U AT A, I • E • F O 1< SAVING ON F l LE NT OUT 
6 

Zi 
28 
29 

- lLA L~lL- __ __ _ . 
. DIMENSION MEAN(160,l~J, DC160,t60), SuC15), FMTINC16) , FMTOUTC16) 

JO 
JI 
J2 
33 
li 
JS 

39 
~ 
40 
41 
42 
zrJ 
44 
't5 
46 

7 
48 
49 
2 

1 , R,12720) 
READ C~,5) NG , NC , NT1N, NTOUT , IfHtNf, lUIST 

_[j)_RMAT C 1015 t _ 
READ (5,10) ( FMTIN CIJ, I = l,16) 
READ C5,10> CfMTOUTCI), I = l,16) 

10 FURMAT C16A5> 
----~TiN1, 'r~TIN1 - CM(ANCI,Pl , P = l,NC) 

READ C5 , 2) ) CSuCp), P = 1, NC) 

C 
C 

25 FORMATC4E20,1j) 
CALL UISTA CMl:.AN, ttG.! NC, o, so, !60, 1:>l 

0 PT I D N FOK PR IN T ING T t It. U AN U IJ • S 1>1 U Af<t:. M /d r< IX 

.~ _:,:_GU To CJO , !!.QL, lPR1NT 
3 0 CUN I nm E - . -

WH I TE C6,J~) NG 
35 FORMAT(lHl, 44(1H•> , ~x, 'O AND u-sYUAH[ ~ATKI X', sx, 44(lrl•)ISOX 

1 2..1..UJJUL.~OX, 2 l C 1 H * ) / /, ?. '1 X, '. O IS f AN C t:. S , C 1 N L lJ WE R _HALF> ~ 

0()00100 
0000200 
0-0DD 300 
00UU4UU 
oooosou 
00UU6UU 
000070"0 
0000800 
000090U 
0001000 
OOUllOU 
0001200 
0001300 
OOU14CJO 
0001500 
00016UU 
OQ017UO 
0001800 
0001900 
uuu.2oou 
000~100 
00Ui200 
0002300 
0002400 
0002500 
0002600 
0002TOu 
ou0280u 
0002900 
_OOU300U 
OOUJlOU 
0003200 
Oui.JJ.300 
0003400 
OOU.3500 
0003600 
0003(00 
oou31jOO 
0003900" 
0004000 
oooinoo 
0004~00 
0004300 
0UU~400 
0004500 
0004600 
0UU47DO 
0004800 
0004900 
oou~ooo 

• 

-------------~ 

-

·-· ·--· 

..... 
-1 
N 



.. • • 
::>1 2 'AND O!STAl~CES SQUARE qN UPl-'E I~ liAL F )',/.i7X,'BLTWEEN' 14, 
'j 3 ' smoAtrtH-ZEu M~AN VEcTO i~s '/) 
~ C A L L SM P R I N C iJ , N u , 1~ u , L) & D .. S Q , 1 6 U , 1 U ) 

4 40 CONTINUE . 

sg E -- --

~7 C OPTION FOR SAVING DISlANC[ OR oISIANCLS SwUA~£ UN TAPL 
8 C 

:l9 Goio___J5o, _IQ ,_ lQU), J.L)IST 
60 50 CffNTI NUC-
01 DU 60 L = 1, NG·l 
62 DO 60 J = l+l, NG 
63 K = CCJ • 11 * CJ• 2Jl I 2 + I 
o4 R(K) = OCI,J) 
65 60 CONTI NUE 
06 GU TO 90 

7 7 O______C__Q_til__l N UE: 
_ u - 50 ·· 1 = 1, i~Ff -

69 00 60 J = 1+1, NG 
70 K = CCJ • l) *CJ• 2J) I 2 + I 
/ 1 ~ C K} = O.LlLJ ) 72 80 o~TINUE - -

3 90 CONTINUE 
74 NUS = NG * CNu • 1) / 2 
7 5 WJU T E C N T_OJJ.1.L F MT O U T ) l R C K > , K = 1 , N u S J 
76 LoC-ir-NToUT 
77 100 CALL EXI T 
/8 END 

- --

-

--

0005100 
0005200 
OOU:>300 
OOU540U 
o 05c:oo o-8-o-sgoc, 
OUU'.:> 7UU 
ooo~uuo 
U_UU'.:>90U 
0006000 
OuU610U 
OU0b2UO 
UU0630U 
0QU6400 
OU0650U 
OOU66UO 
0006700 
Oo06ti00 
00U6900 
0007000 
0007100 
0007200 
0007300 
Oo0/400 
0007~00 
00U7600 
0001100 
0007800 

• 

...... 
-l 
co· 



• 
LIST ~YMBOL/DISTA 
DATE Ul/17/78 

------- -----·-
TIME IS 14:36 

SYSTEM/DUMPALL ~S.lruL~ <u_li_o_ 

LASTRlCORD = 64 
MAXRE~SIZEIN = 14 BLOCKSILEIN = 
**~ EBCDIC *** _UNIT~=_wu_rrns 

• • 

420 

1 c ouou1uo 
2 C ===========-======================================================OOUU200 

---- - 0000300 
C SUB ROUT l NE DI :i TA C X, NG , N C, u, Su, N li l), I~ CL) ) 0 U O O 4 CJ 0 
C 00UU50U 

SCRIPTION OE P~~A~t.JERS 0UU060U 
OOOU TOO 

C 
C 

X = I NP U T M A T R I X u F N G * 1~ C • 0 0 u O ti O 0 
00U0900 

• • x NG = Nu• OL.GBU~P lKQW) Of INPUT MATK IX• 0001000 
11 ~ oou11ou 

C NC = NU• OF CHARACIER (COLUM N) OF 11wu ·1 MATRIX , 0001200 
C 00U130U 

14 C D = OuJe..ul_MATRIX UF ~~G * NG , curHAI1H !Hi u·SQUAKE I N UPfER 0001400 
·- C HALF, AND DIN LO WER HALF• 1T SHOULD ~E DlMENSlUNlD AS A 0001500 

C SQUARl MATRIX Jf NGO* NGO I N THE CALLING PRObRAM• 0001600 
C 0001700 

16 C SO = VE.Cl O FLO F N C I:. LEMEN T S, F O Ii WE I G HI 1-4 G X ., l • G • THE STAND AfW O OU 180 U 
19 C DEVIATION OF ~ACH CHAHACTlR, 0UU190U 
20 C SE.TALL ELEME NTS OF SU= 1 If NO ~llGHING IS NEEDED• 0002000 
21 c 00021uo 

---~ C NGO= NU• DEJlO~ Of INPUT MA TRIX uIMENSlLlNEU FOK IN THE CALLING 0002200 
i3 C P~OuRAM• 0002300 
24 C 0002400 
t.5 C NCO = NO• Of COLUM 1~ uF INPUI MAIRIX ANU r~u . uf ELEMENT OF 000~500 

---'---6. C Vt.CUlf<_S-0 DIML 1'4SlUNEO FOR I N IHI:: ~ALLING PROGt<AM• 000260_0 
~7 C OuU27UU 
~8 C SUBROUTINt NE£DED OOJ2ti00 
~9 C NONE 0002900 
30 t _ _____ _ OQUjOOO 
Jl C PROGRAMMEO BY 000310U 
J2 C 0003200 
J3 C S, H• TEOW COCTOBtK, 1976) 0003300 

____ _li_~ .,._ ________ - - 00Uj400 
JS C ==-===============================================================Oou3::,0 0 
J6 C 00U36UU 
37 suBROUTlNt. DISTACx, N~ , NC, u, su, NGU , N~D ) oouJ7UU 
j e C D-Ui£HS-1 UN _x_~ 0-L N C [.)) 1 DC NG D., 1~ GD ) ' S D ( N CU) 8 8 8 ~ $ 8 8 
40 C STANOARDilATIUN 0004000 
41 C 0004100 

-----CL.'------D O 1 O I = 1 , NG -
43 DO 10 K = 1, NC 
44 IfCSDCK),LE , O,O) SD(KJ = 
45 XCI , K) = XCI,K) / SUC~) 

- ~ 4 . .6__ __ 1..0-C UN T IN U£ 
47 C 
48 C 
49 C 

FIND D SQUARE 

- - ~ ...... 0-. ----DO 2 0 l -= _L, N-u-

1.0 

0.004200 
0004300 
0004400 
00045UO 
oo O ,. 60 () 
0004700 
0004800 
0004900 
oou::ioou 

• 

.... 
~ 

·-----~ - --



• • 
_1 DU 20 J = 1, NG 
52 B'I,J) = o.o - -
~3 O 15 K = 1,NC 
~4 DCI,J} = D(I,J) + CXC!,K) • XCJ,KJ) ** 2 
~ 5 1.5_ C.£Hi l.1_._.N_U_E __ . 
~6 20 CONTINUE 
:, 7 
~8 8 FI ND O _ _ 
60 DO 25 I = 1, NG 
61 DO 25 L = I, NG 
62 DCL,I) = SQRT (OCL,I)) g, 25 ~e~~fJL-
65 £ND 

---·--- --- -

----- -

IV t ' 

OQ0510U 
0005200 
Oui.l5300 
0005400 
Oo0.5~0 0 
0005600 
00i.l5700 
00058UO 
00i.l~900 
0006000 
0006100 
0006200 
0(.)06300 
0006400 
OOU6')00 

• 

..... 
-1 
~ 



.. 
LlST SYMBOLICLUSAN 
DATE 01/17178 

_ll_S.1.EJ.1/DUMPALL VER.sl 

TIM£. IS 141.36 

2, 9_. @ _ 

LASTR~CORD = 20 
MAXRECSIZEIN = 14 BLOCKSllEIN = ~20 
*** EUCOIC *** UNITS=W~RDS 

1 FILE 5 = FILES, UNIT= R£Au£R 
~ ~It~ ~ = LLLEk_Ulif+=!= .Y.a I1• r ER 0 = NTI~,-UN = DISK 
~ fILE 30 = NTSV, UN!T = DIS~ 5 -
6 

8 
9 

10 

t~ 
·~ 
16 
17 

C 
C 

PROGRAM CLUSAN 

tLUSTER ANALYSIS• 
DIMENSION XC4UOOO) 
LIMIT= 40000 

CALL CONTRUCX, LIMIT) 
WRITE C6,20) 

• 

---- --~~-,_f...._O._._R .... M A._._T..__C,.__.1 ..... H.....,l_LL__A2 X ,_ 3 7' 1 H * ) / 4 2 X, J 7 { 1 H * ) I I I 
1 3 7 HP Ru GRAM CL u SAN BY ~ , H • TEO W JA ,~ , 
2 42X, J7C1H*)I 42X, 37CtH•>) 

END 

--------- - -- ·---

42X, 
1Y77 Ill 

.. 

0000100 

80Qo2uu 
OUU300 

0000400 
ooovsou 
0000600 
0000700 ooouaoo 
000U900 
0001000 
0001100 
0001200 
0001300 
0001400 
0001500 
0001600 
0001700 
OOOldQO 
0001900 
0002000 
0002100 

• 

- --

..... 
-l 
a, 



I t • • • 
LlST ~YMBOLICONTRO ___ _ 
DATE 01/17/78 TIME IS 14:J6 

SYS JEMIDUMPALL VEt(Slllli 2.9,1]_Q __ 
LASTRlCORD: 172 
MAXRECSIZEIN = 14 BLOCKSIZEIN = 420 
*** EBCDIC *** UNITS= l~UJiDS 

1 SUBROUTINE CONTRO ex, LIMIT) 0000100 
C 0000200 
C TH IS SUB R oun N C ALLOCATES ST OK AGE, RE AO S l I~ PUT AN iJ CD f.l T RD LS OOO O 3 0 0 
C EXECUTION FOR A HlERA KCH ICAL ~LUSIERING J U~ BASlD ON PROVlUED OuOu4UU 4 

5 
6 

C SIMILARITY MATRIX• OoUU50U 
er-,---~----- 0000600 ••••••••••-••••••••••••••------------·-------------------------------·•Ou 00700 

INPUT SPECIFICATIUNS 
0UOU800 
0000900 
0001000 

CARO 1 IIt[r-cA~D FUK THIS RUN 0001100 
To ENAuLE MULTIPL£ RUN <E•u• FWR OIFFEKENT M£THLID UF CLJSTEHINuOOU1200 
ON SAME SEl OF DArA>, THE fIRSI ~ COLUMNS (CULS 1 To 5) OF THE 0UU1300 

- . - Tl~L.E ~UST ~sT CU I~ IAIN THE SA Mt. 'rlUKO AS Trll ,~EXT 5 COLUMNS 0001400 --re LS Tu l } UR ELSE IT WILL ~E REAU AS ENO CARU 0001500 
0UU1600 
0001100 CARD 2 INFORMATION F~R SUBROUTl Nl S CLSTR ANO TREE 

COLS 1 • 5 NE = NU Mu£ R OF E ,n IT l ES CD AT A U 1H T S UR VARIAti~ES) TO 0001800 
- - --- - BE ~LUSTEREu 

COLS 6•10 lSIGN = UPTIU N FUR SlMILARITY FUNCTION 
= +1, FOR urSTANCE MEA!:>URE 
= ·1, FOR CQRRlLATlUN ME ASURl 

cocs11•15 N~~v ~ TAPE UNIT 0~ riHICH CL5TR RESULT " ARE SAVE 
= 7, PUNCH ~ESULT ON CAKOS 

0001900 
0002000 
oou21ou 
0002200 
0002300 
000l4Ull 
0002~00 

24 
.c?5 
~6 

C 
C 
C 

•LE.u, 00 NOT SAVE RlSULT 
COLS16·2o NTIN = TAPE UNIT FR OM WHICH !:>IMILARirY MATK IX IS REA00002600 

~ 
28 

9 
JO -
J2 C 
J3 C 

--- - = S, CARD Rt.ADEK 
COLS21·25 KOUT = UuTPUT OPfION 

= + .i. P R I N T u N L Y T I T L E A 1~ D * I S * A R R A Y F R u M 
SUBROUfINE *TKEE* 

- +i, FOR STANOAKU OUTPU T 
COLS26•30 METHUO = THE METHOD UF CLUSTl:.RI N~ USED IN THE 

SUBROUTINE *CLSTR* 

----

34 C __ ......;3;....5:....-. -i::-------- = 1 F OR C ALL I I~ G M E T H 1 
= i FOR CALLI ~G METH2 

J 6 C 
J7 C 
38 C 
39 C 
40 C 
41 C 

= 3 FOR CALLI ,iG Ml:.TH3 
= 4 FOR CALLING METH 4 
=~FOR CALLl ~G Mc.. Trl5 
= 6 FOR CALLI :~G METH6 
.: 1 FOR CALL I 1~ G ML T rl 7 

42 C 

44 
45 
46 

C 
C 
C 
C 

0002700 
0002800 
0002900 
OOUJOOO 
0003100 
0003200 
ooo.noo 
00UJ40U 
0003500 
OU03600 
0003700 
0003800 
00039UO 
Ou04000 
0004100 
0004200 

NTSV AND NTIN MUST BE 0Q04"3tro
T iii~ U U u H u !:> E Of CO 1fl RO L C At-W S • U O O 4 4 0 0 

----c-- --cA R D 3 -Z N P-u T rD R M A T 
46 C 
49 C CARD(S) 4 SIMILARITY 

------";)~0"---- C * * ~ - Il~ C L _U D E. C I\ 8 0 $ 4 O NL Y 

FJR SIMILARITY MATRIX C16A5 FURMATJ 

1/i AT RIX 
!F THE SIMILARITY MATH IX IS UN CARDS 

00U4~0U 
0004600 
0004700 
0004800 
UOU4900 
O()ujQUU 

• 

-·--

.... 
-1 
~ 

--------------



51 

~3 
:> 4 
~5 

~7 
58 
~9 

os 
00 

rl 
69 
10 

• 
C 

C 
C 
C 
C 
C 
C 
C 

• .. 
OUl.l'.:> 1 OU 

LABEL- CARDS fOR ENTITIES. T~Et<E AK E T~o OPTIONS• ooos2uo 
1 • I N C LU D t:. 1 C A R U W I T H T H t. ~ C H A H A C T E t< S * l'l O L A d * I l'l C O LLJ M N S 1 • 5 0 U U 5 J O 0 

UNUER THIS 0Pf10N LABELS AKE NUT PKINrt.D ON THl TRlE OUTPUTOOl.l~qUO 
000~500 

NCL UD[N E C A u -t< S , C O L U M N S 1 T U 1 0 l.; U N T A I 1\J I I~ G A L A B ( L F U K O 0 0 5 6 0 0 
ONl EN1ITY• OKuER THE LABEL CAt<US lN THE SAME ~lQUt.NCE AS uuu~70U 
THE ENfITit.S AKE REPRE~ENTLD IN THL SL MILA t{IT Y MATKlX• OOU'.:>80U 

OuU'.:>90U 
****lf MOL I IPLL lWN Of TtHS PROGRAM IS HEWUIREU ltiEN t<EPEAT CARD 1 TO 0006DOO 

C CARDCS) 5 AGAIN OOOulUU 
C 0006200 

END _CAB D • C u L U M N S 1 T O 5 M iJ S T C U 1'll A I N T H l S A M E W U R IJ A S O O O 6 3 0 0 
--c1JCUMNS 6 TO 10 DR Lt.AVE CULU MNS 1 TU 10 BLANK, 0006400 

C T rl IS IH L L SI L11~ AL THE PR D G :<AM r O E rH) , U O O 6 5 U u 
C 0006600 
c··-------------------------------------------------------------------·-gggg~gg 
C DLCK SETUP SPECIFICATlUNS FOR THE MAIN P~UGRAME 0UU6900 
C 0001000 

IRE USER PROVTOES MAlr~ PROGRA 11 Wt-HCrl PERFJRMS THE FOLLOWir~G TASKs.888t~~g 
0007300 

1. ASSIGNS I NP UTl~UTPUT UNIT~ gou14ou 
. - ... 2 • E S T A B L I S H E. S lM t:. D l M E N !'.> I U N OF T H E X A ~ K A Y A IW S E T S T H I S U O / 5 0 0 
76 C DlMEN~ION TQUAL TO LIMIT• 0007600 
/7 C 3. CALLS SUBROUT!NE CONTRO • 0007700 
78 C 0007800 
79 C _ 0007900 
g~ ~-----------------------------------------------------------------------gg~g~g3 
2 c·-···------------------------------------------------------------------ouo~200 ---lt- C ----- - - 888~~88 

d5 C 00Ub500 
d6 INTEGER FIRST 000ti60U 

___ b~7----~~QlM ENS10N X(1), EMTClo), TITL(Cl6J, EPS<2~) 000d700 
d8 . 10 RE.AD c5, lOOOT!fTLE - OOUd800 
d9 WRITE (6, 2500) TITLE 0008900 
YO If CTITLE(l)•IS·TITL£\l)) GD ro lUO 000Y000 
Yl RLAQ__~C5,j_l_O__Q_) N_E, lSJ.1.11~, NTSV, NTIN, KOUT, METHOD OOUYlOl.l 
9 2 WR I r- rT6, 2 2 0 OTN E, I S .l G N, NT S V, N I I r~, r< U U f , Ml TH O O OU O 9 c! 0 O 
93 C 000Y300 
Y4 C 00UY400 

___ *"'1~5- C PART IT I OtLIJ:l£_5_IORAGE ARRAY OOOY:>00 
" 6 C OuOY60U 

7 N1 = l ouOY(OO 
8 N2 = N1 + NE 0UUY800 

.9 ~3 = N2 + NE OOOYYOQ 
100 N4 = N3 + NE OOlUOOO 
101 NS = N4 + NE 0010100 
102 N6 = NS + NE 0010200 

.Q..L NZ = N 6 + NE _ __ Ou 1 u 3 Ou 
04 M2 = N7 +(NE* (NE• 1)) / 2 oo1u4UO 

105 Ml= M2 + NE 001U500 
106 M4 =Ml+ NE 001U60U 

- - 1-0l_ ____ M~ = M~ t NJ:__ Ou1U70U 
108 M6 =MS+ NE OOlOdOU 
10~ M7 = M6 + NE 0010900 
110 Mti = M7 + N~ • 1 0011000 

L2 = N7 +_25~_li[ - _ _ ____ . UUlllO_ll 

• 
- -- . ------------

.... 
-l 
00 



• • • 
112 L3 = L2 + 2 * NE uull20U 

- - ~ i-1~3~ ---~[4 = D+ ~E 0011300 
114 LS= L4 + NE UU11400 
115 Lb= L5 + NE 00 l15 0U 
ll_6 _ l 7 = L 6 + Ji£ • l 0 0 l l 6 O 0 
117 C 0011100 
118 C CHECK FOR SUFfICIENf ~ro RAGE 0011~00 
119 C UU11900 

_ _ _ 1~0 ~o uu1~000 
121 IFCL7.GT•MAX) MAX = LI UOll.100 
122 WRITE (6, 2300) MAX, L!MIT OOll.200 
ll3 If(MAX•GT.LIMlT) STOP OOll.JUO 
1l4 c____ _ _ 0012400 
1 l 5 C RE A O T HE ~ I M I L AR I T Y I~ A T R I X O O l l. 5 U 0 
126 C vOll.600 
lt'.7 RlAO CS, 1000) fMT 0012700 u:a WR I IL lA.l.2-lOJ)) LMT Oul~tiOO 
1l9 FIRST= Nl OOll.900 
130 LAST= M2 • l 0013000 
1J1 READ CNTIN, FMT) CXCI>, I = FIRST, LA~T ) 0013100 
U.2 _c__ -- - 0013200 
1J3 C RlADY TO CLUSTER 0013300 
134 C OolJ4UO 
135 CALL CL ST R C X C rH ) , X C.~,), X C N ~ J, .X: ( rJ 4 ) , X ( ,~ ') ) , X C N 9), X C N 7 ) , U O 1 J 5 0 0 

__ _1_.16_ ____ ,1- _ _ X C M 2.) , X C i~ j ) , X C M q J , X ( M '.:> ) , X C 1·16 ) , X l M 7 ) , I I T LE, NE , 0 U l J 6 0 O 
1J7 2 IS!GN, NfSV , METHOU) Ou13700 
1J8 C 0013800 
1J9 C RlAD THE LABLE 0013900 ___ t_4_Q _ _ ---L!Rs.L=- L-2 0014000 
141 LAST= L2 + l 00141UO 
142 READ CS, 1000) CX(I), 1 = FIR~T' LAST) Uu142LlU 
143 lf CX(FIRST).LS•5HNULAd) GO Tu tlU Ou1~3UO 

---14-4... - C-- - 0014400 
145 C R~AD REMAlNlN~ LA~ELS 0014500 
146 C 0014600 
147 DU 70 K = 2, NE 0014700 

- -~l~4~B- ___ ~lllSJ~~ST + 1 OulqBOO 
149 LAST= LA~f + 2 0014Y00 
1~0 70 READ CS,1000) CXCI), ! = FIRSf, LASf J 001)000 
1~1 C 001~100 --t~ -C-- DHAW THE TREE CORHESPuNOI NG Tu fHt- CLUS TLHING 001'.:>200 

~3 C 001)300 
1~4 80 MERGES= N[ ~ 1 00lJ400 
1~5 CALL TREE CX(Nl), XCNi), XCNJ), x~N4), )((1~5) , )((No) , X(N7), 0015500 

___ - 1-:>--6.- ___ _ -l _ X C L 2 ) ., X C L J J , X C L LJJ , X l L 5 ) , X C L 6 ) , E P S , T IT L E , ME R GE S ., IJ O 1 5 o O 0 
1~7 2 1, 6, 1, KuuT , NE) Oo l'.:>(0 0 1,u INQUIRE CNTIN, KINO = KND) Oul,bUO 
1 , 9 If C NT I N • N t:. • 5 • AND • KN U • NE • 9 ) H L rl 1 N LJ ( N l I 1n U O 159 U 0 
160 ___ 9 Q_ GU JO l O U O 16 0 0 LI 
161 100 Rt:.TURN Ovl01UO 
162 1000 fURMAT CloAS) 0Ulo200 
103 1100 fURMAT (815) Oulo300 
lJ.IJL __ 2J OJL £.U RMAL U.O.X, 1 6Ji IN PU I FOR MAT : , 1 6 A '.JI I > 0 0 1 o 4 0 o 
105 2200 FORMAT (lOX, ~H NL= ,1 a,//, 1ox, 8rl ISIG~ =, I5,//, 10X, Ool0SUO 
166 1 7H NT~V =, lo,// l OX , 7rl NTI~ =, 16> // 1ox, 0010600 
1 6 7 2 7 It KU U T = , l 0 , / / 1 0 X , l O r1 f·1 E f HU U = , I 3 I ) 0 U l 6 7 0 0 
J..6a. . 2300 fUR..MA.JClOX , lYH RLQUIKt::D ST(JRAGE. = , !7, 0H l~URu s,// Oolot300 
1~9 1 1ox, lWH ALLOTILD STORAGE=, I7, 0H ~uRuS ,/) Oulo900 
170 2 5 0 0 FORMAT ( 1 H 1 > 12 0 X, 3 G \ l H $), 1 o H CL UST L K A,~ ALY;) l S , 3 2 { 1 H $), / 0 0 1 10 0 0 
1/1 1 2UX, 1H$, aox, lHS/ 2ux , ! HI , e ux , 1H~/20X, 1M$, lbAS,lHS/OUl/l OU 

--,.----11.2- ~ _ 2. ___ 2 U X, lH $, 8 OX, 1 H $ / 2 U X, l tH , ~ 0 X, HI~ I l. 0 X, 8 l. ( 1 H ~ ) / / / ) 0 0 1 ( 2 0 0 

• 

___ ._.. ___ --· 
...... 
-l 
c.o 
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• 

• 

:::> 
0 
f"'l ..._ -::, 
::, 

0 
z 
w 

18 

I 
I I 

I 

I I 
I 

I 
I 
I 



~ • • 
L1ST ~YMBOL/CLSTR 
DATE 01/17/78 TIME IS 14136 

___il_Sj...E.hLQUMPAlL VE~S~~ 2;9117~ 

LASTRtCORD = 252 
MAXRECSIZEIN = 14 BLOCKSILEIN = 
*** Eli CD IC *** . UNllS=WU_BDS 

ij2Q 

1 SUBROUTINE CLSTR CII, JJ, ss, IL, JL, NEXT , s, LAST, NEAR, SREF, 
~ C 1 __ __ _ LIS I , A, B, TI T L. E, I~ , I~ I G N, NT, ME r HOD) 

4 C INPUT PARAMET£RS 
5 C . 
6 C N ~ NUMBER _Q_[___QilJECTS TO ~E CLuSTlRLD 

6 C S = THE ONE DIMENSIONAL ARRAY wHf~H sruKEU THl LOWER TRIANGULAR 
9 C PORTION Of THE SIM!LARITY MA ~IX ~y Kuws. 

oouu100 
l.)QUl.)200 
OuUU300 
ouou400 
0000500 
000U600 
0000700 
oooueoo 
0000900 
0001000 10 C . =- trPTlTii~ SP EC I F Y I NG TYPE OF S I M l LA R I T Y FU 1~ C T I ON USED OOO 1 1 O 0 

1SIGN = +1 FOK DISTAN~E MEASUKE Cu£C~lASI 1lG FUNCTION UF SlMILARlfY0001200 
I~IGN = •1 FOR COkRELATION MEASUR~ CI NCKEASIN b FUNCTIUN Of 0001300 

SIMILAKITY) 0001400 
-- - 0001sou 

16 C NT = TAPE UNI r ON WHI~ii THE HLSUL r AR( S/\VEO 0001600 
7 C NT ,LE.O FUR NUT SAVINb RESULT~ ON TAPL 0001100 

16 C _ __ OOOldUO 
C TI Trr-=--ro (N T IF YING T ! T LE FOR TH 1 ~ RUN Ou o l 9 0 0 
C OOUiOOU 
C METHOD = rHE METHOD ~SEO FOK cLU~TlRlN(.j OOOllOU 

---2=~---e-- --- : +f~ ~~tf [~~ ~~t~1 8~~~1~8 
4 C = 3 FOR CALLINLi METH3 0002400 is C = 4 FUR CALLlNG METH4 0002SOO 

26 c_ ·----= _5 _ E.U8 CALLl rHi M£ TH5 0UU2600 
--~~H7 C = o FUR CALLING METH6 ou0270U 

,6 C = 7 FUR CALLI 1hi MlfH7 ouo:rnoo 
29 C UOJ2900 

-~J,-0 C - TP- - _ ouu JUOU 
J1 C OU UT OouJlOO 
32 C OUOJiOU 
J3 C OoOJJUU 

___ J'-,=4C- __ C'----- TliE_fl_ES.U.LfS ARE. RtAUY FOR !>UBRJUT I I~[ Tr<EE• 0003400 
JS C 0U03SOU 
J 6 C I I c ARR A Y OF K ELEM E 11 f S C ON TA I N I 1 ~ G LU H t: H u HOUP I U EN T l F I C A T I ON O OU Jo O iJ 
J7 C NUMB~R, ~ERGED AT STAGE K 0U03700 
J6 C 0003tl0U 

----:r9- C JJ = ARR'AY -OF- K ELEM£ 1-.TS CONTAINI 1>1GUPPE1(R GROUP IUENTlFICA TION 0003900 
40 C NUMBER , MERGED Af STAGE K ooo~ooo 
41 C 0UU4100 

__ ...,.4 ____ 2_ C SS = A~~~ Y Of K EL.EM E 11j f S CONT A I N I 1-1 G VALUE U F S I M I LA R I I Y Fu N C T I ON OOO 4 2 0 0 

44 
45 
46 
1f7 
qb 
49 
~o 

--A ITATtn- w ITH M £ R G E A T S T A u E K O O O 4 3 0 U 
0004400 
oou~sou 
000 .. 600 
0004700 
0004800 
0(.)04900 
000)000 

C 
C IL = ARRAY Of K ELEMt:1lfS CONTAINI ,~G STALiE NLHWER AT WIIICH IICK) 
C WAS LAST IN A ME~tiE CO FUR FIRST MEHuE) - c-- -- - -
C JL = ARRAY Of 
C WAS LAsr 
C 

K ELEM(1dS CONT11INI 1~G STAGE NUMUEt< AT WrlICH JJCK) 
I~ A ~£KLiE CO FUR Fl~ST MlHbE) 

• 

-- - ---~----

·-

1--\ 
00 .... 



• 
1 C 

• • 
_ ....... uF K ELE1<1ENTS CUiiTALHNG NUMt>(k UF NEXT :>TAGE AT NE X r = -

I I I ITN I I T" C-K) IS IN A MEt<GE 
ouu~1ou 
ooos2uu 
00U:>30U 

LAST= AR HAY U F K EL E l'I t: NT S C U ,HA 1 1H NG NU Mu E. R U F PRE V I u US S r AGE A T OU lb 4 0 0 
WHICH IICK) WA~ IN A MlRLlE OuUj:>OU - ----- -- - Oo0560U 

NEAR= ARR A Y U F N EL Eivl ENT S CO NT A I 1~ I 1~ G ! U l 1-d IF l CAT ION I~ UM B t. R OF OU U j 7 CJ O 
EXTREMl ELlME~I IN ROW I 0~ THl LO~ER TRIANGULAR SIMILAHITYUuu,ao o 
MATRIX• 000~900 

- - - OOU6UOO -
E F = ARR A 'r' U F N EL E M E. N T S C O N T A ! 1~ If.Hi fH E V A LlJ E O F S I M I L A R I T Y 

F UN C T I U N F U R T H t: P A I R { I , 1~ E A tn I ) ) 
SRF"-

o3 C -~-........--
: I = Afff[Al' -rrr N r L £ M £NT s CO 1H A I 1"1 I~ G I • T Ii GR u up I DENT IF I C AT ION 

Nu MB ER I N !:, E Q u t. rH I AL L ! s T u F Cu IH< E ,~ r CL us H. R s - -- -

b6 C 
A.. ,. w 1 = ARR A Y OE N E_L._.t:__M E 1~ I S AS Wu Ii K I 1~ l.i SPA C t:: f- U f< SU tj RU U TINE Ml TH O l) 

B = ARRAY Of N ELlMENlS AS WUr<KlN~ SPACE ~Uk !>UdRUUTINl METHOD 
10 C 
f 1 C rz----- DIMENSION SC1T,TI{1J, JJC1), sSCl), ILCl), JLC1), NEXTCl), 

1 NEAKCl), SRt.F(l), L1sTCl), LASTtl), ACl), 8(1) 3 
4 

(';>_ 
DIMENSION TITLE (16) 

INT READING 
WtHTE C6, 1000) 

•• UVY FURMAT (/ llX~ ~Trlt METHOU USEU IN THI~ ANALYSIS I!> l 
U h R 

tl 1 
~2 
ts3 

INITIALIZE VARIABLES AND SET CQNSIANTS 

t>S K = 1 
d6 SIGN= ISIGN 

I ) 

OUOblOU 
00U620U 
0UU630U 
0006400 
00Ub500 
ouoo6CJU 
0806700 
U 06800 
OOUo9UU 
0007000 
oour1ou 
0007200 
ooor.3ou 
Oo0/400 
0001,00 
ouD7oOO 
OOU/100 
ou01aoo 
0U07900 
OOObOO-O 
OOOblUO 
0008200 
0008300 
0008400 
00Utj500 
0U0ti60Ll 
0008700 U7 BIG= SIGN* ltOE~O 

as Go 10 c2or,- 2u2,- 203, 204, 
t>9 201 CALL METHl Cs, NEAR, ~HEF, 

20~, 2U 6, ~07), M£THuD Ou0880U 
Ll~T, A, B, SkLFX, SIGN, N, NCL, LREF, 0008900 

YO 1 NRE F, 1) 
Yl GJJ TO 300 
92 202 CA[L MEIH"2" TS, NEAR , ..1HEF, 
93 1 NRE F, 1) 
Y4 . GU TO 300 
YS 203 CALL ME TH3 CS, NEAH, ~KEF, 
96 1 NRCT, 1) 

OUUYOOO 
0(.)UYlOU 

Ll~r, ~, t:l , SHLFX, SIGN, N, NCL, LHEf, 000Y200 
UOOY jUO 
OOIJY400 

LIST, 1..., B, S k L F X, SI G 1~, N, N CL, L HE f, 0 0 UY 5 0 0 

Y7 GU TO 300 
Y8 204 CALL METH4 
99 1 

CS, NEAR, ~~EF, Ll~T' A, B, SRtfX, S1GN, N, NCL, LR[F, 
_ JlRE F _, 1) 

Ou09600 
0UOY700 
0U0Y800 
UOUY901J 
OOluOOG 

cs, NEAR, ~REF, Ll:>r, A, B, SRLFX, SIGN, N, NCL, LHEF, 001u100 
NREF, 1) 0010200 

100 GO ro 31J"U" 
101 205 CALL METH~ 
102 1 
103 Gu To 300 

206 CALL METR6 
105 l 

0010300 
S", 1~EAR , ~t<EF, LI:n, A, t:l , SRLFX, SIGN, N, NCL, LREF, 0010400 

NREF, 1) Oolu~uo 
UU106UO 106 GU TO 300 

1 U 7 2_0_~A L L METH 7 CS, NEAR, :> I~ E F, rua ------r --- - ~ F, 1J 
Ll~T, A, B, SRLFX, SIG N, N, NCL, LREF, 0010700 

ou1uaoo 
0010900 
0011000 
OU_lllUO 

109 300 CONTI NU E 
110 C 

--~1~1..L _L __ l..tti T I AL LZ E. _A flKA Y S __ 

• 

.... 
CD 

-- --- --------



• .. 
112 C cn,-ro J = 1,N - -
114 LASTCJ) = O 
115 NlXTCJ) = 0 

-1..l.6 L1STC__J) = J 

ll~ 10 ~~~ff~6E= BIG 
119 

--~1- ~0 
1:£~1 

C 
c. 
C 

I N D E X T fil M_Efil R Y l N t. A C H H O ~~ 

ll2 L c 0 
1i3 DO 30 I = 2,N 
124 11 = ..l .. . 
125 OU 30 J = l,Il 
1~6 L = L + 1 
1~7 C 
H: l!/ ~ 411 0.11 ( _c..J_S_ilJ..__= S...{ I, J) 

• 
Oull~UO 
0011300 
0011400 
0011500 
0011600 
0Ull700 
OOllHOU 
001190() 
OuL~OUO 
OUl~lOO 
ouL~200 
Oul:.~300 
0012400 
00li50U 
0012600 
ouli7uo 
Oul2tl00 
0012900 

IF (((S(L) • SREFCI)) * SlGN)•Gl•v) uU TO 30 0013000 
NtAR CI) = J 0013100 

1 J2 Sill-' LL-=--.._S_lLL _ oo l J200 
lJ3 30 CUNTINUE OulJ3UO 
134 C uulJ4UO 
1J5 C MAIN LOOP• FINO (XrKL~ VALUE IN ~REF AHHAY OulJ~UU 
Ll.1L c __ __ _ 0013600 
1J7 40 SREFX = BlG OulJ70U 
1J8 UU 50 I = 2,N~L OUlJUOO 
1~9 LISTI= LISTC!> 0013900 

___ 1~!+~0~ ____ --1..f __ (.L_lS Ri..£ lLLS.J I) • SK£FX) * SI GI~) d.i T • 0) uU TU SO 0014000 
141 !REF= I OolqlOO 
142 LHEF = LISTI 0014200 
143 SREFX = SREfCLISTI) 0Ul4JUO 

--~ l ~'+-=--4- __ __s_o_ c.oxr.lN.llL _ _ _ o u 1 4 4 o u 
145 C 0014500 
146 C LREf IS THE RUW NUM8EK CONTAINING THE EXTrtlME ENTHY IN THl S ARRAY00146UO 
147 C • IF THERE ARE TIE:., lrlEN LRO IS 'fill HlGrH .. sT NUM1;j(kEU fWW WI1H UOl1.t7UO 

--~ 1 ~ __ c.___ ll:LLL£llR1.J1 EJ .. /\ LU t;. , H L:. N C E L R E F • G l • N l A f<C L K E F ) • I K E F 1 D E N T l F I E S O O l 4 8 U U 
149 C THE PLACE MENT OF LR~F IN THE LIST ARRAY• 0014900 
1~0 C OUl~UUO 
1~1 NREF = NEAR CL kEF) 001~100 
1 !:> 2 G..{J T .Q_ l.4 Q_ 1, _ 4 u 1 , 4 0 1 , t~ 0 1 , 4 0 ! , 4 U l , 4 0 u ) , ME THUD OU 1:>20 0 
1~3 400 CALL METH7 CS, NEAR, SREF, L!5T, A, ~, SKEFX, sl~N, N, NCL , LREF,Ool:>300 
1~4 l NREF, 2) 001:>400 
1~5 401 CONTINUE 001:>500 

·--~ -_c ___ G_ EN-ER Art M 1:. Ra l o A r A NL E o E o r u K s u u IW u r r l'i E 1 RE l 8 8 l s ~ 8 8 
1~8 C UOl~~oo 
1~9 II(K) = NREF oul~9UU 

. .........LQ.Q... ___ ___.. J _( KL_;: L~EF OU 1 C>OOO 
lol ~SCK) = SREFX Oolc,100 
162 ILCK) = LASTC NREF) 0016200 
lb3 JL(K) = LASTCLREFl 0016300 

__ _.1.....,,C>y4,.._ ____ LAS.1. _lN RIO _ __;_l( _ O o l 6 4 0 0 
lo5 IF CILrK)-;TQ.O) GU TU 60 0016500 
106 ILK= lLCK) 0016600 
167 NEXTCILK > = K 00lo700 

__ -1...QJL ___ 6JL.. I F _ C Jl. C 10 • _E_Q • u ) G Ll T Ll / O O O l c, 8 U u 
169 JLK = JL(K) Oulo900 
1/0 NLXT CJLK) = K 001/000 
1/1 70 K = K + 1 oolT100 

__ -1..l..2- C ___ TE RMiN.A J £ IF t(• l ME ttli t. S HAVE u CC iJ t< EU _ 0 O l / 2 0 U 

• 

..... 
CD 

---~ ,--



• • • 
113 If CK,EQ•N> GU TO 140 Ou17300 

i~~ E UPDAH .. FOR THt. ~EXT CYCLE 881~~88 
176 C 001/600 

_1 /7 NCL = NC-~-~t __ Ou 1 / lOO 
178 IF (IRLFtGT1NCL) uO ru 90 Oul/800 
179 C 001/YOU 
1d0 C UPDATE LIST ARRAY BY K[MOVING LREI· ANU PU~HINb UU~N THE LIST 001800 0 
~1 C OOl~JOU 

lti2 DO 60 I= IHEF, N~L 00ld200 
lti3 bO LIST(I) = LISTCI+l> UU1ti300 
ld4 C Oultl400 
l 8 5 C lJ e..D A.l.E-E..OH-N £ X...T C Y C L t.. 0 0 1 ti 5 0 u 
1b6 C UUlti60U 
1~7 90 CONTINUE OUltl/00 
ld6 GU Tu (601, 602, 603, 004, 60~, 6v6, 60l), METHOD OOlddOU 
lb9 601 CALL MfTHl CS, NEAR, SREF, LlsT, A, t:j, ~KlFX, SlUN, N, N~L, LR£f,OOlci90U 
1YO 1 NREF, 3) OOlYOOO 
lYl GO To 700 OulYlOU 
1 Y 2 6 0 2 CALL METH 2 CS, N t. AR, SR E F, L l ST, A, ~, S k [ F X, SI u N, 1~, N CL, L RE f, 0 U 1Y20 0 
1 Y 3 1 N..R.E F L l ) 0 U 1 9 10 0 
1Y4 GO TO 700 001Y400 
1Y5 603 CALL MLTH3 cs, Nl:..AR, ~REF, L15T, A, t,, Si<EFx, SluN, 1~, NCL, LHEF,oolY50U 
196 1 NREF, 3) 001Y600 
1Y7 GU ro zoo ou1Y70o 
1 Y 8 6 0 4 C A L L METH 4 C S , N E A R , S R E F , L 1 S T , A , tj , S K I:. F X , ::i I li N , I~ , N C L , L R E F , 0 0 1 9 u O 0 
199 1 NR£F, 3> 00lY900 
ioo Gu To 700 002uooo 
2 O 1 6 0 5 C A L L t4 C 'f H ~ C ~~ E.. AH , SR E F , L .l S T , A , tl , S K [ f X , S I u N , 1>1 , N C b. , L HI:. f , 0 o 2 u 1 0 0 
2U2 1 NREr, 3) 0020200 
203 GO To 700 ou2u3UO 
204 606 CALL METHo ,~, NLAR, SREF, LisT, A, u, 5k[FX, SlUN, N, NCL, LREF,002U40U 
2us ______.t,,j flE.f" 3 l 002u~oo 

GU TO 700 0020600 
607 CALL METH7 ,~, NtAH, ~REF, LlsT, A, tl, SkEFx, SIGN, NI NCL, LREF,U020700 

1 NREF, 3) uu20800 
.C..11 ~1 T r N lJ E _ 0 0 2 0 9 Q_(J 
- ~ -- 0021000 

uu21100 
CLUSTERING flNlSHlD Al~U ALL ANCILLAKY INFURMATiuN GENLKATlU• UU2ll0U 

-------- - ---,S-A-V LRLSilL-1.S.--As- 0 t. SI tt t. u • 0 0 2 l JOO 
214 C 002140U 
215 140 K = K ~ 1 0021S0U 
216 160 IF (Nl•LE,Ul HETUHN 0021600 

------2.l..L----1',UU TE C N L,_2--3-0-0 l TI l L. t.. OU 2 11 o u 
218 WRITE CNT, 21UO) Ou21bUO 
219 DU 170 I = 1, K OU~lYOO 
2,0 170 WHITElNT, 2200) I, Il(I), JJ(I), ~5CI), lLCJ), JL(I), NEXTCI> 0022000 
2:...::1 LQ CJ<...JU_____ 00~~1uu 
222 RETURN 002~200 
2~3 2100 FORMAT C/oX, 'STAG~·, ~x, 'LOrlEH', 5X, 'HlGHEK', )X, :vALUl Of ,, Uu22300 
224 1 'CRirt:.RlON ;, 4X, 'STA'-'E r/tiERE', · 4x, 'STAGl WHERE', 4X, . 0022400 

·~~t:..a~', 0022~00 Tox, OF', ax, 'CLUSTLR', 3X, 'CLUSfEK', 4X, 'ASSUCIATED',U02260 0 
4 ' WIT~', IX, 1 1 WAS LAsT', ~X, 'J ~AS LAST', 5x, 'I I~ •; ou2 2 roo 
5 'NEXT', ' ' . ' 0U22HUO 

- ~,_.._ ____ ____..,._ __ _i o.X, .!-M~RlJE;, '.)X, •1u. NO•', .iX, :ru. Nu,', 4X,'Ttil:. Mt:..llGt::'0022900 
- - .. 7 , l 3 X , I N A 1,1 ~ R G E ' , ::> X , : I N A M [ H G ~ ' , 5 X , ' I 1~ A M ( R G E ' / 0 U 2 3 0 0 U 

6 lbX, '.K', 9X, . I', 9X, '.J . , l4X, :~; 2ox, 'IL', 13X, 'JL'0023100 
9 , 12x, 'Nt::XT') 002.3200 

--2.2-0..0- F u..a.M.ll- L I 3--1 1.JU 5 X , U o • 8 , 3 I 1 5 ) 0 U 2 J.J O U 

• 

-· ---------

--

...... 
(I) 



234 
235 
236 

ll • 
2300 FURMAT (/ lox, lO(lH•J, 16A~, 10C J.H• )J 

r~~CTIUN LFINUCl-:J) ~-

• 

237 C 
2J8 C If TH~ LOWER JR1~NGULAR PORTlUN Of A SYMMlTRIL MATRIX IS ~IUREU 
2 J 9 C R O W S I N A ONE .. D I MI:. N S I u N AL A R R A Y , I H l N T Ii E [ L £ 1~ E N T C I , J ) I N T H I:. 
2 4 0 C FU L l MATRIX I~ EL [ M £ 1~ I L f IND C .I., J) I N T Ii E L l N l AR AK RAY• 
241 C 
242 If CI,liJ.....__JLG-U-TO 10 
243 C 
244 C ROW J, COLU MN I 
245 C 
2 4 6 L ~UiD- ;;- LC~-l-l * ( J .. 2 > > / 2 + J. 
247 RETURN 
248 C 
249 C ROW I, COLUMN J 

1 0 L F I ND ·=n I ;;-IT- * ( I - 2 ) ) / 2 + J 
RETURN 
END 

- -· 

---------------

------· ---

ou234UO 
uu235Uo 
0Q2jt,OO 
U02JlUO 

13YOu2380U 
uu2J9UO 
0024(JUU 
0024100 
0 .0 21! 2- u.o 
Uu2430U 
00211400 
0024500 
0024600 
0U2 1t7UO 
0024 800 
0024900 
Oo2jQOO 
ou2~1uo 
Ou2:>200 
002:")JUU 

• 

---

-----------
>-,o4 

CD 
c.n 

---· -------~ 



i, 

LIST ~YMB0L/M£TH1 
DATE 01/17/78 

SYSJE M/OU MPALL VEHSJ 
LASTR~CORD = 75 

TIME IS 14137 

~ 'l_Ll.LO_ _ -

MAXRE~SIZEIN = 14 BLOCKSILEIN = 
*** £~CD1C *** UNITS=J~fiO S 

• • 

'+~0 

suBROUflNE METHl ,~, NEAR, SR~F, LIST, NUMBER , SU M, SREFX, SIGN, 
-----'--_ __ _,.l______ _ N, l~ CL, LREF, NR[F , J OU ) 

ooou1ou 
oouu200 
0000300 
0UUU400 
OOUU)OU 
0Q0U60U 
0000100 

4 C HlER ARCHICAL CLUSTEtdli\.i BY CE l'HRU.10 SURTING 
5 C 
6 C THE ALGURlTHM USEu I::i uESCHIBLD I ii : 
7 C LANCE , G•N • AND w.T . WILLIAMS , C1~67l A GLNERA L TrlEORY OF 
8 C CLASS IF IC AT I ORY 5 lJ r< r ING ST t< ATE u I E 5, l • HIE i< ARCH IC AL SYSTEM, 
9 C COHPUTlR JUUHNAL, VOLUMN 9, NUM~EH 4, FEURUARY 1967, 

10 C PP37.3~J80, 

UlMENSION SCl), NlARCil, SREF<1>, LISTCl), NUMBER(ll , SUM<ll 
GU TO ClO, 25, 30) , JUB 

= 1, INITIA[TZE , 
NUMBEN Cl) = NUMBEH UF ENTITIE~ CUKRENfLY IN TtiE I·TH ~LUSTER 
SUMCI) = UUMMY 

THEOOOUtjO O 
OUOU}OO 
uou1000 
OuiJllOO 
0001200 
0001300 
ou01,ioo 
Ou01500 
0QU1600 
OOU1700 
ooOldOU 
0001900 WR IIE C6, 2"Cf01TJ 

iO 2000 FORMAT C1H+; '+9X, 42rl CENTRUlu 
il 1 1 s1x, 41C1H=)) 

---~ 2 0 ~ ~ M ~~Rt J) ~ t rt 
Rt. TUR N 

C 
'l'j " 1, uor - • .. v .,_M Y~ti T R Y • 

CLUSTEkIN~· ~LWARL OF HEVlRSALS , uuu2000 
0002100 
ouu22uu 
0002300 
0UU2400 
0002500 
U(,)02600 
000270-0 

28 25 RETURN 
.c!9 C 

___ ;t_Q__C,____ __ JOB = 3_,_u PJlAl.L FUR NI:. X T HOU Nu • 
3-1 C UP iJA'TE THE NLW CLUSTLH 
J2 C 
33 30 NTOT = ~UM8£R(NREf) + NUMH ERCLREFJ 
J4 TUT= NTOT 

- JS ALL= NUM~~~E- R~C~L~REF)/TUI 
J6 ALN = NUMt:SER C NREF ) I I LJT 
J7 PHOD = ALN * AL L 
3 8 ~__ti E T = _L,£_j tifil LR£.f , trn Lt ) 
39 -uu ifOJ = 1-, NC-L 
40 I = LIST(J) 
41 , If CI,EQ, NREF) GO TU 40 

' 
( 

44 E 
... ... . . .. ..... ..... ,. ~E~AbE t~Af LREF HAS tiLEN REMwvEo ~-1{0 "1 

0 S E L) f OR E Q iJ A L I T Y W I I H L 1~ E F • 
45 C 
46 LL = LFlNJCI,LHEFl 

ou02uoo 
OU029UU 
OOUJOOU 
0003100 
0003200 
000J30U 
ouUJ400 
Oo03:i00 
ouoJoOO 
0003700 
000Jtj00 
UOO 390U 
0004000 
OuU4100 
0UU4200 

LI~T AND THEREFORE 1 NEED Oo0ij300 
UU04400 
0004~00 
000'4600 

·-----zr.,-------rN-=-CTTN D 01N Ht: F J 
48 S(LN) =ALL* SCLL) + ALN * SlLNl • Pr<UD * SCLBET> 

0004700 
000480 •) 
0004900 49 40 CONTINUE 

~-0- ___ l'i UM BE tH N R_E.U __ = NT u T _ ooo~ooo 

• 

- - - -·-----...... 
00 



I I • • • 
!:>1 C 

UPDA~NTAR--A-NO -~tH:r ARRAY. IF TliE E.XTtH:ME ELEME,H IN ROW 
WAS EITHEN LRLF OR NHLF, THEN IT IS NECE~SARY TO FINU A NEW 
EXTREME ELEMEIH• RO v~ PRIOR Tu NHLF Nl[L) /iUT tiE CUNSIUEREl.). 

B rG S = S I G N l * 1--;; -0 (So 
DO OJ= ,NCL 
I= LISTCJ) 

-· If CiaEQ• NREf ) GQ_ TO :>'.) 60 50 CuNTINUE - -~ . -
~1 55 If ~J.EQ•l) GU TO 80 
62 60 SkErCI) = ~IG 
o ~ J 1 = ~ 1_ o D U 7 O L = -i.-, - J1-
65 LlSTL = LISTCL) 
66 LL = LFINDCI,LISTL) 
67 IF (((S(LL)·SHEF(l))*~lGM).GE•O•OJ ~u TU ru 
68 NE~~~I~ = T1STL--o9 Sk I - = SC[L) 
70 70 CONTINUE 
- 1 BO J = J + 1 
. - - . - • u I ~Til R El u R N 
73 I= LISTCJ> 
74 IF CNEARCi>,E~•LREF1Uh1NEAR(1),l Q•NKEF) GJ TU 60 
/5 GO To 80 

----; o -au 

OuU:>lOU 
I Ou05iDO 

0QU~3UO 
OUUS400 
UOU'.:>~00 
Oo1>~60U 
UOO'.:> 700 
0UU'.:>80U 
0(,!05900 
ffolJbOOO 
0006100 
00U6200 
ouuoioo 
0000 00 
UOU65UO 
ouU6600 
OOOo/00 
0006800 
00Uo900 
0001000 
OOU710U 
0001200 
0007300 
OOU(40U 
OUU/~UO 
0007600 

• 

-----

------ -------

- --·----------

~ 

00 
-1 



• • • 
LIST SYMBOL/METH2 

Ul/17/76 TIME IS 14:37 

S I ON 2 • 9 • 11:JL __ _ 

LASTRECORD = 
MAXRECSIZEIN = 
*** El::$_C~QIC *** 

63 
14 BLOCKSILElN = ~iO 

1JNITS=WURDS 

• 

1 SUBROUTINE MEIH2 CS, iJEAR, SKlF, L.I ST , A, l::l, 
___LB£ t, NREF , JOu) 

~RlFX, SIGN, N, NCL, 

4 C H l E R AR C H I C AL C L U S T l:: R ! IH:i B Y C U 1'1 p L E I E L I N K A Li E • 
5 C THE ALGORI THM IS UERIVED FROM I 
~ C J LI~ N SUN, S • C •, u.i6 l_) ti !ER ARC rl IC AL CL UST Et< ING 

C PS CHOMATRIKA, VOLUME 32, NUM~ ER J, S(PTEM8ER 
SCHt.MES, 
1967, PP 241·254• 

8 C 
9 C 

H DlMTNSf~~ Si~), NE.ARlU , SREF(!), LIS T(l), A(l), tHl) 
GO O , , 20), JU B 

12 
3 

19 C 
0 C 

21 C 

JOB= 1, INITlALIZATlUN• 
10 WRITE(6, 2000) 

2000 FURMAT (1H+, 49X, 28H COMPLETl LI NKAGL CLU$T£KING ,/51X, 28(1H=>> 
RETURN 
JO 8- = 2, lJ UM M Yrr:iT R Y • 

22 15 RETURN ______ _ 
23 C 
l4 C JOB= 3, 0PDATE FUR NLX T ROUNU • 
~5 _j UPDATE THl NEW CLUS1£rt 

--~2- ~...... 20 DO 30 J = 1,--NCL 
28 1 = LISTCJ) 
~9 IF <I.EQ,NREF> GO TO jO 

C 
C 
C 

R E C ALL T H AT L. I'{ E f HA S o E EN R E M u V E O F H U M L I S T S u I 1-.J E E D N O T t:i E 
TtSTEO FOR EQUALITY w,TH LREF, 

--- - -----...... ,L = L F lilOil., LR £ F > 
JS LN = LflNDCI, NREF ) 
J6 If C((S(LL) • S(LN))* ~IGN).L~.o.u) GU TU 30 

7 SCLN) = SCLL) 
3 8 3.Ll._Cj)JilJJiU L__ __ 
J9 C 
40 C UPDATE THE NEAR AND ~KlF ARRAYS• IF THE EXTREME ELEMENT I N ROW I 
41 C WAS EITHE~ LRlF OR NRlF , THE N IT 1S NlCES5AR Y TU FIND A NEW 

___ 
4
+'4~-~ EXTREME ELEMENT• RU.I.~~ PRIOR 10 l'H<Ef NElO NOT BE CONS.ll..lERED• 

4~ BIG = SIGN* l.OE50 
45 40 DO 50 J = 1, NCL 

tt-· iF=c1:~ (H~h:TTGo To ;)s 
48 50 CONTINUE 
49 55 If CJ.EQ.1) GU TO bO 

_ _ 6.0 SREE C I> =_i.UG __ _ 

ouuo100 
ooou200 
0000300 
0UUU4UU 
ooousou 
0000600 
ouou?oo 
oooutsou 
000U900 
OOUlOUO 
0001100 
0001200 
0001300 
OUVl400 
0001500 
01.)01600 
000170 0 
OOO l tiO.O 
0001900 
0002oou 
oou21uu 
00022QO 
0002300 
0002400 
0002500 
Oo\.ll6il0 
000270U 
0002b00 
0002':IOU 
UOU3.000 
00U3100 
0003200 
OoOJ30U 
0003400 
0UU3500 
0003600 
00UJ700 
uou.rnoo. _ 
0003900 
OOU400U 
0004100 
000420 0 
0U0430U 
0004400 
0004~00 

888!~BB 
0004800 
0004900 
0 QQ:>..O OJ> 

• 

---

...... 
00. 
00 



4 

':,1 

~~ 
':,4 

Jl = J - 1 
DU 70 L = 1, Jl 
LlSTL = LISTCL) 
LL = LFINOCI, LISTL) 

• 

!)..5 5 If C..U..S .. CLU- ~SRE.f(UJ• SIGN)•GE.u.O) GU Tu 7U 
- NEAR Cl) = LI~fl !>6 

':>7 
58 
5_2__ 
bO 

1 
62 

70 
SREFCI) = SCLL) 
CONTINUE 

Afl __.,._o J = L.:L_l_ -

J 

fF ='tigf,~1L) RETURN 
IFCNEAR<U•EQ•LREF•Ot<,NEARCJ).EQ, 1~R£F) GU Tu 60 

l Go Io~--
64 

---

• 
000:>lOU 
000'.>200 
000:,30 0 
Oo0:,400 
001JS50 0 
000:>600 
Oo0::>700 
000580 0 
OOU:>90.U 
0006000 
0000100 
0006200 
Oo06_300 
Ou06400 

• 

~ 

(D 

CD 



• • • ' I 

L!ST SYMB0L/M£TH3 
DATE 01/17/78 TIME. IS 14:J7 

SYSTEM/DUMPALL VEKSION 2,9,170 

LASTRlCORO = 77 
MAXRECSIZEIN = 14 BLOCKSilEIN = 
* * * E jj CD IC * * * u NI r s =:.....w Q_RD s 

420 

1 S U B R OU T I N £ ME T H 3 C S , 1~ E AR , SR E F , L I S T , N U M B E R , S U M , S H E F X , S I G N , 
N, _1~C L, LREf, Nt<Ef , JU8J 

4 C HlERARCHlCAL CLUSTERl~G BY MlNIMILING YHE AVEKAijE DISTANCE OR 
5 C MA X IM I LING TH l:. AVER Ali c. CORREL 1\T I O ,1 WITHIN THE NEW GROUP• THAT IS, 
6 C E.o R E A C H P O T [ N T I A l M E..lH.i E T H E A V E R k G E LI F AL L L l N K A i..i ES rl I T H I N T H E 
7 C NEW GROUP IS CALCULATt.U• 
8 C 
9 DIMENSION SCll, NEARCll, SREFC1l, L1S TC1), NUMBER Cl), SUM(l) 

10 Gil To c10, 2s, 3..0...U _ _jud 
11 C 
12 C JOB= 1, INITIALIZE, 
13 C NUMBER (!)= NUMBEH Of ENTITIE~ CUKRl NT LY lN THE I-TH CLUSTER 
1'4 C Su MC I) = ~U M U LALL f td R WISE ::>1 MILA HI f I ES AMONG ENTITIES IN THE 
15 C 1-T H CLUSTE R 
16 C 
17 10 WRITE C6, 2000) 

2000 EORMAT C 1u+, .fl..2.X.L 37H AVERAGE LI NKAuE WlTrlIN THE NEW ~ROUP , 
·- 1 / 51X, 37C1H=J) 

Du 20 J = 1, N 
NUMBERCJ) = 1 

20 SU~(J) = OeO u lfC-rURN 

JUB = 2, DUMMY ENTRY• 
25 RETURN --

JOB= 3, UPDATE FOR NLX T HOUNU1 
____ _ _ ___ ,u.e_Q.A J E I H £._ fi[1L_c LUST t: t( 

30 NUMBEHCNREf) = NUMBEH tNREF) + NU M~ERlLRl~) 
LN = LFlNDCLRLF, NREF ) 

Jl 
32 
33 

_J_L 
JS ~ J6 
,H C 

8 c 
40 
41 

&--E 
44 C 
45 C 

SUMCNREF> = SUMCNREF) + SUMCL~EF) + SlLNl 

UPDATE _ENT I T ft:: S -I N TH t. RE l) UC E u S I 111 I L AH I T Y MA T t< I X • THE EN T I T l ES 
ARE THE SU M OTAL OF ~!MlLARlTY VALUES AS~OCIATED WITH ALL 
PAIRWISE LINKS BETWEE~ THE ELl:.MENfS UF THt. TWO CLUSTEKS, 
u 40 J = 1'N C1.- -

I = LISTCJ) 
IFCleEQ,NREF) GO lO 4U 

RECAL L THAT lkEF H~~ o~EN REMuVEU FHUM LIST Su I NECD NOT ~E 
TESTEU FOR £QUALITY ,H fH LREf, 

_______ _ L = L f I Nl> U , L REF J 
N = Lf HH> CT,mfE f" ) 

46 
7 

SCLN) = SlLN) + SCLLl 
40 CONTINUE 

46 
49 

ooou1uo 
0000200 
oouu300 
ooov400 
ooousuu 
00006UO 
0()0U70U 
0000800 
OuU0900 
0001000 
ouu11ou 
000120 0 
OOUlJO() 
0U01400 
0001500 
0001600 
0UU170U 
00U1801J 
0001900 
0002000 
000~100 
0002200 
0002300 
0002400 
0002500 
0002600 
oou ,ao o 
0002800 
0002900 
OoOJOOO 
0003100 
0003200 
000J30u 
0003400 
000350U 
00UJ60U 
OoOj7QO 
0.0()Jtj8Q 
00UJ9 U 
000400\J 
0004100 
0Q04200 
00lY4JD0 
0004400 
OOU4~00 
00049.0CJ 
0004700 
0004800 
0004900 
0Q0~000 

• 

- - ---------------
I-', 

co 
0 



• • • 
!> 1 C UPDATE THE NEAR AND SK E F ARR A'( S • l F T ti E £ X T f< E 1vJ E ELEMENT IN RU Ii I 
5 2 C W A S E I T H ER L 1fEF Off Nth}· , T H E N I T I S N £ C E S $ A R Y T U t I N D A N ( ~ 
~3 C EXTREME ELEMENT• ROw~ PRIOR lo NK EF N[LO NOT BE CONSIDERlD• 
!>4 C 
:>5 BIJi = SIGN * _l__.0L5J)_ 
!>6 DU 3oJ = 1, NCL 
57 I= LISTCJ) 
~8 IF cr.EQ, NREF) GO TO J~ 
52 50 cu~LlNUE --60 55 !~J, .... E...,.Q-. -1~> GU- TO 80 -
bl 60 SREfCI) = BIG 
62 Jl = J • 1 

g~ e~sf-e ~ Erttr~ -
o5 LL = LFINDCI, LlS TL) 
66 NTOT = NUMBERCI) + NUM~ERCLISfL) 
6 7 NI OT = C NT OT * __lN_T OT _ • 1 ) ) I 2 
68 SREFX = (S 0MCT) + su r,HLIST L) + S(LL)) / NTUT 
69 If CCCSREFX • SREFCI)) * SIGN),GE•O,U) GU TO 70 
70 NEA~ Cl)= LI~TL 
71 St< E r C l L =: S Rll.X 

7
7 2 1 o cmNLTr - -

3 80 J = J + 1 
74 IF CJ,GT,NCL) RETURN 
I 5 I _ = LlS_TJ_J)_ . 
/ 6 IF nrc A IH I ) • E Q • L REF • 0 ~ • NEAR ( I ) , E bl • I~ fH. F ) G Ll TO o 0 
77 GU TO 80 
78 END 

---- - ·-

------ --- - -

OUU!:> 1 UU 
uuJs200 
Ou0'.>300 
UOU~4UU 
OuU.5~00 
000560U 
OUU:>700 
0005800 
o_ou_~-900 
0006000 
Oo0610U 
OOUo200 
oouoJOO 
0UUb4UU 
ouuosoo 
0006600 
0000100 
0006800 
0UU690U 
Ou0700U 
OQU/100 
OuU/200 
OuU/300 
0UU740U 
0007500 
OuU/600 
0()07700 
0007tsOCJ 

• 

....... 
cc 
j,-4 



.. • • 
LIST ~YMB0L/M£TH4 
DATE Ul/17/78 TIM[ IS 141.H 

SYS tEM/DUMPALL VEHSION 2.9.l_L~ _ 
LASTRECORD = 66 
MAXRE~SIZEIN = 14 BLO~KSIZEIN = 
* * * E tJ C D I C * * * U N I I S = ~ ~-R D S 

Lt 20 

SUBROUTINE. METH 4 
1 

CS, NEAR, SK[F, LIS T, A, B, SHEFX, ~IGN, N, NCL,OOUUlUO 
L~tF, NREF, J Od) 0000200 

0UOD300 
4 
5 
6 

8 
9 
0 n 
2 

13 
4 

C 
C 
C 

E 
C 
C 

HIERARCHICAL CLUATER1N~ BY SINGLE LI NKAGE. 
THE ALGORlTHM IS DERIVED FROM: 
JO ANSON, S, C , C 1N7 J H1 t RA R CH IC AL CL UST EK I r~ G SC H £Ml S, 
, VOLUMN J2, NUMBt:R J, SEPTE MUER 1961, PP241·254, 

DIMENSION SCl), Nt:AR(ll, SREFC1), L1STC1l, AC1), d(l) 
GO TO (10, 15, 20> ,Juu 

JOB = 1 , I N I T I A U.(A T ! u ,~ , 

0UOU40U 
OOlllljOO 
OuOU600 

PSY CHOMETRIK AOu0 0700 
oouutiou 
000U900 
0001000 
ooo 1 Tcru 
ouu1200 
Ou0130U 
00U140U 
0001500 

10 
3000 

WRITEC6,3000) 
FORMAT C1 H+, q9x, 26H 

__ RETURN ___ _ 
$ I N G L E L I N K A G ( C L U 5 f [ R l 1~ G , I 5 1 X , 2 6 C 1 H = ) ) 

0001600 
0UU1700 
oou l 800 

JOB= 2 DUMMY ENTRY, 
C 

_ 15 RETURN -·-- _ 

24 
25 

~ 

C 
C 

26 C 

JO B = 3 , U P D A T E F OR 1'4 t: X T R D U 1~ D • 

20 suNTINUE 
U 5 rr J = 1, NCI-

2~ C UPDATE lNT RIES IN S Al~KAY ASSLJCIATEL> WITH NREf 
.lO C 
31 I= LISTCJJ --
32 If(I.(Q,NREF) GO ro jU 
33 C 

0001900 
0002000 
0002100 
0002200 
oocr2100 
0002400 
0002500 
OQU2600 
Oo027ITT) -
ooo;rnou 
00U:c'.9UO 

-8881?88 
0003200 

j 4 C R[.c.AL.L_TJ:lALUEL t:i AS o l EN REM LJ VE L> F KO M LI~ T SU l NEED NOT 8 E 
JS C TESTED FOK EQUALITY niTH LREF 

0003300 
oo0.3400 
0003500 

36 LL = LflNOCI,LR EF) 
37 L N = LfINOCI, ~REF ) 

- -~J.,....,8,,___ ____ li C C C s .lL....LJ • ~LLN_l) * _ S I G N ) • G L , 0 • v ) Gu TU J 5 
39 SCLNJ = S(IT1 
40 If(I,GT,NREF) GO TO 3u 
41 C 
42 C IF I,LT,N RE. . __ _ 
irr- C CHECK l~HETHER SCLN) HAS A BETT[t~ VALUt:: THAN SKEf CtJREF) 
44 ItCCCSCLN) ~ SREFCNRE~ J) * Sl~N).~T,O,Ol bU Tu jQ 
45 NtARCNREF) = ! 
%___ SREf(NR[_f_) ~ ilL.N l 
47 . . GO 1()51) 
48 30 IfCl,GT•LkEF) GU TO 4v 
49 C 

- ~--.LE I • G I • NJit...E. .. JUJ u__. l , L L• L R E ~ 

00U360U 
0UU37UU 
0.UU3tlUQ 
OOOJYOO 
0UU4UUO 
000410 0 
O(J042U O 
0UU43UU 
UU044UO 
0004500 
0004600 
0004100 
00U4UOU 
0004900 

- _QQ Qjj)_(JJJ 

-· 

--

• 

.... 
(.0 
'(\J 



• • 
CHECK WHETHER s<L N) r1 MS A BEfT ER VA LUL THAN St<Ef(l) ---~5~2-~c--- ----

~3 
~4 

1rcccscLN> • 5REF(I)) * SIG N) •GE•U, O) ~u ru SU 
SHEfCI) = SCL N) 

~ ~ ~ Al~I ~ 0 = lif1D 
':>7 35 IfCI~LT•L~EFl GO TO ~v 
':>8 C 

.. 

-~--_ __._,..___.,_,LG t_..LREF-
- UPDATE NEAR AHR AY fO H fH OSE Ruws ~HUSL (XTHEMt ELEMENT WA~ LR Ef 

5. 
oO I,; 
61 C 

IfCNEARCI>•NE•LREF) uu TU 50 
--~N LAR..C l) = lift.EE 

SHEfCI) = S(Li'O 
CONTINUE 
RE.TURN 

o2 40 
j 

o4 
oS 50 
66 

----- -

------- -

00 0::ilUU 
- ouus200 

000'.'.>300 
OU0'.>400 
000!:)50U 
000S600 
000'.>700 
OQ0:,800 
01)Q'.>900 
0006000 
OOUblOU 
0006200 
0000300 
0006400 
0000500 
000 6600 
00Uo700 

• 

..... 
CJ:) 

----w-



• • • 
L!S1 ~YMBOL/METH5 
DATE 01/17/78 TIME IS 14:.H 

SYSTE M/DUMPALL V..E.HSIO N 2,91li..O_ 

LASTR~CORO = 75 
MAXRECSIZEIN = 14 ijLQ~KSliEIN = ~~o 
*** E~CDIC *** _JJJil1£=~~RO S 

1 SUBROUTINE MEfHS CS, NEAR, SRtf, LIST, NUMBEH , SUM, SHEFX, SIGN, 
_ __ N, NCL, LREf, NK Ef, JUtiJ 

3 C 

0000100 
ooou2ou 
OOUldOU 

4 C 
5 C 

HIERARCHICAL CLUSTERING BY MlNIMILING THl AVEHAGE DISTANCE OH 00UU40U 
MAXIMIZING THl AVERAG~ CORRELATI U1~ UETWEE~ THl MEKGED GROUPS• OUUU'.>0 0 

OOUU60U 
C THE ALGORITHM IS DER!VED FROM THE *GRUU P AVERAGE* METHOD UESCRIBED0U0U70U 

8 C IN : 
9 C LANCE, G•N• ANO w.r. HlLLIAMS, (1~67) A UlNEHAL THEORY OF 

1 O C CLASS If l CAT OJ{.'t'- S-01-< T l N 1;1 STRATE~ I ES, l • HIE I-< ARCH IC AL SY~ TE M, TH E. 
11 C COMPUTER JOURNAL, VOLUME 9, NUMBEK 4, FlBKUAHY 1967, PP 31J•3HO• 
12 C 
13 DIMENSION SCl), NEAR(!), SREFC1), LIS1Cl), NUMBlRCl), SUM(l) 
14 GU TO U,_Q_, 25• 3 .. cn, Jut> 
15 C 
16 C JOB= 1, INITIALIZE. 
17 C NUMBER(!)= NUMBEK OF ENTITIE~ CU~RENILY 1N THE I·TH ~LUSTlR 

000Ud00 
0000900 
000100 0 
0001100 
0001200 
0001300 
0()0 l 400 
0()01500 
0001600 
0001700 
0001800 
0001900 19 10 WRITE C 6, 2 0 O o>-

i o 2000 FURMAT (lH+, 49X, 42H AVERAGE 
1 1 1 six, 42<1H=J) 

22 DO 20 J = u_N __ 
l3 20 NUMBERCJ) = 1 
24 RETURN 
25 C 

__ _..i::;!_6._ C ,JOB = 2, DUHM.Y- E..NTRY • 
27 C 
l8 25 RETURN 

Ll NKAuE BETrllEN THE MERuED GROUPS, 0002000 
000~100 
0002200 
0002300 
0002400 
0002500 
0002600 
000270 0 
0002800 

29 C 
3 0 C , I U B _ =-3..,_ u_g_o AJ~E- F UR N t.. X T HQUNLJ• 
Jl C UPDATE THl NEW CLUSTEK 
32 C 
33 

47 
48 
49 

~ 
C 

30 NUMBERCNR£F> = NUMBER CNREF> + NUMBER CLHE~) 

UPDATEEENTITflS IN THl REDUCEU Sl MILAklfY MATKf~• THE ENTITIES 
ARE TA SUM UTAL OF ~IMILARlfY VALUE~ AS~UCIA lD WITH ALL 
PAIRWISE LINK~ BETWEEN THE ELEME Nf S OF THL TWU CLUSTE~s. 

DU 40 J = 1, NCL 
I= LISTCJ) 
IfCI,EQ•NREF> GO 10 4v 

RE.CALL THAT LKEF HAS t:$((N REMUVEO FKU M Ll~T SU I NEED NOT BE 
TlSTED fOk EQUALITY W!fH LREF, 

_ _.._L---=--L..f_.llj U U tJ .. J:{ E F J 
LN = LflNUCI,NREF) 
SCLN) = SlL N) + SCLL) 

40 CONTINUE 

0(JU29UO 
0003000 
00U3100 
0003200 
ooo.noo 
0003400 
888ii88 
0003100 
00U380U 
0003900 
0()04000 
000410 0 
000'120..{) 
0004300 
0004400 
0004::>00 
000460 0 
0()04700 
OuU480 0 
00U4900 
0 U_O_:i O_O 0 

• 

-

..... 
co 

-·- ~ 

·-·--

- - ------------



.. I l. • t 

• • 
!) 1 C c 

___ U~PDATE TH£ NEAR AND SKEF ARRAYS• !F THE lXfRE ME ELEMENT IN HOW I 
WAS- EI THE k L REF OK N KL F , THEN IT ! S N t:. C ES::> AR f TU r" I N lJ A N t:. rl 
EXTREME ELEMENT• ROW~ PRIOR To NK[F N[lO NO BE CONSlUEREo. C 

!) 4 C 
~ !)6 

____ .__G_ ?_ ...S_.1.G.N___!_ 1 ._OE:> 0 
0-----s O J = l , N C L 

~7 
~8 

I = LISTCJ) 
IF <I.EQ. NREF) GO TO~~ 

, 50 CONT...liLU..E _ _ _ ""·..2 
60 
01 

- 55 IF CJ.E~.l) GU TO 80 
60 SREfCI) = BIG 

62 
J 

Jl = J .. l 
l D u__z 0--1. =- lL J L 

u4 - LlSTL = LIST(L) 
LL = LFINu<r, LISTL) <>5 

g~ 
b6 

s REF x w- , L L ) 1 c Nu Met:~ c r > * rhJ MB Et< c L r ~ r L > J 
____ ____..l ....... E__.,__C CC £~ ....s.RU < I ) i * S I G N ) • G E • 0 • u J li U T U / 0 

NEAR Cl = LI~TL 
o9 
70 

SREf C I> = SREF X 
70 CONTINUE 

( 
7 ,l BO ~f-¾j.~T!NC[1 RETURN 
13 
14 
I.! 

b 

I = LISlCJ) 
lFC~EARCI),EQ•LREf•UK•NEA IHIJ,[(,l. 1-11<t:.fJ LilJ TU e>O 

"' ~~!f (LJ_O _ 

- ---- --

-

000)10 0 
ou0'.)200 
OuU '.) 30 0 
000:>40U 
OQU'.)50 0 
00 (J'.:>6U U 
OUU'.)lUU 
ouu:ieou 
0UU::>90U 
ouuoouu 
OOOolOU 
000620 0 
00Uo300 
OuUo4UU 
UUU6:,UU 
ouuo60 0 
uuu6rou 
0UU680 0 
0U0o90 0 
OOU700U 
OuO/lOU 
uu 01 iOO 
uuo13u u 
0UU740 U 
UUIJ/)UU 
000/600 

• 

--- ---------
...... 
~.o.? ___ ;~~,--

---------



• 
L!ST SYMBOL/METH6 
DATE 01/17/78 

----------
TIME IS 14:.H 

SYStEM/DUMPALL 
LASTRE.CORO = 
MAXRECSIZE.lN = 

Y...E..8 S I o N 2 • 9_tJLQ_ _ 

*** El:$~*** 

70 
14 BLOCKSILEIN = 

_JJ NITS =_W U_R D S 

• • 

~20 

suBROuTINf:. METH6 Cs, NEAR, ~KEF, LIST, A, B, SHEFX, ~IG N, N, NCL,OOUUlUU 
LKLF, NREF, JU~) 0000200 - . 

HIERARCHICAL CLUSTEF<lr.~ BY Tftt.. MEUl/\N Mt.THUD 
THE ALGORITHM IS UEH1~[D FROM t 

_ _ GUWER, J•C•, (1967) A ~OMPARl~IO N UF ~UME METHOUS OF ~LUSTlR 
7 C A N~OMETFIT C S , v O L U M N 2 3 , 1~ U i~ B l R 4 , D E C E M B E R 1 9 6 7 , 
8 
9 

10 

C 

PP623•637• 

fNStON SCI), N(ARCL), SREFC1>, LIS f (l), ACl), ti(l) 
GU O 10, 15, 20J ,Juu 

JJJB = 1, l NITIAULATiuN, 
10 WRITE C6, 2000) 

0UUU300 
0L)UU400 
ooousou 
00ull60U 
0000700 
ououi:wu 
OuUU900 
OOUlOUO 
0001100 
0001200 
0001300 
OU01400 
OOOljOO 
0001600 

2000 FORMAT ClH+, 49X, 44rl MED IAN 
18 1 / 51 ~!_ 4...4 UH=)) ~z C RETURN 
21 C JUB = 2, UUMMY ENTRY, 
2--2_ C _ 

---23 15 R~TURN 
24 C 

METrlUU UF LlU~ER, BEWARE UF R~VE1<SALS,00U1700 
Ou018.00 
0001900 
0002000 
ouu21ou 
0002200 

~5 C JUB = 3, UPDATE FUR NLXT RQUNUt 
26 20 LuET = LFINOCLREF, NRLF) 
27 DU 30 J = l, NCL 
28 I = L1Si(J) 

0002300 
OOU240U 
0002,00 
0U026_0U 
0UU~7UU 
ouu2eou 

29 IF (I.EQ•NREF) GO TU JU 
JO C R[C~LL_lliALLR.U ~AS ot..EN REMUVEO FRO~ Ll~T Su I NEED NOT ~E 

ouo;::9uo 
.OUUJOOV 
OOUJlOO 31 C TE.STED fOR EQUALITY WLTH LREF• 
0QOJ2UO 
0003300 

J2 C 
33 LL = LFINUCI,LREF) 
J4 LN_ = LEINU(L1-J'i~£E } Oo0J400 

000J500 JS If(SIGN) 25, 25, 27 
.36 C 0003600 
37 C 

~~ 
4 -·--4-7 
48 
4 9 

~ 
C 

It S I S A N I N C R E A S I N u F U N C T I O 1~ Q F S IM l L A R 1 T Y 

2 5 SITNT = C STLNT + SC L L) ) / 2 + C 1 • O • ~ < L 1:3 ET) ) I 4 
GU ro 30 

I s S A 

CE,G,CORKELATI0N)THENOOU370U 
OOU3tl00 
0003900 
0004000 
0004100 

~I MILAKIIY Ct..•G• DISfANCl) THEN 0004200 
0004300 
0004400 
0004500 

27 SCLN> = C~CLNJ + ~<LLJJ/2 • SlL8[1) I 4 
30 CONTINUE 

UPDATE THI:. NEAR AND St<EF ARRAYS• 1F TH[ t::XTl<EME ELEMEiH I N HOI~ I 
WAS EITHER LRtF OH NriLf, THEN IT LS NlC t..S~ARY TO FIND A NEW 
EXTREME ELEMENT• HOWS fRlUR T~ NRLF Nt..EU NUT ~E CONSI~EREU• 

0004600 
0004700 
Oo048UU 
OOU490U 
000'.>00D 

·• 

...... 
r..::, 
(3") 

-------------



• • 
~1 BIG= SIGN* 1,0E~O 
~2 40 DO 50 J = I,---WCL 
~3 I = LISTCJ> 
54 IF CI.EQ• NREF> GO TU~:, -s--~ ~g ~~~~~~!) GO lo dO 
~7 60 S~EFCI> = 8IG 
~8 Jl = J·l ___ !::>9 DO 70 _L=:._1, .Jl 
60 LISTL = LISTCL> 
01 LL = LflNOCI,LISTL) 
62 IfCCCSCLL) * SREFCl))•SIGN)eGl,U.u) GU TO 70 
b3 N£ARC1J = LISTL 
04 SRETCTI- = SCLL> 
o5 70 CONTINUE 
06 80 J = J + 1 
6 7 If C 4-.LG T • N CL) _liE.I_UliN 

8 I = LIS1CJ) 
b9 IF(NEAR(l)eEQoLREf•DH·NEAR(I).[Q,~REFJ GO TO 60 
IO GU TO ~O 

__ _____;1~1~ ENO 

-------------------------· - - -

i ',f I \ 

• 
000:>lOU 
0005200 
000:>300 
00U)4UtJ 

888~~88 
ouu:i7ou 
OUUStiOO 
ouusc;ou 
0006000 
0UU6100 
UOUo~OU 
00U630U 
0000400 
UUU650U 
OuUo60U 
OuU67UU 
0006800 
OOU690U 
0007UUU 
0UU710U 

• 

..... 
-- --~c.o=---

-.J 



• 
LIST ~YMB0L/M£TH7 
DATE 01 /17/76 TIME IS 14:J7 

SYSTEM/DUMPALL VERSION --2...!.J~l_l_Q _ 

LASTRlCORO = 74 
MAXRECSIZEIN = 14 BLOCKSIZtIN = 
***E BCDIC*** UNITS=WURDS 

• • 

420 

1 SUBROuTIN[ MEfH7 Cs, NEAR, SK[F, LISr, NUMBEH , SUM, SREFX, SIGN, ouou1ou 
2 --~------ N, NCL, LRlf, NRlF, JOd) uuuu200 
:r----i - 0(.)UU)UO 
4 C H I E R A R C H I C AL C LU S T R £ 1 1H.i B Y T H t. M E T H U Ll OF : 0 0 U U 4 0 U 
5 C WARD, J • H • , J R, C 1Y63) HIER ARC h IC AL u k u U t' I 1~ G f U UP TIM I~ E AN OU U J 5 0 0 
6 C O~JECTIVE FUN~T IDNz JuURNAL OF THt. AMlRlCAN STAT1ST1CAL UUUU6UO 
7 C ASSOCIATiuN, VOLUME So, 1963, pP i36·244• 00UU7UU 
6 C 000Ud00 
9 C OoOU900 

10 C JHL_e...AIHICLJL.AJLALG..OfH IHM USEU HE.Rt. IS ut::SCHil:ilO I N oootoov 
11 C Wl-SHRT, l)., C1969} AN ALGORITHM I-OH tiIERAR CHICJ\L CLA~SIFICATioN, OOUllOO 
12 C BlDMETRICS, VULUMl 22, NUMBER 1, NAKCH 1969, PP 165•170, 0001200 
13 C Oo01300 

C 

DIME":NSJON SCl), NEARClJ, SREFC1l, LISTCl), NUMBERCl), SUMCl) 
GO TO (10, 25, 30), Juu 
JOB= 1, INITlALILE• 

l.8 C NUMBER (I)= t'W.M.R£8 ErdITLES CURRL NT LY IN Tlil I•TH CLUSTER 

0001400 
0U0150U 
00U16UO 
0001700 
OOOltiUO 
OU0190U ·- 10 WHITE C6, 2000) 

2 0 0 0 FUR MAT C 1 H +, 4 9 X, 4 4 rl HIER ARC r1! CAL Li k U UP I 1~ G UY TH t: ME I HOD OF WAtW, oou2oou 

C 
C 

1 1 s1x, 41<1H=J> 
OU 20 t = l ..t..._!i __ 

20 NUMBER J) = 1 
SUMC1) = U•O 
Rt.:T URN 

JUB = 2, CALAULATE OdJtCTIVE tUNCIIu N VALUl 
5 SUMC1) = $U MC1) -t SR£tX / 2•0 

000210(J 
0002200 
0002300 
0002400 
00025UO 
ouu~OJ) 
0002700 
000i800 
0002900 

J o S.R ([.x_;;__s_u M..LU_ 
" RETURN 

_QQ.UjOQO - -
OOO.HOU 
0003200 C 

C JOB= 3, UPDATE FUR NLXT RO UNU , 0003300 
-~--~- _ OOOJ400 

30 L~ET = LflNDCLREF,NREt) 0003500 
NTOT = NUMBERCLREFl + NUMB[R CNREFJ OOOJ60U 
DU 40 J = 1, NCL Ou0370U 
I = LIS.l__Ll_L__ 00Vj80 Q ---~3~9~----~I-F-:c.....-C-I ..... , 1(Q1NREF) GO TO qu 0003900 

40 C 0004000 
41 C 0004100 
.u_ C RE C AL l I H A l L K £ L tc~A-!>-- u t.-E N RE M ll V E l) F K U M L I :::, T S u J: NE E O N O T BE O O U 4 2 CW 
43 C TESTED FOR EQUALI1Y rl!fH LREF, Ou0430U 
44 LL = LflNDCI, LRE F ) 0004400 
45 LN = LFINUCI, NREF) 0UU450U 
1..6...__ s_c L N } = C s llbLL __ * ( N u M tl l R ( I ) ... N u M d E 1-<C N tH~ F J ) + s ( L L ) * ( N u M d E IH I ) () 0 0 4 6 0 () 

'+7 1 -t NUM8ER(Lkt.t )) • sCLsEl) * 1\JUMUER(l)) I CNTUT+NUMBERCI))000470U - -
~8 40 CONTINUE 000480 0 
49 NUMBERCNRlF) = NTUT OoUq90U 

____ '.l-D _ c._______ ___ _ _ _ _ ___ . OO_O!llLQJ 

• 

,..... 
(0 

00 



• • • 
~1 

~~ 
C 
C 
C 

UPDATE THE NEAR AND Sr< E F AR~ A Y • It- TH t: £ X T REM t:.. ELI: .. MEN f IN RO I~ I 
-..,,.-_---w--'--As EITHER LREF OK NtO: .. f, THE N IT lS Nl:..CES~ARY Tu FINO A NlW 

EXTREME ELEMENT• HOW~ PRIOR T~ NRtF NLEU NOT tlE CUNSlulREU• 
::>4 C 
!i5__ ----~ .. ~ .= SIGN * 1-_0ESO 
:)6 
:) 7 

UU 50 J = 1,NCL 
I = LISTCJ> 

:>8 
!) ___ 

IFCl , EQ1NREF) GO TO ~J 
. 9 so CoNTINJJE_ _ __ 
60 - 55 If CJ,EQ.1) GU TO 80 

60 St<EfCI) = BIG 61 
b2 

3 
Jl = J • 1 

l D U 7 Q___L = .......L. __JJ_ 
o4 LISTL = LlSTCL) 
o5 
06 

I 
08 

LL = LFINUCI, LISTL> 
IF CC(SCLL> • SREFCI)) * SIGN).GE•OeU) Gu TU /0 

___ _N_EAR ... LU = LIS [ L 
- sRrrc1) = SCLL) 

09 
10 

70 CONTINUE 
60 J = J + 1 

------1s.io---!•~ I f C J ____ .____GJ ....t.J~ C.L L RE T UR N 
- I= LIST (J) 

If C NEAR C I ) • E Iii • L RE. F • u 1< • NEAR C l ) • E 1,1 • N Rt:.. F ) Li D TU 6 0 
GO TO 80 ___ ____,_ _____ Et-HL_ _ __ _ 

--------------- - - - -- - - -

----------------- ---- - - --

---- --·-

----

oou,100 
OUU::>200 
OU0'.J30 U 
OOU:>40 0 
00 0Y50 U 
000'.>600 
ouo::i1ou 
UOU:>800 
UUU:>...9l)V 
OoOoOU U 
OoUolO O 
0000200 
0006300 
000640 0 
00Uo50lJ 
000 6 60 0 
OOOolUU 
OoOoBO O 
0006900 
000/000 
0001100 
Ou0/20 0 
U007300 
OOU/400 
000{:>00 

---

• 

...... 
(0 

~ 



• 
LIST /:>YMBOl.lTBEE ---
DATE 01/17/78 THH. IS 14137 

SYSIE MIDUMeALL ~EfiSIQ ~ 2,~lLO 

LASTRLC~~~ = 264 
ULOCKSILEIN = MAXRECS IN= 14 

*** EdCOic *** UN I t_s_=:_W URU S 

C 
~ ~ SUBROUTINE Jli_l;,._[ 

• 

-.20 

• 

ouou1ou 
ouoo2uu 
ouOuJou 

~ SUBROUTINE THEE CI, J, s, IL, JL, NEXT , A, L~BEL, LCLNO, LINE, 0UUU400 
1 Is, LAST, E~s, TITLl, N, K8LG, NT, lNTRV, IPRNT,ooousuu 

~ 2 _ _ MAXJ. ro 0UOU60v 
DIMENSION ICN>, JCN), SCN>, lSCN), !LlNl, JLC N), NE XTtN), 0000700 

1 L CL NU C N >, LA:, TC N ) , Al 2 ~, ,-. ) 0 O Ou 8 O 0 
D!MENS10N LINECMAXI N) , LA BE LC2,MAX! Nl, EP~C2~J, TITLEC16) 0000900 

-- DATA BARI, BLNKI, BA~~, BLANK /4 rl ··•I, 4H I, 4H••••, 4H / 0001000 
•• x uoo11uo 
12 
13 

C 
C 

DE.FAULT VALUl::S 

1~ IF CKBEG1LL,...U_ K.BLG = 1 
15 lf CINTHVeLT•l•OR•I NTK V.GT.3) 
16 IF CNT~LE.O) NT= 6 
17 C 
18 C llHIIALIZE ARH..AlS 
19 C 
lO NUB J = N + 1 
21 ~U 10 K = 1,NUBJ 

-
__ 22 LNE~O 

:l3 C [ ~OTKT ~= -0- --
i 4 LASTCK> = 0 
~5 DO 10 L = 1, i5 
~ ACL~K) = BLANK 
- O C ~TI OE 'i7 10 cur 

~8 
i9 
J. 

C 
C 

C 

SEGMENT TrlE S ARRAY 
(r('.f ToTZ"O, 40,1 2 0 ) , ! NT RV 

I N 1 1< V = 1 

:n 
J2 
j CUNSTRUCT INTRVALS OF ~QUAL LENGT rl 

20 RANGE= sTNl--. SCKBEu) 
OELTA =RANGE/ 2~ 
EPSC1) = SCKB~G> + D£LrA 

____ JLU 30 K = 2,---'-4_ 
---3-+-9 - 30 EPS(K) = £PSCK•1) + u~LTA 

40 lPSC2~) = SC N) 
41 C 

.c 
C 

C 

.C..U.NSIRUCT J l:IE IS A_RRAr 

40 1f CEPSC1>•GT•EPSC2)) GO TO u 

2 
43 
44 
45 

Ui.C.Jd.A.S I:. ....JHI IL D I S S 1 f't! LA K I T Y C A S l) U E S A u I S T A N C E ) 

KK = 1 
lJU 60 K = 1, N 

_ _ _o _ tf (SCtO__.L.LEESlKK) J 1.1U TU 60 

0001200 
OUUlJOO 
OOUl40U 
00015UIJ 
0UU16UU 
0001700 
00018Ut) 
0UU190U ouo2uou 
OOUilUU 
000i200 
0002300 
0UU240U 
0002~00 
OOU26U(J 
0002100 
000~80U 
0002900 
OOUJOOO 
OOO.HOU 
ooo:noo 
00UJ30U 
000J400 
OuOJSUO 
U00360U 
0UUJ70U uuUJBOO 
oo0.3900 
OOU400U 
000410\J 
0004200 
OU0430u 
0004400 
0004::,00 
0(.JU460U 
0UU470U 
00U480CJ 
0004900 
uuo~oou 

• 

- --

l\) 

0 



• • • 
~1 If CKK•EQ.25) GU TO ou 
~2 KK = KK + --
~3 Gu TO 50 
j4 60 IS(K) = KK 
~ G LI T D-1.2.0 
6 C 
7 C S DECREASE WITH 01SSIMILARITY (AS DUES A ~0RHLLATlONl 

!:>6 C 
__ _..,>_9- 7 0 K ~ 2!! __ 

60 KKK =-~5 
61 NN = N + 1 
62 DO 90 K = l,N 
03 Kt;OMP~tL'.'." __IS_ _ 
64 80 If (SCKCOMP~eLT•EPSCKK)) 
65 KKK = KK 

GO Tu 90 

06 KK = KK • 1 
6 7 IF: C K K e_E Q • QJ _J,ill_TJ.L 1-0 u 
68 GO T1Jc>O 

9 90 1SCKCOM~) = KKK 
70 100 DO 110 K = 1,KCOMP f~ C 110 lSCK) = 1 __ _ 
73 C PKINT INPuT Tu TRLE 
74 C 
7 5 1 2 O WRITE C NT, 2 O O_o ) I l T L£ 
7 6 rJRlTE on, 2100) Kl::iEG, i~ 
(7 WkITECNT, 2200) 
/0 WRITECNT, 2300) 
I 

ITTITTt11-JT,-27nJ O) -M, S ( K d E G), E PS C t-1 ) 
til OU 130 M = 2, 25 
ij2 MM = M • 1 
U 3 1 3JL l'H< I T E CNJ_11 __ 2~ Q OJ 1-1 , . E P ::i , M M ) , E t' S C i·U 
84 If\TAlfs-T1P~NT).[Q1l) GO To l~o 
~5 C 
ij6 C PKlNT THE CLUSTER MERuL DATA 
/j 7 C ---a-e~ '"---~w~R~I~f~E~C~N~T , ~lYOOl TI T L £ 
69 WRITE CNT, 25UO) 
YO DO 140 K = KBlG, N 
~ ~ l 4 O ~ HfN&~T L 2 6 v Q). K, IlK), JCKJ, S(K), !~(Kl, lLCK), JLCKl, 

93 C 
94 C START THEE WITH THE 
95 C 

~u~T SIMILAR t'AIR 
6 ---'"--,1,-,s~o~ K,----,c=~ K=a ...... E G --

97 LNO = 0 
98 C 
99 C til:B~~~UilER~ 

100 C 
101 

!CK) ANU JCK) 

102 
1u3 

U. 
105 
106 
1U7 
llIB 
109 
110 
11 1 

160 IK = ICK) 
JK = JCtO 

C 
C --~S~l 1LJNCNutfBCRS- FOR u u T PUT 

C 
If CJLCK)eNE,ul Gu TU 170 
L~O = LNO + 1 

- --c.TrITTnc, =- L N 0 
LCLNO{LNO) = IK 

170 If CJLCK).NE•0lGU TO ldO 
__ LjjO =_b.N O + 1 

OOU::> l 00 
Ooirs2uo 
OOU:>300 
OOU'.:>400 
Q.005500 
UOU::>600 
UU0'.:>700 
00U::>80U 
IJOLL~CJU!) oouooou 
OuOc,100 
UUU620U 
0QU630U 
oo O 640l) 
0UU6SOU 
000o6UO 
OQUb70U 
Ou0o800 
0Q06YOO 
ouu?oou 
uour1uo 
0007200 
Oo0/300 
Ou07400 
oour~oo 
000760U 
000/700 
OQU(80U 
oou ·r90 0 
OOUdOOO 
oouu1ou 
OOUH200 
000t5300 
0008400 
uouusoo 
000860U 
00Ub700 
Ou08800 
0UUd90U 
UUU90UU 

NEXTCK)OOUYlUu 
Oo0Y20D 
000Y300 
OU0Y40U 
0UU950U 
0009600 
000Y70u 
0009800 
000Y900 
OoluOOO 
ou1u100 
uu10200 uu1u3uo 
ooiu4-00 
U01U500 
00lU6UU 
0 0lU70 U 
0010800 
0010900 
0011000 
0011100 

• 

- -----------
N 
0 
+-'" 

- -------· 



" 
112 LlNECJK) = LNU 

LCLNOCLNO) = JK 
114 C 
115 C f!LL IN THE PHINT LINl~ 

----H-~ C 1 6 o I s K---=--1 s TK > 
116 KT= 0 
119 ITEM= IK 

• 

1 2 0 1 9 0 LI TE M~ IRLCI_T E: M ) 
--- 1~1 If ClSK • LASTCLITEM) .. 1) 2~5, 200, 210 

1l2 C 
1i3 C ADD ONLY UNE MORE SE~MENT FOR LlNLCITLM) 

200 ACISK,Lli£M)- = BARI 
LASTCLITEM> = ISK 
GO TO 225 

210 

AOD MORE THAN ONE SEGH£NT 

L8EG = LA~TCLITEM> + l 
LEN~= ISK • 1 
0020 L = LBlG, LtNu 
ACL, LITEM) = BARS 

1J7 
1J6 
1J9 
~ 
1~1 
142 
143 C 

220 
GU TO 200 

REPtl1 FOR CLUSTER JCK) 

225 KT= KT+ 1 
1£ ~KT,NE.1> .u.OJ-il 2Ju 
ITE = JK 
GO To 190 

---l-.Jl.L C TAKE CAllLllLtHL'LLINt:...) BETl~EE1~ lCI\) ANU J~K) 
~ 5 C 

146 230 L!K = LINE<IK) 
147 LJK = LINECJK) 

lE <LIK,GT11 __ LJJSJ__GCJ TU 240 
LBOT = LJK 
LTOP = LII\ 
GO TO 250 

1~2 240-UiOL~L-LK--
1~3 LTOP = LJK 
1~4 250 IF <LaoT.EQ.CLTOP+l)) GU TO 270 
l~S C 

___ ,l:l.6__ C M.u.s.J_ f__ll_LJN :>OME VER I I CAL COi'lN[C I I UN~ 
1 :> 7 C 
1~8 LBEG = LTUP + 1 
1~9 LEND= LBOT • 1 
1 b Q D O --2..6JLL :;____L-B.LG--' L C N u 
1u1 If (A(ISK,L).[Q•BARI) GO To 260 
l62 ACISK,L> = BLNKI 
1o3 LASTCL) = ISK ttt- 260 CONIINlJE 
1()6 
lb7 

NEW cLusTEt< 
+ LI1~E(JK)) I 2 

MERGE CUMPLLTl~ F1ND N£XT STA~E 

---KL.AST = K __ --

• 
Uull~U O 
ou 11 j{)(; 
OU114CJO 
0011500 
0011600 
Oul17UO 
0011800 
0011900 
OOliOOO 
u0I21uo 
001~2uu 
OOLUUU 
001 ~ 4 Or) 
0Ul2'.:>00 
00l.:i60U 
oul.UOU 
ouliBOO 
0012900 
OOlJOOO 
001.:nou 
0013200 
oo133U u 
0013400 
001 J:.,Ou 
OolJ60U 
Oul3700 
U013800 
00l390U 
0014000 
0Ul410U 
0014200 
0014300 
0Ul4400 
0014500 
OU1460U 
U01470 U 
0014800 
0Ul49UU 
Ou 1 '.:>OOO 
001'.:>lUU 
-001:>200 
oul'.:>Joo 
OU 1 :'>400 
OU 1 '.:>500 
OOl:>600 
0015700 
001:>~0U 
00l'.:>9UU 
U(.Jl oOUU 
uu101ou 
0010200 
oulo300 
0Ul64UU 
Oulo'.:>OU 
UUlboOU 
0016700 
0Ul6~UU 
00lo900 
0017000 
0017100 
uu 1120.0 

- -·-

• 

N 
0 



• 
173 K = NEXTCK) 
1/4 IFCK.GTaN.OReK~Cf~KBlu) GU 
175 IF(lLCK)•LE•O) GO TO ~60 
l f 9 l_f;_~-~~ 0 U. • O ) G D T U ~ 'i 0 
1/8 280 ILCK) = ·ILCK) 
179 GO TO 160 
lbO 290 JL(K) = WJL(K) 
1 8 l Ci iLI.O_ l6 o_ 

• • 

Tu 400 
0017300 
0011400 
0017500 
0017600 
oo.17ZOU 
Ool,800 
Oul/900 
OOlbOOO 
OOlblUO 

un c 
lb3 C THIS MEHGE INVOLVLS CL0STER TrlAT LACH HAVt:. MUHE THAN UNE MEMUt.H• 
1b4 C BACKTRACK Tu fHL HOUT UF THE TREE ALO NG THE UNEXPLOREU BRANCH, 

00lb20(J 
UOltl300 
Ool/3400 
OOlti~OO 11:lS --- -- -

1b6 300 IFCILCK)•(~•KLAST) GU ro 310 oulo600 
1b7 C . 
188 C GU DOWN IL(Kl BHAHCH• SET JL(K) SU WE KNU~ NOT TU GO UOWN THAT 

OOltilOO 
00113800 
00lti900 lt$ 9 C BI:< A ~__A_G.A 1.~ ._ __ _ 

1YO C 
1Y1 JLCK) = •JLCK) 
1Y2 K = ILCK) 
193 GO To 320 

01)19000 
OOl'JlUv 
0019200 
001930 .0 

194 C 
195 C GU DOWN JLCK)~RANCH• ~ET ILCKJ SO WE KNUH NUT TU ~O DUWN THAT 

0019400 
00l 9 ~0u 
OU 1 'i6UCJ 1Y6 C BHANCH AGAIN, 

1Y7 C -
198 310 ILCK) = ·ILCK) 
199 K = JLlK) 
200 320 If CK,LT,leOR•K•GT•NJ 
201 C 

GO TO 6UO 

2 0 2 C TEST TO SE. E IF TH t:. E 1~ u HAS B l t.. N 
203 C 
204 If CJL(K)• JLCK)) 33U, 160, 3SO 
2 u s 3 3 o u:_c.l.L.(JU • ea , u_)_ G-u r u J 6 o 
206 340 K = IL(K) 
207 GO TO 320 
208 350 IfCJLCK),EQ,O) GO TO J40 
20..2-- -160--J< = ,ILCK->- - -
210 GU TO 320 
211 C 
212 C PKINT THE TREl 
2 1 -~ C __ __ _ - - . 

· 214 400 WHITE (NT, 2000) TITLl 

001970 0 
0Ul9800 
0019900 
002uooo 
0020100 

KlACHEu, lLCK)=JL(K) lF BUIH Z(HU,002U200 
0U2U30 0 
002040 0 
0020500 
0020600 
0020700 
002uaoo 
002UY0 0 
002100 0 
0021100 
002120 0 
002.1300 
0021400 

215 WHITE CNT, 3000) CK, K =1, 25) 
216 IF CLABELC1,1l1EQ15H~ULAB> GU TO '* 20 

0021~0 0 
0021600 
U021/0u 2.l.L _____ ,DU 41 Q__L_ =- 1, L N-0 

218 LL = LCLNUCL) 
219 410 WRITE (NT, 31uO) (LAdLLCK,LL), 
220 GU TO 440 
221 - ------ ---·· 
222 C LEAVE LABLE SPACE BLANK 
2i3 C 
2~4 420 DU 430 L =,1, LNO 
2 £ 5 U = _LC_L.N.Q _L l . _ i~9 C 430 WRITE (NT, J2UOl LL, (1dK,L), K 

22.8 C TREE COMPLETE 
~jg __c_ 44o11F<TiE 0fT, --30u0) ( K, K = 
2J1 ENOtIL( NT 

1, 2 '.>) 

232 RETURN 
___ ,2...iL_ ...C ___ - --- --

002150 0 
K = 1, 2), LL, (A(K,L), K = 1, 25) 0021900 

0022000 
002il0() 
0022200 
002i30U 
0022400 

= 1, 2~) 
002,suo 
UU226U U 
00l270U 
002.::'.tiO O 
Oo2~YO O 
002.3000 
OOlJlUu 
002 320 0 
Oo2J1.QQ 

• 

--------------

N 
0 

-- ---------



• • • 
2J4 C EHROR . PRINT AS MUCH UF THE TREE KS HAS BLLN CONSTRUCTED 0023400 

---235 C --- - 002J500 
236 600 WHITE CNT, 60uO) KLASI , K 0023600 
237 GO to 400 0023700 
2..J8 2000 E.uRM.AJ:_ UJJ_l___L__l_O_X1_ lO(lH•), l6K5, lOClH•)/) 002J800 
239 2100 FORMAT C/SX, 6~H THIS rlUN DEPl~TS IHE POHTION UF THE Tl<EL uENEHATE0002J900 
240 1 BETWEEN STAGE., I~, 11.JH AND STAGE., 15, 19 H OF THE CLUSTERING,/) Ou2400U 
241 22 00 FURMAT (/SX, 63H THE CrtITERION VALuES ARL ~EGMLNTEU INTO TliE FULLOW002410U 
~ ----1..l..N..G . C LA.S..S..E..S .JJ. 0 u 2 't 2 o u 
243 2300 FURMAT C1 0X j 6H CLASS, 4X, llrlLOWLR BUUNO, SX , llHUPPLR BUUND) UU24JO O 
244 2400 FORMAT(/ 10X, IS, lX, 2E16t8) 0024400 
245 2500 FURMAT (/6X, :sTAGE', ~x , LU~EH', ~x, ~HIGH[~', ~x, 'VAL UE OF ~, OU24SOO 
2 4 6 1 _ _ _!_C-R-lJ L-fU ON ' , 4 X , ' C ~ A S S rl d E H £ ' , , 4 X , ' S T A G t. W H t H E ' , 4 X , 0 0 2 4 6 O 0 
247 2 ' SlAGL WHERE', 4X, SfAGE WHERE , 0024100 
248 3 / 6X , ' nF' , ax, 'CLUSTtR', 3X, 'CLUSTErt', 4X , 'AS SuCIATE0 ', 0024800 
249 4 ' WITA', 7X, 'MERGE occORL', JX, 'I rlAS LAST'; sx, 'J WAS ' 0024900 
2~0 s ' LAsr•, sx~· 'I Is N~xT ', · 002~000 
2~1 6 /6X,-, ' MERGE ', 5X, 1 10, ~o.' , JX, 'JO• No ,:, 4X,'THE MERGE ' 002.>100 
252 7 , 13 l , 'c1--~~)' , 8X, l N A MERU(, ~x, IN A MEHGE ', sx,002~200 
2:>3 6 'I N A M~R~E ', I ' . Uo2~300 
~ 5 ~ 8 ~ t) f 3 X ; K 'J L </-~ , .l ~ C , I ~ ~ X T : f , l '• X .. '. s ' , 2 u X , t I s ' , l j X , ~ l L ' g ~ ~ ~ ~ g 8 
2~6 2600 fURMAT (/ 311U, SX, El6,8 , 4115) OU2~60U 
2 :> 7 3 0 0 0 FUR MAT C 1 0 HO 1 TE M NAM t::, 2 X, 5 HI D 1~ 0, 2 X, ~)I'+ ) 0 0 2 ~ 7 0 0 ~.,.__ ...__________ 002~800 
2~9 C 002)900 
260 C 0026000 
261 3100 fURMAT C1 HO , 2A5 , 16, 2x, 25At+) 0026100 
262 3200 E..0-.R.M..AT C1 HO, 1ox~ I6, 2x , 25A~) 002.6200 
263 6000 FORMAT C37HOE HROR , WH.LLE ~ACKfRACKING FHUM KLAST, I6, 0026300 
2 6 4 1 2 6 H K WA S F OJ Ii u OUT U f RA i~ GE • , / 1 X , 3 HK = , I 2 0 ) U O 2. o 4 0 0 
265 END 0026500 

---- -----

- --

• 

- -· -- -
N 
0 



• • IV I: 

L!ST ~YMBOL/SEFWIG 
DATE 01/17/76 TIME IS 14:Jtl 

SYSTE M/DUMPALL VERSION 2,9tll~ 
LASTRlCORD = 250 
MAXRECSIZEIN = 14 BLOCKSILEIN = ~~O 
*** E8CDIC *** UNil.S_~~u~os 

1 C 
2 F I L E 2 o = _Nl_.IJit_ lJJ:tlJ -=- RE A u £ R 
3 FILE 6 = FILEo, UNIT= PR!NTER 
4 f I LE 1 6 = F I L E 1 6 , U I~ I T = P r< I N T E. R 
5 FILE 30 = NTMERG, UNIT= uISK 
6 $ SET AUTaaIJW_ 
7 $ 8 IND = FRUM C 0DON7=-
8 C PtWGRAM SEFW I Li C SELE f 1:.0 ERRLlt< F01< \~ITH l N GRUUP ) 
9 C 

----1-0 __ C THIS e.R.OGRAtLlS~ TJJ AIU I N ANALYZI1~G THE WlTHIN CLUSTER 
11 ~[[~C~T~D VARIABLE~. 
12 C 
13 C 

• 

VA RIA NCE 

OuOOlOO 
0000200 
0UUU30U 
0000400 
uuuosou 
I) OU O 60 0 
ooouroo 
00UU800 
000U900 
0001000 
0001100 
0001200 
0001300 -~~~-~~----------------------------------------------------uuul40o ---~.----- --- 0001500 

16 
17 

C 
C 

0001600 
INPUT SPECIFICATIUNS 0001700 

~---,.--,-- _ 0001800 
ARO 1 1ITLE CARO OoU190U 

TO ENA~LE MULTIP LE RUN , THt:: Fl~ST ~ COLUMN~ tC0LS lTO S) OF THIOUUiOOO 
MUST NOT CUNT A IN l r-1 t:: SAME r1 OR O AS THE 1H.: X T 5 CUL UM N S CC O LS 6 TOO U O ~ 1 0 U 

_____D_R_[ LS_LlL W1 LL ~E READ AS THE t::NO CARu1 SlE CARD / 0002200 
- - C 0U023UU 

C CARD 2 PARAMlT[R CA~u ou02400 
C COLS 1· 5 NTlN = INPUT UNlf FOH uArA 0002j00 

----..-· c_ CO l S _6~ LO_ l'H ME R Li = I NP U I U I~ IT FU H ME t-< GE ~ P l C l F I C A T 1 ON S OOO 2 6 0 u ~7 C COLS 11•15 NE = NUMBE1C OF ENTlTl[S CUATA 0NITS) (MAX 160JOUU~ 70u 
l8 C COLS 16 .. 20 NC = NlJMBEli UF VAHIAt3Ll:.S USEu l N THIS kUN 0002uou 
i9 C <MAX lSJ 0U029Uu 
.JO c__ __ __c_.a Ls._2~~ P8MAX = PROBAl:lJLIIY LlVlL FUR OVlt<ALL f•VALUE 000300() 
Jl C WHERE pRl~T ~EGIN Ou03100 
J2 C READ lN FURMAT IS Fl0•7 OoUJ2UO 
J3 C D[FAU LT VALUE IS 0110000 0003300 

____ J 4 ._C C O L S 3 1. • ~ 0 YR M I N = P K O B A b I L I I Y L L V E I. F O 1~ 0 V E t~ A L L F • V A L. U E O O U 3 4 0 u 
SS- C l'IHERE Pki rH STuP ou0350U 
J6 C READ l N FUHMAl IS F10•7 UUU J60 U 
J7 C DEF AULT V~LUE 15 U,OOUOU 0003700 
38 c . ouOJUUU 
39 C CA~J - r.'"Tffi M A I C A R O C u ,H A I N I N 1.1 f M f I N f OR t~ ( A D l N CJ U A T A O o O 3 9 0 U 
40 C 0004000 
41 C CARDCS) 4 LABlL CARD 'THERE MUAT BE NC Ut THlSE CARD~> 0004100 
42 C ~- . . 0004200 
4 3 C -c-o LS P' 5 - - cA jj EL C ! > = 5 CH AR At. TI:: R LA [j l L FUR TH E I ·TH VARI A 8 LE OOO i+ TO 0 
44 C 00U44UO 
45 C CARDCS) 5 DATA CAHD URIGINAL DAfA Slf U~ ACCORUlNG 10 FMT I N 0UU450u 
46 C ~~~ OOUi+600 

----ir, - C - * * * * I N C LU D E -C AR D :i O N L Y H O R I G I N A L O A T A l S U r,i C A I< D S E • G • N T l N = 5 0 0 U 4 1 0 0 
48 C 0004800 
49 C CARDCS) 6 MERbE DATA LA RD CONTAl NlNG MEkGl DAfA AS GENERATED ~y 0004900 

PRU~RA M *CLUSAN* ouo~ooo 

----

----· 

• 

N 
0 
(.;rt 



• • • 
~1 C COLS 1•10 K = SIAGE Of CLUSIEKING UUU'.:>lOU 
>2 C cgLs 11 .. 2U--I( = LUWER NUMd[REIJ CLUSTE.K MEKG(D AT !:>TAGE K UU0:>2Ub 
'.)j C C LS 21•30 JJ = UPPER NUMtl[R[u CLUSTEK MEKG[U AT !:>TAGE K UuU'.:>30v 
~4 C COLS 31.46 CR= VALUE OF ~RITlRIO N AS~UCIATED WITH THIS MlRGE 00U'.:>4UU 

----~~--c ****1NC1.Ji..11t:_u8o -~(Jf'l LY I.I' MERGE UATA I!:> UN CARDS E•IJ• NTMERG = :> UOU'.:>:,00 
~6 C OOU:,600 
~7 C CARD 7 ENU CARD OQU:,700 
)6 C COLUMN 1 Tu 5 MUST CONTAIN THE SA Ml WUKU AS COLUMN 6 Tu 10, . OUU)HO U 
~9 C ___ SUCH A~ LEAVIN~ CULUM N 1 Tu 10 BLANK, THIS WILL SiGNAL THl PRUUUO:,YO U 

---~6~o~ C- --nJ IER ~INATE· Ou0600 0 
61 c oou~1ou 
b2 C 000620 0 
gj g ------------------------------------------------------------------ggg~~gg 
65 C OTHER VARIABL~S IN THl PROGRAM 0006500 
66 C 0006600 
07 C GSSCI) = UNABJU~fEB TBTAL SuM Uf S~UARE!:> FUK VAKIABLE 1 OOUo700 
68 C TSSCI) = A JU!) E T TAL SUM or SQuARES FOR VARIABLE I 0006800 
69 C WSSCI) = WITHIN CLUSTER SU M OF 5QUAKES ~OK VAKIA~LE I AT OuU6900 
70 C CUKRENl STAGE UUU/OOU 
71 C SUM(l) = S~M Of VALUES fQR VAkIA8LE I . 00U710U 
72 C NUMOERCI) = NU~BER UF ENTITIES CURH~NTLY IN CluSTE~ J Ou07200 
7l C UNEXPCI) = UNlXPLAiNEU PDKTlON UF VAHIANCL fOH VAHIABLL I OQU/30U 
74 C = WS~CIJ / TSSC!) 000/400 
15 C NCL = NUMBER UF CLUSTEK AT CUHHLNT SfAbE 0007500 

- 0007600 
/7 C OU0770U 
78 C Ou07dUO 

---~b~8~ E ----------------~-------------------------------------------------g88§888 
Ul UIMENSION NUM~ERC160l, OATAC24QOl, LAciELC15), TSS(lS), WS~C15J, UUUdlOO 
62 1 GSS(15), SUMl15l, U~EXPll~), FMTlNCl6), TITLEC16) 0U0d2UO 
ti3 PIMEN~ION ASSCL~), FC!S), pFC15l OoUdJOu 

---1r4 INTEGER FIRST 0008400 
05 C ooousou 
U6 C ouOU600 

____ b.,...7r- 10 RtAD C::>, li.Q_Ql__T_lT.LE 0U\!t170u 
88 WkITE '16, 1200) UOUd50U 
ti9 IF CTITLECl).lS•TlTLE~~)) GD 10 110 OuUU90U 
90 WRITE C6, 22UU) TITLE . OuUYOOO 
Y1 Rt.AD (5,1000) ...JLT IN,NTMLRG, t~E, NC, PRl'lAX, PHMIN 000910U 
9 2 lfR ITr-Tr,-zoou ) Ni I N, NT ME R G, NE, N ~ 0 0 0 9 2 0 0 
Y3 RLAD CS,1100) FMTIN U009300 
'i4 WHITE C6, 2100) ( MTl N 0009400 
YS Rt.AD (5, 1300) C ABt..LlJ.), I = 1, 1~ C) 000Y50U --- --vo . - 0009600 
97 C INITIALIZL AND SLT ULFAULT VALU£~ OuU9700 
Y6 t 0UUY500 

- -~Y- 9~ ____ If_ (_PRMAX•LL~Y._,OR•Pk 1•J AX,GT,1) Pl<l-1AX = o.1uogo 0UUY90U 
100 IT C~~.PRMlN ,GE,1) pR MlN = 0.000 O 0010000 
101 NCL =NE• 1 0010100 
1U2 DO 20 I= l,N~ 0010200 
103 GSSCI) = o.o U01U300 
l1T1r" 2 o S u M C I ) = u • O --- - o o l u 4 O u 
105 LAST= 0 OolU)OO 
106 K = 0 U01060U 
1U7 UU 30 I= l,Nl 0010700 
1 0 8 NU MB E R ITJ = T - O u l O 8 O 0 
109 FIRST= LAST+ 1 Oolu900 
110 LAST= LAST+ NC 0011000 
UJ_ _ ____ RE. A D Ct:H IN_~ 01 TI N ) l u A T A C J ) , J = t I H S I ., L A J T ) _ _ 0 0 1 1 1 O 0 

• 

-
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112 DO 30 J = 1, NC 

13 K-=K+l -
114 GSSCJ) = GSSCJ) + DATACK) * DATA(~) 
115 30 SUMCJ) = SUM(J) + DAlACK> 
ll_6_ ~ 4 _fr__ J = 1 , tH._ _ 
ITT S S---C J ) = l1 S S C J ) • S UM I. J ) * S U M C J ) I I~ I:. 
11H WSS (J) = O•O 
119 40 UNEXPCJ) = O•U 

20 E ll WRITE OUT Tss ~RRAY 
122 C 
1l3 WRITE C6,3000J 
1 c:! 4 DU 5-_Q_J_= _l_i__N lL _ 
1l5 50 WRITE C6, 3100) LABELI.J), TSStJ) 
1 26 
1 c:!7 

C 
C 

it 

001120 0 
0011300 
0011400 
0011500 
0 0 11-6 0 U _ 
0011700 
0011800 
0011900 
OOllOOO 
001:nou 
0012200 
0012300 
0Ul240 U 
0Ul25UO 
0012600 
0012100 

' - __ ____ ___ _ Ou l l8u0 
li9 - iRITE C6, 270U) TITLt 0012900 

WRITE PAGl HEADIN~S 

130 WRITE (6,2400) OOljQOO 
1Jl WRITE (6, 2500) CLAB(LCI), I = 1, ~C) Ool3100 
1J2 Wm__E_J_1___6_t___2LQOl TITL~ Oul3200 
1J3 WRI "E (16, 2310) PRM!~, PRMAX 0Ulj3UU 
134 WRITE (16, 2410) 0UlJ4UO 
135 WRITE (16, 2510) (LA~LLCI), I = 1, NC J UOlJ~OU 
1J6 C Ool360U 
137 C R~AD MERGl DATA 0013700 
138 C 00lJ800 
1J9 C IF MERGE DATA IS UN u!~K AS GLNER~TlD ~y *CLU~AN* THE 14 REAU WILL OolJ90U 
1 4 0 --81. G.LN f R O ~L - T-1:¾J~. 8 TH R E 1., U RD , S (J A S I O S K I P T H t:: t1 E A O l N G lJ F T H E. 11 l R G E U O l '• 0 u o 
141 C DAT A f I LE ANO f ROM T tit N ON ONLY ALTER I~ ATE H t: CUR U 1~ ILL ~ E HEAD AS U U 14 1 0 U 
142 C SET UP BY THE WRITE FuHMAT OF •CLUSA N FUH THE Mt:R~E DATA FlLE• 0014200 
143 C Ou14300 
144 C Lf"_ JJi£_ M£_it.G_£ __ LJATA AHi:. UN CARU~ Alfo AKt. HEAD 11~ IH CARU REAUER rt-tEN001440 0 
. . - READING WILL COMMl:.NC E UN THE ~!RSI CAtCD AND EVERY FOLLUWI N~ CARUS.0014500 

001 1• 6 Ou C 
INQUIRE CNTHEHG, KINU = KNOl OU1470U 

---1--C-ON = O __ _ 
ICOE = 1 
IF CKNDeN(•9) ICO N = ti 
If CKNU•Nl,9) ICOE = ~ 
N-STG.S =- NL~ l 

13 C ' 1:. -
1 ::>4 
1 :)5 

C 

1 ::> 7 
1 !>8 
1 ::>9 

8 Rt.AD LAST CRITERION AJ TOTAL ~UM uF S~UARl (TCR) 

LA-SRE-C-.=- C-1 C Ol * NS Tu~) + IC 01" RlAD CNTMc..RG = LASREC; 4000> K, ll, JJ, TCH 
REWlNOCNTtv1£RG) 
DU 90 I= 1,NSTGS 

. _ _..._.. _____ lR E_C__;: UCilE -* 1 ) + 1 \..UN 
READ CNTMERG = IREC, 4000) K, JI, JJ, CH 

165 
106 
167 

-~lff--
110 
1 / 1 

___ 1L 

H:: ST FOR PROP£ R S £ Q U E 1~ C E OF Ml R GE I NST HU C I I O 1~ S • 

IF TK • N E--;rr -GU-To l O 0 
C 
C UPDATE CLUSTEk INfORMATIO N 

__c_ -- ~ - - . --rw RO= CII - l) * NC 
JwRD = CJJ • 1) * NC 
NTOT = NUMUER,II) + NvMBER(JJJ 

____ _o CJ-6 O__J_ = _ _L N C 

0014800 
0014900 
UUl:>OOU 
00 l '.) 1 OU 
001:>£00 
oo 1 :'300 
001S40 0 
001 ::>500 
0015600 
001)700 
001Stl00 
001~900 
OOloOOO 
0016100 
0016200 
Ou16300 
0016400 
0016500 
00lo6UO 
00lb7UO 
OOlo(jOO 
ou1690u 
0017000 
0011100 
0017200 

•• 

-

N 
0 
~ 
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173 IWRDJ = IWRD + J Ou1/30U 

1/~ ~~~~J==Nd~~~Rt1i> * UATACJWRUJ) • NUMUU<CJJ) * uATACil"IROJ ) 881~~88 
1 / 6 W !) S ~J = W SS C J ) + 0 I F t * l) I F F / C N 0 M U £ H C I I ) * 1~ U MB t. R C J J ) * N T O r > 0 U l 7 6 0 0 

__ 111 UNE J> = _ ___ws_s_c__J u TS~CJ) ou11rou 
178 60 DATA IWRDJ) = OATAClrikUJ) + UAJA(J~KUJ) uul/8U O 
1/9 NUMBER C1I) = NTOT 0Ql/9UU 
1b0 70 WHITE C6, 260U) K, NCL, II, JJ, CK, CUNEXPCJ), J = 1, NC l OultiOUU 
ldl C UOldlUO 
Ilf2 C CAL CUL ATE- r~-v ALU ES A i1 u PROO A 8 I L I T 1 E $ 0 0 lcj t! 0 0 
lij3 C 0018300 
184 OFA = NCL • l Oolti40U 
1 b 5 I E illLA ... LLL,_J) l_ DEA = l O O 1 ti 5 U 0 
186 DfW = K 0018600 
lb7 ACR = TCR • CK Ould70U 
188 FCR = (ACH /CR.)* (L)~ rl / DFA) 001~800 
1~9 ecR = PRBECDEA, _f)_fW 1 1-C!O 00ld90U 
190 IF (PCH,GT•PRMAX,UR•f~H.LT,PR MJ N) GU TU 9U Ool~OOO 
lYl 00 210 J = 1, NC 0019100 
192 IF cwss<J>•EQ,o>wssCJ) = o,ouuooououo1 0019200 
1Y3 A_5_S_(J) = TS SCJ..L • WSS\J) 0019300 
194 FCJ) = CASS(J) / riSS,J)) * CDFW / DFAl OU1Y400 
195 PFCJ) = PRBFCUFA, DFrl, FCJ)l U01Y500 
196 210 CuNTINUE 001~600 
197 w.R-LlLC16, 26UQl...l(, l'H.,L, II, JJ, tCR, CFCJ}, J = l,NC} 0019700 
1Y8 WR ITE (16, 2610) PCR,,PF(J), J = 1, NC ) oul~800 
1Y9 90 NCL = NCL • 1 0019900 
2 U O W K I TE C 6 , 2 5 0 0 ) C LA B £ L C I l , I = 1 , 1~ C ) 0 U 2. O O O 0 
201 ii.R ITE (16, ?51-())_ (LAULLCil, I = 1, NC J 002Ul0D 
202 GU TO 10 002.0200 
2U3 c 002.vJOu 
2 0 4 C ERROR I N SE Q U t. N C E OF 1•i t:: R G £ I N ~ T IW ~ T i O 1 ~ ~ 0 O 2 0 4 0 0 
205 C -- -- 002.U500 
2U6 100 WR ITE (6,5000) l,K 002060 0 
207 I = I • l 0U2070U 
2U8 WRITE C6, 5100) I, CUN(XPCJ), J = 1, NC) OOlUHOO 

--~ 2!L2... (l To 1 o __ -- OU1W9QU 
210 110 CONTINUE 0021000 
211 WRITE (16, 22UO) TITLL • 002.1100 
212 WR ITE (16, 45UOl 002.1200 
21 3 --5 ... LO e___ _ ... ·- JJ o 2. l 3 O o 
214 C 0021400 
215 1000 fURMAT C4!5, lFl0,7> 0021~00 
216 1100 FORMAT C16A5l 0021600 
217 1200 EURMU-(..1..XJ_ _ . - 0021700 
218 1300 FORMAT CA5) 002.1800 
219 C 0021900 
220 2000 FURMAT C/lOX, 9HNTIN =, I6/10X, 9H~T MEKG =, I 6/10X, Ou2200 0 
2 :.o 1 __ __2_H tiL_ -- = , ! 6, / 1 0 X, 9 H 1 ~ C = , I 6 , / ) 0 0 ~ 2 1 U 0 
222 2100 FORMAT (/lOX, 15 HINPUI FORMAT I , 16A?//) ou2~20U 
2i3 2200 FURMAT (1 H11 12ox, 32l1H$), ltiH ~RUGHA M ~EFWIG ,32(lH$),/ 0022 30 0 
224 1 20X, 1H$, 80X, 1H$/20X, l rH , (:)OX, 1H:b/20X, lH:b, 16A5 , 1H$/00224U U 
225 2 2ax, lH~ a.o_x., 1H$/20X, 1 11$ , JOX, 1ii$/20X, 82(1H$)//L) ou2250u 
2~6 2310 FORMAT (//2ox, F·VALUES AND PRU0A8IL1TIE~ AT DIFFERl~T STAGEsr, 002~600 
2 2 7 1 ' 0 f C. ~ U S T E B I 11 G , ' / / 2 0 X , ' U V E H A L L ~ R O B A B I L l T I E ~ B E 1 W E E N t , U O i 2 7 0 U 
228 2 r10.r, AND ', f10•7,' ONLY WILL Ut. LISTED ) . 0U2.2d00 
229 ---2.J_Q_Q_[.URMAT (//1-0-XL 40HPHUt'ORTloN ' UF VAKIANCE l~OT lXPLAINEU BY , Oo2~Y0li 
230 1 20HCLUSlE~lNu CWSS /TS~)/ J ou2jQOO 
231 2410 FURMAT (//20X, 'F·VALU ES (AMSlw MS J UN FIK~T LINl, AND ', OQ2j1Q O 
232 1 ' PH08A8I LIT1£~ ON SECLJND LI NE •' I 2QX,'TH£ OVlRALL COL UM N'OU2.32 0U 

--- 2-J..3_ ---2 ·--- , ~ WLLl BE i'1lHN1NuLES.::i , LJ ,~ll:.S~ CLUSTE!-< IS PERFOHM£..D BY '1 0023i.VO 

-
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• I\ • • 
234 3 'METH( OF *CLUSAN*'I) 
235 2500 FURMATC/29H --K iCL !1 JJ CRIIEHI UN, 15ClX, AS)) 
236 2510 FORMATC/29H K NCL !I JJ OVlRALL , lSClX, AS)) 
237 2600 FURMAT C/l4, 314, Ell•o, 11F6,3) 
238 2610 E..ORMAT .c2x1-_!PR0BAB 1L! TI ES , 1x, L13.~, 1::>F6d) 
239 2700 FORMAT Cl rl l, · 4x, lO(lH*), sx, 16A), Sx, lU(lH*)) 
240 3000 FORMAT C//24X, 9HVAR!M~LE ,3X, 19rlTUTA L SUM UF SQUARE) 
241 3100 FuRMAT C/25X, A5, 6X, E16,d) 
2 4 ~ 4 O O O F O fHlA-T-C...lU-0-, -5 X , E l 6 , d ) 
24 4500 FURMAT C1Hl, //42X, J/(1H*)/ 42X, 37ClH*) ///42X, 
244 1 37HpRUGRA M SEtWIG BY S,H. TEUH JU ~E 1~77 Ill 
245 2 42X, 37C1H*)/ 42X> 37CtH*l) 
2#6 C ·-- ·- --
247 5000 FURMAT C//lO(lH*) ,~4H ERROR IN M~R~E SLQUENCL,/lUX, ~H I =, 
246 1 5H K =, llOJ 
?,49 5100 FORMAT C//1X, _28Ht<ESULTS FOR t'RECt.DliJ\..i ~TAuE , /llX, 15, 14X, 
2 5 0 1 lli6-LJ_L _ 
2!) l END 

-----

0023400 
0023500 
0023600 
OQ.2.HOO 
002.3800 
Oo2J900 
0024000 
0024100 
ou242u.u 
Oo.24300 
002440/J 
OU.24500 
0024600 

I 10/002tHU O 
00.24UUO 
0024900 
002'.>000 
0(.)25100 

• 

• 
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LIST :,yMBOL/POSTCA 
DATE 01/17/78 

__rrs TEM/OUMPALL 

l.AS TRl:.CORD = 
MAXRE.CSIZEIN = 
*** El:iCOIC *** 

! 

---- -
TIMI:. IS 14ZJ8 

VERSION _ 2,9.170 

32 
14 BLOCKSILEIN = 

_UNITS=WURDS 
~20 

DISK ooou1uu 
ooou20 0 
0U0UJU 0 

4 
5 

C 0Ul.lU40 0 
C PROGRAM PUSTCA 001.ll.l~Ou 

6 c --------------- _ _________________________________________________ ououooo6uouo 7 C ------------------------------------------------------------------0 7 8 C OUOUtiOU 
9 C THIS PROGRAM IS 01:.SiliNt.0 TO A5$ISI rn THE I rHERPkl:.TATJ:ON UF OOOU90U 

10 C CLUSTERED DATA UNlJS• ORGINAL OAfA I~ PEt<MUfl:.U Tu THl SEQIJENCE 0(.)U.1.UOU 
1 1 C A P P E. A R I NG l N I H L rt -EK "' 1~ C H I C A L T R EE C U I< An Y S E 11 lJ I:. N c E T H E u :, l R O u O l 1 0 0 
12 C WISHES TU SPECIFY)• ouo12uu 
13 C CLUSTERS ARE lDENTIFlLU BY sT1qUH..1 fHt. 1W1H:3EK OF UATA UNITS I N UOU1300 
l 4 C E A C H C L U S T E R , S A Y N l , N 2 , E T C • T Ii E 1~ T H £ t- I R :, l N l U N I r S I N T H l O U l.l l 4 0 U 
15 C SE WENCE LIS I ATIT IN T 11 E FIRST CL UST EK, THE r~ EXT N 2 U 1n T S IN THE O Ou 150 O 
16 C SECOND CLUSTEH ANU SU FORTH, UUUlbO U 
17 C EACH CLUS1ER 1S Dl:.SC~lUED BY A LI~TI N~ UF lTS DATA UNlTS, THEIH 0001700 
18 C SCORES ON SELlCTEu VAKIABLES AN~ ~U ~M AHY ~TATlSTics. UUU16UO 
19 C TESTS OF SI G NTtTI ANT u IF FER EN<; E O VE I< HE Ar~ U F CL UST EH S CAN Ou O 190 u 
20 C OPTIONALLY BE PERFOHMl:.u, TiiIS CA N EITHEK uE LlAST SIGNIFICANT OUUiOUU 
~1 C UlFFERENCE OR DUNCAN'~ MULTIPLE RANGE~ TE~T AT~% OR sx AND 1~ ouu21ou 
~ 2 C S l G N I F' 1 C A N T b E. Vl:_L S i . 0 u J 2 2 u U 
2 3 C ---n,Tt' R I N I E D U TPU T I S L I M I T E D T (J l 1 V A R I A ti L E S E A C H R U 1~ • I F M O R E O O O 2 3 0 D 
24 C THAN 11 VARIA~LES ARE UF INTEKEST, SIMPLY PAHTITION THE VAR1AULES00U24UU 
~5 C !NTO SUBSETS AND RUN IHE PROGKAM t-QH LACH SUB~Ef• 0002500 
~6 C________ __ _ 0002600 

--~rr--c ==================================================================0002100 
~6 C 0U0280U 
29 C UUU2900 
J O C .-1..N P U T Sf' £ t; I E I(; AJ I u N S .0 U O 3 0 O u 
Jl C UUJJlOU 
32 C CARD 1 TITLE CAt-<U Oo032UO 
J3 C TH£ FIRST 5 CULUMNS SriUULu NO T <.:01nAI1'1 THI:. SAME. WURDS AS UOOJJUO 
J,L _ _ ______ THE NLIL :i CI.Jl.UMNS, l:.LSE l T 1~UULU ot:.: l{lAl> AS t.ND CARD• UOU 3400 
JS C uuUJSUU 
J6 C CARD 2 PARAMETt.K ANU OP1IO N CAHU OOl.lJ60U 
J 7 C CUL S 1 • S NE = NU M 8 E. H Of EN TI r I ES CD AT A lJ ,d T S ) U Ou 3 I O 0 

-----~ ..... §--8---- --- B~t~ If-:tg ,-~~E ~ ~~ :~~E~ s~ s~e~1t~~t<~MA~~A~60~ u 8881$88 
C COLS 16 •20 Nl!N = I NPUT ~ILE UNif FOH UATA .. OOU4000 
C CULS ~1 -2s ,~!G = oPrro N FUH SIGNIFICANT TESf OF CLUSTERSOU04100 

. _ MEANS• _ . oou 1nou 
•• ~ ft = 1 FOR LEASr ~luNIFlCANf DII-FERl:. i~T TES'f Ou0430U 

48 
qy 

C 
C 

= 2 I-OR UU~CAN,S MULTlPLE RANGES TEST 0004400 
= OTHE~ ! NTE~EH ~OR NO T~ST KLQUl~ED OOU450U 

C~LS 26· JO l~HO = OPIJO~ FJR LEVLLS UF SIGNIFICANT 0004600 
--- - ~ DlFFE Rt NCE 0004700 

= 1 t OR :> % 0 I~ L Y OU U 4 8 0 0 
= 2 FOR ::> % A 1W 1 7. 0 U O 4 9 0 0 

__ o.ou~ouo 

- --------

----

• 

N 
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~1 C CARD 3 LABEL CAkU FOR CHARA~TlKJ, Ou0:,100 

ooo~~ou 
OOUS300 

!)4 

~~ 
';)7 
:>8 

--~!)9 
60 
61 

E -- - A- S-LETfLRS LABEL IS RE QU!Klu FOK EACH CHARACTEK 
( 11 A:> FlJKMA T) • 

c 
C 
C 
C 
C 
.c 
E 

CARO_(S) 4 LA13E_L CAt<US FOR uATA U1HTS• 
TffER~ ARE TWU UPTIONS : 
1 • l N CL UDE .l CARD Vil TH ' Nu LAD ' 1 N CUL UM I~ S 1 "'5 • 

000)400 
Ol)0:,500 
Oo1l560 0 
OOU~70 U 
0QJ:,80U 

- -- UUU:,9U O 
2• INCLUDE NE CARDS, COLU MN ~ l·lO CUNTAlNIN~ A LABEL OOOoOOU 

NO LABEL;) vlILL Bl PRl NTEU wl l"H THE UATA UNITS, 

FOR UNl uATA UNIT, 0UU61UU 
UU06200 

'-----~Y ..... 'f.!'--, _ _.,,~f-------""L.0°R1Llohi ~~Q~~~~E" ~~8 I ~gtt N ~~ J~~ ~~} r 9 u ·LI~ r NL o Ar A u id r s. 888 2 ~8~ 
62 C 

C16I5 FORMAT) 0UU6~0 U 
ouuo6UU 

_ _ruoCS) 6 NU_M__BER Ut DATA Ui'i!T5 I r4 [ACH CLU~TER , . . OuOo70u 
·---6~a- --.:c.-----· USE AS MANY Cf\RDS AS ,~[c[::,sARY TU LIST THE SIZE Of THE NCL0U0o800 

~9 C CLUSTLRS WH0Sl NUMBER~ ARL JHUEREJ IN THE SEQUENCE LIST OFOUUo900 ro C CARO 5, C16I~ FORMAT) uuu1ouu 
71 c ouor1uo 

C-Atf!J 7 -ro R MA T f u H P R I N T I NG D A T A U N U U T P U T • 0 U O 7 2 0 0 
GIVE tORMAT FuR NC FILLO uF lU COLU MNS LACH, USE ANY UUU13UU 
COMBINATION Ut E, F ANO G FIELDS. ouU740 U 
E,G, ••• 11Flu,5) --- ouu1soo 

- -- uu07600 
C 
C 

CARD 8 FORMAT Fuf< Rl::AOl NG UATA OUU//00 
UUU7tlOU 

----n'-k' - ~ - ___ C_A.BDLlJ..-2. URIGINAL UATA C If Ul·l CAHUS) ou0/90 0 
un OuU800U 
81 
8 2 
ti3 

C 
C 
C 

CARD 10 LNO CAHU OOUdlO U 
THE FIRST 5 CULUMNS S110ULU CU1HAI 1.J THt: SA ME WUROS AS rHE 0QU tj 2Q U 
N E X T :> C O LUM N ::, T O T ER H I N A I E T H E P t< U G t< A M , U U CJ 1j ) U v 

uuJd40u 
0UUti50 U 
UOUU6U O 
00Ud70U 
0008800 
0UUd9UO 
lJUUYUUU 
0009100 
000Y20U 
OUUY)OO 
0U0Y40U 
00U'.150U 
Ll(JU'i/600 
0009/U O 
0U09d00 
OuU'.190U 
0010000 
ou101uo 
ou1u200 
uuluJOO 
0Ul0400 
0010500 
uulu60u 
0()1070 0 
OOlOBUO 
Uvl090 0 
0011000 
UOlllOU 

d5 
do 
ti 7 
ti9 
90 

C 
DJ.MENSI ON T l T LE C 1 o), NU M 1:3 l R C 16 O), t iH I I~ C 1 6), F M Tu U r C 19) 
DIMENSION LABlLCCll), GTOTCllJ, u~SCll), CTUTCll), CS!:i<lU, 
~ - ~AB£LU(2,1ov), LIST(160), OATA(ll,160) 

DIMENSION MEANC11,16u), AC16U), KAKHUGC3) 
INTEGEH FIRST 

- R.t. A L_ ME A_N _ " ~ o A T A FM T o u T1 1 ) , F JV1 r u u 1 < 2 > , F M T u u T l J > 1 ' c 1 x , • , • 2 A s , 1 • , • 4 , 1 x , • 1 
DATA BLANK/' 'I ' 

5 READ(~, 1000) TifLE 
H ij LT E C 6, 2 0 1 u ) T T LE 

------U-rF' C-TTITEC1).JS,TITL£(~)) GO ro 200 
FU. A 8 C 5, 1 l O O) NE, N C, N CL, N l IN, 1 S 1 G, IP I< U 
RlA CS, 1000) CLABEL~CJ), I = 1,~C) 

---ruo----~~B~i~Er.e~~~l) ~ ~~~~~~tla • ~, G6 ro 1 is 2 ) 
101 C . 
102 C READ REMAINI Nb LA~ELS 
103 C 
104 oo-ruJ =- z-, - NE 
105 10 RlAD CS, 1000) (LABELuCI,J), ! = L, 2) 
106 GO TO 20 
l~ , __ , _l2_ &-g!iltN~~ r, N[ 

109 DO 17 1 = 1, 2 
110 LABELO{I,J> = BLANK 
111 1 7 _C OliJ lJi.U E _ _ 

• 

-----

tv ...... 



• .. 
112 20 RtAD CS, 1200) <LISTCl), I = 1, N~ ) 
11~ ~E~B 'Ps:1888~ ~~~~~s~~I~~ I ~ !~!~~LJ 
115 Rt:::AD CS, 1000) lFMTI~'Il, I = 1, 16) 

---it~ 8----------
116 WR ITE (6, 210Ul Nl, N~, NCL, ~TIN , !SlQ, !PRO 
1 ! 9 rl R I T E C t> , 2 2 0 0 ) C I , N u M B E R C I ) , I = 1 , .~ C L ) 

___ 120 r41{ITE (6, 23JO) CFMTtJuf <I), 1 = l, l'i) 
l:1'1 WR fTE--r7>,- 2 300) CF MT! NCI), 1 = 1, 16 J 
1L2 C 
123 C READ DATA SET 
1l4 C ____ _ 
1G5 DO 3 J = 1, NE 
126 25 READ CNTI N, FMTINl CUAfAlI,J), I= 1, NCl 
127 C 
1l8 C INITIALIZE GRANa ~TAflSTlCS fuR Tri£ l NTlHl UATA Sl:.T 
1 l'J C 
lJO DO 30 I = 1, NC 
1J1 GTOTCI) = 0,0 
1J2 30 GsSCI) = o.o 
Li) C 
l J 4 C CUM PUT [ STATISTIC!> F LJ t( EACH CL UST I:. R A I~ !J P td rn R l S tJ LT S • 
lJS C 

37 OFE = 
1J6 RECI = O 
139 DO 90 ICL = 1, NCL 
140 FIRST= LASL:Ll 
141 NECL = l~UMBER<ICL) 
1~2 DFE =OF£+ CNECL • li 
143 RECI = RECI + c1.o / NECL) 
144 LAST= LAST+ ~.£CL 
145 00 40 I = 1, NC 
146 CTOTCI) = o-o 
147 40 CSS CI) = o,o 
148 WKITE C6,_2_{j_QJ,U _I!TLt:. 
1 4 9 W H I tT E C 6, 2 4 0 U ) I CL , 1'4 t::: CL 
l~O WRI E C6, 2~0U) 
1~1 rlHITE Cb, 260U) CLAtj£:LCC!), 
1 ~ 2 0.U 1-D_ _J__;: . UJt::i_T-1 LA S T 
1~3 JE = LISTCJ> 
1~4 Ou 50 I= l,NC 
1!:>5 CTOTCI) = CTOTCI) 

l = l, i~ C ) 

• 
0011200 
uu11Ju0 
OU1140U 
00l.i.50U 
U01160U 
Oul170U 
UU1150U 
0Ull9UU 
UOllOU O 

- 001~100 
Oul2200 
0Ul23UU 
0012400 
U01250U 
U0126UO 
0Uli70U 
0012800 
Ool.~90U 
0()13000 
uul.HOO 
00lJ200 
OU 3300 
Oo1J4UU 
001J,ou 
OU1J60U 
ool.HOO 
OolJtiUO 
0013900 
Oul40UO 
0014100 
oul4200 
0014300 
0014400 
0014500 
0014600 
OU14100 
0014801) 
0014900 
ou1,ooo 
uu1,1ou 
_out:>200 
Ool:>300 
Ool!:>400 
001,soo 

---~ 5 0 c_s SC I > : _c_ss_c_u + 
157 60 WKITE C6, FMTUUT) 

+ LlATA(l, Jt..) 
DATI\CI, JE) ** t. 
(LAUELDlI,Jt..), 1=1,2), JE, (DATACl,JE), I=l,NC) 

OOl!:>600 
001,7UO 
uul,tHJu 1)8 70 CONTINUE 

1!:>9 C 
__ _..1 ~b '!'--0 _ C _UJJ11A.L£._G_BJU:.ill_ ~ tAJ I S T 1 ~ S A N D t' K I N T C L U !> T l K S T A T I ::>T l C S 

161 C 
1(;2 DU 80 I = 1, HC 
163 GTOT(I) = GTOT(l) . + CltJT(I) 
Lb~- G !:i S C U = Ci SS ( I L + C. S ~ ' I ) 
~ C TOT C I ) = C T Ll T C I ) I 1~ EC L 
lb6 MEAN CI, ICL) = crur,,> 
107 80 CSS(I) = CSSlI)/ NECL • CTQT(l) **2 
108 WF<ITL~L6..>_ 2l_OJU_CC.TOH!l, I = 1, N~) 
169 WRiTEC6,280U) CCSS lI), I = 1, N~ ) 
170 Wt< IT E C 6 , 2 GOU ) C LA 13 t:. L C C I ) , I = 1 ' I~ C ) 
111 90 CuNTINUE 

--·--

vu 1 :>900 
OUloQOQ 
0Ul6100 
0(JlC>20U 
Oulo300 
0()10400 
oo1osuu 
UQlt,600 
oulo70o 
Oul6bUO 
0Ulo90U 
ou17uuo 
00l710U 

___ uol72ou 

• 

-· 

N ,... 



• fl • 
173 C PHINT GRAND STATI~TIC~ Ool/300 

.. C -· - 0011400 
WHITE C6, 2000) TITLE Ool/500 1/5 

1 r 6 WHITE C6, 2900) OUl/600 
1/7 l{HLtE. C6, 2600J CLAt:H.L(;(I), I= 1, i~C) 00l/70U 
178 DU 100 I = 1, NC uol7H00 
179 GTOTCI) = GTUTCI> / NL 0017900 
ldO 100 GSS CI) = GSS(l) /NE• GToTCl) ** 2 0018000 

--~ ltH WR.l..TL. L6~0.ilJ CuTUTI.!), I= 1, Nl.) 001~100 
- ·· - WHITE C6, 280U) CGSS L!), I = 1,N~> 0Ulti200 

Ool!:l300 
LEAST SIG NIFICANT DIF~ERENCE fEST FUH THE MEAN S OF CLUSTEKS 00lb4UO 

.. W.J ., ··-- _ -- 001 U500 
186 IF CrsIG•LE•O) IS!G = 3 0Uld600 
187 IF CISIG•uE•3> IS!G = J OUlo?OU 
1b6 Gu To c102, 102, 5), !SIG OOlHHOU 
1 t$ 9 1 0 2 C (IN l lN U E _ 0 U 1 b 9 U 0 
1YO If (1PRO,LE,l) PROB = u.o~ OolYOOQ 
1Y1 IF CIPRO•GE;2) PRUB = U,01 0019100 
1Y2 HM = NCL / RECI 0019200 
1 Y 3 0 lJ.._J._l.Q L =-1_,_ N_C U U 1 'l 3 0 0 
1Y4 SlDD = SQRTCGSS(I) * ~.o / HM) Oul'/400 
1~5 DU 105 J = 1, NCL U019500 
1Y6 ACJ) = MEANCI;J) 0019600 
i~S JO S-~~itM~'tf-r-= LABELCCI) 88t~b88 
199 KARHDGC2) = ' ' OUl'/900 
200 KARHDGC3) = ' ' 0020000 
201 -W.Rl 1£_(6.L u_uu > KARt'iu ~ o o 2u 1 o o 
202 CALL SMPR!N CA, NCL, l, 'CLUSi • ', lbO, 10) 0020200 
2U3 CALL OIFFS CA, NC L, urE, SEuoi l'RuB, I, KARtiOG, 1, 002U300 
2U4 1 'CLUSTER ', ISIG) 002U400 
2 o s 1 1 o c_o N-.t LJill[____ · u u 2 u s o o 
2v6 GU To 5 0020600 
207 200 CUNTINUE 002U/OU 
208 WHITE C6, 30UO> 0020800 
2.JJ_.2.__ C ·---~ _ _ 0020900 
210 1000 FORMAT ClbA5) OO~lOOU 
211 1100 FURMAT (81~) uu21100 
212 1200 FURMAT C1615) 0021200 
2 1 3 1 3 01L f U R MAT _t_u:U , 9 X-> J 5 U H * ) , 1 0 X , ' M L:. A N V E C T U H r U R ' , 3 A o , 0 0 2 1 3 0 U 
214 1 35C1H*)/5~X, i2C1H=)//) ' . 0021400 
215 2000 FURMAT C1Hl, 4X, lO(lH*), 5x, 16A~, 5X, lUClH*)//l 0021500 
216 2010 FURMAT C1H1, 12ox, 32'1H$), loH PRUGkAM PUSTCA , 32(1H$),/ 00~1600 

__ 2.l.L. ___ ,L._ _ 2ox,_ _ lHS, 80;(, 1HS/20x, ltH,, tjOX , lH$/20X, 1H:t., 16A5, 1H$/00217UO 
216 2 20X, lHS, BOX, 1HS/20X, lrl$, doX , 1H$/2oX, 62(1H$)///) Ou2lHUO 
219 2100 FORMAT c1ox, l7HNE =, f611UX, 7/MNC =, 16/loX, 7HNCL =, f6/ 00219UO 
2~0 1 lUX, HNTlN =, 6/lOX, H!SILl =, I6/1UX, 7H1PR O =, 6/)0U220U O 
2~1 22QO__E_URl1AT (/_ ~x,_ 21H SIZt. OF EAC H CLU5TEI< ,/, (lUX, 2110)) ou221uo 
222 2310 fURl-fAT rt 7X, 15HOUTPUT FORMAT : , 20A5//) 0022200 
223 2300 FORMAT C/lOX, 15HINPUI FO RM AT 1 , 2UA~//) U02230U 
2~4 2400 FORMAT C/lOX, 8H CLUSIER, 13, 11 H CUNlAlNING, 14, 12H UATA UNITS,)UU22400 

2 5 0 0 f U 811-AJ __ ( / UJ-j U AJ A . U N rJ S , 2 X , L H I L) ., J X , 2 0 11 S C U R E S O N V A R I A B L E S ) 0 0 2 2 5 U U 
2600 FURMAT <715X, 11 C 5X, A";))) U0226U O 
2700 FURMAT C/6H Mt.ANS, 11A, 1P11ElQo3J 00227UU 
2600 FORMAT (/lOH VARIANCE~, 7X, lPtlE!0.3) 0022800 
2~QO_ FuRM.AJ C/lQX, .31H STATISTICS t-QH t-NTil~E DATA ~El J 0022900 
3000 FURMAT lll:i1, //42X, J/(1H*)/ 42X, 3/(lH*) ///42~, 002,jOOO 

1 37HPRUGRAM PU~fCA BY ~.H• TEUW JUNE 1977 /// 00231UU 
2 42X, 37(1H*)/ 42X, 37t1H*J) 0023200 
--1.ND_ _ _ _ _ U02330U 

• 

·----------
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.. 
LLST ~YMBOL/CONVEH 
DATE 01/17/78 TIMl !S 14:38 

_llSTEM/DUMPALL VE.RSJilN ~ uIO _ 
LASTRlCORD c 111 
MAXRECSIZEIN = 14 BLOCKSILEIN = ~~O 
*** E~CDIC *** UNi l S~WUROS 

$ SET AUTOB1ND 
2 iBIND = f8011__CUU0Nt= ----3- ---f I LE 2 0 = . -NTMEHG, U N-Z- T 
1 

= u!SK 
C 
C 

_ C PROGRAM CUNtEKT 

I' • • 

C 
C RE.FERENCE& E,J, BURH C1970) THE ~U~TKALIAN CUMPUTER JOUR NA L, 

VQL, 2, NU • J, 9H•103 

C 
REAL NTUT 

- . D l M ~Sj_O J'LNJ.J {> Q > , S C 1 o O ) , T IT L E C 1 u > , F M T I r-1 C 1 6 ) 

16 2 Rt.AD CS,5) TITLE 
17 5 fURMAT C16A5) 

uoou100 
oouu200 
0000300 
UuUU400 
oouusuu 
UOUU60U 
OoOu7oO 
0u0U80U 
OQOU900 
0001000 
0001100 
ouo1200 
0001300 
U001400 
0001~00 
0001600 
0001700 
00U1800 16 Wk1lL_ C6,_L) JlTLE 

----l1H9- 1 r u R ur rm r; 12 o x , 3 2 " 1 H $ > , 1 t) H I" R u G t< A M 1,; u N v t.: R , 
£0 1 20X, 1H$, BOX, 1Hi12 ox , l H$ , tlOX , lH$/20X, 
21 2 20X, 1H£, aox, 1Hi/20X, 1H$, bOX , 1 Hi l2oX, 

32llHi),/ 0001900 
lH~, l6A5, lH$/OOU~OOO 
B2l1Hi)///) 0002100 

____ 2...._2 __ . IE_llllLEU), Is .r l TLt. \ 2)) GO To 9o0 
i3 RlAD (5,5) FMTIN 
24 READ CS, 10) METHUD, NE, NTMEKG , I SS 

~ ~ 1 
O ~ ~~ ~ ~ T C ~ ~ f ~ ~ ~ t 9 ri Q 8 : ,~ E , N T M E K G , f S ~ 

----;::, :..;:;7,-- f2TUR AT [7/SX-,' M-ETHOO = ',r~v)x, ' Nt. = ,, rs/sx, 'NT MERG 
,8 1 ,15/5~, TSS = , F20~10//) 
29 WK ITE C6,15) . _ 
J0 __ ~ 15 FJJRM~I C1 Hl/ l.6X, . ' A~E.RAGE lHST• ', ' 1.il~T. tlETWEE~ ', 
...-. - 1 ~ - ' \/AK CANCE Ur , , 'I NcRE ASt.. CJF w:::,s ', 15X, . F·RATIU 

i 1 : C~ NTROlo~~ 11 l, JJ ~~~Jt~u:::,~[~lT~~l~ l6E ¥d 1

MERGE J2 
33 

36 
J7 
J8 
JV 
40 
41 
42 n - · 
44 
45 
46 
7f7 
48 
49 
::,o 

__ ' PUOLELJ WS::, •, . ' CA r•IS/W MS) 1 , 'PRUBABILITY ') 

A= 0,0 
SSI = 0,0 A~s =o,o 

----·in, s-s--= -u-. u--
o u 20 I= 1, NE 
NCI) = 1 
i> C I) = 0 , 0 

---,2...-,0..--;c""uNTTITTJr . 
C 

NQUIRE CNTMEKG, KINU = 
ICON= 0 - rcrrr-= r- -
IF CKNO, N£w9 ) ICON= o 
If CKND1 N( 19) ICOl = l 

__ _N ST G =:_NE • 1 

K i\J D) 

OOUiiOU 
U002300 
000240U 

80U~:>08 
OU26U 

= '0U 0i700 
U002tWO 
0UU29UO 
0UU300U 

• ,ou u.H OO 
· ooo.nou 

', ouu.nuu 
. 80UJ~OO 

uo3soo 
0003600 
OoO.HOO 
uuu.rnou 
0003900 
0004000 
0004100 
UOU4200 
0004300 
0004400 
0004500 
UOU4600 
0004700 
ouu,rnoo 
00049UO 
OOU::>OOU 

• 

N 
~ ! 
>*" 



- • 
)1 OU 50 I= 1,N~TG 

EC= CI CITE--r-f ) + l~UN 
~3 READ (NTMERG = IR~C, tMTl N) K, II, JJ, CK 
~4 IFCl. NE,K) GO TO YOO 
)5 NTOT = NC1I) + NCJJ) 

----S-6 GO I O C l O O, z-uoi JOO, 4 0 0, 5 0 u, 6 U O, 7 0 0, 13 0 0 ), METH O lJ 
':>7 C 
58 100 C~NT = CR 
~9 A= CENT+ SCII)/NCII) + SCJJ)INCJJ) 
6 ~ S S ! = C N C In- . - N C J J ) I N T O T ) * C E I H 
o WS = WSS + SSI 
62 GU To 40 
o3 500 A= CR 

--~T=: A-. ST n) INC I I ) • SC J J) INC J J) 
SSI = (N(II> * N(JJ) I NTOT) * CE~T 
WSS = WSS + S~I 
GU To 40 

69 SSI = WSS - XWSS 
/0 C[NT = CS~l * NTOT) I CNCII) * N(JJ)) Z1 ~ = C~NT + SCI!)/ NC!!) + S(JJ>I N( JJ) 
12 wss - wss 
/3 GU TO 40 
74 C 
15 40 CUNTINUE 

WMS = W S S-r-R-
/ 7 A~S = TSS • WSS 
78 OFA = NSTG - K 
/9 IF CDFA,L£•0) DFA = 1 
80 AMS = AS~/ DFA-
b1 F = AMS MMS 
b2 Pr = PRBFCOFA, K, F) 
b3 S(ll> = SCII) + SCJJ) + SSI 

• 

64 VAR = scrrrrmoT • 1> 
tj 5 ~~RITE C 6, J 5) K, l I, 1~ C I I ) , J J, N ( J J ) , A, CENT, VA R, ::, SI, W SS, F, 
b6 1 PF 
b7 35 FORMAT C/~I5, 5El)•7, 2El2,4> 

N C I I J = N 1 0 T- -
b9 50 CONTINUE 
~O C 
~~ 200 HHN"f-~N3r 0 --
93 400 CUNTINUE 

~~ i88 8B~fl~8t 
---SOO CuNt IN~E 

Y7 WRITE6, 100~> 
Y8 1000 FORMAT ClOX, NO CONVtKTIUN AVAIL~HLE YLT ') 
99 C . 
~ -GU Trr ~ -- -

900 WHITE C6, 2000) 1Ul 
102 
lJ.1_3 

105 
106 

2000 FORMAT ClOX, ' ERHOK lN MERGE sE~uE NCE ') ' . 
NI I NO E 

GU TO 2 
C 

1 u 7 9_t>_LCU~ T ~N~L 1 u 6 ~ t-< l 6 , 91fITT 
109 980 FORMAT C /l//41X, J~ClH*)l4lX, J9ClH*ll//41X, 
110 1 39HPRUGRAM CUNV[R BY ~.H. TEOn AUbUST 1977 

--~ §lX, J~l1H*)/41X, 39ClH*)J 
Ill 

OOU':>lUO 
OuU5200 
000~300 
000':>40U 
ooo~soo 
0005600 
0005700 
OOU'.:)800 
OQ0':>90U 
0 0 lT6TI O 0 
OOUC;> l 00 
0006200 
00Uo3UU 
0000400 
0006500 
0UUo60U 
oouo?Ou 
0006800 
oov690u 
ouuruuu 
0007100 
000,200 
Oo07J00 
ouv/400 
ouo1500 
0007600 
0007700 
00U7800 
UUU/900 
0008000 
OUOtHOO 
oouu200 
JUUti300 
0006400 
000ti50U 
00Uti600 
U00U7UO 
000880-0 
0U0ti90U 
OQOYOUO 

888~~88 
000Y300 
0009400 
0009500 
Ou09600 
000'170U 
0009800 
OOUY900 
0010000 
001u100 
0010200 
uu1u300 
Cfo 104 oo 
ou1u500 
0010600 
0010700 
001uaoo 
0010900 
0011000 
ou_11100 

... 

- -

N .,_. 
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• • , .. , / • 
LlST NTIN 
DATE. 01/17/76 TIME IS 14:38 

SYSTEM/DUMP ALL V..tJi.SlJilL~_, l1Jl 

MAXRECSIZEIN = 14 BLOCKSILEIM = 14 
*** EtlCDIC *** UNITS=WURDS 

-----

1 NO• C•DlA CoDEN CoERE C,Hl::l RUST LI o O I~ LokOL L • C.: OL LoW1D F,CUL F o l)A T 
2 001 6.3333 601667 405417 4.Jf50 3o5UOU Lo/OUJ 1•166/ 1•2917 207)00 2,7500 Sol2~ 
3 802 6•1739_ o_o_lll_3_~o213U 3of~26 3oS~17 Lo91JO l•304J 1•~217 2o82ol 2,6957 5o69~ 
4 03 617500 6•87~0 4,1667 4•/U83 3.2Y17 ~05000 1•458J 1¥)417 2.6667 2t6667 5ol25 
5 004 6.6667 7.0000 5•1667 4•0667 306250 J.u8d3 1.3333 1•2500 3.ouoo 2,6667 )ol2) 
6 005 6e5417 6•3333 3•9583 4,1667 3,5d83 ~.6250 l 0333J 1•4167 207917 2a5B33 jo416 b 009 6.~41~ 6,12~9 4,16~7 3.~at, 3.~150 Je16o7 l•583J l•5goo 2,7)00 2,5417 ~.958 

00 6, 91 6•541 4•1250 4eU4 3,)UOO ~.4583 lo33JJ 1•2 00 3,1250 3,0000 j,2~0 
9 006 7,4~63 6,9563 5•4583 4.~250 3,6067 ~.62~0 lo375u 1•1667 3,1250 2,~833 4.666 

10 009 6,1739 5•8261 4•260Y 3,u957 3o6U87 ~.)217 1,2609 liJ043 2,9130 2,6U67 ).173 
11 010 5a8750 6t12~0_L_8150 5•!250 4,ouoo ~.95d3 1 1 0417 1•2063 2,9167 2,5833 4,956 
12 011 5,6182 5•72 3 4•4091 3.~909 3.8182 J,1364 1°181b 1•4545 2,7273 2,7273 ~.318 
13 012 5•8333 6,7917 6,333J s.~soo 3,7ua3 J.37~o 1,2911 1-2083 2,8J33 2,20b3 4.416 
14 013 7,0417 7,0833 5,2500 5•U417 3,4583 J,OOUO 1,2)UU 1•3333 219107 217)00 q,875 
15 014 615~17 5,9583 3--L66-.6-7 3.0250 319583 Jol667 1,)000 1•~417 2,7083 2,7500 4,916 
16 015 6,6667 7•0417 4•2917 3.~1s9 312Y17 L,b333 1•20bJ 1•~000 208/~0 3,3750 S,708 
17 16 6,9009 6•62~0 4•0411 4•!66 3.6~50 J,20b3 1•4161 1•3333 2t9167 2,5417 ),250 
18 17 5t 91 610000 5•0417 5,ud33 3•2U83 ~,70U3 1•2083 1•4583 3,0000 2,3750 5,0b3 
12 i8 z.~91~ 6·6~~0---A-L5ft7 4.~Yl7 ~·4167 ~.suuo 1,4167 1•£917 ~.7u8j 2,Bl3~ ~.45~ 
20 6• 9 618 3 4,95 3 4•J417 ,6~50 L,SOUu 1,333J 1•1250 3,041 2 ,6 6 5.29 
21 20 6•6667 616607 4,8333 4•J000 3,6667 ~,4167 lo625U 1•i083 219)83 2•ti75U ),666 
~2 21 616667 6•2963 4•1667 3,Do67 ),7500 J.J7)0 1,5000 1•4167 2,9583 J,2917 )0333 
2....L 22 7,1739 b,1 J9__tuQQOU 419130 314J4b J,UOUU 1•1739 113913 310d70 2,7b26 ),260 
25 ~i 612609 6152!7 5,2609 s,~oo9 3.9130 ~.Y565 l•434b l•478a 2.8261 3,0870 ~.782 
~ 6,0Y09 5106 6 4,4091 JoJUOO 3,7273 ~.ti6J6 l,318~ 1•~90 2,6816 2,Y545 ),454 
~6 25 1.0870 6,56~2 4,5217 J•oJ22 3,8261 J.2114 1.2174 1•~609 3,ouoo 2•6957 <;,,oar ~9 ~·~l~ g·9~3d L6~6/ 3.o~~o 3.3150 ~.0607 l,)63J 1•4583 218333 2•d75¥ 2.1~1 2a, 4, o 4•4 83 4.y 3 3,2~ou ~.4~d3 1,2suu 1,3333 2,8333 2,416 ~.4 ti 
iY 28 6,6816 6•90Yl 4•2127 3•J636 3•9~4) J.13o4 l,/27J 1•2727 2,8036 2e9)45 ~.6tll 
JO 29 6,4~83 6•45d3 S,QOOU 4,~~83 3•4167 ~.70d3 1•£50U l•l500 2,6250 2,875U ).416 
J 1 3..()_6 ulJl lL fLt.Jl..OJlO 5 • 6 251) 4 • u d J 3 3 • 7 Y 1 7 ~ • ) 8 J 3 1 • 2 5 0 U l 1 '.) 0 O O 3 • l 25 0 2 1 6 2 ~ '.:> • 1 2) 
32 31 6,6957 6,7391 414783 3o/JQ1 4,2174 i,7JY1 l•478J l•J913 2•9565 213913 '.),043 
J3 32 6•6957 6•9565 S,956~ ~•il74 3.2174 J,1139 1•3913 1•1739 2,6j22 213913 ),OOU 
J4 33 610417 6•1251_ 4•0000 4,1250 3,7)00 ~.Y1o7 1,2suu 1,<;,000 3.1250 2,5ouo 5,211 

_J_5.__ 3 4-6...Lli 6 3 6 u.__2_1 , 4~ 5 OJ) U 4 d 2 5 0 3 • 8 / 5 0 ~ • ti 7 :, o l • 0 8 3 3 1 • 3 3 3 3 3 • 0 U O O 2 • 5 0 0 0 4 • 7 U 5 
J6 i5 5,87~0 6•6897 4•375~ 4oU83i 4,~/50 J,20tlj 1•4167 1•4167 217917 J,12)U j,J33 
37 6 6,45 3 6•5 33 3•416 3o/U8 3• U83 ~oU3JJ 162SU 1•4 67 2,8/50 2,791/ '.).416 
38 37 6•6150 6•2917 3•6250 4•v417 3.2~00 J.uouo 1•458J 117083 2,91&7 3,0417 )oti75 J...L-te-1_.ij½t ...6-L2..2-1LJL:-tt6/ 4•i~90 3,~J~3 t!.,d7<;,9 1,:i4 71 1•0833 2,lUtU i,~417 2 •6~f 
40 • b2 6•l3U4 4. 826 4,ud o 3. d 6 i.69~ 1.21 4 1.1304 3,0435 2. 391 ~.o 
41 40 ~,8696 6,56:,2 5•6087 4•JU43 3,2009 ~.434d 1,2609 1•4348 2,6957 2.347d 5,260 N 
42 41 ,1250 6•2917 3•7083 3,fY17 3•7uaJ ~.95d3 1,2911 1¥£91/ 2,8750 3,2083 4.515 

2-._L_Q_Q O ~ 7 • 0 41 7 4 12.0_8 3 _ 3 .t> / 5 () 4 • 0 U O O L • d 7:, 0 1 d 3 3 3 1 • 2 0 b 3 3 • 1 2 5 0 2 • 6 2 5_0 S • 0 0 U .... 
44 43 6,5~~ 61583~ 5•0417 4•LY~7 30)/5U L,)OUO lo29t1 1-2917 3.0000 2,2917 30208 
i+S 44 6,37 o 6,291 4,0000 3.31 o 3,1~00 J,3JJJ 1.125u 1,J1su 2o9lo7 2,7083 ).291 
46 45 6•8261 617391 4•391J 3,0261 3•8i61 joJ043 1,391J 1•2609 3,1304 2,69)/ 5,087 
4~ tt4__5_t__}7~0 ~·~33-'¼...!.__2..063 4•4)8~ 3,3136 ~. 1uu9 1.2~11 1•£917 ~o83f7 2,b!SO 5.875 - . 

4 4 6. 2 O• 50 4•000U 4•vU3 3,3 5 ~. ?l lo3333 l•)000 ,79 2,6667 s.791 
49 48 611259 6•50U9 4•2500 4,iY17 3,3J33 ~,87~U l,250U 1•2083 2.62~0 2•62~0 5,583 
~o 49 6,541 5•291 4•8750 41U833 4t0U00 J,UOUO 1,291/ 1•4167 3,5UOO 3e0417 5.62~ 

N O • C i D I A C !.llE ti_. c_, .LB E C • 11 I:: 1 R U S f J • Li l ~ L • k lJ L L • C O L L • l'l l D F: • C O L f • D A T 



• • ' ." I . r- • • 
~2 50 617500 5,9167 3,9167 J,J 833 3,6~50 J,12~U 1•208J l•i083 J,OUOU 2,7917 ).208 

3 ~1 7•!~~9 6•583~ 4,t2so 3,.::-;!7 3,B/5? J.33J3 1•625u 1•02s9 2.9:>ti3 2,8333 6.000 
;)4 2 6, 6•606 3• 826 3,qJ 8 2•8i6 L,434d l•26UY •b08 2,8261 218261 50260 
:is 53 5,8333 6·4167 5,6667 4•!250 ljtlb67 j,250U 1°4167 1•3750 2,6667 2,7500 S .291 

tt- 54 5,3U~l 5~2~JO s ,9~35 3ebo96 4,1139 ~,7826 1•478J 1•3913 2,~7b3 3,0000 ),173 
55 6,12 0 6,2 00 4, 17 4,J750 3,5033 G,62:>0 1•1667 1•1250 2, )00 2,416/ q.f~U 

::>8 56 6,4583 5,5633 4•6667 4,j750 3•2U83 L,62~0 1,1667 1•9583 2,5417 2,7083 4,583 
::>9 57 6,7J91 6e56~2 3•7391 3,~217 3,4/83 i,86Y6 l•b~22 l•G609 2,7391 2,3913 5 .26 0 
PO s8 6,37~--°--6..L5DJJ_o_S.t5uou 4•~d33 2.7~00 i,62)0 1,2suu l•J75o 3.12so 2,3113 :>.416 
61 59 7100~9 614583 4,3333 3.0333 3,8J33 L.1Ql7 l,375U l•J333 3,0417 2,3 50 40916 
62 60 7,04 6•2063 S,1667 4,/083 2,7Y17 Gt25uo 1,2500 1•4167 3,0417 2,6250 ~.041 
63 61 6,8f61 6•652~ 6~304 4,Y130 3,6957 L,86Y6 1•4783 l•J043 3,0UOO £16087 ~.434 
()4 62 6,3 so SJ~lo 3• L5o 4.q167 4.0417 j.16o7 1•4167 1•3750 2.6607 2.8750 ~.1£, 
b5 63 7,oooo 1,291, 6,5417 4,j750 3.6067 J,:iouo 1,166/ 1,12so 2.6~so 2,9167 s .so o 

-

6~ 
64 5,83~3 6•2063 3•3750 3,4~83 3.0ti33 L,7083 1°6250 1•~417 2.7083 2,9~U3 :>.108 
65 614~ 3 7,3333 4•6250 4,L)00 3,5033 L,7:>00 1°4167 1•~000 2,7917 2,7917 5,75U 

68 6 ~ 6 • 7 U 8 3--6 J..9...-1 t 4 t 5 8 3 3 4 • L 9 1 7 3 • 7 9 1 7 G • :> 1~ l 7 1 • 3 3 3 J 1 • U 8 3 3 3 • 0 0 U O ~ i 5 8 3 3 5 • 3 7 5 
69 6 6,2;09 6•916 4•833J 3•o667 3.5000 t,87~o l,J3Jj 1•2500 2.soo9 2.9161 j,4~8 
ro 68 7•166 7•1250 7,3750 5oL917 4,2U83 ~.2500 1•0411 l•U833 3,541 2,9583 ~.166 
71 69 6•9~65 6,3043 4,J478 4ei739 3,2174 L,17J9 lo347d 1•2174 3,1739 2,6087 5,391 
12 ~ 0 6 • 4 lfi•-6 25f-Ji L3 ~ 3 3 5 • 12 5 0 3 • ~ ,q 7 .:'. d 7 5 0 l • 2 91 7 1 • £ 5 0 0 2 • 9 lo 7 2 • 7 U 8 3 ~ • 7 5 0 
73 1 6104 61041 4•3 50 4•U417 3,6667 L.95b3 l•208J 1•2083 2.6067 2.6607 J,45o 
/4 72 7,1739 6•5217 4•8261 ;•vo70 4,0uoo j,3u43 l,260Y 1•2174 3,0870 £•3478 5,391 

5 73 6,1250 6•333J 4,6250 3,/917 4,1250 J.~41/ 1°106/ l•J750 310000 2t6667 ~.875 
16 74 ~.Lo6_LuJ>_QJi__O 4~5833 4,q5a3 3.5uoo J,1661 1•45d3 1,~000 2,6250 2,7:>ou ~ .45 0 

7 75 5.9583 6•8333 3•7500 3,Yl67 3o4~8J L.d750 l•4~8J 1•1667 215417 2,7917 5 162 5 
8 7~ 614167 6•3750 4•2917 3•~:>83 4,lL50 i,7917 l•333J 1•2083 ~17Ub3 2,7500 :>t5b3 

79 7 616250 6•20ij3 4•2500 4•UU33 4.lLSO J.uooo 1•416/ 1•2917 .6iS0 2,62:>0 5•7Yl 
7 B 6 , 5 o g O 6 • 4 1 6 7_ -11 t2.2 1 7 4 .l 2 5 0 3 d J 3 3 ~ • 8 3 3 3 l • 2 ~ 0 O l • J 7 5 0 2 • 6 2 ~ 0 2 • 5 0 0 0 '.:> el 2 ~ 

di 79 4170 3 6,1667 510000 3,o250 3•8150 Jo04lf 1•166/ l•J333 2.5UOO 2,5000 4 ,291 
d2 60 6.4~63 614583 4,5833 5,U833 3.Suoo i.J)j3 1,1667 l•J833 3,0833 2t8/50 S.37S 
83 61 6•2500 6,7063 5,7083 41~J83 3,:>uoo L,87JO 1.25uu l•J75o 2•9167 2,81:>0 J,791 
~ _ __8_2 _ _!uJt5JU_ -6J..l..5.0JL5,0417 4,,U83 3.8(5() Jd2)0 l•£50U 1'1250 2,8333 2,7500 5,583 
ij5 63 6•5000 7•0000 3,958) 4•L~OO 3,7~00 £t7Suo 1,J33J 1•3750 2•5833 2.5417 5.791 
86 64 6•4167 6•5417 4,2917 4,J150 3,lb67 0::.:,833 1,250U 1•2083 2•8333 2;750U J.666 
u~ 65 6,f50~ ~•4583 3·~667 3•uoo9 3.1417 L.9~8J l•375u 1,2soy 3, 766~ 3i4S83 5 .791 
d 66 l• 66 tl2~JL~• 16/ 3•066 3• JOO L,6667 1•416( 1• 1H6 2, Yl 3d667 6 041 6 
89 67 5-.t~oo 6•3333 4•333J 4,ud33 3,7:>ou ~.6601 1.4167 1•2083 2.a1so 3.2917 6,583 
90 66 6t1301 6•9565 4,8696 4•U435 )17391 .:'.o60o7 l•478j 1,q348 2,7826 2,9565 6.13U 
91 69 51521 6•0000 3•9130 3•J913 4e2174 J,1JU4 1•3043 1•3043 2,8b96 3;0435 5,7o2 

2 90 6,~l74-7d739_ 4,1739 3,U870 3,7J91 i.,8261 l,J4lo 1•4783 2,9130 2t8696 ?,739 
3 91 6, 093 612917 602917 5,1667 3,5000 L,70o3 1•2083 111250 2,7917 2,2083 4.958 

Y4 92 6.6750 6•9583 4,1667 3,4S83 3.5033 ~,6250 1,3750 l•J333 2.sooo 2.95BJ 5.87, 
5 93 5,7u83 ~•7500 4•5000 3ef083 3,5~33 J,l6b7 loJ75U 1•2083 2,7917 2•7Yl7 4,750 

~ .--2 ~ 6 • 7J.L6 3 ~ 8 3 J J 4 • 6 6 6 7 4 , '+ 1 6 7 3 • 7 u 8 3 ~ • 5 U u O l • 6 2 ::> o l • 2 5 0 O 2 • 6 o 6 7 2 • 7 5 0 O J • 2 Y l 
9 6,20~ 6,2500 4•916/ 4,4167 3•4167 j,oou0 1.~ouu 1•4583 2,4167 2.5833 5 ,2 5u 

98 9~ 6,12i9 611667 s,g41/ 4,U833 3.6i50 Gtbf~o l,J75U l•J750 2.31~9 2,62:>U :>,12~ 
Y9 9 6t29 . 6183J3 3• 667 3•Jti33 3,5417 t.,7917 1•~417 1•5833 2.666 3,1250 :>,45ti 

lU~ 96 6,U39 6•9565 2.695/ J•v435 3.9130 j,2o09 1,6951 1•'+783 2,56,2 2,8261 :> .434 
llf 99 6.-oo006•Tl1IT4•250o 3•Jti33 4,4:>83 J.i6o7 1 .sooo 1'1667 2,9167 3•0417 5,955 - ----------
102 100 6,4~83 6,3750 6.2500 4,/083 3.7:>oO ~,4lbf 1•166/ 1•1667 3tt250 2,9167 51041 N 
103 101 6,8/50 6•2509 3•0000 3,~167 3,6i5U J.2917 l 0 500U l,2083 2•7~00 2,8/50. J,833 ~ 
~ 102 6al~So 6,916 3.7911 3.1~00 3.ouoo ~.l6b7 1•4161 1•u833 216667 2,a7so 6,500 ---·-a, 1 0 3 5 • 9 ffT 6 • 7 5 0 0 '"'57 675 0 4 • 7 :> O O 3 • 2 'i 1 7 2 • 6 2 5 O l • 2 9 1 7 1 • 2 9 1 7 3 , 0 4 1 7 2 , 5 4 17 5 • TS 0 106 104 6,7~og 6•191~ 4•7083 4•0jSO 2,9:>83 L,6259 l,208j 1•2917 2,8J33 2,87:>0 5,83J 

07 05 6•208 61916 5,8333 4,J 50 3,6250 GeYlo 1•2053 1•2500 3,2Ub3 3t1667 :>,625 
106 1~6 618150 7•37~0 4•5000 3,/917 3.8/50 j,0417 1,5QOU 1•1667 2,7917 2t7)Q0 5 .791 
U9 - 1Q76';7~[g o-PsooJ-;ij91/ 3•7Sj9 3,8759 3,4583 l•'.:>9ou 1•3750 2,9,83 2e9167 5 ,41 6 

110 108 5•9) 6• soo 31 333 3.1~ 3.416 ~.2od3 1.3 5u 1•J750 2.Sd33 2,5150 :>,958 
111 109 6,0833 6•2917 3,9583 4•L500 3t6L50 ~.87:>U l•t917 1•2500 2 e7Yl7 2,666/ ~183J 
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113 110 610000 6,3333 s.oB3J 3.Y~83 3.BJ33 i,62~0 1,2911 1•1667 3,0UOO 2,7083 S,5d3 

4 111 7,s670 6 , 434~- 4,5652 4•utHO 3•0435 ~,7391 ld47o ld043 2•9130 2,4783 5 ,217 
1!5 112 6, 130 6,3043 4•3043 4•!304 41347b j,4348 l•347d l•U343 3,0UOO 2,8696 ~,6U8 
1!6 ill 6,5833 618750 5•4583 4,0250 3•4~83 j,U417 1•333J 1•4167 2,62~0 2,62~0 ),5UO -Hi 6. ~ffl 7 ~ • ~-?o-0 ~ • 3_7 Si 3 .~ 41 7 3 • 9 ~ 8 3 i • 9 '.;, () 3 1 • 2 0 8 J 1 • 2 5 O O 3 e1 2) ~ 2 , 9 S 8 3 5 • 8 3 3 

-- --11 - 6-, 6 r • o o •2 9 1 4 • u u o o 3 • 3 r 5 o ~ • o 3 3 3 1 • o 2 s u 1 - 2. 9 1 7 2 • 7 9 1 3 • 12, o s • 9 r 0 
119 11~ 6,3331 6•~~83 5,ogoo · 3.~~00 3.7~00 J.oouo l•~B3J l•v83j 2,87)0 2.87) U ~.62) 
120 11 6,7~1 o• 33 3•2 Bj 4.~soo 3,6067 i,ti7Jo 1,2917 1•291 2,5d33 2,9167 o.2)u 

t.1 116 6...!5....2J7 ~09 3,9565 3•~609 3,7391 ~.~6Y6 l 0 304J 1•3913 2,913Q L,7826 ~.521 
2219 6t166T6•3 ~Q"""°),S-000 3,(;)750 3.6250 i,9'.>t:;3 l 0 58.3J 1•2083 2.7917 3,2Uti3 5,o75 

123 120 7,0417 6w2917 4,5000 4,1667 3•7U83 ~.8333 1,5Ll17 1•4167 2,8750 2 1666( ~.208 
124 121 6•f609 6,56~2 3,1739 3 e4 783 3•7391 ~.0261 lo5652 1•6522 2•4783 219l)U :>,652 
1~5 122 61 91_L_6_•2.QJl3 5!....l.25LJ 4•o667 3•8333 l-,6607 l•J333 1•4167 2,8333 2,6067 ) 12Ud 
126 123 6,5000 6•4167 4•4583 4•~417 3•3J33 ~.s,~o 1°416/ l•J3J3 2,7917 2.a1so s.1ou 
1l7 124 611250 6,37~0 4•3750 4•Vd33 313J33 ~,4167 l•208J 1•6250 217917 314167 5,666 
ll6 125 6,5633 6,3333 4•625u 4•v833 3.6061 i,o75J 1•3333 1•5000 J•1250 3,oooo 5.416 
1£9 126-6J..l.2~0 6,-5-¼H-.i.:J.O.JtJ 3~~750 3•6250 ~,62~0 l•375u 1•2500 2e8J33 2,9167 5o45d 
130 127 6,7063 6•166 3•416( 3•1250 4,0b33 j,3/~o 1•6250 1•4583 2,66b7 J,2Ub3 5.791 
lJl 128 7•0417 6•6250 4•9563 4,JJ33 3,5417 ~,9167 l•375U 1•0833 3,1250 2,8750 )e833 
1J2 129 6,5000 7•06J3 4•6250 3.1083 3,5000 J,oouo 1,3750 1•3750 2,5417 2•4)63 :>.tsu 

11~ 1 3_0 6 , 9 1 6 ~ 6 • 5 o Q O 3 ~ -J_ 4 • :> 4 t 7 3 , 9 ::> 8 3 3 , 3 3 J 3 1 • 4 5 8 3 l • J 3 3 3 2 • 8 3 3 3 3 • 0 ll O O 6 • y LH 
131 6,043 6•7391 3•34 8 3,J4 8 317b26 J1U4J5 l•7H26 1•2174 2,5217 3,4348 5 , - 62 

l1i lJ~ 61J478 6,65~2 4•!739 3,Y56~ 3a~6Q9 ~,95o5 1•434d 1•2174 2,56)2 3,1304 6 ,13 0 
l 7• 333 6•83 3 3• 333 3,/Yl 3• J33 ~.9107 lo 6 661 1•4167 J,OtiJ3 2,6250 50375 

1 H 134 7,1304 5----2.565 5•56~2 4,U435 4,0b70 1...6522 l•l3U4 1•1304 3.2609 2 ,5217 J.956 

lJS fj5 51916t 6•5833 4•54!! 4•Utl3? 317Yt7 l..08333 1•291( 1•2917 219167 2,6250 So62~ 
6 6,416 6•12~0 4•33 3 4,416 3,?UOO ,,8333 1•4167 1•4583 2,8J33 2•5833 5,5UU 

140 1~7 6,6~5~ 6•5833 5•541/ 4,J83~ 3,7Joo ~.95d3 1.2917 1,12'.>o 2.suoo 2.sd33 4.541 
141 
142 

1 8 ~ 1.6 9 5 ~ • 6 9 ~J -5.-.1-.4 ~ 8-3 3 • 4 1 6 3 • 8 2 6 1 .c! • 8 6 ') 6 1 • 1 3 l) 4 1 I 2 ~ 0 9 3 • 1 / 3 9 2 0 :> 2 1 ., 3 • ~ 5 
13,54!•~2 9 4•3 su 4,4167 3.2,00 ~.souo 1,291/ 1 •1.. oo 2,8333 3112~~ ~.62~ 

143 140 6,45 3 6• 41 4•3333 4,vd33 3,3/50 L.70d6 1•416/ 1 •1667 2,9167 3t0833 S,6L5 
144 14~ 6a291~ 6•a333 5•0833 41Jogo 3•,)83 ~,7UU3 l•375U 1•333~ 2a5d3~ 2,6250 )0416 
l q5 14 6_._9 41 5. ~~ 25.0 Q 3. y '.:> 3 3. :.> 0 0 t!.. '41 ( 1 • 2 0 8 3 1 • I. 0 8 3. 2 91 I.. 5 8 3 3 j. 916 
146 143 61 500 6,7083 5•0417 3,t>333 3,7Y17 J,OOUO laJ75U i•l66 7 3112083 2,c:1333 5,375 
147 144 610417 7,29!7 7,4583 6•,jOQ 3,Sti33 1..,6667 1, 0 633 1•4167 2,8333 2,2500 4.791 
148 145 1.2soo 6,45 3 4•9167 41J417 3.4~83 ,,6601 1,416/ 1•1667 2.9 5 83 2,5833 ~.4~ti 

146 6,4167 6,2D83_ A~2500 3.~~83 3•2~00 l..,4lb7 l,375U 1•1..500 2,8750 2.9167 ),66 6 
1 !)Q 147 6,0909 6•1,64 4,5i5~ 4,ud18 3.6018 i..,oOil la363b 1,4091 2t8182 3a045~ ~.954 
l;) 1 148 613750 o,8 so 5,2 17 4,11..50 3,JJ33 ,.6667 1,2911 l•J7So 2,5b33 2.1ou3 :>,125 
152 149 6,9~63 6•5417 4,6667 4,~uoo 3,5417 L,b3J3 1.3333 1•4167 2,87,o 2.1917 4,81::.> 
~3 1so 6•-t9-83-6._t45-8.J_ ~_,.51u..3 4.,~00 3,7,oo ~d,1:n 1,2917 1,1..soo 2,61:>07 2 .. 1Y17 4t12:) 
1~4 151 613 50 6,6667 6•0417 4,v833 3,875u ~,87So 1,2083 l•U833 2,7917 1,3333 4.455 
1~5 152 5,1667 6•2500 4•0833 3,0333 3,3/50 ~.6250 1•2917 1•4583 21916/ l•7Yl/ 5,d33 
1~6 __ill 614783 6•5652 s.3043 3•4783 3•3Y13 i,6522 1•3043 1•1739 3.0000 2,3478 ~.47tl 
l _;u__ 6129.17 6t20Ji_3___6_i_2.083 s.,~oo 3.5uoo ~.souo le2917 1•4167 2,8750 2•5417 4.533 
1~8 155 6,5~33 7•0000 5,9161 ~,J750 3,2U83 l...0667 1,J33J l•J333 219167 218333 ),208 1~9 l56 6,7917 7•2500 5.7500 5oJ333 3,4167 ,o)3J3 l•58JJ 1•2500 2.8333 2 .5c:133 5,041 

60 157 6e8750 616250 4,8750 4•v000 3,2~00 ~,50UO 1•1667 1•2917 2,8150 214167 5tOd3 
l5JL.6•5A17 6,Jl5J1.3__6La7~~ 4•!667 2•9167 G,2UU3 1 1 1250 1•1250 219)b3 ~,4)53 4 , 003 -----

162 159 1,4)63 6•2917 7,o41f 5,1667 ~.8/~0 1.,6667 1,2917 l1l917 310417 £,,167 ~.166 
103 160 ,1250 6,Sooo 4,291 3.~167 o7~oo i,3333 1.458J 1•4583 2.suoo 2 , 917 ,.541 N 
164 NO• C,OIA C,DEN C•ERE C1riEl RUST LJ •UI S L•KOL L•COL L• WlD f•COL F.uAT ....... 
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CHARACTER I 0 l 

--

C~DlA 21 

C.DEN 24 

C.ERE 198 

C.HEI 89 

RUST 45 674 

O.DIS 4 lUO 

L.ROL 2508 1249 

l.COL 2700 973 

L.WID 25 

F.COL 85 

F.DAT 14 

APPENDIX C-2 

• • 

SCOHE 

2 3 4 5 6 7 I 8 9 

28 63 278 462 839 1337 ~94 132 

20 46 139 438 1242 1093 603 183 

371 64) 620 66U 556 474 168 74 

433 736 1236 622 414 137 87 30 

1362 1287 359 76 

715 1749 899 336 

46 

125 5 

1082 2156 518 22 

1319 . 1886 455 58 

27 67 516 1360 1460 300 52 7 

The Frequency Table And Summary Of All Characters For 3803 Plants. 

_ There Are 37 Missing Plants Not Included. 

MEAN 
10 

49 6.45 

15 6.49 

.35 4.65 

19 4.16 

2.39 

3 . 1·, 

0.35 

0.33 

2.85 

2. 76 

5.38 

The S.D. (Standard Deviation) Are Based On The Total Mean Sum Of Squares Over 
The Whole Population. 

S.D. , 

1.45 

1.34 

2.00 ·-
1.58 

0.99 

0.93 

0 .50 

U.54 

o. 72 

0.75 

1.02 

• 

N 
t'tiJ 
0 
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