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FORTRAN Il PROGRAMS FOR 8 METHODS OF CLUSTER ANALYSIS ( CLUSTAN 1)

by

David Wishart

INTRODUCTION

The intensity of study of numerical classifica=
tion methods during the last decade is probably due
to 3 factors: (a) the difficulty (perhaps impossibil=
ity) of defining a general model for a wide range of
applications and all types of data, (b) the theoretical
problems arising from nonstandard data distributions
(the mere existence of a classification problem prac-
tically implies heterogeneous data), and (c) the ad-
vent of widespread computational facilities. In the
absence of a generally accepted theory of classifica-
tion, considerable emphasis has been placed on in-
tuitive rules and empirically justified procedures.
From such weak theses, it is inevitable that at any
indecisive stage there will be recourse to the origi-
nal trial-and-error techniques. Consequently, re-
searchers who discover new classification problems,
or measure new data sets for existing subjects, will
often only be satisfied completely by the familiar
many-method comparitive exercise. Such experiments
require computational facilities and ready made pro-
grams due to the enormous number of calculations re=-
quired by these procedures = CLUSTAN [ has been
developed to meet these demands.

Following the decision to prepare a compre=
hensive suite of classification programs, it is imme=
diately apparent that there are certain generaliza=
tions whic[: can be made to simplify the design of the
system. For example, most clustering methods require
the initial computation of a similarity matrix = hence
we can confine this calculation to one general rou-
tine (CORREL), and use smaller programs for each of
the individual methods. In order to allow for the
addition to the system of those methods which do not
use a similarity matrix, a separate initial routine
(FILE) should be used to control all data input, trans-
formations and evaluation of background statistics.
Finally, because the results obtained from the clus-
tering programs can be expressed in a standard form,
a single routine (RESULT) can be designed to control
all necessary cluster interpretation functions. In
general, an ideal clustering program library should
be flexible sufficiently to be used with all types of
data, allow for the introduction of additional clus—
tering programs, handle reasonably sized problems
and be defined suitably to have general machine ac-
cessibility.

The present set of programs (CLUSTAN [) was
developed to meet these considerations as a design
system from which could evolve a more sophisticated
version = CLUSTAN II. Although it contains some

major omissions, such as the provision for 'missing'
data, CLUSTAN [ is reasonably flexible, and can
classify by the following 8 standard methods:

1. Nearest neighbor

2. Farthest neighbor
. Group average
. Centroid
Median
Ward's error sum
. Lance=Williams flexible

8. Mode analysis
The configuration 1 = 8 currently is being extended
to include the following additional methods:

9. Information analysis

10. k = dendrogram ultrametric

11, Association analysis

12, Divisive and agglomerative group analysis.

The present interest in CLUSTAN | lies mainly
in testing its ease of implementation, and extent of
usage. Such experience which is gained from the use
of the system will contribute, together with sugges=
tions concerning its improvement, toward the defini-
tion and development of CLUSTAN Il in 1970,

e o
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GENERAL CONCEPTS OF CLUSTERING

The actual process of clustering is extremely
straightforward. M variables are measured for each
of N objects (samples) and the similarity between any
two objects, between two groups of objects or bet-
ween an object and a group is defined for each meth-
od in terms of the types of variables which are used.
There are four common variable types: numeric, bi-
nary, ordered multistate and unordered multistate.
Almost all similarity measures are defined for data in
either the numeric or binary modes, and consequently
multistate characters or mixed variable types must
first be transformed (such transformations are suggested
later). Next, the objects are clustered systematically
according to the computational rules of an appropriate
method. The analysis objective, common to all meth-
ods, is to arrive at a grouping of the N objects which
is 'meaningful' in the context of the data subject. It
is the interpretation of 'meaningful' which is difficult
and differs with discipline and problem.

Most similarity measures and clustering methods
so far proposed have been defined from intuitive rea-
soning, and justified by the empirical results of 'known'
data. Sometime groupings are required for which the
overall variable distribution within each class is mini-



mized; clustering processes designed for this purpose
are referred to as 'minimum=variance' methods - tech-
niques 2, 6 and 7 of the CLUSTAN | configuration
are notably of this type. Alternatively, the resul-
tant classes may be required to be 'natural’ or 'dis-
tinct', for which some degree of internal variation

is allowed; we call such techniques 'natural class’
methods, of which nearest neighbor and mode analy-
sis are good examples (for a discussion of 'natural
class' and 'minimum=variance' methods see Forgey,
1964, 1965; and Wishart, 1968b, 1968c). In ab=
sence of any sound theoretical basis for the subject,
perhaps the most practical approach to clustering is
to experiment with several methods until it becomes
apparent which methods are most likely to succeed
with a particular problem. The longterm view of such
studies is that, if a satisfactory theory of classifica-
tion can be formulated, then the weight of substan—
tial empirical evidence will be a major factor in its
implementation,

We can state the general result, obtained from
clustering N objects as follows:

(i) There shall be K groups of objects (N >
K>1) such that each group contains at least one ob=
ject.

(ii) Each object may be assigned to no group
(if the object is 'unclassifiable' in terms of the meth-
od), one group only (if the method forms disjoint clus-
ters), or more than one group (if overlapping clusters
are permitted).

For the purposes of CLUSTAN |, the rare inci-
dence of overlapping class methods will be avoided
so that the structure of disjoint clusters can be spec-
ified by one array, called the classification arra
ICLA, This is usually punched on cards by the c{us-
tering programs, but may be prepared by hand if ob-
ject groupings from some other source are to be exam-
ined. The format is:

Card 1 Identification title (Format 20A4)

Cards 2,3, ... Classification array (ICLA(I),

I=1, N) (Format 2613)
The identification title should specify the method
name, and sufficient information to associate the
grouping with a particular analysis. The classifica-
tion array takes the values:

ICLA(l) = 0, if object | is unclassified.

ICLA(l) =k, if object | belongs to cluster k.
The code k should be used consistently throughout
ICLA for every object belonging to cluster k, but the
codes for the K clusters are not necessarily sequen-
tial from 1to K (see, for example, the classification
arrays punched by HIERAR for the Lance-Williams
flexible method of the trial data schedule).

PROGRAM DESCRIPTIONS AND SEQUENCES

CLUSTAN | contains five programs which com=
municate via a disk=stored data file (the modification
or simulation of this data file is straightforward). The

general functions of these programs, in their normal
operating sequence, are:

1. FILE = Loads the input data to disk
2. CORREL = Computes the similarity matrix
either
3. MODE - Clusters by mode analysis
(method 8)
or
4, HIERAR = Clusters by methods 1 -7
5. RESULT = Prints data file values and clus-

ter interpretation statistics.
Programs FILE, CORREL and RESULT represent
the basic software, and any new clustering program
(CLUSTER), which is written subsequently for the sy-
stem will function in the sequence:

FILE CORREL CLUSTER
if a similarity matrix is required for CLUSTER, or:
FILE CLUSTER

otherwise. The particular facilities available with

these programs are as follows:

1. FILE (o) reads data in binary and/or numeric
- form.

(b) computes a principal components analy=
sis for up to 35 numeric variables (op-
tional).
computes product—-moment correlations
for up to 35 numeric variables (op-
tional),

(d) computes numeric variable means and
standard deviations.

(e) transforms numeric data to standard

scores (optional).
Notes: because FILE initializes a new data record,
no previously stored data are assumed in the disk file,
2. CORREL (a) evaluates either a numeric or bi-
) nary similarity coefficient matrix.

(c)

can mask some of the filed data
from the computation of similarity
coefficients by means of the mask-
ing facility.
provides 19 standard similarity co=
efficients and a means of defining
new measures.

(d) searches for the k objects which are

most similar to each of the N objects
(the k-linkage lists).

Notes: CORREL can follow any program - hence the
existing similarity matrix can be replaced by a new
one without re~executing FILE.
3. MODE (a) refers to the similarity matrix and
and k=linkage lists, and cannot,
therefore, follow FILE or HIERAR,
makes no change to the disk=stored
file., Object groupings are punched
on cards with the format previously
described.
refers to the similarity matrix, and
cannot, therefore, follow FILE or
HIERAR.

()

(b)

4, HIERAR ()



(b) destroys the similarity matrix and
k=linkage lists on exit.

(c) Object groupings are punched on

cards,

prints all filed data blocks on user

request.

(b) evaluates cluster diagnostics for any
classification arrays which are
punched in the standard format.

5. RESULT (a)

Notes: RESULT makes no change in the data file, and
can follow any program. Error messages are given if
data selected for output are not filed,

The overall dimensions of the input data are:
N(number of objects/samples) = maximum 250
MN(number of numeric variables) = maximum 200
MB(number of binary variables) = maximum 400

These maxima have been determined by the core size

of the IBM 1620 Il for which CLUSTAN | was develop=

ed. They can, however, be extended easily, and in-
structions for such modifications are given in the sys=
tem operating manual (Wishart, 1968a).

General Data Considerations

We consider variables of the following four
types:
1. Numeric (quantitative; e.g. height; percentage)
2. Ordered multistate (semiquantitative; e.g. many,
some, few, none)
3. Unordered multistate (qualitative; e.g. color =
white, red, brown, black)
4. Binary (qualitative; e.g. presence/absence;
yes/no)
For the purpose of evaluating similarities, data should
be expressed only in numeric and binary modes, In
general, a classification data matrix takes the form of
either bii = binary mode, or X

where
bi' =1, if binary variable | is 'present' for case i

or bi' =0, if binary variable  is 'absent’ for case i

and Xt is the value of numeric variable j for case i.

Table la. = Typical binary input matrix for 4 cases
with 10 binary variables (1 = present, 0 = absent).

Binary variables

CASES| 1 (2 |3 |4 |56 |78 ]9 (10
1{1}0}lo]J1}10]1]07J0T}]O 0
210014001111 }]01¢}1 1
3114010402170 7}70 {011 0
4 (1 }]J14{0j}j0j0}1}1}|1]1 1

Table 1b. - Examples of numeric data in raw and
standard form for 5 numeric variables expressed by
4 cases,

Numeric variables ( raw data)

CASES| 1 2 |3 4 5
1 |25 0.8 | 104 |10 0.06
2 | 32 0.73 | 102 0.01
3 ] 15 0.18 98 | 5 0.04
4 | 43 0.25 | 107 0.02

= numeric mode,

Numeric variables (standardized)

CASES 1 2 3 4 5
1 -.37 1.12 0.38 1.37 | 1.43
2 .32 .87 -.23  |-1.37 |-1.17
3 -1.35 |-1.12 -1.45 |- .34 .39
4 1.40 -.87 1.30 .34 1 -.65

Important: No missing values are permitted. Table
Ta contains an example of a binary data matrix for 4
cases and 10 variables; in practice, the zeros are not
stored because it is usually more economical to list,
for each case, the codes of those binary variables
which are 'present'. Thus the input data for case 1
of Table la would be

1 4 )
and for case 2

3 6 7 9 10
and so on, Table 1b shows a numeric data matrix of
5 numeric variables measured for 4 cases; one matrix
contains the raw data, whereas the other shows the
results of 'standardization' or the 'standard scores'.
A measure of the similarity between two cases, in
terms of numeric data, is the Euclidean distance co-
efficient d%k defined by

M
2

d? = Xeo ™ X .

ik IZ”] ( i k|) .
In this example, the computation of the coefficients
from the raw data introduces an obvious bias towards
variable 3 due to its magnitude. Hence, in order to
eliminate such bias the similarities should be eval-
uated from the matrix of standard scores x¥, , defined

i
by

x¥ = (x

TR TR T

where ;(i' Si are the mean and standard deviation for



variable j.

Table 2. = Example of mixed-mode data. Variable
types are: A = binary, B = unordered multistate,
C - numeric, D - ordered multistate.

CASES
Variables 1 2 3 4
A.Sex 1 0 1 1 [ Male = 1; Female = 0
B. Hair 3 2 4 1 | White =1; Red =2; Brown = 3;
color Black = 4.
C. Age 25 32 15 43 | Years
D.Salary 1 3 2 3 | <$4000 =1; $4000 - $6000 = 2;
>$6000 = 3,

The most satisfactory data for classification
purposes would be either all binary or all numeric.
However, problems inevitably occur for which the
available data are a mixture of the four variable types
original mentioned, and it is, therefore, necessary to
transform data from one mode to another. Table 2 con-
tains an example of a mixed-mode data matrix for 4
people with 4 variables. Variable A can be treated
as binary where Male = 1 and Female = 0; B is an un=
ordered multistate character for which it can be said
that, in this instance, the relationship (White=Red) is
just as strong as (White=Black), a correspondence which
is not reflected if the codes 1 - 4 are treated as nu-
meric variable values; although variable C (age) is
not truly continuous, the number of possible scores on
this character is sufficiently large for it to be treated
as a numeric variable; variable D (salary) is an instance
of an ordered multistate character. In this situation,
the relationship (1-2) is stronger than (1-3), hence the
term 'ordered’, and any transformation of this variable
should take the ordering into account.

In order to find some basis for the comparison
of these people, transformations must be defined from
each of the four variable types into the two basic data
modes: binary and numeric. Furthermore, the result-
ing conversions must minimize the amount of bias which
is infroduced towards any one of the original variables.
The following five transformations are by no means
ideal, but do provide a simple means to resolve the
mixed-mode problem,

Table 3a.= Suggested transformation from binary data
to numeric. Resulting numeric variable should be
standardized subsequently.

Binary Numeric
'present'’ 1 1.0
T
BN,
'absent'’ 0 0.0

Table 3b. - Example of transformation from unordered
multistate variables to binary.

Unordered Binary

multistate 1 2 3 4
White | 1 1 0 0 0
Red 2 T 0 1 0 0
Brown | 3 —E 0 [0 | 1T |0
Black- 4 0 0 0 1

Table 3c. = Transformations from ordered multistate
to binary (TOB), and numeric to binary (TNO + TOB)'

Ordered Binary
Numeric Zones multistate 1 2 3
1 15 10 - 20 1 0 0 0
25 T 20 - 30 2 T 1 0 0
NO 0B|
32 4 30 - 40 3 1 1 0
43 40 - 50 4 1 1 1

Table 3d. - Transformation from ordered multistate
to numeric TON' Choice of substitute codes is cri-

tical, even if numeric variable is standardized.

Ordered .
multistate Numeric
1.0
T 2.0
= l 3.0

1. TBN (binary to numeric).=The binary codes (1,0)

are converted directly to the numeric values (1.0,0.0)
as shown in Table 3a. A vector of such scores, if
used with other numeric variables such as 'Age’,
should be standardized before similarities are eval-
vated. Hence, the actual codings of 'present' and
'absent' are arbitrary, because standardization will
always yield the same standard scores.

2. TUB (unordered multistate to binary).=If there are

p states for the multistate character, p binary char-
acters should be created, one for each state. A sit-
uation exhibiting state q would score O for each of
these p binary characters with the exception of char-
acter q, for which the score should be 1 for 'present'.
Table 3b illustrates the use of TUB with the variable

‘color of hair' in Table 2.
3. TOB (ordered multistate to binary).=For an or=

dered multistate character having p states, (p=1) bi-
nary characters are created. The conversion differs
from TUB as demonstrated in Table 3c. In this exam-



ple, the binary characters 1,2, 3 may be regarded as
being attributes > 20, > 30, > 40 respectively. The
resulting coding illustrates the means by which strong
relationships (1-2) and weak relationships (1-4) are
preserved,

4, T (numeric to ordered multistate),~Table 3 al-
so shows’the path, via transformations TNO and TOB'

bK which a numeric variable is converted to binary.
The range of the numeric variable is first 'zoned® in-
to p subranges by transformation TN o construct an

ordered multistate character. TOB is used then to

convert this character to binary form. There is no
reason why the zones of the numeric variable should
have equal length = for a skew or modal distribution,
the zones would probably be best chosen if their fre-
quences were roughly uniform,

5. TON (ordered multistate to numeric).~This trans-

formation, illustrated in Table 3d, is weakest if gen-
eralized. Depending on the relationships between
the p states, numeric values are chosen and replace
the coded states accordingly. In the example, the
values 1,0, 2,0 and 3.0 replace states 1, 2 and 3
respectively, The selection of these substitute codes
is crucial, even if the variable is standardized sub=
sequently, because their differences from the mean
are reflected proportionately by the standard scores.
Every attempt should be made to associate the in-
serted codes with the means of the ordered intervals
which they represent., For example, a percentage
variable which has been zoned 0-30, 30-50, 50-70,
70-100 could have substitute codes 15, 40, 60 and
85 if the distribution is known to be rectangular, or
22, 43, 57 and 78 if it is a normally distributed vari-
ate.

Table 4. = Summary of transformations from all vari-
able types to binary and numeric.

TO
FROM Binary Numeric
Binary - Tan ]
Numeric - TNO+ TOB -
Ordered
multistate Top TON
Unordered
multistate TUB TUB + TBN

Table 5. - Complete transformations to numeric and
binary form for data of Table 2. Resulting binary ma-
trix has 10 variables and is given in Table 1. Result-
ing numeric matrix shows raw scores which should be
standardized before similarities are computed.

Binary Conversion Numeric Conversion

Original Cases T Cases T
Variables T72ZT737% [Type T 2z 3 x Type
A.Sex 1 (0111 - 1.0 ] 0.0 1.0 | 1.0 T,

B.Hair (1) [0 |0 |0 (1 |T
Color

0.0 1 0.0 |0.0 |1.0 T,

2 tof1(0}0 0.0 { 1.0 | 0.0 } 0.0 +

@3 |1]/0f{0]0 1.0 { 0.0 [ 0.0 { 0.0 T,

@|olof1fo 0.0 | 0.0 | 1.0 | 0.0

CAge 20| 1}(1[0]1 TNO 25.0 {32.0 {15.0 [43.0

>30 (01 1]0|1 +

01010011 TOB

D. Salary
>1{0}j1(1]1

>21011]0/1

The transformation from unordered multistate
to numeric (TU N) is obtained by combining TUB

and TBN‘ Table 4 contains a summary of the conver-

sions from each variable state to the basic data modes
in terms of the transformations discussed, and in Ta-
ble 5, the mixed-mode data of Table 2 is shown after
conversion to both binary and numeric modes.

Program FILE (data input)

The data input device is a user subroutine RE-
AD which is rewritten normally for each data deck.
The general form of this subroutine is:

SUBROUTINE READ (NUM, X, MN, LIST,LENG)

DIMENSION X(1), LIST(1)

READ 5, (X(I),1=1,MN), (LIST(J),J=1,LENG)
5 FORMAT ( —)

RETURN

END
One call of the subroutine is used to read the data for
one sample: the value of NUM is the sample num-
ber as set by the main program, and it is available in
the subroutine for error detection; MN (the number of
numeric variables) is specified by the FILE parameter
card. The remaining variables in the parameter list
of READ should be read or calculated by the subrou=
tines as follows:

X contains the MN numeric variable values

for sample NUM. (LIST(l),I=1,LENG) speci-

fies the codes of the LENG binary variables

which are Tpresent' for sample NUM.
The value of LENG must be at least 1, and should
be set by READ-LENG is most suitably calculated
(see, for example, the version of READ used for the



trial data set). FORMAT statement 5 is defined ac=
cording to the format of the input data for each pro-
blem = thus general input format is allowed. If data
are presented in one mode only, the input statement
should be modified to:
either READ 5,(X(l), =1, MN) (for numeric
data only:MB=0)

or READ 5,(LIST(J),J=1,LENG) (for binary
data only:MN=0)

(For an example of a numeric only version of subrou-
tine READ, see cards 30810 = 30920).
It is recommended that READ also should contain PR=
INT statements to list the data as they are entered.
This enables errors in the data cards or in READ to be
detected at an earlier stage. Any transformations from
the raw data into the binary or numeric modes should
be completed previously in the data deck, or com=
puted by suitable additional statements in subroutine
READ,

The values of N, MN and MB must be specified
on the FILE parameter card. |f numeric data are pre=
sented, product=moment correlations can be compu-
ted for all pairs of numeric variables using parameter
JCOR, and parameter NPCF can be used to select a
principal components analysis. Both of these facilities
are restricted to the special instance if 0 < MN < 35
for storage reasons (blank parameter suppress their se=
lection, and error messages inhibit their selection
when MN >35), If a principal components analysis
is selected, it is usual to request that eigenvectors be
filed by inserting a nonblank character for JEIGV.
However, suppresion of this option (by leaving JEIGV
blank) can save up to 123 records of the disk file - if
N is large, the calculation of a similarity matrix is
liable to overlap errors because only 4300 records are
reserved for the disk-data file. The numeric data ma-
trix can be retained in either raw or standard form by
the use of parameter ISTAND, Numeric similarity co-
efficients will be computed subsequently by CORREL
from the raw data or standard scores, depending on the
numeric data=file status determined by ISTAND, It is
suggested that the normal medium should be standard
scores, hence ISTAND should be nonblank.

Program CORREL (similarity coefficients)

Similarity coefficients can be computed from
either binary or numeric data. The Euclidean distance
coefficient, defined earlier, is an example of a dissim-
ilarity coefficient which can be used with numeric da-
ta. The only other numeric similarity coefficient avail=
able with CORREL is the product-moment correlation,
which is applied to the two vectors of variable scores
corresponding to a pair of samples.

The remaining 17 similarity coefficients are all
defined for binary data, where the matching informa-
tion about two samples can be summarized in the no=
tation of the 2 x 2 table given in Table 6: Cell A con-
tains the number of binary variables which are 'present'

Table 6. = 2 x 2 binary conversion table from which
all binary similarity coefficients are defined.

sample i

+ -

sample + | A B
k

-1 C D

for both samples i and k; B is the number which are

‘present’ for k but ‘absent' for i, and so on. Binary
coefficients now are defined in terms of the numbers
A, B, C, D; for example, the binary coefficient of
Russel and Rao is defined as

A
A+B+C+D

A

ik MB

Table 7. = List of similarity coefficients provided by
COEF. Note that coefficients 20 = 25 are vacant,

and code + 999.999 is inserted for any indeterminate
value.,

S

Coefficient

umber Form Data

1 Euclidean distance:% Z(Xi-yi)z Numeric

B+ C : N ; .
2 ' (binary Euclidean distance) Binary

3 Product-moment correlation: Tix Numeric

4 A+D Binary

A
5 AFETC
2A
2A+ B+ C

Binary

Binary

2(A + D)
2(A+D) + (B+C)
A
A+2 (B+C)
A+D
A+ D+ 2(B+C)
A
B+ C

A+ D
3 C

A+D -@BB+C
e

Binary
Binary
Binary
Binary

u Binary

12 Binary

A .
13 " Binary

14 Binary

15

Binary

16 Binary

17
Binary

/(A+B) (A+C) (B+D) (C+D)

18 AD - BC

Binary

/(ATB) (A+C) (B+D) (C+D)
19 AD - BC

o Binary




CORREL provides a means of computing a sim=
ilarity matrix, for one of 19 similarity coefficients,
from either binary or numeric data., The particular
coefficient which is used is selected from Table 7 by
the CORREL parameter ICOEF, and the appropriate
data set is chosen by means of the masking facility
described below. All the coefficient computation is
controlled by subroutine COEF (cards 12210 = 14030)
which contains 6 empty program segments fo permit
the addition of other similarity coefficients to the
list. Details of the necessary modifications required
to introduce a new coefficient are given in the sy=
stem operating manual (Wishart, 1968a),

If similarity coefficients are computed from all
data presented = and this implies that the data are
either all binary or all numeric = then the CORREL
parameters MSKB and MSKN must both be blank,
and no partial=mask cards are required.

If similarities are to be computed from some
subset of the data matrix, then the masking facility
should be used. The data medium can be chosen
from one of the following:

1. Factor scores

2. Raw numeric data

3. Numeric standard scores

4. Binary data
Factor scores are selected by setting a nonzero value
for NPC. The result is that numeric similarity co-
efficients are computed using the scores correspond=
ing to the first NPC factors obtained from the prin-
cipal components analysis of the numeric data (the
principal components analysis also should have been
selected by use of FILE parameter NPCF, and NPC
< NPCF). Binary or numeric similarity coefficients
are selected according to the input data medium (if
the input is all binary or all numeric), or according
to the unmasked data mode which is determined by
the masking facility through MSKB and MSKN (if
mixed-mode data are presented). Assuming that nu-
meric data only are presented for the computation of
similarities (i.e. the binary data are masked com=
pletely, or absent), the choice between (2) raw nu-
meric data or (3) numeric standard scores is deter-
mined by the status of the numeric data file through
FILE parameter ISTAND, Similarly the binary data
medium can be selected for the computation of sim-
ilarities only if the numeric data are masked com=
pletely, or absent. The request for a binary similar-
ity coefficient with parameter ICOEF, coupled with
unmasked numeric data, or vice-verse, produces an
error message and causes job termination.

The numeric or binary data modes can be mask-
ed, partially masked or unmasked by manipulation of
the CORREL parameters MSKB and MSKN, and the
partial-mask cards. The value of MSKN corresponds
to the number of numeric variables which are to be
masked, hence:

(i) If numeric data are not presented (i.e.
MN=0) then MSKN should be zero and no partial=
mask cards are used,

(i) If numeric data are presented, and a sub-
set of the numeric variables is used for the computa=
tion of similarities, then MSKN should be set equal
to the number of numeric variables which are to be
masked, The codes of those numeric variables which
are masked should be punched on the partial-mask
cards, and there should be precisely MSKN such codes,
with 0 < MSKN <« MN (the numeric variables are as-
sumed to be coded from 1 to MN according to their
input order).

(ii1) If the entire numeric data matrix is mask~
ed (i.e. similarities are to be computed from the bi-
nary data), then MSKN should be set equal to MN,
Because a total mask does not require the specifica-
tion of masked variables, no partial-mask cards are
used,

Similar options apply to the manipulation of
binary data using MSKB. The general rules of mask-
ing can be stated as follows:

1. Some data must be unmasked (to permit

computation)

2. When mixed-mode data are provided, a

total mask must be used in one of the modes.

3. The masked variable codes punched on par-

tial-mask cards only can refer to variables
in one of the modes.,

Table 8. = Summary of rules and options of CORREL
masking facility using parameters MSKN, MSKB and
partial-mask cards. ‘

Data selected for the Partial Mask

MSKN MSKB

computation of similarities Cards

All numeric¢ (no binary

given). 0 0 Not used

Some numeric (no binary

given O<MSKN<MN | 0 List of masked
numeric codes

All binary (no numeric

given). 0 0 Not used

Some binary (no numeric

given). 0 0<MSKB<MB List of masked
binary codes.

All numeric (binary

given). 0 MB Not used

Some numeric (binary
given). List of masked

numeric codes.

All binary (numeric

given) MN 0 Not used

Some binary (numeric

given). MN 0<MSKB<MB List of masked

binary codes.

Table 8 gives all the possible combinations of
data selection which can be obtained from manipula-
tion of MSKB, MSKN and the partial=mask cards.

The masking facility effectively enables the samples
to be classified in terms of one set of data, while ad-
ditional or original data can be carried on the file to
provide background statistics during the interpretive
routine RESULT. Thus, for example, in a mixed-mode
problem, the transformation of numeric data to binary
form for classification does not exclude the possibility



of computing means and standard deviations for the
original numeric variables.

Program MODE

Mode analysis (Wishart, 1968b, 1968¢) is a
derivative of nearest neighbor (single linkage) which
searches for 'natural' subgroupings of the data by es-
timating disjoint density surfaces in the sample dis-
tribution. A sample point i becomes 'dense’ if the
similarity coefficient threshold d reaches a level at
which at least k other points j satisfy Sii >d = that

is, at least k points are 'similar' to i at threshold d.
The N samples are ordered according to their kth.
highest similarity coefficient (derived directly from
the k-linkage lists), and this ordering determines the
sequence in which the points become dense. A hier-
archy is defined from this ordering by selecting simi-
larity coefficients sequentially by magnitude from the
k=linkage list; thus at each cycle a new dense point
is introduced. Each new dense point either initiates
a new cluster nucleus, joins an existing cluster or
fuses two or more clusters; cluster groupings are given
prior to fusion cycles so that the output of classifica=
tions is restricted, The first cycle initiates a single
cluster, and the last cycle causes the entire popula-
tion to be fused into one cluster, Sometimes only
one cluster is formed (indicating no natural subgroup-
ing), but usually the analysis reaches the point at
which a maximum number of clusters is isolated.
This grouping may be considered most significant.
However, certain spurious groupings are sometimes
thrown out, particularly with binary data if a dense
point may initiate a new cluster nucleus at introduc=
tion, and then fuse to an existing cluster at the next
cycle. Thus another constraint is imposed on the out-
put of groupings, namely, that at fusion, groupings
are output only if at least two of the clusters fused
possess more than MINFUS dense points = in this man-
ner, the output of groupings is restricted to those cy-
cles after which 'important' clusters are lost at fusion.
Two levels of classification are possible: for
the complete classification level every nondense
point is allocated to its cluster of 'best fit', so that
the entire population is classified; at the nuclei le=
vel, only the dense points and each nondense point
which is 'similar' to a dense point are classified =

the remaining nondense points are unclassified. Hence,

the optional nuclei classifications can be used to in-
dicate the core of each cluster. The enclosure ratio
is defined as

enc = g X (the number of samples classified

at the nuclei level) and enc provides a measure of
the 'resolution' of cluster centers. A high enclosure
ratio suggests a stable separation of the population.
The MODE parameters now can be specified
as follows:
KL = density level k, determined by the user
MINC = minimum number of clusters which are

of interest (usually 1)

MINFUS = minimum cluster size criterion for

output of groupings.

PERC = minimum enclosure ratio to terminate

the analysis, provided that the number of clus-

fel(')s is) not greater than MINC (usually, PERC

=0.8).

ION = nonblank to select nuclei classifications,

otherwise blank,

Selection of the density level KL is not crucial,
but dependent on N; the following rough guide to KL
and MINFUS values has been determined empirically:

Number of samples (N) KL MINFUS
less than 30 1 1
30 - 90 2 2
greater than 90 3 3

It should be noted that a perfectly valid analysis may
be obtained if a blank card is inserted in lieu of the
MODE parameters (in this instance, the values KL=3,
MINC =1, MINFUS =0, PERC = 0.8 and ION =
blank are allocated by the program).

MODE requires access to the similarity matrix
and k=linkage lists (computed for any similarity co-
efficient). At exit, these and all other sections of
the data file remain unaltered. Perhaps the most log=
ical coefficient to use in conjunction with mode a-
nalysis is the Euclidean distance (code 1 for numeric,
2 for binary data), but because the algorithm can be
generalized for all similarity measures, no restriction
has been imposed for the program.

Program HIERAR

The general hierarchical fusion process is de-

fined as follows:

1. Every sample initially constitutes a single~ele~
ment cluster,

2. At each fusion step, those two clusters which are
'most similar' as determined by a particular meth=
od, are combined.,

3. The analysis terminates when the initial N clusters
have been agglomerated, in (N=1) fusion steps, in=

to asingle cluster universe.

(For a full discussion of the hierarchical fusion pro-

cess used for HIERAR, see Lance and Williams, 1967;

Wishart, 1969; Ward's error sum method is given by

Ward, 1963).

Parameter KTRAN specifies the particular clus-
tering method which is to be used. Some methods can
be used logically only with Euclidean distance coeffi-
cients, and in Table 9 they are listed together with
their coefficient compatibility. An error message is
given if a method selected for HIERAR is incompatible
with the similarity coefficient matrix filed by CORREL.

KA and KB specify those groupings which are
printed and punched on to cards (the punched deck
then can be used as input to RESULT for detailed clus-
ter diagnostics). Usually, KA=2 and KB=10, thus the
output is confined to the last 9 groupings in the fusion



Table 9. - List of methods available with HIERAR,
and their similarity coefficient compatibility.

KTRAN METHOD Compatible Similarity
Coefficients
1 Nearest neighbor all
2 Farthest neighbor all
3 Group average all
4 Centroid 1,2
5 Median 1,2
6 Ward's method 1,2
7 Flexible 1,2

sequence - from 10 clusters down to 2. The value of
BETA, which need be set for method 7, should be ne-
gative: Lance and Williams (1967) suggest the value
- 0.25.

Because HIERAR modifies the elements of the
snmllarlty matrix, this matrix is destroyed at exit.

It is suggested therefore that a suitable device should
be used to store a permanent version of the data file,
and a fresh copy of this file should be transferred to
the 'working region' of the programs after each exe-
cution of HIERAR.,

The entire fusion process can be represenfed
dlagroma'rlcally by a dendrogram or 'linkage tree'.
Each somple is located at a branch of the tree, and
each fusion in the sequence is described by connect-
ing two branches on the diagram. The connections
should be drawn parallel to a similarity scale, and
some writers have suggested that a significant group-
ing can be detected where two fusions are separated
by a noticeable drop in the similarity level. Although
HIERAR does not plot a dendrogram, subroutine DEN-
DRO orders the sample codes in their dendrogram se=
quence providing a key to its construction (in the
trial data schedule, the dendrogram for the flexible
method has been drawn by hand). DENDRO also con-
tains punch statements on comments which could be
used to output the fusion data in a form suitable for
the construction of the dendrogram by an offline plot-
ting program (such a program will be developed for
the later extension of CLUSTAN 1),

Program RESULT
Almost all the output which can be obtained

from RESULT is selected by punching any nonblank
character in the appropriate parameter column of the

input card. The exceptions are: the number of factor
scores (INSCOR) and the number of k=linkage lists
(INKLIS) which are to be listed = these values must
be right-justified integers if selected, or blank other-
wise.

The following formulae define the various sta-
tistics which can be filed, and printed by RESULT:

m >—(I =I_]\l 5 xii (mean for numeric variable j)
i
@) s V1 % (x,. = X.)2 (standard deviation
NP for variable j)

@)r. =L./ / [ (product-momenf correla-

P iP tion between variables

j and p)
where L, =N ©x,.Xx, =% x,. TX,

JUiie ili ip

and L. —Nlez '()"X )2
i i

(4) The principal components analysis is ob-
tained by computing eigenvectors and eigen=
values from the product-moment correlation
matrix (the covariance matrix is not compu-
ted, and therefore cannot be used).

(5) Factor scores are computed from the product:

(eigenvector) x (standard scores)

(6) The binary variable frequency fi is defined

as the number of obiecfs for which binary
variable j is 'present’,
(7) P; —f X 100/pN (percentage occurrence

for bmary variable j)

(8) Under the heading 'CLUSTER DIAGNOS -
TICS', RESULT can evaluate the following
statistics for each cluster C in a grouping
of the objects:

NUMERIC: CLUSTER MEAN: X i

STANDARD DEVIATION: s
F-RATIO: F =S, /s
T-VALUE: Ti = (xci - Xi)/si
BINARY: CLUSTER FREQUENCY: fci
PERCENTAGE OCCURRENCE:
Pci
PERCENTAGE RATIO: vi =
Pei/ Py

Each cluster grouping must be input to RESULT on
cards using the standard format. Such classification
arrays are punched by programs MODE and HIERAR:
they also may be prepared by hand using other sources



of classification, Although the F and T statistics
correspond to strict statistical confidence tests, no
test of significance may be performed unless the nu-
meric variable distributions can be assumed normal.
However, these values do give an indication of the
'diagnosticity’ of certain variables.

DESCRIPTION OF DECK SETUP AND PARAMETERS
1. DECK SETUP: (Recompile subroutine read)

(FILE execution)

Card 1 - Title
Card 2
Data Deck

(CORREL Execution)
Card 1
Partial=Mask card(s)

(MODE Execution)
Card 1

(HIERAR Execution)
Card 1

(RESULT Execution)
Card 1
Classification arrays
2. FILE INPUT:
Card T idenfifies the job. A data description ti-

tle may be punched in columns 1-80. (Format
20A4).

Card 2
Columns Purpose
1-4 N = number of samples (14)
5-8 MN = number of numeric variables (14)
9-12 MB - number of binary variables (14)
13 *ISTAND - sfunda(rd ;cores selector
Al
14 *JCOR - product=moment correlations
selector (A1)
15-16 NPCF - number of factor scores com=
puted and filed for a principal com-
ponents analysis (12)
17 *JEIGV - filing of eigenvectors se-
lector (A1)
3. CORREL INPUT:
Card T
Columns Purpose
1-2 ICOEF - code of similarity coefficient
used (12)
3-4 KMAX = number of k-linkage lists
filed (12)
5-6 NPC = number of factor scores used

to compute similarities; insert zero if
similarities are computed from the bi-
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(8}
.

o
3

nary or numeric data (12),

7=9 MSKB = number of binary variables
masked from the computation of simi-
larities (13).

10-12 MSKN - number of numeric variables

masked (13).
PARTIAL-MASK CARDS

These cards are used if a partial mask is required
(see Table 8). The masked variable codes associ-
ated with the partially masked data mode should
be punched, with 20-codes-per-card, until ex-
hausted (i.e. until MSKB or MSKN is exhausted),
The format is (2014), hence each code should be
punched as an integer, right justified to every
fourth column,

MODE INPUT:

Card 1

Columns Purpose

1-2 KL = density level (12)

3-4 MINC = minimum number of clusters
considered (12)

5-6 MINFUS = minimum cluster size cri-
terion for classification output (12)

7-11 PERC = minimum enclosure ratio to
terminate analysis (F5.3).

12 *ION - nuclei classifications selec-

tor (A1)

HIERAR INPUT:

Card 1

Columns Purpose

1 KTRA)«N - method selector: see Table

9 (I

2-4 KA = minimum number of clusters of
interest (I3).

5-7 KB = maximum number of clusters of
interest (13)

8-12 BETA = applies to method 7 only:

suggest -0.25 (F5.2).
RESULT INPUT:

Card 1

Columns Purpose (FORMAT (A1) unless other-
wise stated).

1 *INRAW = raw numeric data listing
and variables maxima and minima.
*INSTAN = numeric standard scores
*INMEAN = numeric means and stan-
dard deviations.

*INCOR = numeric product-moment
correlations.

*INEIG - eigenvalues, percentage
and cumulative variance,

6 *INEIGV - eigenvectors
7-8 INSCOR = number of factor scores

listed (12).
11 *|BRAW - raw binary data listing.
12 *|BFREQ - binary variable frequencies

GO A wWN



13 *|BPERC = binary variable percen=
tage occurrences,

21 *IMCOEF - similarity matrix

22 IMKLIS = number of k=linkage lists

(12)
CLUSTER DIAGNOSTICS

31 *|CARAY - classification array

32 *|CLIST = listing of sample numbers
for each cluster

33 *]CMEAN - numeric means, stan-
dard deviations, F-ratios and T-
values for each cluster

34 *|CFREQ - binary variable frequen-
cies

35 *|CPERC - binary variable percent-
age occurrences

36 *|CRAT = binary percentage ratios

CLASSIFICATION ARRAYS:

After the data=file values have been listed, us=
ing parameters INRAW to IMKLIS, RESULT reads class-
ification arrays (punched with the standard format)
and interprets cluster diagnostics. The style of input
is to read an array, print diagnostics, read next array,
. « o etc,, and tKe program finishes on a 'TRAP ER-
ROR' when all classification arrays have been read.
For systems lacking this facility it may be necessary
to specify the number of arrays to be read by RESULT
using an additional parameter on card 1,

NOTES: *Insert any nonblank character to select
operations, leave blank to suppress.

Installation notes

1. Simulating the disk=data file: Each main program
contains a DEFINE DISK (10,4300) statement (cards
40, 7050, 14740, 22280, 31040 and 37320) which spe-
cifies the number of real or integer words (10) which
can be written on one disk record, and the maximum
permitted length (4300 records) of the disk~data file.
When changing the file length to q records, card 12-
110 should be changed to N2=q in order to detect
overlap errors. All disk inpui'-;oufpuf is controlled

by subroutine DISKIO which uses the FORTRAN I
FETCH and RECORD statements (these operations are
described in cards 860-990). When simulating the
disk=data file, it is important to preserve the 10-word-
per-record operating principle because all mainline
programs use this format to compute file positions (e.g.
subroutine GET). Furthermore, it is also important to
ensure that central elements of an array may be ac-
cessed as if the array is partitioned into 10-word
blocks; for example, the statement

RECORD (15) (X(I), I =1, 25)

would allocate (X(I), 1 =1, 10) to record 15, (X(I),
1 =11, 20) to 16, and (X(I), | =21, 25) to the first
half of record 17 = the last 5 positions of record 17
are not used. In this instance, if the single element
P = X(13) is required the sequence

FETCH  (16) (X(I), 1=11,13)

P =X(13)

1

should work .,

To simulate the disk file, it should be possible
to merely remove the five DEFINE DISK statements
and rewrite subroutine DISKIO. The replacement ver-
sion of DISKIO may take the form of new disk input/
output statements suitable for a FORTRAN 1V compiler
with a disk system, or machine code operations which
improve the access time., Alternatively, for large
core machines, DISKIO may have 'own' arrays with
which the entire disk file is held in core, or 'own'
arrays and a paging system for block input/output us-
ing magnetic tape. When using magnetic tape stor-
age, efficiency will be lost if it is not possible to
store the entire similarity matrix in core at one time.
Although access to the similarity matrix by CORREL,
MODE and HIERAR is sequenfic{, the number of disk
READ operations during one scan may be so small that
REWIND time on magnetic tape could cause consider-
able delays. When the disk file is held in core using
'own' arrays in DISKIO, it is necessary to communi=
cate the record from FILE to CORREL, and from COR-
REL to MODE, HIERAR and RESULT. It is therefore
suggested that cards 470 and 8330 of the listing should
be replaced by a WRITE MAGNETIC TAPE operation
to load the data file on to magnetic tape, for perma-
nent record, following the completion of programs
FILE and CORREL. The DISKIO option ISEL = 1 (cards
740-780) which is used to read the file parameters at
the start of every program, can now be changed to a
READ MAGNETIC TAPE operation which reloads the
data file into core.

The storage format for the disk-data file is as

follows:

RECORD NUMBER

1-2

DATA

N, MB, MN, NPCF,
NPC, ISTAND, IMASK,
IDATA, ICOEF,ITYPE,
KMAX: disk=file para-
meters.

LNDATA, LBDATA,
LMEANS, LVARS, L-
CORS, LEIGS,LEIGVS,
LSCORS, LENGS,LFR-
EQS, LNMASK, LBMA-
SK,LMAT, LKLIST,L-
NEXT; disk record
pointers,

(TEXT (1), | =20);

data identification
card.

Start of numeric data
file; (X]J’J =1, MN)

Start of Binary data
file; (LIST]J,J =1,
LENG(1)).

Numeric variable
means; (XM(J),J =1,
MN)

6-7

LNDATA

LBDATA

LMEANS



LVARS Numeric variable
variances; (VAR(J),
J=1, MN)

Numeric variable
product=moment corre=
lations; (COR(J), J =
1, MN * (MN + 1)/2)
Eigenvalues; (EIG(J),
J=1, MN)
Eigenvectors; (EIGV
(J), J =1, MN*MN)
Start of factor scores
file; (FU, J=1,NPCF)

Binary sample list len-
gths; (LENG(1), 1=1,N)
Binary variable fre-
quencies; (IFREQ(J),
J=1, MB)

Numeric variable
mask; (XMASK(J),
J=1, MN)

Binary variable mask;
(MASKB(J), J=1, MB)
Start of similarity ma-
trix; row 1 =5(2,1)
Second row of similar-
ity matrix; S(3,1),
S(3,2)

k=linkage lists; see
cards 28380 - 28550
end of file = next free
record,

The following parameters have not been described in
the text:

LCORS

LEIGS
LEIGVS
LSCORS

LENGS

LFREQS

LNMASK

LBMASK
LMAT
LMAT + 1

LKLIST
LNEXT

ISTAND =1 if numeric file contains
raw data

ISTAND =2 if numeric file contains
standard scores

IMASK =1 if no data mask is used

IMASK =2 if a data mask is used

IDATA =1 if binary coefficients
are computed

IDATA =2 if numeric coefficients
are computed

ITYPE =1 if coefficient is simi-
larity type

ITYPE =2 if coefficient is dissim—

ilarity type

if numeric variable J
is unmasked

if numeric variable J
is masked

XMASK(J) = 1,0
XMASK(J) = 0.0

MASKB(J) =1 if binary variable J
is unmasked
MASKB(J) =0 if binary variable J

is masked
A zero value for any parameter (e.g. IDATA, ITYPE,
IMASK) or for any record pointer indicates that the
associated data operation has not been completed.
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2, Subroutines: Each program has been designed in
subroutine block form so that facilities such as 'LO-
CAL, 'CHAIN' or 'OVERLAY" may be used to con-
serve core space for arrays, A listing index to the
subroutines and their calling programs is given in
Table 10,

Two versions of ORDER are provided: ORDER1
(cards 23100 - 23380) is slow in execution but short;
ORDER2 (cards 37910 - 38690) is a version of 'QUI~
CKERSORT' which is longer in object form than OR-
DER1, but considerably faster and preferable if core
space is not at a premium,

For 1620 |l users, the FORTRAN Il version of
subroutine DISKIO (cards 580 = 1130) can be replaced
by the SPS version (cards 38700 = 40160); this saves
roughly two-thirds of the CORREL, MODE and HIER-
AR execution times.,

3. Dimensions: The declared array dimensions can
be modified to extend or reduce the limits of N, MN
and MB (full instructions for such modifications are
given in the system operating manual, Wishart 1968a).
This is a straightforward procedure, provided that the
use, in COMMON, of binary overlays to equivalence
fixed and floating variables is understood (see com-
ments 270 = 290): in fact, the present dimensions
have been modified for the St. Andrews IBM 1620 ||
to extend N to 400 individuals.

4. New similarity coefficients: 6 empty slots are
provided in subroutine COEF for the definition of

new similarity coefficients. The procedure can be
understood most easily by studying the way in which
coefficients 1 = 19 are computed in COEF (the use of
arrays XMASK and MASKB for the masking facility
should be carefully considered).

Further developments
C[USlKE ["currently is being extended to in-

corporate the following classification programs:
?. Information analysis (Lance and Williams,
1966)
10. k-dendrogram ultrametric (Jardine and
Sibson, 1968).
11. Association analysis (Lance and Williams,
1965). .
12, Divisive and agglomerative group analysis
(Crawford and Wishart, 1967, 1968).
In addition, supplementary routines will be developed
fo:
1. Transform all input data types to binary
and numeric.,
2. Plot principal components scatter planes.
3. Plot dendrograms from the output of DEN-
DRO.
The major facilities omitted from CLUSTAN |
which will be incorporated in CLUSTAN Il are:
1. The provision for 'missing' data.
2, An alphabetic sample label feature.
3. Simpler definition of new similarity co=
efficients (by a user function).
4, A facility for defining new cluster diag-



Table 10, = Index to subroutines and programs of CLUSTAN [.

Program Card No. Called by

FILE 10 -

FILEIN 1140 FILE

LOAD 3140 FILE

TRANUM 4560 FILE

EIGEN 5530 FILE

READ see trial data FILE

CORREL 7010 -

COREAD 8430 CORREL

ANALYS 10710 CORREL

COEF 12210 CORREL

INSERT 14040 CORREL

MODE 14710 -

INIT 16460 MODE

MINIMD 17230 MODE

RECLAS 17690 MODE

INTRO 18100 MODE

REVISE 19210 MODE

OUTPUT 20030 MODE

RESULT 22030 -

TIOINP 22500 RESULT

TONUM 24370 RESULT

IOBIN 26830 RESULT

IOCOEF 27720 RESULT

TIOCLUS 28580 RESULT

HIERAR 30930 -

START 31830 HIERAR

TRANS 33270 HIERAR

TFUN 35460 ' HIERAR

CLASS 36080 HIERAR -

ALLK 37230 -

DISKIO 580 FILE, CORREL, MODE,
RESULT, HIERAR,ALLK.

GET 15570 MODE, ALLK

ORDER 23100 MODE, RESULT, ALLK

IOFILE 23390 MODE, RESULT, HIERAR

DISKIO 38700 (SPS VERSION)

ORDER 37910 (QUICKERSORT VERSION)

DENDRO 36830 HIERAR

13



nostics (by a user function).
5. Generalization of the '10-word-per-record'
disk-file format to make efficient use of disk
storage on all machines, and a general review
of the disk-data file layout.
6. Two input schedules: 'SIMPLE' and 'OP-
TIONS'. SIMPLE input will permit a casual
user to enter every program with the minimum
parameter specifications. The system's special
features will be available under the 'OPTIONS'
input alternative.
CLUSTAN Il is scheduled to be defined for the IBM
360 series during 1970, and completed by 1971, The
data file will be disk oriented and all programs will
be written in FORTRAN.,
Trial Data Schedule

Following the program listing, test results are
given for three operating sequences which together
form a comprehensive checking schedule. The small
artificial data set used is in mixed-mode form, con-
sisting of 9 cases with 9 binary and 6 numeric vari-
ables. Note that sequences 2 and 3 do not require
the reloading of the data matrix by FILE because a
valid date file can be assumed present after sequence
1.
Sequence 1 - Job order: FILE CORREL MODE RE-

SULT
Checks: (a) filing a mixed-mode data set,
computation of product-moment
correlations, standard scores and
a principal components analysis
(FILE).

(b) computation of a similarity matrix
using coefficient 13, and assembly
of 5 k-linkage lists - a total nu-
meric mask is used (CORREL).

(c) clustering by mode analysis
(MODE)

(d) printout of all data-file values,
and classification diagnostics
from the above MODE grouping
(RESULT).

(i) The input data listing obtained
from FILE is produced by a PRINT
statement in subroutine READ.,
This helps data errors to be de-
tected.

(it) Each program after FILE prints
an identification heading which
details the state of the data file.
Because MODE does not alter the
data file, this heading for RESULT
indicates that the similarity ma-
trix is yet filed.

Sequence 2 - Job order: CORREL MODE HIERAR

RESULT
Checks: (a) the computation of distance co-
efficients from the first 4 factor
scores (derived from the principal

Notes:
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components analysis), and assem=
bly of 5 k=linkage lists (CORREL).

(b) clustering by mode analysis (MO-
DE)

(c) clustering by Lance-Williams
flexible method - last 3 groupings
requested (HIERAR).

(d) printout of cluster diagnostics for
one of the groupings punched by
HIERAR (RESULT).

(i) From these data,MODE produces no
groupings suggesting that no 'nat-
ural’ classification exists.

(it) The output from HIERAR first de-
tails the fusion sequence, then
prints the base numbering of the
dendrogram, The branches of this
diagram have been completed
roughly by hand (stem unions have
not been drawn according to the
coefficient scale).

(iii) Because HIERAR destroys the co-
efficients matrix, the subsequent
data-file summary given by RE-
SULT states that no coefficients
are stored. This does not, however,
inhibit the calculation of cluster
diagnostics from the remainder of
the data file.

(iv) The printout of raw data-file val-
ves and the 'binary variable fre-
quences' of the cluster diagnostics
has been inhibited by the nonselec-
tion of the options of the RESULT
parameter card.

Sequence 3 - Job order: CORREL RESULT

Checks: (a) the computation of numeric co-
efficient 3 from a partial mask of
the numeric data file (CORREL).

(b) the inhibit-selection features of
the results output (RESULT).

Notes: (i) Numeric variables 4 and 6 are

masked, together with the entire

binary data file, from the compu-
tation of product-moment correla-
tion coefficients by CORREL. The
value of MSKB is 9, and MSKN =

2. Codes 4 and 6 appear on the

partial mask card which is input

to CORREL.

(ii) The data file identification by RE-
SULT prints a list of the numeric
variables which were not masked.
Only the output options for the
similarity matrix and k=linkage
lists are selected for RESULT to
check that all other PRINT options
have been inhibited.

Notes:



COMPARISON OF CLUSTERING METHO DS jor units, and provides a rough representation of the
region's topography. The map was divided gridwise
into 176 4 = cm,square units, and the extent of each

Data were collected from an areal geology map,  formation was estimated visually, from the mapped

given in the Hollidaysburg = Huntingdon (Pennsyl- colored sections, as a score out of 10 for each unit
vania ) Folio (Butts, 1945), which shows the distribu= (these data are listed immediately after the program).
tion at land surface of 48 igneous, sedimentary and A key to the formation codes is given in Table 11,
metamorphic rock units in a region of about 430 together with the overall percentage extent of these

square miles. Figure 1 indicate the location of ma=  units as estimated.

Table 11, - Key to formation codes used in Table 12, and measured from areal geology map (Butts, 1945).

44 ES  GATESBURG FORMATION - BUTTUM LAYER
45 EW  WARRIOR LIMESTONE

46 EPH  PLEASANT HILL LINKESTOUNE

47 DBK  HARRELL SHALE - LOWER PART

48 EWE  WAYNESBORG FURMATION

Total
Rock  Symbol Formation Percentage

Code Cover
1 JAL ALLUVIURM 5.9
2 Ch ALLEGHENY FURMATIUN Ul
3 CPV  PUTTSVILLE FURMATION 0.8
4 ChC  HAUCH CHUNK FURMATIUN - TUP LAYER 545
5 CTC  MAUCH CHUWNK FURMATIUN = BUTTUM LAYER Uel
6 C8 PUCUNU FURMATIUN = TUP LAYER 6o
7 CPU PUCONO FORMATION = BUTTOM LAYER 0.8
&  UHA  HAMPSHIRE FORMATION 4l
9 DCC  CHEMUNG FURMATION - CUNGLUMERATE LENTILS 0.1
10 USX  CHEMUNG FUKSATION = SAXTUN CUNGLUMERATE MEMBER Ue3
11 DA CHEMUNG FURMATION = ALLEGRIPPIS SANDSTUNE MEMBER Gaol
12 ub C Unt FURMATIUN = PINEY KRIUGE SANUSTUNE MEMBER Gal
12 DCH  CHEMUNG FORMATION Yol
14 DB BRALLIER SHALE 6.6
15 DHR  HARRELL SHALE - UPPER LAYER O
16  UOH HAMILTUN FUORMATION 37
17 DW HARCELLUS SHALE 1.1
18 DO ONONDAGA FORMATION 0.5
19 LR RIDGELEY SANDSTONE le4
20 bBS SHRIVER LIMESTONE l.2
21  UHB  HELDERBERG LIMESTONE 0.9
22 STw TUNOLOWAY LIMESTONE 3e7
23 SWC  WILLS CREEK SHALE 3.1
24  Sb BLOOMSBURG REDBEDS 1.1
25 SHMK  HCKENZIE FORMATIUN 1.8
26 SK CLINTON FOURMATION = LAYER WEAK TOUP Ue2
27 SC CLINTON FURMATION - 5.7
28 SCS  CLINTON FURMATION - BOTTOM LAYER Gel
29 ST TUSCARURA QUARTZITE 3e&
30 UJ JUNTATA FORMATION 2o
31 00 USWEGO SANDSTONE 243
32  ORV  REEDSVILLE SHALE 3.5
33 0T TRENTON LIMESTONE lel
34  UR RUDHAN LIMESTUNE Ue2
35 UL LUWVILLE LIMESTONE Q.7
36 0OC CARLIM LIMESTUNE Oe6
37 0B BELLEFUNTE DULOMITE 6al
36 A AXEMANN LIMESTONE Cetr
39 UN NITTANY DULOMITE GoT
40  OLA LARKE OOLUMITE 1.0
41 Uk M INES DOLUMITE 1.0
42 EO GATESBURG FURMATIUN = MIDDLE LAYER Oel
43 kG GATESBURG FORMATION 3.9

0

¢}

U

0

0

e o e 0 o
N oo
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The object of the exercise was to classify the
units into groups using each of the 8 clustering meth-
ods, reconstruct a mapping of the groups to obtain a-
simplified representation of the areal geology, and
provide a visual means of comparing the methods.
Standardization of the variable values (rock unit per-
centages) seemed unwise in this instance, because
this would tend to promote the small percentages of
the thin formations to relatively high values. Con-

sequently, the distance components of such variables
would be out of proportion to their importance, It
was decided, therefore, to use a similarity matrix of
Euclidean distances (code 1) computed from the raw
data values, and the units were classified using KL
= 3 for mode analysis, and BETA = =.25 for the flex-
ible option of HIERAR.

The results of the methods nearest neighbor, me-
dian, group average and centroid exhibited the

Table 12, = Rock distributions for each cluster derived by mode analysis (Mode 1-12), farthest neighbor (FN
1-10), Ward's error sum method (W 1-10) and Lance-Williams flexible (LW 1 = 10) for areal geology map data.

CLUSTER CLUSTER CLUSTER MAIN CONSTITUENT ROCKS (NUMBERS ARE ROCK CODES - SEE TABLE 11 - WITH PERCENTAGE PERCENTAGE
METHOD CODE SIZE COVER IN BRACKETS. ROCKS WITH LESS THAN 4% COVER ARE OMITTED) OTHER ROCKS
MODE 1 15 4(60.2)  6(20.7)  1(5.1)  8( 4.2) 9.8
MODE 2 9 6(86.4)  4( 4.6)  8(4.6) 4.4
MODE 3 18 13(72.7)  8(9.2) 14(8.7) 9.4
MODE 4 14 39(36.7) 37(27.4)  43( 5.1)  40( 4.9) 32( 4.5) 21.4
MODE 5 8 8(56.4)  6(12.0) 13(11.8)  7(10.0) 1( 7.8) 2.0
MODE 6 14 14(50.3)  16(14.4)  1(12.1) 23.2
MODE 7 35 32(15.0) 30(12.8) 29(12.5) 31(10.9) 27(9.9)  (37)8.1 _ 33(4.0) 26.8
MODE 8 23 22(18.4)  1(15.9) 16(13.1) 23(10.2) 19(8. 7)  (20)6.0  17( 5.9)  21( 4.3) 17.5
MODE 9 13 43(43.8) 39(18.2) 41( 8.4) 44( 7.5) 40( 7.0) _ 45(5.4) 9.7
MODE 10 15 27(37.1)  25(12.3) 23(11.3) 29(8.7) 22( 7.7)  24(5.5) 17.4
MODE 11 6 37(61.3)  43( 5.0) 36( 4.5)  1( 4.3) 45( 4.2) 20.7
MODE 12 14(37.2)  13(32.5) 16(13.0)  1(6.7) 10.6
N 1 15 SME AS MODE 1 9.8
W 2 9 SAE  AS MODE 2 4.4
W 3 17 13(74.6) 14(9.2)  8(6.2)  1( 4.1) 5.9
N 4 23 37(39.6)  39(13.2) 32(10.6)  33( 5.0) 31.6
2 5 9 8(56.8) 13(14.9)  6(10.7)  7(9.0)  1(6.9) 1.7
N 6 17 14(50.1)  16(13.5) 13(12.6) _ 1(10.7) 13.1
W 7 77 33(9.4) 22(8.0) 43(7.9) 29(6.8) 23(6.7) 1(6.6) 30( 5.8) 16( 5.3) 43.5
N 8 1 3(77.0)  4(23.0) 0.0
W 9 4 39(63.8)  37(17.0)  38( 5.3) 13.9
W 10 4 27(65.0) 29(11.8)  1( 6.0) 23( 4.0) _ 25( 4.0) 9.2
W 1 14 4(62.2)  6(18.9)  3(9.6)  1.( 4.4) 4.9
W 2 8 6(90.6)  4(5.1) 4.9
W 3 16 13(76.1)  14(8.7)  8(6.6)  1( 4.2) 4.4
W 4 23 SAME AS FN 4 ) 31.6
W 5 12 8(49.3)  6(16.2) 13(12.2)  7(9.4) 1( 6.5  4(4.8) 1.6
W 6 18 14(48.9 13(14.7) 16(13.4)  1(10.2) 13.4
W 7 40 27(22.1) 29(13.6) 30(10.7) 32( 8.5) 31( 8.2) 23(6.8) 25(6.2) 22( 4.4) 19.5
W 8 27 22(16.7)  1(15.1) 16(13.2) 23(9.7) 19( 8.1) 14(5.6) 20(5.5) 26.1
W 9 14 43(42.5) 39(17.9) 41(8.4)  40(7.2)  44( 6.9) 45( 5.0) 12.1
W 10 4 SME AS PN 9 13.9
LW 1 13 4(65.2)  6(20.4)  1(4.7)  3(4.4) 8.0
LW 2 8 SAME AS W 2 4.0
LW 3 17 SME AS PN 3 5.9
W 4 27 37(36.2) 39(20.7) 32( 9.3) 33( 4.4) 29.4
N 5 12 SME AS W5 1.6
W 6 17 SRME AS RN 6 13.1
W 7 41 27(22.3) 29(13.3) 30(10.4) 32( 8.3) 31(8.0) 23(6.8) 25(6.2) 22(4.4) 20.3
W 8 2 22(17.0)  1(14.2) 16(13.7) 23(9.8) 19( 8.4) 14( 5.8) 17(5.8) 20( 5.6) 19.7
W 9 14 SNME AS W9 12.1
N 10 1 SME AS RN 8 0.0
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'chaining effect', that is, the fusion hierarchy tend-
ed to clump individual units successively into one
universal group (for a discussion of chaining, see
Williams, Lambert and Lance, 1966; or Wishart,
1968b). For this reason, these methods are omitted
in the analysis of performance. From the remaining
analyses, the 10 cluster level of fusion was chosen
for the comparison of the hierarchical procedures
using farthest neighbor, Ward's error sum and the
Lance-Williams flexible method. Mode analysis
produced 16 different groupings, of which the 5th
contained the maximum of 12 clusters, and is con-
sidered here because this widest separation of the
measurement units may be treated as the most gen-
eral classification possible. The dominant character=-
istics of each cluster, together with their sizes, are
set out in Table 12, and in Figures 2 = 5 the cluster
distributions are mapped onto the original measure-
ment grid using distinctive shading to demark each
region, It is apparent immediately, from a compari-
son of Figures 4 and 5 with reference to Table 12,
that the groupings of Ward's method and the Lance-
Williams flexible method are practically identical.
In fact, these two methods differ in their allocation
of only 7 of the 176 measurement units. The distinc=
tion, by Ward's method, between cluster 10 and clus-
ter 4 does not seem particularly useful despite being
consistent with the results of farthest neighbor. For
this reason, the flexible method seems marginally
preferable. Farthest neighbor tended to oversimplify
the geology of cluster 7, and this criticism is sub=
stantiated by the relatively low percentage extent
attributed to the dominant units in this cluster, as

/

7

shown in Table 12, By contrast, mode analysis pro=
duced rather too complex a general structure = we
can expect clustered units to be reasonably contig=
uous by virtue of the nature of stratification and sed-
imentation, but although Figure 2 repeats the basic
patterns common to all the maps, the number of re-
gional discontinuities is markedly higher (this might,
however, be due partly to the extra two clusters pre=
sent in the MODE grouping).

For the purpose of finding a classification tool
which will produce simplified patterns of areal ge-
ology from sampled data, the methods discussed here
can be provisionally rated in the following preferen=
tial order:

1. Lance=Williams flexible method

2, Ward's method

3. Mode analysis

4, Farthest neighbor

The conclusion that can be drawn from this ex=
periment could probably have been stated at the
outset, namely, that in isolating regions of uniform
geology the classification method should search for
groups of units which possess overall uniformity or
lack of variation. Excluding mode analysis, the
other three methods are of the 'minimum-variance'
type and have been found to succeed in similar ap=
plications, noticeably ecology. The relative success
of mode analysis, which is normally used to detect
the presence (or absence) of 'natural' classes and
can be considered out of context here, can be attri-
buted to the contrasting topographic features of the
area which are associated with distinctive geologic
formations.

Figure 1. = Line draw-
ing showing separation
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Figure 2. = Classifica-
tion into 12 clusters by

mode analysis.
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CLUSTAN IA

The extensions of the CLUSTAN | package referred to in the text of this paper are incorporated in
a second release called CLUSTAN IA which will be available shortly. CLUSTAN IA also includes the
methods of iterative relocation, monothetic division and centroid-forming hierarchic fusion in conjunction
with one of 13 standard measures of intercluster similarity, and Calinski's minimum spanning tree method of
optimizing the error sum of squares. A USER function is supplied with which all CLUSTAN methods can be
programmed for use with a new similarity coefficient.

The CLUSTAN IA programs are written in FORTRAN [V for the IBM System 360/ Model 44 to be

consistent with the future policy of Computer Contributions (see Editor's Remarks), and it is therefore recom-
mended that the FORTRAN IV version of CLUSTAN | should be requested.
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PROGRAM, GEOLOGIC DATA, AND TRIAL DATA SCHEDULE LISTING, AND TRIAL DATA RESULTS.
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ROUTINE - FILE
AUTHOR - DAVID WISHART, MATHEMATICAL INSTITUTE, UNIVERSITY OF ST.
ANDREWSy FIFEy GREAT BRITAIN. (PROGRAMME WRITTEN - JUNE 1968)
DEFINE DISK (10,4300)
MAIN PROGRAMME TO FILE DATA DECK AND COMPUTE BASIC STATISTICS
FUNCTIONS (A) NUMERIC DATA
MEANS, STANDARD DEVIATIONS, VARIANCES, PRODUCT-MOMENT
CORRELATIONS AND STANDARD SCORES
PRINCIPAL COMPONENTS (FACTOR) ANALYSIS - EIGENVALUES,
EIGENVECTORS, PERCENTAGE AND CUMULATIVE VARIANCE, FACTOR
SCURES
FUNCTIONS (B) BINARY DATA
VARIABLE FREQUENCIES, PERCENTAGE OCCURRENCES
CALLS SUBROUTINES - TRANUM,DISKIOyFILEINyLOADsEIGEN AND (USER
SUBROUTINE - RECOMPILED FOR EACH DATA DECK) READ
NOTE - OUTPUT OF STATISTICS IS OBTAINED FROM ROUTINE (RESULT), (FILE)
MERELY LOADS THESE VALUES TO DISK FILE
DIMENSIONS AND COMMON AREAS FOR ALL FILE ROUTINES ki ko sk ik
END OF COMMON RESERVED FOR DISK I/0O SUBROUTINE (DISKIO) PARAMETERS
DIMENSIGON TEXT(20)
COMMON NyMByMNyNPCF yNPC oy ISTAND y IMASKy IDATA,ICOEF s ITYPE KMAX
COMMON LNDATA,LBDATA LMEANS yLVARS,LCORS yLEIGS4LEIGVSyLSCORS4LENGS,
1LFREQS s LNMASK g LBMASK ) LMAT, LKLISTyLNEXT 4 TEXT
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES )
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES)
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES )
THE FOLLOWING DIMENSION, COMMON AND EQUIVALENCE STATEMENTS PERMIT
REAL AND INTEGER ARRAYS TO BE EQUIVALENCED (MOSTLY ILLEGAL IN 1620
FORTRAN II}. THE REQUIRED LENGTHS OF THE INTEGER ARRAYS CONCERNED ARE
LIST(401), IFREQ(401), LENG(250). THE EQUIVALENCE WORKS ON THE
PRINCIPLE THAT 5 STORAGE LOCATIONS ARE REQUIRED FOR EACH INTEGER, AND
10 LOCATIONS FOR EACH REAL WORD - THUS A REAL WORD CAN SHARE SPACE
WITH TWO INTEGERS.
DIMENSION COR(630),XM(200),VAR(200),4X(200),Y{200),EIG(35)
1,EIGV(1225)4LIST(1)4IFREQ(L),LENGI(1)
COMMON COR yXM3VAR XY EIGyEIGV,L IST
EQUIVALENCE (LIST(402),IFREQ)y(LIST(803),LENG)
HENCE LENG, LIST AND IFREQ ALL WRITE OVER THE ARRAY EIGV
SINGLE VARIABLE COMMON
COMMON IDsIPRCsJEIGV,ICOR,JCOR
DIMENSIONS AND COMMON AREAS FOR ALL FILE ROUTINES sdscsicdokssksosiokdokdkk
INITIALISE DISK PARAMETERS, READ AND ANALYSE INPUT PARAMETER CARD
CALL FILEIN
READ AND LOAD RAW DATA, NUMERIC MEANS, VARIANCES AND CORRELATIONS -
BINARY FREQUENCIES AND SAMPLE LIST LENGTHS
CALL LOAD
TRANSFORM NUMERIC DATA TO STANDARD SCORESs COMPONENT SCORES,s AND
COMPUTE AND STORE EIGENVALUES AND EIGENVECTORS
CALL TRANUM
LOAD FILE PARAMETERS TO DISK
CALL DISKIOD(2,LDUMY,IDUMY,IBDUMY, XDUMY 4L NDUMY )
PRINT ENDING MESSAGE
PRINT 5
5 FORMAT (14H FILE COMPLETE/9H JOB ENDS/1H1)
CALL EXIT
DUMMY CALL STATEMENTS TO ENABLE CORE LOADING OF (READ) AND (TRANUM)
WHEN (FILEIN),(LOAD) AND (EIGEN}) ARE IN LOCAL (IBM 1620 MONITOR II)
10 CALL READ
CALL EIGEN
P=ABSF(P)
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END

SUBROUTINE DISKIO (ISELsLSEC,IBINyLBsXARsLN)
FUNCTION = TO PERFORM ALL DISK INPUT/0OUTPUT OPERATIONS FOR ROUTINES
(FILE}, (CORREL), (MODE) AND (RESULT)
DIMENSIONS AND COMMON FOR DISK INPUT/OUTPUT (DISKIQ) eskdokdkdkdssadmsdssd
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS
DIMENSION TEXT(20)
COMMON N yMByMN ¢yNPCFyNPCyISTAND,y IMASK,yIDATA s ICOEF,ITYPE KMAX
COMMUN LNDATA,LBDATALMEANS 3L VARS yLCORSyLEIGS yLEIGVS yL SCORSy LENGS,
ILFREQS sLNMASK s LBMASK o LMAT yLKLIST L NEXT 3 TEXT
DIMENSIONS AND COMMON FOR DISK INPUT/OUTPUT (DISKIO) skl
DUMMY DIMENSION STATEMENT
DIMENSION IBIN{1),XAR(1)
ISEL = INPUT/OUTPUT OPERATION SELECTOR
LSEC = DISK SECTOR ADDRESS FOR THAT OPERATION
3RANCH ON OPERATION SELECTOR
GO TO (54910915420425430),ISEL
ISEL=1, READ DISK FILE PARAMETERS
5 FETCH (1) NyMByMNyNPCFyNPCyISTAND,IMASK,IDATA ICOEF»ITYPE 4KMAX
FETCH (3) LNDATA,LBDATA,LMEANS,LVARSyLCORS 4LEIGS +LEIGVS,LSCORS,
L1LENGS s LFREQS s LNMASK yLBMASK 4 LMAToLKLIST yLNEXT
FETCH (6) (TEXT(I),I=1,20)
RETURN
ISEL=2, WRITE DISK FILE PARAMETERS
10 RECORD (1) NyMByMNyNPCFyNPCyISTANDyIMASK,IDATA4ICOEF,ITYPEKMAX
RECORD (3) LNDATA,LBDATA,LMEANS y LVARS,yLCORSLEIGSyLEIGVSyLSCORS,
1LENGSyLFREQS s LNMASK 9 LBMASK yLMATyLKLIST yLNEXT
RETURN

TRANSLATION NOTES

THE NEXT FOUR FETCH AND RECORD STATEMENTS OPERATE AS FOLLOWS -

THE ARRAY IS SPLIT INTO 10 WORD BLOCKS, AND EACH BLOCK IS WRITTEN TO
UNE DISK RECORD

THE RECORD NUMBER (LSEC) IS AUTOMATICALLY INCREMENTED BY THE NUMBER
OF BLOCKS OCCUPIED (INCLUDING THE LAST RECORD IF PARTIALLY OCCUPIED)
EXAMPLE

FETCH (LSEC) (IBIN{I),I=1,LB) WITH LSEC=41 AND LB=71 READS 71
ELEMENTS OF IBINsy AT 10 PER RECORD, STARTING AT RECORD 41 AND
RETURNS THE VALUE LSEC=49 (SINCE THE ARRAY BLOCK OCCUPIES 8 RECORDS)
THUS MAINLINE STATEMENTS SUCH AS (LBDATA = N*(MN+9)/10+8) OPERATE ON
THE PRINCIPLE THAT (MN+9)/10 IS THE NUMBER OF RECORDS REQUIRED TO
STORE ONE NUMERIC DATA SAMPLE, AND N¥*(MN+9)/10 IS THEREFORE THE

TOTAL DISK STORAGE COMMITMENT FOR THE ENTIRE RAW NUMERIC DATA FILE

ISEL=3, WRITE A BINARY SAMPLE LIST ARRAY (IBIN(I},I=1,LB)
15 RECORD (LSEC) (IBIN(I),I=1,4LB)
RETURN
ISEL =4, READ A BINARY SAMPLE LIST ARRAY (IBIN(I)yI=1,LB)
20 FETCH (LSEC) (IBIN(I)sI=1,4L8B)
RETURN
ISEL=5, WRITE A NUMERIC ARRAY {XAR(I)sI=14LN)
25 RECORD (LSEC) (XAR(I)yI=14LN)
RETURN
ISEL=6, READ A NUMERIC ARRAY (XAR(I)yI=1,LN)
30 FETCH (LSEC) (XAR(I),I=1,LN)
RETURN
END
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SUBROUTINE FILEIN
CALLED BY {(FILE)
FUNCTION - TO INITIALISE DISK STORAGE PARAMETERS, READ AND ANALYSE
TEXTUAL HEADING AND CARD JOB PARAMETERS AND SET UP CONTROL
INTEGERS FOR (FILE)

DIMENSIONS AND COMMON AREAS FOR ALL FILE ROUTINES #odscksoioksosfskdkkaoskkikd

END OF COMMUN RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS
DIMENSION TEXT(20)
COMMON N oMByMNyNPCFyNPC s ISTAND, IMASK, IDATA,ICOEF,ITYPE KMAX

COMMON LNDATA4LBDATA,LMEANS yLVARS s LCORS 4LEIGS yLEIGVS yLSCORSy LENGS,

1LFREQS yLNMASK ¢ LBMASK y LMAT yLKLIST gL NEXT o TEXT
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES )
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES)
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES )
THE FOLLOWING DIMENSION, COMMON AND EQUIVALENCE STATEMENTS PERMIT
REAL AND INTEGER ARRAYS TO BE EQUIVALENCED (MOSTLY ILLEGAL IN 1620

FORTRAN II)e THE REQUIRED LENGTHS OF THE INTEGER ARRAYS CONCERNED ARE

LIST(401)y IFREQ(401), LENG(250). THE EQUIVALENCE WORKS ON THE

PRINCIPLE THAT 5 STORAGE LOCATIONS ARE REQUIRED FOR EACH INTEGER, AND

10 LOCATIONS FCR EACH REAL WORD - THUS A REAL WORD CAN SHARE SPACE
WITH TWO INTEGERS.

DIMENSION COR(630),XM(200) 3VAR(200)4X(200),Y(200),EIG(35)

1,EIGV{1225)4LIST(1)sIFREQ(1),LENG(1)

COMMON COR$XMyVAR 3X 3YEIGYEIGV4LIST

EQUIVALENCE (LIST(402),IFREQ)+(LIST(803),LENG)
HENCE LENG, LIST AND IFREQ ALL WRITE OVER THE ARRAY EIGV
SINGLE VARIABLE COMMON

COMMUN ID,sIPRCyJEIGV,ICOR,JCOR

DIMENSIONS AND COMMON AREAS FOR ALL FILE ROUTINES s3ckaskdorssoadoksdfkss

READ HEADER JOB SPECIFICATION
READ 5,(TEXT(I)41=1,20)
5 FORMAT (20A4)
RECORD HEADER JOB SPECIFICATION
IREC =6
CALL DISKIO{5,IREC,IBDUMY,LBDUMY ,TEXT,20)
READ CARD PARAMETERS
READ 104NyMNyMB,ISTAND,JCORyNPCF JEIGV
10 FORMAT (3I449A1,A1,12,4A1)
PRINT HEADING
PRINT 15,(TEXT(I)},1=1,20)
15 FORMAT (1X,20A4//)
PRINT 204N g¢MByMN
20 FORMAT (19H NUMBER OF CASES = ,I14/30H NUMBER OF BINARY VARIABLES

l 414,/31H NUMBER OF NUMERIC VARIABLES = ,14//17H FILE DATA MATRIX/

1/)
INITIALISE DISK FILE PARAMETERS TO NULL
NPC =0
IMASK=0
IDATA=0
ICOEF =0
ITYPE =0
KMAX =0
LNDATA =0
LBDATA=0
LMEANS =0
LVARS =0
LCORS =0
LEIGS=0
LEIGVS =0
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LSCORS =0
LENGS =0
LFREQS=0
LNMASK =0
LBMASK=0
LMAT =0
LKLIST=0
LNEXT =0
CHECK VALUES OF NsMN,MB
IF (N=250)45445425
ERROR =~ N EXCEEDS 250
25 PRINT 30
30 FORMAT (44H ERROR —- NUMBER OF CASES MUST NOT EXCEED 250)
ENTER ABORT ROUTINE
35 PRINT 40
CALL DISKIO(Z,LDUMY,IDUMY ,IBDUMY yXDUMY ,LNDUMY)
40 FORMAT (17H PHASE TERMINATED/9H J0OB ENDS/1H1)
CALL EXIT
45 IF {(MN-200)60,60,50
NUMBER OF NUMERIC VARIABLES EXCEEDS 200
50 PRINT 55
55 FORMAT (48H ERROR - NUMBER OF NUMERIC VARIABLES EXCEEDS 200)
GO TO 35
60 IF (MB-401)75,75,465
NUMBER OF BINARY VARIABLES EXCEEDS 401
65 PRINT 70
70 FORMAT (47H ERROR - NUMBER OF BINARY VARIABLES EXCEEDS 401)
GO TO 35
INPUT DIMENSIONS ARE OK
IS PRINCIPAL COMPONENTS SOLUTION REQUIRED
75 1IF (NPCF)80,80,90
NO PRINCIPAL COMPONENTS SOLUTION SELECTED
TEST IF CORRELATION MATRIX REQUIRED
80 IF (JCOR)125,125,85
CORRELATIONS REQUIRED
SET PRINCIPAL COMPONENTS INDICATOR OFF
85 IPRC=1
GO TO CHECK DIMENSION MN - GREATER THAN ZERO, LESS THAN 35
GO TO 94
PRINCIPAL COMPONENTS SOLUTION SELECTED - DOES NPCF EXCEED MN
90 IF (NPCF-MN)93,93,91
NPCF EXCEEDS MN - PRINT ERROR
91 PRINT 92

92 FORMAT (77H ERROR - NUMBER OF COMPONENT SCORES CANNOT EXCEED NUMBE

1R OF NUMERIC VARIABLES)
NPCF =MN
SET COMPONENTS INDICATOR ON
93 IPRC=2
ARE NUMERIC VARIABLES SUPPLIED
94 IF (MN)95,95,105
NO NUMERIC VARIABLES SUPPLIED
95 PRINT 100

100 FORMAT (95H ERROR - PRINCIPAL COMPONENTS SOLUTION OR CORRELATIONS

1ARE AVAILABLE FOR NUMERIC VARIABLES ONLY)
GO TG 125
NUMERIC VARIABLES SUPPLIED - TEST IF MN EXCEEDS 35
105 IF (MN-35)120,120,110
MORE THAN 35 VARIABLES
110 PRINT 115
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115 FORMAT (84H ERROR - LIMIT ON NUMBER OF VARIABLES FOR PRINCIPAL COM 2270

24
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1PONENTS OR CORRELATIONS IS 35)

GO TO 125
VARIABLE TESTS OK - SET CORRELATION INDICATOR
120 ICOR=2
GO TO DATA-MODE ANALYSIS

GO TQO 130

NO PRINCIPAL COMPONENTS SOLUTION OR CORRELATIONS SELECTED - OR ERROR

PHASE
SET INOICATORS TO NULL COMPONENT SCORES AND CORRELATIONS
125 ICOR=1
IPRC=1
NPCF =0
ENTER ODATA-MUDE ANALYSIS. SET INDICATOR TO ZERO
130 1D=0
ARE NUMERIC VARIABLES SUPPLIED
IF (MN)140,140,135
NUMERIC VARIABLES SUPPLIED
135 ID=1
ARE BINARY VARIABLES SUPPLIED
140 'IF (MB)1504150,4145
5 INARY VARIABLES SUPPLIED
145 ID=ID+2
CHECK FOR ANY VARIABLES
150 IF (ID)155,155,4165
NO VARIABLES SUPPLIED = PRINT ERROR
155 PRINT 160
160 FORMAT (41H ERROR - MUST DECLARE NUMBER OF VARIABLES)
GO TO 35
BRANCH ON MODE INDICATOR
165 GO TO (17041804190),ID
NUMERIC DATA ONLY - SET DISK FILE INDICATORS
170 LNDATA=8
LNEXT =N*((MN+9)/10)+8
PRINT 175
175 FORMAT (31H READ AND FILE RAW NUMERIC DATA)
GO TO 200
BINARY DATA ONLY - SET FILE INDICATORS
180 LBDATA=8
LNEXT =8
PRINT 185
185 FORMAT (26H READ AND FILE BINARY DATA)
GO TO 200
MIXED-MUODE DATA - SET FILE INDICATORS
190 LNDATA=8
LBOATA=N*( (MN+9)/10)+8
LNEXT=LBDATA
PRINT 195
195 FORMAT (30H READ AND FILE MIXED-MODE DATA)
BRANCH ON MODE INDICATOR
200 GO TO (205,270,205),1D
NUMERIC DATA - BRANCH ON STANDARDISATICN INDICATOR
205 IF (ISTAND)2204220,210
STANDARDISATION SELECTED
210 PRINT 215
215 FORMAT (40H REPLACE NUMERIC DATA BY STANDARD SCORES)
SET INDICATOR ON
ISTAND=2
GO TO 230
220 PRINT 225
225 FORMAT (29H STANDARD SCORES NOT REQUIRED)
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SET INDICATOR OFF
ISTAND=1
BRANCH ON PRINCIPAL COMPONENTS INDICATOR
230 GO TO (245,235),1IPRC
PRINCIPAL COMPONENTS SELECTED
235 PRINT 240
240 FORMAT (56H PRINCIPAL COMPONENTS SOLUTION SELECTED FOR NUMERIC DAT
1A)

ARE CORRELATIONS TO BE FILED
245 IF (JCOR)290,290,260

FILE CORRELATIONS MESSAGE
260 PRINT 265

265 FORMAT (25H CORRELATIONS TO BE FILED)
NOW EXIT
GO TO 290

BINARY DATA ONLY - IS STANDARDISATION SELECTED
270 IF (ISTAND)285,285,275
STANDARKDISATION SELECTED
275 PRINT 280
280 FORMAT (56H STANDARD SCORES ARE ONLY OBTAINED FOR NUMERIC VARIABLE
1S8)
SET INDICATOR OFF

285 ISTAND=1
EXIT
290 RETURN
END
SUBROUTINE LOAD
CALLED BY (FILE)
FUNCTION - TO LOAD NUMERIC, BINARY OR MIXED-MODE DATA TO DISK FILE
FOR MAIN PROGRAMME (FILE)
USING NUMERIC VARIABLES -
MEANS AND VARIANCES ARE COMPUTED AND FILED
PRINCIPAL COMPONENTS AND CORRELATIONS ARE COMPUTED AND FILED
WHEN SELECTED
RAW DATA ARE REPLACED BY STANDARD SCORES IF SELECTED
USING BINARY DAYA -
BINARY VARIABLE FREQUENCIES AND SAMPLE LIST LENGTHS ARE COMPUTED
AND FILED
DIMENSIONS AND COMMON AREAS FOR ALL FILE ROUTINES ssdsskadohdksdk sk ook
END OF COMMON RESERVED FOR DISK I1/0 SUBROUTINE (DISKIU) PARAMETERS
DIMENSION TEXT(20)
COMMON N 4MByMNyNPCFyNPCyISTAND, IMASK, IDATA,ICOEF, ITYPE ,KMAX
COMMON LNDATA,LBDATA,LMEANS,LVARS yLCORS yLEIGS yLEIGYS sLSCORSyLENGS,
1LFREQS yLNMASK s LBMASK g LMAT s LKLIST LNEXT,TEXT
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES )
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES)
LIMIT ON N = 250 ( NUMBER UF POINTS/CASES )
THE FOLLOWING DIMENSION, COMMON AND EQUIVALENCE STATEMENTS PERMIT
REAL AND INTEGER ARRAYS TO BE EQUIVALENCED (MOSTLY ILLEGAL IN 1620
FORTRAN II). THE REQUIRED LENGTHS OF THE INTEGER ARRAYS CONCERNED ARE
LIST(401)y IFREQ(401), LENG(250)., THE EQUIVALENCE WORKS ON THE
PRINCIPLE THAT 5 STORAGE LOCATIONS ARE REQUIRED FOR EACH INTEGER, AND
LO LOCATIONS FUR EACH REAL WORD - THUS A REAL WORD CAN SHARE SPACE
WITH TWO INTEGERS.

DIMENSION COR(630),XM(200) 4VAR(200),X(200),Y(200),EIG(35)
1yEIGV(1225),LIST(L)sIFREQ{L)LENG(L)

COMMON COR9XMyVAR X 9YsEIG4EIGV,LIST

EQUIVALENCE (LIST(402),IFREQ),(LIST(803),LENG)
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HENCE LENG, LIST AND IFREQ ALL WRITE OVER THE ARRAY EIGV
SINGLE VARIABLE COMMON
COMMON ID,IPRCyJEIGV,ICORyJCOR

DIMENSIONS AND COMMON AREAS FOR ALL FILE ROUTINES sk ik

BRANCH OMN NUMERIC DATA-MODE INDICATOR
GO TO (542545),I1ID

NUMERIC DATA SUPPLIED — INITIALISE MEANS,VARIANCES AND CROSS-PRODUCTS

5 DO 10 I=14MN
XM(I)=0.
10 VAR(I)=0.
BRANCH ON CORRELATION INDICATOR
GO TO (25,15),ICOR
INITIALISE CROSS—=PRODUCTS - THE TRIANGULAR CORRELATION MATRIX IS
STORED IN THE LINEAR ARRAY COR OF LENGTH MCOR
15 MCOR=(MNXMN+MN)/2
DO 20 1I=1,MCOR
20 COR(I)=0.
BRANCH ON BINARY DATA-MODE INDICATOR
25 GO TO (40430,30),ID
INITIALISE FREQUENCY COUNTS
30 DO 35 I=1,MB
35 IFREQ(I)=0
ENTER DATA READING CYCLE
SET NUMERIC MODE DISK SECTOR IDISK
40 IDISK=LNDATA
DO 75 I=1,4N
READ A CASE CARD
| WA
CALL READ (IZ4Xy4MN4LIST4LB)
BRANCH ON BINARY DATA-MODE INDICATOR
GO TO (55,45445),1ID
BINARY DATA SUPPLIED - ADD TO FREQUENCY COUNTS
45 DO 50 J=1,LB
L=LIST(J)
50 IFREQ(L)=IFREQ(L)+1
NOTE LENGTH OF ITH. BINARY SAMPLE LIST
LENG(I)=LB
FILE BINARY SAMPLE LIST AT SECTOR LNEXT
CALL DISKIO(34LNEXTHyLIST LB y¢yXDUMY 4LNDUMY)
BRANCH ON NUMERIC DATA-MODE INDICATOR
GO TO (75475455),1D
NUMERIC DATA SUPPLIED - CONSIDER MEANS, VARIANCES AND CORRELATIONS
SET LOCATION POINTER FOR LINEAR CORRELATION MATRIX
55 1Z2=0
DO 70 J=14MN
P=X{J)
XM(J)=XM(J)+P
VAR(J)=VAR(J)+P*P
BRANCH ON CORRELATION INDICATOR
GO TU (70460),ICOR
CORRELATIONS SELECTED - ADD TO CROSS-PRODUCTS
60 DO 65 L=1,J
12=172+1
65 COR(IZ)=COR(IZ)+P*X{(L)
70 CONTINUE
FILE NUMERIC LIST AT SECTOR IDISK
CALL DISKIO(54IDISK,IDUMY,IBDUMY,yXysMN)
END OF 1 SAMPLE LOCP
75 CONTINUE
PRINT 76
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76 FORMAT (15H RAW DATA FILED)
SET FLOATING N
FN=N
BRANCH ON BINARY DATA-MODE INDICATOR
GO TO {(95,+80,80),1ID
BINARY DATA - FILE LENGTHS AND FREQUENCIES
NOTE DISK SECTOR ADDRESS
80 LENGS =LNEXT
FILE LENGTHS
CALL DISKIO(3yLNEXT9yLENGyNyXDUMY ,LNDUMY)
PRINT 85
85 FORMAT (33H BINARY SAMPLE LIST LENGTHS FILED)
FILE FREQUENCIES ‘
LFREQS =LNEXT
CALL DISKIO(34LNEXT,IFREQyMByXDUMY 4LNDUMY)
PRINT 90
90 FORMAT (34H BINARY VARIABLE FREQUENCIES FILED)
BRANCH ON NUMERIC DATA MODE INDICATOR
GO TO (1304130,4,95),1ID
NUMERIC DATA - COMPUTE AND FILE MEANS XM, AND VARIANCES VAR
95 DO 100 J=1,MN
P=XM(J)/FN
VAR(J)=VAR(J) /FN=-P*P
100 XM(J) =P
FILE MEANS
LMEANS =L NEXT
CALL DISKIO(S54LNEXT3IDUMY,yLBDUMYyXMsMN)
PRINT 105
105 FORMAT (20H NUMERIC MEANS FILED)
FILE VARIANCES
LVARS =L NEXT
CALL DISKIO(54LNEXTyIDUMY ,LBDUMY yVARyMN)
PRINT 110
110 FORMAT (24H NUMERIC VARIANCES FILED)
BRANCH ON CORRELATION INDICATOR
GO TO (130,4115),ICOR
COMPUTE CORRELATIONS
115 1Z2=0
DO 120 J=14MN
P=XM(J)
Q=SQRT{VAR(J))
DO 120 L=1,44
12=17+1
120 COR(IZ)=(COR(IZ)/FN=-XM(L)*P)/(Q*SQRT(VAR(L)))
ARE CORRELATIONS TO BE FILED
IF (JCOR)130,130,4125
FILE CORRELATIONS
125 LCORS =LNEXT
CALL DISKIO(54LNEXT,IDUMY,LBDUMY,COR,yMCOR)
PRINT 126
126 FORMAT (27H NUMERIC CORRELATIONS FILED)
EXIT FROM LOAD
130 RETURN
END

SUBROUTINE TRANUM
CALLED BY (FILE)

FUNTION - TO DERIVE STANDARD SCORES, PRINCIPAL COMPONENT EIGENVALUES

AND EIGENVECTORS FOR NUMERIC DATA FUR ROUTINE (FILE)

28

4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550

4560
4570
4580
4590



OO0 OOO0O0O

el eXe! [aNel

o

DIMENSIONS AND COMMON AREAS FOR ALL FILE ROUTINES skssokdkickdkkikkkikkk®k 4600

END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 4610
DIMENSION TEXT(20) 4620
COMMON N yMB yMN yNPCF yNPCyISTAND, IMASK, IDATA, ICOEF 4 ITYPE yKMAX 4630
COMMON LNDATA4LBDATA,LMEANSyLVARS yLCORS yLEIGS yLEIGVS yL SCORS,yLENGS, 4640

1LFREQS yL NMASK y LBMASK s LMAT o LKLIST JLNEXT o TEXT 4650

LIMIT ON MN = 200 { NUMBER OF NUMERIC VARIABLES ) 4660

LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 4670

LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 4680

THE FOLLOWING DIMENSION, COMMON AND EQUIVALENCE STATEMENTS PERMIT 4690

REAL AND INTEGER ARRAYS TO BE EQUIVALENCED (MOSTLY ILLEGAL IN 1620 4691
FORTRAN II)e THE REQUIRED LENGTHS OF THE INTEGER ARRAYS CONCERNED ARE 4692

LIST(401), IFREQ(401), LENG(250). THE EQUIVALENCE WORKS ON THE 4693
PRINCIPLE THAT 5 STORAGE LOCATIONS ARE REQUIRED FOR EACH INTEGER, AND 4694
10 LOCATIONS FOR EACH REAL WORD - THUS A REAL WORD CAN SHARE SPACE 4700
WITH TWO INTEGERS. 4710
DIMENSION COR(630),XM(200),VAR(200),X(200),Y{200),EIG(35) 4720
1,EIGV(1225)yLIST(L),IFREQ(1),LENG(1) 4730
COMMON CORy¢XMyVAR 93X 3YyEIG9EIGV 4LIST 4740
EQUIVALENCE (LIST(402),IFREQ)(LIST(803),LENG) 4750
HENCE LENG,y LIST AND IFREQ ALL WRITE OVER THE ARRAY EIGV 4760
SINGLE VARIABLE COMMON 4770
COMMON ID,IPRC,JEIGV,ICOR,JCOR 4780
DIMENSIONS AND COMMON AREAS FOR ALL FILE ROUTINES asdsdfkickkkfkikkikk 4790
BRANCH ON PRINCIPAL COMPONENTS INDICATOR 4800
GO TO (5,410),IPRC 4810
PRINCIPAL COMPONENTS SOLUTION NOT REQUIRED - ARE STANDARD SCORES 4820
REQUIRED 4830
BRANCH ON STANDARDISATION INDICATOR (EXIT AT 125 IF NOT SELECTED) 4840
5 GO TO (125440),ISTAND 4850
PRINCIPAL COMPONENTS REQUIRED - COMPUTE EIGENVALUES AND EIGENVECTORS 4860
10 CALL EIGEN(CORJEIGVsMN,0) 4870
PLACE EIGENVALUES IN EIG 4880
DO 15 I=14MN 4890
JI+(I*I-1)/2 4900

15 EIG(I)=COR(J) 4910
PRINT EIGENVALUES MESSAGE 4920
PRINT 20 4930

20 FORMAT (17H FILE EIGENVALUES) 4940
FILE EIGENVALUES 4950
LEIGS =L NEXT 4960
CALL DISKIO(59)LNEXT,IDUMY LBDUMY ,EIGsMN) 4970
ARE EIGENVECTORS TO BE FILED 4980
IF (JEIGV)40,40,30 4990
FILE EIGENVECTORS 5000
30 LEIGVS=LNEXT 5010
1Z =MN*MN 5020
CALL DISKIO(54LNEXTyIDUMY LBDUMY,EIGV,12) 5030
PRINT 35 5040

35 FORMAT (23H ALL EIGENVECTORS FILED) 5050
COMPUTE RECIPROCAL STANDARD DEVIATIONS 5060
40 DO 45 J=1,MN 5070
45 VAR(J)=1+/SQRT(VAR(J)) 5080
SCAN FOR NUMERIC DATA - SET DISK INDICATORS 5090
IDISK=LNDATA 5100
JDISK=LNDATA 5110
ARE COMPONENT SCORES TO BE FILED - BRANCH ON INDICATOR 5120
GO TO (55450),1IPRC 5130
COMPONENT SCURES TO BE FILED - SET DISK INDICATOR 5140
50 LSCORS=LNEXT 5150

29
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55 DO 95 I=1,4N
GET THE ITH. SAMPLE
CALL DISKIO(64,IDISK,IDUMY,LBDUMY,X,MN)
STANDARDISE VALUES
DO 60 J=1,4MN
60 X(J)={X{J)I=-XM(J))*VAR(J)
ARE STANDARD SCORES TU BE FILED
GO TO (70465)4,ISTAND
FILE STANDARD SCORES
65 CALL-DISKIO(549JDISKyIDUMY yLEDUMY 4X¢MN)
BRANCH ON PRINCIPAL COMPONENTS INDICATOR
70 GO TO (95,75)41PRC
COMPUTE PRINCIPAL COMPONENT SCORES
75 1Z2=0
DO 90 J=1,NPCF
P=0.
DO 80 K=1,MN
12=172+1
80 P=P+EIGV(IZ)}*X(K)
90 Y(J)=P
FILE COMPONENT SCORES
CALL DISKIO(54LNEXT,IDUMY yJDUMY ,YyNPCF)
END OF SAMPLE I LOQP
95 CONTINUE
BRANCH ON STANDARDISATION INDICATOR
GO TO (110,100),ISTAND
STANDARD SCORES FILED MESSAGE
100 PRINT 105
105 FORMAT (22H STANDARD SCORES FILED)
BRANCH ON PRINCIPAL COMPONENTS INDICATOR
110 GO TO (1254115),4IPRC
COMPONENT SCORES FILED MESSAGE
115 PRINT 120,4NPCF
120 FORMAT (I4,23H COMPONENT SCORES FILED)
EXIT
125 RETURN
END

THIS IS A MODIFIED VERSION OF THE EIGENVECTOR/VALUE SUBROUTINE

(EIGEN) PUBLISHED IN SYSTEM/360 SCIENTIFIC SUBROUTINE PACKAGE
(360A-CM-03X) - REF H20-0205-0

350K 30 SR 3R AR ek A sk e i i o e sl 3R sl Sk g iR SR 3R 330 3R A 3 3R 3 R 3R 3R 38 S i lR 23Rk st sl e sl sl sie e sk e e i sl sk el sl slesie

SUBROUTINE EIGEN
PURPOSE

COMPUTE EIGENVALUES AND EIGENVECTORS OF A REAL SYMMETRIC MATRIX

USAGE
CALL EIGEN(A4RyNyMV)
DESCRIPTION OF PARAMETERS

A - ORIGINAL MATRIX (SYMMETRIC), DESTROYED IN COMPUTATION.

RESULTANT EIGENVALUES ARE DEVELOPED IN DIAGONAL OF MATRIX A

IN DESCENDING ORDER

R = RESULTANT MATRIX OF EIGENVECTORS (STORED COLUMNWISE,IN SAME

SEQUENCE AS EIGENVALUES)
N - ORDER OF MATRICES A AND R
Mv- INPUT CODE
0 COMPUTE EIGENVALUES AND EIGENVECTORS

1 COMPUTE EIGENVALUES ONLY (R NEED NOT BE DIMENSIONED

BUT MUST STILL APPEAR IN CALLING SEQUENCE)

30
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REMARKS

ORIGINAL MATRIX A MUST BE REAL SYMMETRIC (STORAGE MODE=1)
MATRIX A CANNOT BE IN THE SAME LOCATION AS MATRIX R

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
NONE

METHOD

DIAGONALIZATION METHOD ORIGINATED BY JACOBI AND ADAPTED BY VON
NEUMANN FOR LARGE COMPUTERS AS FOUND IN - MATHEMATICAL METHODS FOR

JOHN WILEY

DIGITAL COMPUTERS - EDITED BY A, RALSTON AND He S

AND SONS, NEW YORK, 1962, CHAPTER 7
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SUBROUTINE EIGEN(A,R,N,MV)
DIMENSION A(1),R(1)

WILF,

SRR
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GENERATE IDENTITY MATRIX
FN=N
IF (MV=-1)10,425,10
10 IQ=-N
DO 20 J=1,N
IQ=IQ+N
DO 20 I=1,4N
1J4=IQ+I
R(IJ)=0.0
IF(I-J)20415,20
R(IJ)=1.0
CONTINUE

COMPUTE INITIAL AND FINAL NORMS (ANORM AND ANORMX)

ANORM=0.0
DO 35 I=1,yN
DO 35 J=I,yN
IF(I-J)30,435,30
IA=I+(J*%J-J)/2
ANORM=ANCRM+A(IA)*A{IA)
CONT INUE
IF (ANORM)165,165,40
ANORM=1.414%SQRT(ANORM)
ANRMX =ANORM*1.,0E-6/FN
INITIALIZE INDICATORS AND COMPUTE THRESHOLD, THR
IND=0
THR =ANORM
45 THR=THR/FN
L=1
M=L+1
COMPUTE SIN AND COS
MQ=(M*M-M)/2
LQ=(L*L=-L)/2
LM=L+MQ
62 IF (ABSF(A(LM))-THR)1304654965
IND=1
LL=L+LQ
MM =M+MQ
X=0e5%(A(LL)-A(MM))
68 Y==A(LM)/SQRT(A(LM)*A(LM)+X%X)
IF(X)T70,75,75
Y ==Y
SINX=Y/SQRT(2.0%(1+0+(SQRT{(1.0-Y%Y))))
SINX2=SINX*SINX
COSX=SQRT(1.0-SINX2)
COSX2=COSX*COSX
SINCS=SINX*COSX
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C ROTATE L AND M COLUMNS

80
85

90
95
100
105
110

115
120

125

ILQ=N*(L-1)

IMQ=N*(M-1)

DO 125 I=1,4N

IQ=(I*I-1)/2

IF (I-L)80,115,80
IF(I-M)85,115,90

IM=1+MQ

GO TO 95

IM=M+1Q

IF(I-L)100,4105,105

IL=I1+LQ

GO 70 110

IL=L+1Q
X=A(IL)*COSX-A(IM)*SINX
A(IM)=A(IL)*SINX+A(IM)*COSX
A(IL)=X

IF(MV=1)120,4125,120
ILR=ILQ+I

IMR =IMQ+1
X=R(ILR)*COSX-R({IMR)*SINX
R{IMR)=R(ILR)*SINX+R (IMR)*COSX
R(ILR)=X

CONT INUE

X=2.0%A(LM)%SINCS
Y=A(LL)*COSX2+A(MM)*SINX2-X
X=A(LL)*SINX2+A(MM)*COSX2+X
A(LM)=(A(LL)-A(MM))*SINCS+A(LM)*(COSX2-SINX2)
A(LL)=Y

A(MM) =X

C TESTS FOR COMPLETION
C TEST FOR M = LAST COLUMN

130
135

IF(M=N)135,140,4135
M=M+1
GO TO 60

C TEST FOR L = SECOND FROM LAST COLUMN

140
145

150
155

IF(L-(N-1)}145,4150,145
L=L+1

GO TO 55
IF(IND-1)160,155,4160
IND =0

GO TO 50

C COMPARE THRESHOLD WITH FINAL NORM

160

IF (THR-ANRMX) 1654165445

C SORT EIGENVALUES AND EIGENVECTORS

165

170

175

1Q=-N

DO 185 I=14N

IQ=IQ+N
LL=I+(I*I-1)/2
JQ=N*(I-2)

DO 185 J=I,N
JQ=JQ+N
MM=J+(J%*Jd=J})/2
IF(A(LL)-A{MM))170,185,185
X=A(LL)

A(LL)=A(MM)

A(MM) =X

IF (MV-1)175,185,175
DO 180 K=14N
ILR=IQ+K

IMR=JQ+K
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X=R(ILR) 6950

R(ILR)=R(IMR) 6360
180 R({IMR)=X 6970
185 CONTINUE 6980
RETURN 6990
END 7000
ROUTINE CORREL 7010
AUTHOR - DAVID WISHART, MATHEMATICAL INSTITUTEs UNIVERSITY OF ST. 7020
ANDREWS, FIFE, GREAT BRITAIN. (PROGRAMME WRITTEN = JUNE 1968) 7030
CALLS SUBROUTINES INSERT, DISKIO, COREAD, ANALYS AND COEF 7040
DEFINE DISK {10,44300) 7050
DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES sscwsiicksickssonsikiossx 7060
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 7070
DIMENSION TEXT(20) 7080
COMMON N yMB ¢MN ¢4NPCFyNPCyISTANDy IMASK,IDATA,ICOEF,ITYPE,KMAX 7090
COMMON LNDATALBDATA,LMEANS sLVARS yLCORS yLEIGS yLEIGVSsLSCORS,y LENGS, 7100
1LFREQS yLNMASK s LBMASK g LMAT 3 LKLIST LNEXT» TEXT 7110
LIMIT ON MN = 200 { NUMBER OF NUMERIC VARIABLES ) 7120
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 7130
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 7140
LIMIT ON KMAX = 1400/N 7150
THIS DIMENSION STATEMENT COUPLED WITH THE USE OF COMMON ENABLES AN 7160
EFFECTIVE EQUIVALENCE (XMASK,MASKB) (X,IX),(Y,LIST) TO BE USED 7170
WITHOUT EQUAL FANDK. THUS THE EFFECTIVE (WRITE OVER) DIMENSION OF 7180
THE ARRAYS MASKBsIXy AND LIST FOR AN FANDK OF 0805 IS 401 7190
DIMENSION DAR(1400)4KLINK(1400),XMASK(200),MASKB(1),X(200),IX(1)y 7200
1Y(200),LIST(1),C(250)4LENG(250) 7210
ARRAY COMMON 7220
COMMON DAR yKLINK ¢XMASK yMASKB 4 Xy IXyY, LIST4C,HLENG 7230
SINGLE VARIABLE COMMON 7240
COMMON MoLX¢PX4PY LY, IDISK,PM 1250
DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES sksoickskdspsckdxdsikk 7260
FUNCTION - TO COMPUT THE COEFFICIENT MATRIX AND K-LINKAGE LISTS DAR 7270
AND KLINK FOR INPUT TO MODE—-ANALYSIS CLASSIFICATION PROGRAMME (MODE) 7280
READ DISK FILE PARAMETERS 7290
CALL DISKIO(1,LDUMY oIDUMY,LBDUMY,XDUMY L NDUMY) 7300
READ CARD INPUT, ANALYSE FOR ERRORS AND ASSEMBLE MASK 7310
CALL COREAD 7320
CALL ANALYS 7330
INITIALISE THE K—-LINKAGE LISTS TO EXTREME VALUES 7340
CONSIDER THE TWO-DIMENSIONAL ARRAYS DAR AND KLINK AS LINEAR ARRAYS 7350
OF LENGTH N*KMAX 7360
IZ =N*KMAX 7370
FINF =N 7373
IF (MPC)343,2 7375
2 MN=MPCF 7377
3 DO 15 I=1,I1Z 7380
BRANCH ON COEFFICIENT TYPE INDICATOR 7390
GO TO (5,10),ITYPE 7400
SIMILARITY COEFFICIENT 7410
5 DAR{I)=-10.E+90 7420
GO TO 15 7430
DISSIMILARITY COEFFICIENT 1440
10 DAR(I)=10.E+90 7450
15 KLINK(I)=0 7460
SET FLOATING VERSION OF M, NUMBER OF UNMASKED VARIABLES 7470
PM=M 7480
SET STARTING SECTOR ADDRESS OF SAMPLE 2, ID 7490
BRANCH ON DATA TYPE INDICATOR 7500

GO TO (16,417),IDATA 7510

33



IDATA=1, BINARY DATA

16 ID=IDISK+(LENG(1}+9)/10
GO TO 18

IDATA =2, NUMERIC DATA

17 ID=IDISK+(MN+9)/10

SCAN DATA FILE FOR (1STe SAMPLE - I)

18 DO 65 I=2,4N

BRANCH ON DATA TYPE INDICATOR
GO TO (20,35),IDATA

IDATA=1, BINARY DATA

20 LX=LENGI(I)

GET THE ITHe SAMPLE LIST (LIST(L)sL=1,LX)
CALL DISKIO(4,IDyLIST4LX4XDUMY ,LNDUMY)

ASSEMBLE BINARY IX(L) CONTAINING 1 IF ATTRIBUTE L UNMASKED AND

POSSESSED BY SAMPLE I, O OTHERWISE. NX =
DO 25 L=1,4MB
25 IX(L)=0
NX=0
DO 30 L=1,yLX
J=LIST(L)
IX(J)=MASKB(J)
30 NX=NX+MASKB(J)

COMPUTE PX, THE NUMBER OF UNMASKED ATTRIBUTES POSSESSED BY SAMPLE I

PX=NX

NUMBER POSSESSED

GO TO SCAN DATA FILE FOR {2ND. SAMPLE - J)

GO TO 40
IDATA =2, NUMERIC DATA

GET THE ITH. SAMPLE NUMERIC VARIABLE VALUES {X(L)sL=14MN)

35 CALL DISKIO(6,IDyIDUMY,LBDUMY 4XsMN)
NOW SCAN DATA FILE FOR (2NDe SAMPLE = J)
40 JX=I-1
SET STARTING SECTOR ADDRESS OF SAMPLE 1
JD=IDISK
DO 60 J=1,JX
BRANCH ON DATA TYPE INDICATOR
GO TO (45,50),IDATA
IDATA =1, BINARY DATA
45 LY=LENG(J)
GET THE JTHe SAMPLE LIST (LIST(L)s4L=1,4LY)
CALL DISKIO(49JDyLIST,LY s XDUMY,LNDUMY)
NOW GO TO COEFFICIENT CALCULATION
GO TO 55
IDATA =2, NUMERIC DATA

GET THE JTH. SAMPLE NUMERIC VARIABLE VALUES (Y(L),L=1,MN)

50 CALL DISKIO(63JD,IDUMY,LBDUMY,Y,MN)

ENTER COEFFICIENT CALCULATOR

55 CALL COEF(P)

ASSEMBLE COEFFICIENT MATRIX ROW
CJ)=pP

INSERT C(J) INTO THE APPROPRIATE K~-LISTS FOR SAMPLES (I,J)

CALL INSERT (I49J,4P)

CALL INSERT (J,y1,P)
END OF (2ND. SAMPLE - J) SCANNING LOOP
60 CONTINUE

NOW FILE THE (1ST. SAMPLE) COEFFICIENT MATRIX ROW

CALL DISKIO(54LNEXTsIDUMY 4LBDUMY 4C,JUX)

TRACE FEATURE = REMOVE THIS SECTION IF NOT REQUIRED skl sk ksokkoikk

IF (SENSE SWITCH 4)600,4610
600 JX=N-1
TYPE 605,4X
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605 FORMAT (I3,13H CYCLES TO GO)
610 CONTINUE

END OF TRACE - REMOVE THIS SECTION IF NOT REQUIRED

END OF (1STe. SAMPLE - I) SCANNING LOCP

65 CONTINUE

FILE THE K-LINKAGE LISTS DAR AND KL INK

He ok 30 ok AR PR KRR KKK

THIS IS ACCOMPLISHED BY FILING EACH DAR AND KLINK LIST FOR EACH VALUE

OF K SEPARATELY

NOTE STARTING POSITION OF LISTS
LKLIST=LNEXT
DO 70 K=1,KMAX

COMPUTE THE STARTING POSITION OF THE KTHe.

DAR AND KL INK
IZ=(K-1)%N+1
NOW FILE DAR

LIST IN THE LINEAR ARRAYS

CALL DISKIO(54LNEXT,IDUMY,LBDUMY yDAR(IZ) 4N)

NOW FILE KLINK

CALL DISKIO(34LNEXToKLINK(IZ) 4Ny XDUMY,LNDUMY)

END OF LOOP

70 CONTINUE

NOW WRITE DISK FILE PARAMETERS
1IN =MKF

CALL DISKIO(2,LDUMY o IDUMY ,LBDUMY yXDUMY 4 LNDUMY)

PRINT ENDING MESSAGE
PRINT 75

75 FORMAT {54H COEFFICIENTS AND K-LINKAGE LISTS CALCULATED AND FILED/

19H JOB ENDS/1H1)
CALL EXIT

DUMMY CALL STATEMENT TO ENABLE LOCALISATION OF COREAD,

COEF (IBM 1620 MONITOR II SYSTEM)
80 P=SQRT(P)
END

SUBROUTINE COREAD
CALLED BY (CORREL)

FUNCTION - TO CHECK FILE PARAMETERS AND CARD INPUT FOR
COEFFICIENT MATRIX AND K-LIST CALCULATION

(CORREL)

ANALYS AND

DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES sssdcksdsodksrskodk fedon ek k

END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE

DIMENSION TEXT(20)

(DISKID)

PARAMETERS

COMMON N yMByMNyNPCF ¢NPCyISTAND 9y IMASK 4 IDATA2ICOEF, ITYPE  KMAX
COMMON LNDATA,LBDATA,LMEANS yLVARS)LCORSyLEIGSyLEIGVSyLSCORSyLENGS,
1LFREQS s LNMASKsLBMASKyLMAT, LKLISTyLNEXT s TEXT

LIMIT ON MN

= 200 ( NUMBER OF NUMERIC VARIABLES )

LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES)

LIMIT ON N = 250 ( NUMBER OF POINTS/CASES

LIMIT ON KMAX = 1400/N

)

THIS DIMENSION STATEMENT COUPLED WITH THE USE OF COMMOM ENABLES AN
EFFECTIVE EQUIVALENCE (XMASK,MASKB), (XsIX)s(YoLIST) TU BE USED
{(WRITE OVER) DIMENSION OF
THE ARRAYS MASKB,IX, AND LIST FUR AN FANDK OF 0805 IS 401

DIMENSION DAR(1400)yKLINK(1400) 5 XMASK(200) yMASKB(1)4X(200),IX(1),

WITHOUT EQUAL FANDK. THUS THE EFFECTIVE

1Y(200),LIST(1),C(250),LENG(250)
ARRAY COMMON

COMMON DARsKLINK s XMASKyMASKB 93X 3IXyY9LIST 9CsLENG

SINGLE VARIABLE COMMON
COMMON M4LX4PX4PY,LYIDISK,PM

DIMENSIONS AND COMMOM AREA FOR ALL CORREL ROUTINES *

SET COEFFICIENT PARAMETERS TO NULL
NPC =0

35
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IMASK=0
IDATA =0
ITYPE=0
PRINT DATA FILE IDENTIFICATION
PRINT S54(TEXT(I),1=1,20)
5 FORMAT (1X420A4//)
PRINT 10,4NyMB,MN

10 FORMAT (19H NUMBER OF CASES = ,14/30H NUMBER OF BINARY VARIABLES
1 4I4/31H NUMBER OF NUMERIC VARIABLES = ,14//54H CALCULATION OF COE

1FFICIENT MATRIX AND K-LINKAGE LISTS//)
READ INPUT PARAMETERS
12 FORMAT (312,213)
READ 12 ,ICOEF yKMAX 4 NPC yMSKB yMSKN
TEST IF FILE DATA IS OK
IF (MN*LNDATA+MB*LBDATA)11l,11,14
11 PRINT 13
13 FORMAT (23H DATA FILE NOT COMPLETE)
ABORT
GO TO 65
15 FORMAT (2014)
REDUCE LNEXT TO OBLITERATE EXISTING COEFFICIENT MATRIX FILE
14 IF (LNMASK)17,17,16
16 LNEXT =LNMASK
GO TO 21
17 IF (LBMASK)19,19,18
18 LNEXT=LBMASK
GO TO 21
19 IF (LMAT)21,21,20
20 LNEXT=LMAT
SET COEFFICIENT PARAMETERS TO NULL
21 LMAT=0
LNMASK =0
LBMASK=0
LKLIST =0
ARE PRINCIPAL COMPONENT SCORES SELECTED
IF (NPC)25,25,240
PRINCIPAL COMPONENT SCORES NOT SELECTED
ENTER BINARY/NUMERIC MASK ANALYSER
25 IMASK=1
IF (MN)90,90,30
30 IF (MB)165,165,35
THEREFORE MIXED MODE DATA
35 IMASK=2
IF (MSKB-MB)50,40,40
THEREFORE MASK ALL BINARY DATA
40 LBMASK=-1
PRINT MASK
PRINT 45
45 FORMAT (21H MASK ALL BINARY DATA//)
GO TO 165
ALL BINARY DATA NOT MASKED
50 IF (MSKN-MN)55,75,75
MIXED—-MODE DATA WITHOUT TOTAL MASK OF ONE MODE
55 PRINT 60
60 FORMAT (38H ERROR — MIXED-MODE DATA NOT PERMITTED)
GENERAL ABORT ROUTINE
65 PRINT 70
70 FORMAT (17H PHASE TERMINATED/9H JOB ENDS/1H1)
WRITE DISK FILE PARAMETERS
CALL DISKIO(2,LSDUMY ,IBDUMY »LBDUMY s XDUMY,LNDUMY )
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CALL EXIT

ALL NUMERIC DATA MASKED

75 LNMASK=-1

PRINT MASK
PRINT 85

85 FORMAT (22H MASK ALL NUMERIC DATA//)

BINARY DATA 7O BE USED

90 PRINT 95

95 FORMAT (16H USE BINARY DATA)

IS BINARY MASK APPLIED
IF (MSKB)135,135,100

BINARY MASK APPLIED

100 IF (MSKB-MB)115,105,105

ALL DATA MASKED

105 PRINT 110

110 FORMAT (29H ERROR ~- ALL VARIABLES MASKED)
GO TO 65

READ BINARY MASK

115 READ 154(LIST(I),I=1,MSKB)

ASSEMBLE BINARY MASK ARRAY
DO 120 I=1,MB

120 MASKB(I)=1
DO 125 I=1,MSKB
J=LIST(I)

125 MASKB(J)=0

FILE BINARY MASK
LBMASK=LNEXT
CALL DISKIO(3,LNEXTyMASKB ¢MByXDUMY 4 LNDUMY)

PRINT MASK MESSAGE
PRINT 130

130 FORMAT (75H THE FOLLOWING BINARY VARIABLES ARE MASKED FROM THE COE

1FFICIENT CALCULATION)
PRINT 15, (LIST(I),I=1,MSKB)
SET MASKING INDICATOR
IMASK=2
GO TO 145
NO BINARY MASK APPLIED
135 PRINT 140
140 FORMAT (23H NO BINARY MASK APPLIED)
SET UP NULL BINARY MASK
DO 142 I=1,MB
142 MASKB(I)=1
SET DATA TYPE INDICATOR
145 IDATA=1
SET DISK MARKER TO BIMARY DATA
IDISK=LBDATA
SET NUMBER OF VARIABLES M
M=MB-MSKB
CHECK THAT BINARY SAMPLE LIST LENGTHS ARE FILED
IF (LENGS)155,155,150
NOW READ BINARY SAMPLE LIST LENGTHS (LENG(I)sI=1,N)
150 IZ=LENGS
CALL DISKIO(43IZ4LENGNyXDUMY,LNDUMY)
EXIT FROM MASK ANALYSER
GO TO 305
LENG IS ABSENT FROM FILE
155 PRINT 160
160 FORMAT (45H ERROR - BINARY SAMPLE LIST LENGTHS NOT FILED)
GO TO 65
NUMERIC DATA USED

37

9300
9310
9320
9330
9340
9350
9360
3370
9380
9390
9400
9410
9420
3430
9440
9450
9460
9470
9480
9490
9500
9510
9520
9530
9540
9550
9560
9570
9580
9590
9600
9610
9620
9630
9640
9650
9660
9670
9680
9690
9700
9710
9720
9730
9740
9750
9760
9770
9780
9790
9800
9810
9820
9830
9840
9850
9860
9870
9880
9890



[ e T o T o I o]

165 PRINT 170
170 FORMAT (17H USE NUMERIC DATA)
TEST WHETHER NUMERIC MASK APPLIED
IF (MSKN)230,230,175
TEST FOR TOTAL MASK
175 IF (MSKN-MN)180,105,105
NUMERIC MASK APPLIED - READ MASK
180 READ 15, (LIST(I),1=1,MSKN)
ASSEMBLE NUMERIC MASK
DO 185 I=1,MN
185 XMASK(I)=1l.
DD 190 I=1,MSKN
J=LISTI(I)
190 XMASK(J)=0.
FILE NUMERIC MASK
LNMASK=LNEXT
CALL DISKIO(5,LNEXT,IDUMY,LBDUMY,XMASK yMN)
PRINT MASK MESSAGE
PRINT 195

9900
9910
9920
9930
9940
9950
9960
9970
9980
9990
10000
10010
10020
10030
10040
10050
10060
10070
10080

195 FORMAT (76H THE FOLLOWING NUMERIC VARIABLES ARE MASKED FROM THE C010090

l1EFFICIENT CALCULATION)
PRINT 154(LIST(I),1I=1,MSKN)
SET MASKING INDICATOR
IMASK =2
BRANCH ON STANDARDISATION INDICATOR
200 GO TO (205,4215),ISTAND
RAW DATA SELECTED
205 PRINT 210
210 FORMAT (18H RAW DATA SELECTED)
GO TO 225
STANDARD SCORES SELECTED
215 PRINT 220
220 FORMAT (25H STANDARD SCORES SELECTED)
SET DISK MARKER TO NUMERIC DATA
225 IDISK=LNDATA
SET NUMBER OF VARIABLES M

M=MN-MSKN

SET DATA TYPE INDICATOR
IDATA=2

EXIT FROM MASK ANALYSER
GOTO 305

NO NUMERIC MASK APPLIED
230 PRINT 235
235 FORMAT (24H NO NUMERIC MASK APPLIED)
SET UP NULL NUMERIC MASK
DO 237 I=1,MN
237 XMASK(I)=l.
GO TO 200
ENTER PRINCIPAL COMPONENTS ANALYSER
240 IF (NPCF)245,245,255
NO COMPONENT SCORES FILED
245 PRINT 250
250 FORMAT (35H ERROR - COMPONENT SCORES NOT FILED)
G0 TO 65
ARE ENOUGH COMPONENT SCORES STORED
255 IF (NPC-NPCF)2754270,260
NOT ENOUGH
260 PRINT 265,NPCF
265 FORMAT (13H ERROR - ONLY,I4,23H COMPONENT SCORES FILED)
NPC =NPCF
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NPC=NPCF, SET MASK INDICATOR OFF

270 IMASK=1
GO TO 285

MORE THAN NPC SCORES STORED - SET MASK FOR COMPONENT SCORES

275 IZ=NPC+1
DO 280 I=IZ,NPCF

280 XMASK(I)=0.

SET MASK INDICATOR
IMASK=2

285 DO 290 I=1,NPC

290 XMASK(I)=1l.

SET NUMBER OF VARIABLES M, DATA TYPE INDICATOR = NUMERIC
M=NPC
IDATA=2

SET DISK MARKER TO COMPONENT SCORES

IDISK=LSCORS
PRINT 300,4NPC

300 FORMAT (13H SELECT FIRST,I4,17H COMPONENT SCORES)

EXIT FROM MASKER AND PRINCIPAL COMPUNENTS ANALYSER

305 RETURN

END

SUBROUTINE ANALYS
CALLED BY (CORREL)

FUNCTION - TO CHECK COEFFICIENT CODEy VALUE OF KMAX AND FILE

PARAMETERS N4yMN,MB (FOLLOWS SUBROUTINE COREAD)

DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES sk ssskdok
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS

DIMENSION TEXT(20)

COMMON NyMB 4y MN yNPCF 3NPCy ISTAND  IMASK 3 IDATA,ICOEF, ITYPE KMAX

10500
10510
10520
10530
10540
10550
10560
10570
10580
10590
10600
10610
10620
10630
10640
10650
10660
10670
10680
10690
107C0

10710
10720
10730
10740

#A XK REE]0T 50

10760
10770
10780

COMMON LNDATA,LBDATA3LMEANS jLVARSsLCORS yLEIGSsLEIGVSyLSCORSyLENGS,10790

1LFREQS sy LNMASK s LBMASKyLMATy LKLISTyLNEXT o TEXT
LIMIT ON MN 200 ( NUMBER OF NUMERIC VARIABLES )
LIMIT ON MB 401 (NUMBER OF BINARY VARIABLES)
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES )
LIMIT ON KMAX = 1400/N

o

THIS DIMENSION STATEMENT COUPLED WITH THE USE OF COMMON ENABLES AN
EFFECTIVE EQUIVALENCE (XMASKyMASKB), (Xy3IX)s(Y4LIST) TO BE USED
WITHOUT EQUAL FANDKe THUS THE EFFECTIVE (WRITE OVER) DIMENSION OF

THE ARRAYS MASKB,IX, AND LIST FUR AN FANDK OF 0805 IS 401

DIMENSION DAR(1400)sKLINK(1400) 4 XMASK{200) yMASKB (1) 4X(200),IX (1),

1Y(200),LIST(1),C(250),LENG(250)
ARRAY COMMON

COMMON DARyKLINK 9 XMASKyMASKB X g IX yY43LIST+CHLENG
SINGLE VARIABLE COMMON

COMMON MysLXgPXsPY LYo IDISK,PM

10800
10810
10820
10830
10840
10850
10860
10870
10880
10890
10900
10910
10920
10930
10940

DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES sksdorssxssiskik#%10950

SET MAXIMUM COEFFICIENT CODE INDICATOR (REVISE WHEN ADDING TO (COEF)

OPTIONS)
MAXCOF =19
TEST WHETHER DATA FILE IS STORED
IF (IDISK)310,310,320
DATA FILE ABSENT
310 PRINT 315
315 FORMAT (31H ERROR - DATA FILE NOT COMPLETE)
GENERAL ABORT ROUTINE
65 PRINT 70
70 FORMAT (17H PHASE TERMINATED/9H JOB ENDS/1HL)
WRITE DISK FILE PARAMETERS

39

10960
10970
10980
10990
11000
11010
11020
11030
11040
11050
11060
11070
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CALL DISKIO(2,LSDUMY,IBDUMY,LBDUMY 4 XDUMY yLNDUMY)
CALL EXIT
DATA FILE PRESENT
TEST IF COEFFICIENT SELECTED
320 IF (ICOEF)325,325,340
COEFFICIENT NOT SELECTED - SUBSTITUTE EUCLIDEAN DISTANCE
BRANCH ON DATA TYPE INDICATOR
325 GO TO (330,4335),IDATA
BINARY DATA - SELECT (B+C)/M
330 ICOEF=2
GO TO 390
NUMERIC DATA - SELECT DSQ
335 ICOEF=1
GO TO 390
TEST IF VALID COEFFICIET CUDE CHOSEN
340 IF (ICOEF-MAXCOF)355,355,345
345 PRINT 350,ICOEF
350 FORMAT (27H ERROR = COEFFICIENT WNUMBER,I4)
GO TO 65
VALID COEFFICIENT CODE CHOSEN

BRANCH TO CHECK IF COEFFICIENT MATCHES DATA TYPE (REVISE WHEN ADDING

TO (COEF) OPTIONS)

11080
11090
11100
11110
11120
11130
11140
11150
11160
11170
11180
11190
11200
11210
11220
11230
11240
11250
11260
11270
11280
11290

355 60 TO (360437543609375437543754375937593759375337593754375,375,375113200

19375,4375,375,375),ICCEF
NUMERIC COEFFICIENT
360 GO TO (365,390),IDATA
BINARY DATA - PRINT ERROR
365 PRINT 370

370 FORMAT (53H ERROR - NUMERIC CUEFFICIENT SELECTED FOR BINARY DATA)

GO TO 65
BINARY COEFFICIENT
375 GO TO (390,380),IDATA
NUMERIC DATA - PRINT ERROR
380 PRINT 385

385 FORMAT (53H ERROR - BINARY COEFFICIENT SELECTED FOR NUMERIC DATA)

GO TO 65
COEFFICIENT MATCHES DATA
390 PRINT 395,ICOEF
395 FORMAT (27H SELECT COEFFICIENT NUMBER ,12)
SET COEFFICIENT TYPE INDICATOR

BRANCH ON COEFFICIENT COUDE (REVISE WHEN ADDING TO (COEF) QOPTIONS)

11310
11320
11330
11340
11350
11360
11370
11380
11390
11400
11410
11420
11430
11440
11450
11460
11470
11480

GO TO (4004400941094109410,41094109410,4104410,41044104410,410,41011490

1441044105410,410) 4ICOEF
DISSIMILARITY COEFFICIENT
400 ITYPE=2
PRINT 405
405 FORMAT (34H COEFFICIENT IS DISSIMILARITY TYPE)
GO TO 420
SIMILARITY COEFFICIENT
410 ITYPE=1
PRINT 415
415 FORMAT (31H COEFFICIENT IS SIMILARITY TYPE)
IS KMAX NONZERO
420 IF (KMAX)425,425,430

KMAX ZERO - SET TO 5
425 KMAX =5
GO TO 445
NONZERO KMAX - TEST FOR EXCESSIVE VALUE

430 IF (KMAX*N-1400)445,445,435
EXCESSIVE VALUE SO MODIFY KMAX

40

11500
11510
11520
11530
11540
11550
11560
11570
11580
11590
11600
11610
11620
11630
11640
11650
11660
11670



[eNeNeNel

435 1Z2=1400/N 11680

PRINT 4404N,12Z 11690

440 FORMAT (40H ERROR - MAXIMUM KMAX FOR DATA SET SIZE ,I44.4H IS ,I3) 11700
KMAX =IZ 11710

IS KMAX LESS THAN N 11720
445 IF (KMAX-N)44T7,4464446 11730
KMAX NOT LESS THAN N SO MODIFY , 11740
446 KMAX=N-1 11750
447 PRINT 450,KMAX 11760
450 FORMAT (6H FILE ,I34y16H K-LINKAGE LISTS) 11770
NOTE START OF COEFFICIENT MATRIX FILE 11780
LMAT =LNEXT 11790
CHECK VALUE OF N 11800
IF(N=-250)465,465,455 11810

N EXCEEDS 250 11820
455 PRINT 460,4N 11830
460 FORMAT (25H ERROR - NUMBER OF CASES ,14,12H EXCEEDS 250) 11840
GO TO 65 11850
CHECK VALUE OF MB, MN 11860
BRANCH ON DATA TYPE INDICATOR 11870
465 GO TO (470,485)4,IDATA 11880
BINARY DATA - DOES MB EXCEED 401 11890
470 IF(MB-401)500,500,475 11900
MB EXCEEDS 401 11910
475 PRINT 480,MB 11920
480 FORMAT (36H ERROR - NUMBER OF BINARY VARIABLES 4I4412H EXCEEDS 40111930
1) 11940

GO TGO 65 11950
NUMERIC DATA - DOES MN EXCEED 200 11960
485 IF (MN-200)500,4500,490 11970
490 PRINT 495 11980
495 FORMAT (37H ERROR - NUMBER OF NUMERIC VARIABLES 414,12H EXCEEDS 2011990
10) 12000

GO TO 65 12010
COMPUTE END OF FILE RECORD LSEC 12020
I= STORAGE REQUIRED FOR KMAX K-LISTS 12030
500 I=KMAX*2%((N+9)/10) 12040

J= RECORD NUMBER FOR THE (N+1)TH. SAMPLE - IE THE START OF THE K-LIST12050
J=10%(1+(N-1)/10)*((N-1)/10}/2+{N-1-((N-1)/10)*10)*((N=-1)/10+1)+ 12060
1LMAT 12070
LSEC=I+J 12080
SET VALUE OF N2 IN DEFINE DISK STATEMENT (REVISE WHEN CHANGING FILE 12090
CAPACITY — WORKING CYLINDERS LENGTH ON IBM 1620 MONITOR II SYSTEM) 12100

N2 =4300 12110

IF (LSEC-N2)515,515,505 12120
FILE OVERLAP ERROR DETECTED - PRINT AND ABORT 12130
505 PRINT 510,LSECsN2 12140
510 FORMAT (28H FILE OVERLAP - LAST RECORD ,I5,16H EXCEEDS MAXIMUM,16)12150
GO TO 65 12160

515 PRINT 520,LSEC 12170
520 FORMAT (l6H DISK FILE USES ,15,8H RECORDS/) 12180
RETURN 12190

END 12200
SUBROUTINE COEF (COEFF) 12210
CALLED BY (CORREL) 12220
TO COMPUTE THE SELECTED SIMILARITY/DISSIMILARITY COEFFICIENT ICOEF 12230
FOR (A) BINARY DATA IF IDATA=1 12240
OR (B) NUMERIC DATA IF IDATA=2 12250

41
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DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES skdcoksoksdrsfckkkskkik] 2260
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 12270

DIMENSION TEXT(20) 12280
COMMON N yMB yMN yNPCF yNPC,ISTAND, IMASK,IDATA s ICOEF,ITYPE sKMAX 12290
COMMON LNDATA,LBDATA,LMEANS yLVARS s LCORS yLEIGS yLEIGVS 4L SCORSy LENGS,12300
1LFREQS yLNMASK y LBMASK  LMAT s LKLISTyLNEXT 4 TEXT 12310
LIMIT ON MN = 200 { NUMBER OF NUMERIC VARIABLES ) 12320
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 12330
LIMIT ON N = 250 ( NUMBER OF PQOINTS/CASES ) 12340
LIMIT ON KMAX = 1400/N 12350
THIS DIMENSION STATEMENT COUPLED WITH THE USE OF COMMON ENABLES AN 12360
EFFECTIVE EQUIVALENCE (XMASKsMASKB) 3(XsIX)s(Y,LIST) TO BE USED 12370
WITHOUT EQUAL FANDK. THUS THE EFFECTIVE (WRITE OVER) DIMENSION OF 12380
THE ARRAYS MASKB,IX, AND LIST FOR AN FANDK OF 0805 IS 401 12390
DIMENSION DAR(1400),KLINK(1400),XMASK(200) sMASKB(1),X(200),IX(1), 12400
1Y(200) 4L IST(1)4C(250),4LENG(250) 12410
ARRAY COMMON 12420
COMMON DAR yKLINK 9 XMASK ¢ MASKB 3 X9 IXeY 4 LIST,CyLENG 12430
SINGLE VARIABLE COMMON 12440
COMMON MyLX4PXyPY,LY,IDISK,PM 12450

DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES sdkskicdoksiiokkkdkniok] 2460
THE FOLLOWING VARIABLES USED BY THE SUBROUTINE ARE DECLARED IN COMMON12470

PMsM = NUMBER OF VARIABLES 12480
(A} BINARY DATA 12490
(IX(L)yL=14MB) HAS 1 IF ATTRIBUTE L IS UNMASKED AND POSSESSED BY 12500

SAMPLE I, O OTHERWISE 12510

PX = NUMBER OF UNMASKED ATTRIBUTES POSSESSED BY SAMPLE 1 12520
(LIST(L)yL=1oLY) LIST OF (MASKED AND UNMASKED) ATTRIBUTES 12530
POSSESSED BY SAMPLE J 12540

(MASKB(L)sL=14MB) HAS 1 IF ATTRIBUTE L IS UNMASKED, 0 IF MASKED 12550

(B) NUMERIC DATA 12560
(X({L)sL=1,MN) NUMERIC DATA FOR SAMPLE I 12570
(Y(L)yL=1yMN) NUMERIC DATA FOR SAMPLE J 12580
(XMASK(L)sL=1,MN) HAS 1.0 IF NUMERIC VARIABLE L IS UNMASKED,0.0 12590

IF MASKED 12600

THE SUBROUTINE ARGUMENT COEFF CONTAINS THE COMPUTED COEFFICIENT VALUEl2610
BRANCH ON DATA TYPE INDICATOR 12620
GO TO (30,40),IDATA 12630

BINARY DATA 12640

COMPUTE VALUE OF ACELL (NUMBER OF BINARY VARIABLES IN COMMON FOR 1,J)12650

PY, THE NUMBER OF UNMASKED ATTRIBUTES POSSESSED BY SAMPLE J 12660

30 IA=0 12670

NY =0 12680
DO 35 L=1,LY 12690
[=LIST(L) 12700

NY =NY+MASKB(I) 12710

35 IA=IA+IX(I) 12720
SET ACELL AND PY 12730
ACELL =IA 12740
PY=NY 12750
NOW BRANCH TO COMPUTE COEFFICIENT ICOEF 12760
40 GO TO (1929394959697 9839510911,12913914415916517918919920,21,22,2312770
1424425) 4ICOEF 12780
COEFFICIENT 1 - NUMERIC SQUARED EUCLIDEAN DISTANCE 12790
1 D=0. 12800
DO 41 L=1,MN 12810
P=X(L)=Y(L) 12820

41 D=D+P*P*XMASK(L) . 12830
COEFF=D/PM 12840
RETURN 12850

42



COEFFICIENT 2 — BINARY EUCLIDEAN DISTANCE (B+C)/M 12860

2 COEFF=(PX+PY-2.%ACELL)/PM 12870
RETURN 12880
COEFFICIENT 3 - NUMERIC PRODUCT-MOMENT COERRELATION COEFFICIENT 12890
3 SUMX=0. 12900
SUMY =0, 12910
SSQX=0. 12920
SSQY=0. 12930
PRODXY=0. 12940

DO 43 L=14MN 12950

IF (XMASK(L))}43,43,42 12960

42 P=X(L) 12970
Q=Y (L) 12980
SUMX =SUMX+P 12990
SUMY =SUMY +Q 13000
SSQX=SSQX+P*P 13010
SSQY=SSQY+Q*Q 13020
PRODXY =PRODXY+P*Q 13030

43 CONTINUE 13040
XNUM =PM*PRODXY-SUMX*SUMY 13050
DEN=SQRT( (PM*SSQX=SUMX*SUMX)*( PM*SSQY-SUMY*SUMY )) 13060

GO TO 60 13070
COEFFICIENT 4 - BINARY (A+D)/M 13080
4 COEFF={PM+2.*ACELL-PX=PY)/PM 13090
RETURN 13100
COEFFICIENT 5 - BINARY A/(A+B+C) 13110
5 COEFF=ACELL/(PX+PY-ACELL) 13120
RETURN 13130
COEFFICIENT 6 — BINARY 2A/(2A+B+C) 13140
6 COEFF=24*ACELL/(PX+PY) 13150
RETURN 13160
COEFFICIENT 7 - BINARY 2(A+D)/(2(A+D}+(B+C)) 13170
7 P=PM+2.*ACELL-PX-PY 13180
COEFF=2.%P/(P+PM) 13190
RETURN 13200
COEFFICIENT 8 - BINARY A/(A+2(B+C)) 13210
8 COEFF=ACELL/ (2% {(PX+PY)=3.*ACELL) 13220
RETURN 13230
COEFFICIENT 9 - BINARY (A+D)/(A+D+2(B+C)) 13240
9 P=2.*%ACELL-PX-PY 13250
COEFF=(PM+P)/ (PM-P) 13260
RETURN 13270
COEFFICIENT 10 - BINARY A/(B+C) 13280
10 XNUM=ACELL 13290
DEN=PX+PY-2.*ACELL 13300

GO TO 60 13310
COEFFICIENT 11 - BINARY (A+D)/(B+C) 13320
11 P=PX+PY-2.%*ACELL 13330
XNUM =PM—-P 13340
DEN=P 13350

GO TO 60 13360
COEFFICIENT 12 — BINARY ((A+D)}-(B+C))/M 13370
12 COEFF=(PM+24+%(2¢*ACELL=PX-PY})/PM 13380
RETURN 13390
COEFFICIENT 13 — BINARY A/M 13400
13 COEFF=ACELL/PM 13410
RETURN 13420
COEFFICIENT 14 - BINARY (A/(A+C)+A/(A+B))/2 13430
14 COEFF=ACELL*{(PX+PY)/(2.*PX*PY) 13440
RETURN 13450
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COEFFICIENT 15 - BINARY (A/{A+C)+A/{(A+B)+D/(B+D)+D/(C+D)) /4 13460

15 P=(PM-PX)*(PM=PY) i 13470
IF (P)65,65,44 13480
44 COEFF=(ACELL*(PX+PY)/(PX%PY)}+(PM=PX=PY+ACELL)* (2 +%PM=PX—=PY)/P)/4. 13490
RETURN 13500
COEFFICIENT 16 - BINARY A/SQRT{{(A+C)(A+B)) 13510
16 COEFF=ACELL/SQRT(PX*PY) 13520
RETURN 13530
COEFFICIENT 17 — BINARY AD/SQRT((A+B)(A+C)(B+D)(C+D)) 13540
17 P=(PM=-PX)%*(PM=-PY) 13550
IF (P)65,65,445 13560
45 COEFF=ACELL*(PM=PX=PY+ACELL)/SQRT(PX%PY*P) 13570
RETURN 13580
COEFFICIENT 18 - BINARY (AD-BC)/SQRT((A+B)(A+C)(B+D)(C+D)) 13590
18 P=(PM-PX)*(PM-PY) 13600
IF (P)65,65,46 13610
46 COEFF=(ACELL*PM=PX*PY)/SQRT(PX*PY*P) 13620
RETURN 13630
COEFFICIENT 19 - BINARY (AD=BC)/(AD+BC) 13640
19 QR=(ACELL*PM)=-(PX*PY) 13650
Q=(ACELL*(PM+2¢*{ACELL=PX=PY) ) )+(PX*PY) 13660
IF (Q)47,48,47 13670
47 COEFF=QR/Q 13680
RETURN ‘ 13690
48 IF (QR)75,70,70 13700
COEFFICIENT 20 - SPACE AVAILABLE 13710
20 CONTINUE 13720
RETURN 13730
COEFFICIENT 21 - SPACE AVAILABLE 13740
21 CONTINUE 13750
RETURN 13760
COEFFICIENT 22 - SPACE AVAILABLE 13770
22 CONTINUE 13780
RETURN 13790
COEFFICIENT 23 - SPACE AVAILABLE 13800
23 CONTINUE 13810
RETURN 13820
COEFFICIENT 24 - SPACE AVAILABLE 13830
24 CONTINUE 13840
RETURN 13850
COEFFICIENT 25 - SPACE AVAILABLE 13860
25 CONTINUE 13870
RETURN 13880
THIS SECTION IS UTILISED WHEN THE COEFFICIENT CAN BE INDETERMINATE 13890
BRANCH IF ZERO DENOMINATOR 13900
60 IF (DEN)80,65,80 13910
ZERO DENOMINATOR — BRANCH ON COEFFICIENT TYPE INDICATOR 13920
65 GO TO (70,75),ITYPE 13930
SIMILARITY COEFFICIENT 13940
70 COEFF=999,.999 13950
RETURN 13960
DISSIMILARITY COEFFICIENT 13970
75 COEFF=-999.,999 13980
RETURN 13990
NON-ZERC DENOMINATOR 14000
80 COEFF =XNUM/DEN 14010
RETURN 14020
END 14030
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SUBROUTINE INSERT (IP,JP,CO) 14040

CALLED BY (CORREL) 14050
FUNCTION - TO COMPARE THE COEFFICIENT CO FOR SAMPLE JP TAKEN WITH 14060
SAMPLE IP AND INSERT CO IN THE APPROPRIATE K-LIST DAR(IP,K) FOR IP 14070
IF APPROPRIATE. THE LINKAGE ARRAY KLINK(IP4K) IS ALSO UPDATED. 14080

DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES sekksoksokssiokiokkkkk®k]14090
END OF COMMON RESERVED FCR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 14100

DIMENSION TEXT(20) 14110
COMMON N yMByMN yNPCF yNPC o ISTAND 5 IMASK » IDATA s ICOEF, ITYPE yKMAX 14120
COMMON LNDATA yLBDATA yLMEANS yLVARS,LCORS yLEIGSyLEIGVS L SCORSyLENGS,14130
1LFREQS s LNMASK yLBMASK yLMATy LKLISTy LNEXT yTEXT 14140
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 14150
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 14160
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 14170
LIMIT ON KMAX = 1400/N 14180
THIS DIMENSION STATEMENT COUPLED WITH THE USE OF COMMON ENABLES AN 14190
EFFECTIVE EQUIVALENCE (XMASK,MASKB)y (XsIX),(Y,LIST) TO BE USED 14200
WITHOUT EQUAL FANDK. THUS THE EFFECTIVE (WRITE OVER) DIMENSION OF 14210
THE ARRAYS MASKB,IX, AND LIST FOR AN FANDK OF 0805 IS 401 14220
DIMENSION DAR(1400)3KLINK(1400)XMASK(200) yMASKB (L)X (200),IX(1), 14230
1Y(200)4LIST(1),C(250),LENG(250) 14240
ARRAY COMMON 14250
COMMON DAR yKLINK y XMASK yMASKB yX 3 IX 3, LIST yC yLENG 14260
SINGLE VARIABLE COMMON 14270
COMMON M,LX3PX4PY,LY,IDISKPM 14280

DIMENSIONS AND COMMON AREA FOR ALL CORREL ROUTINES ks skkikirkl14290
ARITHMETIC STATEMENT FUNCTION INDEX(J) IS THE POSITION OF DAR(IP,J) 14300

IN THE LINEAR ARRAY DAR(1400) 14310
INDEX(J)=(J-1)%N+IP 14320
J=INDEX{KMAX) 14330

BRANCH ON COEFFICIENT TYPE INDICATOR ‘ 14340
GO TOQ (5410),ITYPE 14350

SIMILARITY COEFFICIENT 14360

5 IF (CO-DAR(J))50,50,15 14370

DISSIMILARITY COEFFICIENT 14380

10 IF (CO-DAR(J))15,50,50 14390

THEREFORE CO MUST BE INSERTED IN THE IPTH. ROW OF DAR 14400

FIND THE POSITION OF CO IN THE IPTH. ROW OF DAR 14410

15 DO 30 L=1,KMAX 14420
J=INDEX(L) 14430

BRANCH ON COEFFICIENT TYPE INDICATOR 14440
GO TO (20,25),ITYPE 14450

SIMILARITY COEFFICIENT 14460

20 IF (CO-DAR(J))30,430,435 14470

DISSIMILARITY COEFFICIENT 14480

25 IF (CO-DAR(J))35430,30 14490

30 CONTINUE 14500

INSERT CO INTO DAR(IP,L) AND INSERT JP INTO KLINK(IP,L) 14510

35 Q=DAR(J) 14520
DAR(J)=CO . 14530
JQ=KLINK(J) 14540
KLINK(J)}=JP 14550

IS L LESS THAN KMAX 14560
IF (L-KMAX)40,50,50 14570

L LESS THAN KMAX, SO SHIFT REMAINING HIGH ORDER COEFFICIENTS IN IPTH.14580

ROW OF DAR TO RIGHT, UPDATING KLINK AT THE SAME TIME, 14590

40 LZ=L+1 14600
DO 45 I=LZ,KMAX 14610
J=INDEX(I) 14620
P=Q 14630
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LP=JQ 14640

Q=DAR(J) 14650
JQ=KLINK(J) 14660
DAR(J ) =P 14670
45 KLINK(J)=LP 14680
50 RETURN 14690
END 14700
ROUTINE - MODE 14710
AUTHOR -~ DAVID WISHART, MATHEMATICAL INSTITUTE, UNIVERSITY OF ST. 14720
ANDREWS, FIFE, GREAT BRITAIN. (PROGRAMME WRITTEN -~ JUNE 1968) 14730
DEFINE DISK (10,4300) 14740
MAIN PROGRAMME (MDDE) - PERFORMS THE EXTERNAL CONTROL OF A MODE 14750
ANALYSIS HIERARCHICAL FUSION PROCESS 14760
THE DECISION TO FUSE EXISTING CLUSTERS OR INTRODUCE A NEW DENSE POINT14770
IS MADE IN STATEMENTS 15 AND 20. 14780
CALLS SUBROUTINES INIT,REVISE,OUTPUT,IOFILE,ORDER,GET4MINIMD,INTRO, 14790
RECLAS,DISKIO 14800

DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES sssksessssokiorinssxix]14810
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 14820

DIMENSION TEXT(20) 14830
COMMON NsMByMNoyNPCFyNPCoISTANDyIMASKy IDATA,ICOEF,y ITYPEKMAX 14840
COMMON LNDATA,LBDATA4LMEANS,LVARSyLCORSyLEIGSyLEIGVS,LSCORS,LENGS,14850
1ILFREQS s LNMASK ¢y LBMASKoLMAT) LKLISTy LNEXT 4 TEXT 14860
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 14870
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 14880
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 14890
LIMIT ON KMAX = 1400/N 14900
COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 14910
ARRAY COMMON 14920
DIMENSION K(250),4KP(251)4,KD(250) yKCOP(250)+KDCOP(250)4IUN(10), 14930
1PD(251)+D(250),C(250),DCOP(250) 14940
COMMON K,KP,KD,KCOP,KDCOP,41UNyPD,D,C,DCOP 14950
SINGLE VARIABLE COMMON 14960
COMMON IP4IFUSE LIMyLINKyMINCHKL yKMINyISTAGE yDMINyPMIN,PERC 14970
1,NUMOUT yCOEF s IONyMINFUS 14980
DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES ssdksksckssikkx®x%kk%]14990
INITIALISE ARRAYS DyKyPDyKPy FIND MATRIX FILE AND READ ANALYSIS 15000
PARAMETERS KL yPERCyMINC,ION AND MINFUS 15010
CALL INIT 15020
SET NUMBER OF CLASSIFICATIONS COUNTER TO ZEROD 15030
NUMOUT =0 15040
IP=1 15050
FIND NON-DENSE POINT KMIN WHICH IS NEXT TO BECOME DENSE FOR 15060
COEFFICIENT VALUE PMIN 15070
5 PMIN=PD(IP) 15080
KMIN=KP(IP) 15090
SET FUSION INDICATOR TO ZERO 15100
IFUSE=0 15110
COPY CURRENT VALUES OF CLASSIFICATION ARRAYS KyKDyD 15120
DO 10 I=1,4N 15130
DCOP(I)=DI(I) 15140
KCOP(I)=K(1I) 15150

10 KDCOP(I)=KD(I) 15160
SEARCH FOR LEAST ELEMENT IN D FOR DENSE POINTS - IE LEAST INTER- 15170
CLUSTER NUCLEUS LINK 15180
CALL MINIMD 15190

AT EXIT D(LIM) IS LEAST VALUE DMIN IN D FOR DENSE POINTS OR 10.E+90 15200
(DISSIMILARITY, -10.E+90 (SIMILARITY) IF NO SUCH LINK EXISTS. 15210
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BRANCH ON COEFFICIENT TYPE INDICATOR TO MAKE (INTRODUCE) OR (DIRECT 15220

FUSION) DECISION 15230
GO TO (15,20),ITYPE 15240
SIMILARITY COEFFICIENT 15250
15 IF (DMIN-PMIN)25,30,30 15260
DISSIMILARITY COEFFICIENT 15270
20 IF (DMIN-PMIN)30,430,25 15280
NOW INTRODUCE NEW DENE POINT KMIN. 15290
SET STAGE INDICATOR 15300
25 ISTAGE=1 15310
CALL INTRO 15320
NOTE LIMITING COEFFICIENT VALUE PMIN FOR (OUTPUT) PARAMETER 15330
RAD=PMIN 15340
INCREASE NEXT-DENSE COUNTER 15350
IP=IP+1 15360
BRANCH IF DENSE POINT KMIN CAUSES CLUSTER FUSION 15370
IF (IFUSE-1)40,40,35 15380
NOW FUSE TWO EXISTING CLUSTERS - SET STAGE INDICATOR 15390
30 ISTAGE=2 15400
NOTE LIMITING COEFFICIENT VALUE DMIN FOR (OUTPUT) PARAMETER 15410
RAD=DMIN 15420
LINK=KD(LIM) 15430
RECLASSIFY CLUSTERS CONTAINING POINTS LIM,LINK 15440
CALL RECLAS (LIM,LINK) 15450
SET FUSION INDICATOR 15460
IFUSE=2 15470
NOW REVISE KD,D VALUES AFTER CLUSTER FUSION 15480
35 CALL REVISE 15490
NOW ENTER RESULTS ROUTINE 15500
40 CALL QOUTPUT(RAD) 15510
NOTE LAST COEFFICIENT VALUE COEF 15520
COEF =RAD 15530
NOW RETURN FOR NEXT CYCLE 15540
GO TO 5 15550
END 15560
SUBROUTINE GET (ICON,IZ) 15570
CALLED BY {(MODE) 15580

DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES sk skkkskk%]15590
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 15600

DIMENSION TEXT(20) 15610
COMMON NyMB yMNyNPCF ¢yNPCyISTAND 9 IMASKy IDATA 3 ICOEF, ITYPE yKMAX 15620
COMMON LNDATA,LBDATA)LMEANS yLVARSy)LCORS yLEIGSyLEIGVS L SCORSyLENGS,15630
1LFREQSyLNMASKyLBMASKyLMAT,LKLIST,LNEXT yTEXT 15640
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 15650
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 15660
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 15670
LIMIT ON KMAX = 1400/N 15680
COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 15690
ARRAY COMMON 15700
DIMENSION K(250)4KP(251)4KD(250) yKCOP(250) 4KDCOP(250)4IUN(10), 15710
1PD(251)4D(250),C(250),DCOP(250) 15720
COMMON K,KP4KDyKCOP4KDCOP yIUNyPD,DyC,DCOP 15730
SINGLE VARIABLE COMMON 15740
COMMON IPyIFUSE,LIMyLINKyMINCsKL 4KMINyISTAGE ,DMIN4PMIN,PERC 15750
1,NUMOUT ,COEF y IONysMINFUS 15760
DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES sckkkkskkskkkkk®%%x]15770
SUBROUTINE TO READ ELEMENTS FROM THE COEFFICIENT MATRIX FILE. 15780

WRITTEN IN PACKAGE FORM FOR SIMPLE MODIFICATION TO NON-DISK SYSTEMS. 15790
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IFN(I)=10%(1+(I=2)/10)%((1-2)/10)/2+(1-2=((I-2)/10)*10)*((I-2)/10+15800
11)+LMAT 15810

ARITHMETIC STATEMENT FUNCTION WHICH COMPUTES THE DISK RECORD NUMBER 15820
CONTAINING THE FIRST SEGMENT OF THE (I)TH. ROW IN A TRIANGULAR MATRIX15830
GIVEN THAT LMAT IS THE DISK RECORD NUMBER OF THE FIRST MATRIX ROW 15840
(THE SINGLE COEFFICIENT C(2,41)) AND EACH ROW IS STORED SEQUENTIALLY 15850
WITH 10 COEFFICIENTS PER RECORD) 15860
BRANCH ON CONTROL INTEGER ICON - 15870
ICON = 1 GET THE COMPLETE ROW OF COEFFICIENTS (C(IZ,1)4I=14N) FOR15880

THE (IZ)TH. INDIVIDUAL 15890

ICON = 2 GET THE PARTIAL ROW OF COEFFICIENTS (C(IZ,I),I=141Z-1) 15900

GO TO (5,20),ICON 15910
GET THE COMPLETE ROW OF COEFFICIENTS (C(IZyI)yI=1,4N) 15920
INITIALLY SELECT THE ELEMENTS (C(IZ,1),I=1Z+1,N)y ONE FROM EACH OF 15930
THE ROWS C{I,-) AND THEN PROCEED TO ICON=2 TO COMPLETE THE INPUT BY 15940
ADDING THE PARTIAL LIST. 15950
FIRST CHECK THAT IZ IS LESS THAN N 15960
5 IF (IZ-N)10,25,25 15970
IZ LESS THAN N 15980
10 JD=1Z+1 15990
THEREFORE READ THE COEFFICIENTS (C{(I,IZ),I=JDsN)y ONE AT A TIME 16000
IF THE ROWS ARE OBTAINED IN REVERSE ORDER, THE ARRAY C CAN BE USED 16010
AS A BUFFER AREA SO THAT THE RELEVANT COEFFICIENT IN EACH ROW C(I,IZ)16020
WITH 1 DECREASING IS RETAINED BY AN OVERLAP AT EACH STAGE. 16030
LROW=(IZ-1)/10 16040
COMPUTE THE LEMGTH OF THE SEGMENT, L 16050
L=I1Z-10%LROW 16060

DO 15 I=JD,N 16070
MA=N-I+JD 16080
THUS WE REQUIRE C(MA,IZ) FROM THE (MA)TH. ROW 16090
NOW FIND THE DISK RECORD NUMBER JREC FOR THE LAST TEN-COEFFICIENT 16100
SEGMENT OF THIS ROWe. 16110
JREC=IFN(MA)+LROW 16120
COMPUTE THE INDIVIDUAL NUMBER IA CORRESPONDING TO THE START OF THIS 16130
LAST SEGMENT 16140
IA=MA-L+1 16150
NOW FETCH THE SEGMENT, ALLOWING THE LOWER PART TO WRITE INTO THE C 16160
BUFFER AREA AND LEAVING C(MA,IZ) AS AN OVERLAP. 16170
CALL DISKIO(6,JREC, IBDUMY,LBDUMY,C(IA},L) 16180

15 CONTINUE 16190
NOW CONTINUE TO GET THE PARTIAL LIST. 16200
TEST WHETHER IZ EXCEEDS 1 16210
20 IF (1Z-1)30430,25 16220
FIND THE DISK RECORD OF THE (IZ)TH. ROW 16230
25 JREC=IFN(IZ) 16240
GET THE MATRIX ROW. 16250
MA=1Z-1 16260
CALL DISKIO(6,JREC,IBDUMY 4LBDUMY CyMA) 16270

30 CONTINUE 16280
TRACE FEATURE - REMOVE THIS SECTION IF NOT DESIRED sassscksdcidoriokkiiik16290
IF (SENSE SWITCH 2)500,535 16300
500 GO TO (505,515),ICON 16310
505 ClIZ)=999.99 16320
PRINT 5104IZ4(C(I)sI=14N) 16330
510 FORMAT (55H *#%%k*TRACE COMPLETE COEFFICIENT MATRIX ROW FOR SAMPLE 16340
1,14/18(15F843/)) 16350
GO TO 525 16360
515 PRINT 520,I2,(C(I),I=1,MA) 16370
520 FORMAT (54H *%%%%TRACE PARTIAL COEFFICIENT MATRIX ROW FOR SAMPLE ,16380
114/18(15F8.3/7)) 16390
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525 PRINT 530 16400

530 FORMAT (31H =*%*%*END OF COEFFICIENTS TRACE) 16410
535 CONTINUE 16420
TRACE FEATURE - REMOVE THIS SECTION IF NOT DESIRED dadskskamdckkiockkdiik16430
RETURN 16440
END 16450
SUBROUTINE INIT 16460
CALLED BY (MODE) 16470

DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES #ddckisidokiaiskiockukk®xk16480
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIQ) PARAMETERS 16490

DIMENSION TEXT(20) 16500
COMMON N sMB yMN yNPCF yNPC,ISTAND,y IMASK, IDATA,,ICOEF ITYPE KMAX 16510
COMMON LNDATA,LBDATA,LMEANS yLVARS yLCORS yLEIGS yLEIGVS,,LSCORS,LENGS,16520
1ILFREQS yLNMASK yLBMASK g LMAT s LKLIST,,LNEXTTEXT 16530
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 16540
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 16550
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 16560
LIMIT ON KMAX = 1400/N 16570
COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 16580
ARRAY COMMON 16590
DIMENSION K(250),KP(251),KD(250),KCOP(250) 4KDCOP(250),IUN(10), 16600
1PD(251),4D(250),C(250),DC0OP(250) 16610
COMMON K,yKP,KD4KCOP,KDCOP,IUN,PDyD,C,DCOP 16620
SINGLE VARIABLE COMMON 16630
COMMON IP,IFUSE LIMyLINKyMINCyKLyKMINy ISTAGEDMIN,PMIN,PERC 16640
1,NUMOUT,COEF 4 ION yMINFUS 16650
DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES ssdckssdordiidorkikiit 16660
SUBROUTINE TO INITIALISE THE MODE-ANALYSIS ROUTINE (MODE) 16670
READ THE DISK FILE PARAMETERS 16680
CALL DISKIO(14LSDUMY,IBDUMY,LBDUMYyXDUMY,LNDUMY) 16690
IDENTIFY THE FILE 16700
CALL IOFILE 16710

IS THE FILE COMPLETE 16720
IF (KMAX%*LMAT*LKLIST)5,5,15 16730
FILE INCOMPLETE - ABORT 16740
5 PRINT 10 16750
10 FORMAT (24H ERROR - FILE INCOMPLETE/9H JOB ENDS/1H1) 16760
CALL EXIT 16770
READ CARD PARAMETERS 16780
15 READ 20,KL 4yMINCyMINFUS,PERC,ION 16790
20 FORMAT (3I24F5.0,4A1) 16800
TEST KL AGAINST LIMITS (0,KMAX) 16810
IF (KL)25,425,30 16820

KL ZERO - SO SET TO ARBITRARY 3 16830
25 KL=3 16840
DOES KL EXCEED KMAX 16850
30 IF (KL-KMAX)40,40,35 16860
35 KL =KMAX ' 16870
TEST VALUE OF PERC AGAINST LIMITS (0,1) 16880
40 IF (PERC)50,50445 16890
45 IF (PERC-1.)55455,50 16900
50 PERC=.8 16910
TEST VALUE OF MINC 16920
55 IF (MINC)60,60,65 16930
60 MINC=1 16940
PRINT INPUT PARAMETERS 16950
65 PRINT 704KLyMINC,PERC,MINFUS 16960

70 FORMAT (14H1MODE ANALYSIS//16H DENSITY LEVEL =,13/37H MINIMUM NUMB16970
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1ER OF CLUSTERS CONTROL =,13/27H MINIMUM ENCLOSURE RATIO =

1F5.2/4516980

2H FUSION OUTPUT OF CLUSTERS SIZE - MUST EXCEED,13,13H DENSE POINTS16990

3/7)
READ THE KLTH. K-LINKAGE LIST FROM FILE
IR=LKLIST+(KL=1)#%2%((N+9)/10)
CALL DISKIO(64IRyIDUMY yLBDUMY 4PD 4N)
BRANCH ON COEFFICIENT TYPE INDICATOR
GO TO (75,80),ITYPE
SIMILARITY COEFFICIENT
75 7=-10.E+90
GO TO 85
DISSIMILARITY COEFFICIENT
80 Z= 10.E+90
SET Dy K,y KP
85 DO 90 I=1,N
D(I)=Z
KD (I)=0
K(I)=0
90 KP(I)=I
SET (N+1)TH. VALUES OF PDyKP FOR TOTAL ENCLOSURE OVERLAP
PD(N+1)=Z
KP(N+1) =0
ORDER PD MAINTAINING KP AS A POINTER
CALL ORDER(ITYPE,PDyKPyN)
RETURN
END

SUBROUTINE MINIMD
CALLED BY (MODE)

17000
17010
17020
17030
17040
17050
17060
17070
17080
17090
17100
17110
17120
17130
17140
17145
17150
17160
17170
17180
17190
17200
17210
17220

17230
17240

TO FIND THE LEAST INTER-CLUSTER NUCLEUS LINK DMIN, AND POSITION LIM 17250

DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES sk

END OF COMMON RESERVED FOR DISK I1/0 SUBROUTINE (DISKIO)

skdoskdokgkkk 17260
PARAMETERS 17270

DIMENSION TEXT(20) 17280
COMMON N yMByMN yNPCF4NPC,ISTAND, IMASK, IDATA,ICOEF,ITYPE ,KMAX 17290
COMMON LNDATALBDATA,LMEANSyLVARS yLCORS yLEIGS yLEIGVS yLSCORS,LENGS,17300
1LFREQS yLNMASKyLBMASK g LMAT yLKLIST ,LNEXT 2 TEXT 17310
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 17320
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 17330
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 17340
LIMIT ON KMAX = 1400/N 17350
COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 17360
ARRAY COMMON 17370
DIMENSION K(250)4KP{251),KD(250),KCOP(250),+,KDCOP(250),IUN(10), 17380
1PD(251),D(250),C(250),DCOP(250) 17390
COMMON K4KP,KD,KCOP,KDCOP,1UN,PD,D,C,DCOP 17400
SINGLE VARIABLE COMMON 17410
COMMON IPIFUSEsLIMyLINK,MINC KLyKMIN,ISTAGE,DMINPMIN,PERC 17420
1yNUMOUT,COEF yIONyMINFUS 17430
DIMENSIONS AND COMMON AREA FOR ALL (MODE)} ROUTINES #dcdksdacdksaokiokkdkiok’ 17440
CORRESPONDING TO D(LIM) 17450
SET INITIAL LIMIT VALUE AT EXTREME 17460
LIM=0 17470
BRANCH ON COEFFICIENT TYPE INDICATOR 17480
GO TO (5410),ITYPE 17490
SIMILARITY COEFFICIENT 17500
5 DMIN=-10.E+90 17510
GO TO 15 17520
DISSIMILARITY COEFFICIENT 17530
10 DMIN=10.E+90 17540
15 DD 40 I=1,4N 17550
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IF (K(I))40,40,20 17560

THEREFOR DENSE POINT 17570
BRANCH ON COEFFICIENT TYPE INDICATOR 17580
20 GO TO (25430),ITYPE 17590
SIMILARITY COEFFICIENT 17600
25 IF (D(I)-DMIN)40,40,35 17610
DISSIMILARITY COEFFICIENT 17620
30 IF (D(I)-DMIN)35,40,40 17630
35 DMIN=D(I) 17640

LIM=I 17650
40 CONTINUE 17660

RETURN 17670

END 17680

SUBROUTINE RECLAS(KA,KB) 17690
CALLED BY (MODE) 17700

DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES ddoksiskdodoksksokkdkk 17710
END OF COMMON RESERVED FOR DISK I/0O SUBROUTINE (DISKIO) PARAMETERS 17720

DIMENSION TEXT(20) 17730
COMMON NyMB yMNyNPCF 4NPCyISTAND,IMASK s IDATA,ICOEF, ITYPE ,KMAX 17740
COMMON LNDATA,LBDATA3LMEANS yLVARSyLCORS yLEIGSyLEIGVS L SCORS,LENGS,17750
1LFREQS yLNMASK yLBMASKyLMAT, LKLISTyLNEXT TEXT 17760
LIMIT ON MN = 200 { NUMBER OF NUMERIC VARIABLES ) 17770
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 17780
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 17790
LIMIT ON KMAX = 1400/N 17800
COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 17810
ARRAY COMMON 17820
DIMENSION K(250),KP(251),4KD(250) 4KCOP(250) 4KDCOP (250),IUN(10), 17830
1PD(251),4D(250),C(250),DCOP(250) 17840
COMMON K4KP,KD,KC3P,KDCOP yIUN,PD4D4+C,DCOP 17850
SINGLE VARIABLE COMMON 17860
COMMON IP,IFUSE LIMyLINKsMINC,KL KMINyISTAGE DMIN4PMIN,PERC 17870
1,NUMOUT yCOEF,I0ONsMINFUS 17880

DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES ssscickaoksoksskkkskx%17890
SUBROUTINE TO RECLASSIFY THE CLUSTERS CONTAINING DENSE POINTS KA, KB 17900

PROVIDED THAT - 17910
A) KA, KB ARE BOTH DENSE, IE K(KA) AND K(KB) ARE NONZERO 17920
B) KA,KB BELONG TO DIFFERENT CLUSTERS, IE K(KA) AND K(KB) DIFFER 17930
THE RESULTANT CLUSTER CODE IS MIN ( K(KA)4K(KB) ) 17940
KX=K(KA) 17950
KY=K(KB) 17960
SET KX TO LEAST CLUSTER CODE 17970
IF (KX-KY)10,30,5 17980

5 KX=K(KB) 17990
KY=K({KA) 18000
NOW TEST THAT KX,KY ARE NONZERO 18010
10 IF (KX)30,30,15 18020
RECLASSIFY CLUSTER KY INTO KX 18030
15 DO 25 I=1,4N 18040
IF (K(I)-KY)25,20,25 18050

20 K(I)=KX 18060
25 CONTINUE 18070
30 RETURN 18080
END 18090
SUBROUTINE INTRO 18100
CALLED BY (MODE) 18110
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DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES dckdckiokskddkdkisiokkkdk*18120
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 18130

DIMENSION TEXT(20) 18140
COMMON N yMByMN ¢4NPCFyNPCyISTANDy IMASK,IDATA,ICOEF,ITYPE jKMAX 18150
COMMON LNDATA,LBDATA,LMEANS 3L VARS yLCORS yLEIGS yLEIGVS L SCORS,LENGS,18160
1LFREQS yLNMASK s LBMASK y LMAT g LKLIST sLNEXT 4 TEXT 18170
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 18180
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 18190
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 18200
LIMIT ON KMAX = 1400/N 18210
COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 18220
ARRAY COMMON 18230
DIMENSION K(250)4KP(251)4KD(250),KCOP(250) 4KDCOP(250)4IUN(10), 18240
1PD(251),D(250),C(250}),DC0OP(250) 18250
COMMON K4KP,KD,KCOP 4KDCOP,IUN,PD,D,4C,DCOP 18260
SINGLE VARIABLE COMMON 18270
COMMON IPyIFUSEsLIMyLINK yMINC yKLyKMIN, ISTAGE ,DMINyPMIN,PERC 18280
1,NUMOUT,COEF , IONyMINFUS 18290
DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES sckdkskddkokskiokkikk¥kx*18300
FUNCTION - TO INTRODUCE A NEW DENSE POINT KMIN WITH (K)TH. LEAST 18310
COEFFICIENT PMIN 18320
INITIALISE OWN CLUSTER AT START 18330
K(KMIN) =KMIN 18340
GET COEFFICIENTS (C(J)yJ=1yN) FOR POINT KMIN - SECTION (A) ON FLOW 18350
CHART 18360
CALL GET(1,KMIN) 18370
SCAN ALL COEFFICIENTS FOR COMPLETION OF SECTIONS (B) AND (E) ON FLOW 18380
CHART 18390
DO 55 J=14N 18400

IF (J-KMIN)5,55,5 18410

5 IF {(K(J)-K(KMIN))10,55,10 18420
THEREFORE DIFFERENT CLUSTERS OR J NON-DENSE 18430
10 IF (K(J))35,35,15 18440
THEREFORE J DENSE - NOW EVALUATE SECTION (B) 18450
BRANCH ON COEFFICIENT TYPE INDICATOR 18460
15 GO TO (20,425),ITYPE 18470
SIMILARITY COEFFICIENT 18480
20 IF (C(J)-PMIN)55,55,30 18490
DISSIMILARITY COEFFICIENT 18500
25 IF (C(J)-PMIN)30,55,55 18510
NOW FUSE CLUSTERS K(J) K(KMIN) 18520
INCREASE FUSION COUNTER 18530
30 IFUSE=IFUSE+1 18540
NOTE FUSION FOR LATER OUTPUT 18550
IUN(IFUSE)=K(J) 18560
RECLASSIFY CLUSTERS K(J),K(KMIN) 18570
CALL RECLAS(KMIN,J) 18580

GO TO 55 18590
NON-DENSE POINT - CONTINUE WITH SECTION (E) OF FLOW CHART 18600
TEST FOR NEW LIMITING COEFFICIENT VALUE 18610
BRANCH ON COEFFICIENT TYPE INDICATOR 18620
35 GO TO (40445),ITYPE 18630
SIMILARITY COEFFICIENT 18640
40 IF (D(J)-C(J))50,455455 18650
DISSIMILARITY COEFFICIENT 18660
45 IF (D(J)-C(J))55,455,50 18670
NEW LIMITING COEFFICIENT VALUE FOUND 18680
RESET D AND KD VALUES 18690
50 D(J)=C(J) 18700
KD{J)=KMIN ' 18710
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END OF LOOP 18720
55 CONTINUE 18730
SET UPPER LIMITS ON SEARCH FOR LIMITING D(KMIN) 18740
BRANCH ON COEFFICIENT TYPE INDICATOR 18750

GO TO (60,65),ITYPE 18760
SIMILARITY COEFFICIENT 18770
60 CMIN=-10.E+90 18780

GO TO 70 18790
DISSIMILARITY COEFFICIENT 18800
65 CMIN=10.E+90 18810
70 IMIN=0 18820
SCAN FOR SECTIONS (C) AND (D) OF FLOW CHART 18830

DO 130 J=1,N 18840

IF (J-KMIN)75,130,75 18850
75 IF (K(J))130,130,80 18860
THEREFORE J DENSE POINT 18870
80 IF (K(J)-K(KMIN))85,130,85 18880
THEREFORE DIFFERENT CLUSTER FROM K(KMIN) 18890
85 IF (J-KMIN)90,130,110 18900
SECTION (C) OF FLOW CHART 18910
TEST FOR NEW LIMITING COEFFICIENT FOR KMIN 18920
BRANCH ON COELFFICIENT TYPE INDICATOR 18930
90 GO TU (95,100),ITYPE 18940
SIMILARITY COEFFICIENT 18950
95 IF (C{(J)-CMIN)130,130,105 18960
DISSIMILARITY COEFFICIENT 18970
100 IF (C(J)-CMIN)105,4130,130 18980
NEW LIMITING VALUE CMIN 18990
105 CMIN=C(J) 19000

IMIN=J 19010

GO TO 130 19020
NOW EVALUATE SECTION (D) OF FLOW CHART 19030
TEST FOR NEW LIMITING COEFFICIENT VALUE AGAINST D(J) 19040
BRANCH ON COEFFICIENT TYPE INDICATOR 19050
110 GO TO (115,120),ITYPE 19060
SIMILARITY COEFFICIENT 19070
115 IF (D(J)=-C(J))125,130,130 15080
DISSIMILARITY COEFFICIENT 19090
120 IF (D(J)-C(J))130,130,4125 19100
NEW LIMITING VALUE FOUND 19110
125 D(J)=C(J) 19120

KD(J)=KMIN 19130
END OF LOOP 19140
130 CONTINUE 19150
UPDATE D(KMIN) 19160

D(KMIN)=CMIN 19170

KD(KMIN)=IMIN 19180

RETURN 19190

END 19200

SUBROUTINE REVISE 19210
CALLED BY (MODE) 19220
DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES ssissioksokskkkskiookx%x%19230
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 19240

DIMENSION TEXT(20) 19250

COMMCON NyMByMN4yNPCF yNPCyISTAND 9 IMASKy IDATA 2 ICOEF, ITYPE yKMAX 19260

COMMON LNDATA4LBDATALMEANS yLVARSyLCORS yLEIGS4LEIGVS 4L SCORS,LENGS,19270

LLFREQS 9 LNMASK yLBMASK4LMATyLKLISTyLNEXT ,TEXT 19280
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 19290
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LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 19300
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 19310
LIMIT ON KMAX = 1400/N 19320
COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 19330
ARRAY COMMON 19340
DIMENSION K{250)4KP(251),KD(250) +KCOP(250),KDCOP(250)IUN(10), 19350
1PD(251),D(250),C{(250),DCOP(250) 19360
COMMON K yKP oKD yKCOP4KDCOP yIUNsPD,D4C,DCOP 19370
SINGLE VARIABLE COMMON 19380
COMMON IP,IFUSEZLIMyLINKyMINC KL yKMINyISTAGE yDMIN,PMIN,PERC 19390

1 yNUMOUT yCOEF y IONyMINFUS 19400
DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES ssksickyoskslokgsdokkkk®k%]9410
IN THE ARRAY Dy, D(I) FOR A DENSE POINT I CONTAINS THE LEAST LINK 19420
FOR I WITH A DENSE POINT (JsJ=1,1I-1) BELONGING TO A CLUSTER 19430
UTHER THAN THE CLUSTER CONTAINING I. IFy AFTER ANY SERIES OF FUSIONS,19440
THIS LINK NOW REFERS TO A WITHIN~-CLUSTER COEFFICIENT THEN D(I) 19450
REQUIRES REVISION. 19460
THE FUNCTION OF(REVISE)IS TO UPDATE D AND THE CORRESPONDING POINTER 19470
ARRAY KD WHERE SUCH WITHIN-CLUSTER D VALUES REQUIRE REVISION. 19480
DO 80 I=2,4N 19490

IF (K(1))80,80,5 19500
THEREFORE POINT I IS DENSE 19510
5 L=KD(I) 19520
IF (L)80,80,10 19530

10 IF (K(I)-K(L))80,15,80 19540
LEAST LINK FOR POINT I IS NOW WITHIN-CLUSTER 19550
SET EXTREME LIMIT CMIN FOR LEAST LINK SEARCH 19560
BRANCH ON COEFFICIENT TYPE INDICATOR 19570
15 GO TO (20,25),ITYPE 19580
SIMILARITY COEFFICIENT 19590
20 CMIN==10.E+90 19600
GO TO 30 19610
DISSIMILARITY COEFFICIENT 19620
25 CMIN=10.E+90 19630
30 IMIN=0 19640
ICL=K(I) 19650
ICL IS CODE UF CLUSTER CONTAINING POINT 1 19660
NOW SEARCH TO SEE IF ANY LINKS TO OTHER CLUSTERS EXIST FOR POINT I 19670
WITH POINTS (JyJd=1,1-1) 19680
IX=I-1 19690

NO 38 J=1,1IX 19700

IF (K(J4))38,38,35 19710
THEREFORE POINT J IS DENSE 19720
35 IF (K(J)=ICL)40,38,40 19730
38 CONTINUE 19740
GO TO 75 19750
THEREFORE POINTS I4J BELONG TO DIFFERENT CLUSTERS -~ GET COEFFICIENTS 19760
(C(L)yL=1,I-1) FOR POINT 1 19770
40 CALL GET (2,1) 19780
NOW SEARCH COMPLETE LIST OF COEFFICIENTS FOR LIMITING VALUE 19790
DO 70 L=J,yIX 19800

IF (K(L))T70,70,445 19810
THEREFORE POINT L IS DENSE 19820
45 1IF (K(L)-ICL)50,470,450 19830
POINTS I,L BELONG TO DIFFERENT CLUSTERS 19840
NOW TEST COEFFICIENT FOR NEW LIMITING VALUE 19850
BRANCH ON COEFFICIENT TYPE INDICATOR 19860
50 GO TO (55460)4ITYPE 19870
SIMILARITY COEFFICIENT 19880
55 IF (C(L)-CMIN)T70,70465 19890
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DISSIMILARITY COEFFICIENT 19900
60 IF (C(L)-CMIN)65,70,70 19910
FOUND NEW LIMITING VALUE - RESET CMIN,IMIN 19920
65 CMIN=C(L) 19930
IMIN=L 19940
END OF LOOP 19950
70 CONTINUE 19960
SET LIMITING VALUES OF D,KD 19970
75 D(I)=CMIN 19980
KD(I)=IMIN 199390
80 CONTINUE 20000
RETURN 20010
END 20020
SUBRCUTINE QUTPUT(R) 20030
CALLED BY (MODE) 20040
FUNCTION = TO OUTPUT 20050

(A) THE CLASSIFICATION ARRAY COPIED PRIOR TO THE FUSION OF CLUSTERS 20060
(B) INFORMATION CONCERNING SUBSEQUENT FUSIONS AND THE INTRODUCTION OF20070

DENSE POINTS

THE FOLLOWING CONTROLS ARE IMPOSED ON THE OUTPUT OF CLASSIFICATIONS

20080
20090

(1) THE SUBSEQUENT FUSION MUST INVOLVE AT LEAST TWO CLUSTERS WHICH 20100

CONTAIN MORE THAN MINFUS DENSE POINTS.

{2) NUCLEI CLASSIFICATIONS ARE ONLY GIVEN WHEN ION IS NONZERO
DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES sksescdfkssoksk ook x4%20130

20110
20120

END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 20140
DIMENSION TEXT(20) 20150
COMMON N yMB yMNyNPCF ¢NPCyISTAND y INMASKyIDATA,ICOEF, ITYPE KMAX 20160

COMMON LNDATA,LBDATA4LMEANSyLVARS,)LCORSyLEIGSyLEIGVSsLSCORS,LENGS,20170

1LFREQS yLNMASK g LBMASK o LMAT,y LKLIST, LNEXT 3 TEXT 20180
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 20190
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 20200
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 20210
LIMIT ON KMAX = 1400/N 20220
COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 20230
ARRAY COMMON 20240

DIMENSION K(250)4KP(251)4KD(250) 4KCOP(250),KDCOP (250),IUN(10), 20250

1PD(251),0(250),C(250),DCOP(250) 20260

COMMON K oKP4KD,yKCOP,KDCOP,IUN4PD,D,C,DCOP 20270
SINGLE VARIABLE COMMON 20280

COMMCN IP4IFUSE LIMyLINKyMINCyKL jKMINyISTAGE,DMIN,PMIN,PERC 20290

1,NUMOUT yCOEF ,IONyMINFUS 20300

DIMENSIONS AND COMMON AREA FOR ALL
DIMENSIONS FOR

(MODE) ROUTINES sokdssksioksshkkpkidkkx20310
(GUTPUT) OWN ARRAYS ok koo sk ok sk stk kakeokokok k%05 20320

DIMENSION KK{250),KNUC(250) 20330
DIMENSIONS FOR (OUTPUT) OWN ARRAYS ssicdkskdokkakodkok dkdokaskaddododok gk koo kkx% 20 340
TRACE EACH CYCLE RESULTS WITH SENSE SWITCH 1 ON soisiskioiorkdokksdokiokkk*%20350

IF (SENSE SWITCH 1}100,5 20360

100 PRINT 105 20370
105 FORMAT (51H TRACE RESULTS AT END OF FUSION/INTRODUCE OPERATION) 20380
PRINT 110 20390
110 FORMAT (8H ARRAY K) 20400
PRINT 115, (K(I),I=14N) 20410
115 FORMAT (30I4) 20420
PRINT 120 20430
120 FORMAT (8H ARRAY D) 20440
PRINT 1254(D(I)4,I=1,N) 20450
125 FORMAT (1X,10E10.3) 20460
PRINT 130 20470
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130 FORMAT (9H ARRAY KD)
PRINT 115, (KD(I),I=1yN)
PRINT 135,DMINsLIMyPMIN,KMIN

135 FORMAT (8H DMIN = 4E10.347H LIM = ,14,8H PMIN =
1I4)
PRINT 140

140 FORMAT (13H END OF TRACE)

20480
20490
20500
120510
20520
20530
20540

+E10.3,8H KMIN =

END OF TRACE - REMOVE THIS PROGRAMME SECTION IF NOT REQIRED *#*&*k%*x*x*%20550

TEST WHETHER FUSION OCCURS (IFUSE GREATER THAN 1) 20560
5 IF (IFUSE-1)205,205,10 20570
TEST IF AT LEAST TWO CLUSTERS COMPRISING MORE THAN MINFUS DENSE 20580
POINTS ARE INVOLVED IN THE FUSION 20590
10 NFUS=0 20600
GO TO {(184517),ISTAGE 20610
SET IUN FOR DIRECT FUSION CASE 20620
17 IUN(L1)=KCOP(LINK) 20630
TUN(2)}=KCOP(LIM) 20640
COUNT NUMBER OF DENSE POINTS IN EACH FUSED CLUSTER 20650
18 DO 14 I=1,IFUSE 20660
L=IUN(I) 20670
KDEN=0 20680

DO 12 J=1,N 20690

IF (KCOP(J)-L)12,11,412 20700

11 KDEN=KDEN+1 20710
12 CONTINUE 20720
IF (KDEN-MINFUS)14,14,13 20730

13 NFUS=NFUS+1 20740
14 CONTINUE 20750
TEST IF AT LEAST TWO CLUSTERS ARE INVOLVED 20760
IF (NFUS-1)205,205,15 20770
OUTPUT CLASSIFICATIONS PRIOR TO FUSION 20780
15 NUMOUT =NUMOUT+1 20790
NDEN=0 20800
IENC =0 20810
NCLUS =0 20820

DO 16 I=1,4N 20830

16 KK(I)=0 20840
ASSEMBLE CLASSIFICATION ARRAYS KCOP,KNUC AND COMPUTE ENCLOSURE RATIO 20850
ENCLOSs NUMBER OF CLUSTERS NCLUS AND NUMBER OF DENSE POINTS NDEN 20860
DO 60 I=1,N 20870
L=KCOP(I) 20880
LL=KDCOP(I) 20850
KNUC(1)=0 20900

IF (L)35435,20 20910

20 NDEN=NDEN+1 20920
IENC =IENC+1 20930

IF (KK(L))30,25,30 20940

25 KK{L)=1 20950
NCLUS=NCLUS+1 20960

30 KNUC(I)=L 20970
GO TO 60 20980
BRANCH ON COEFFICIENT TYPE INDICATOR 20990
35 GO TO (40,45),ITYPE 21000
SIMILARITY COEFFICIENT 21010
40 IF (DCOP(I)-COEF)55,50,50 21020
DISSIMILARITY COEFFICIENT 21030
45 IF (DCOP(I)-COEF)50,50,55 21040
50 IENC=IENC+1 21050
KNUC (I)=KCOP(LL) 21060

55 KCOP(I)=KCOP(LL) 21070
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60 CONTINUE 21080
COMPUTE ENCLOSURE RATIO ENCLOS 21090
ENCLOS=IENC 21100

PP =N 21110
ENCLOS=ENCLOS/PP+.005 21120
COEF=COEF+.0005 21130
PRINT 61 21140

61 FORMAT (/32H CLASSIFICATIONS PRIOR TO FUSION) 21150
BRANCH UN NUCLEI CLASSIFICATION OUTPUT INDICATOR 21160
IF (ION)90,90,465 21170
PRINT AND PUNCH OUT NUCLEI CLASSIFICATIONS KNUC 21180
65 PRINT 70 4NUMOUT 4KL yNDENyNCLUSENCLOS,COEF 21190
PUNCH 70,4NUMOUT yKLyNDENyNCLUS,ENCLOS ,COEF 21200

70 FORMAT (2X,18H MODE NUCLEI GROUP,I3,4H KL=,12,14,6H DENSE,13,19H21210
1 CLUSTERS ENC RATIQsF5.245H COEFyF9.3) 21220

95 FORMAT (1X420H MOBE COMPLETE GROUPsI3,4H KL=412,14,6H DENSE,I13,19H21230
1 CLUSTERS ENC RATIOyF54245H COEF4F9.3) 21240
200 FORMAT {20H MODE COUMPLETE GROUP4I3,4H KL=412,14,6H DENSE,I13,19H21250
1 CLUSTERS ENC RATIO,F54245H COEF,F9.3) 21260
PRINT 804 (KNUC(I)yI=14N) 21270
PUNCH 85, (KNUC(I),I=1,yN) 21280

80 FORMAT (2015) 21290
85 FORMAT (2613) 21300
PRINT AND PUNCH OUT COMPLETE CLASSIFICATIONS KCOP 21310
90 PRINT 95,NUMOUT4KL yNDENsNCLUS 4ENCLGOS 4COEF 21320
PUNCH 200,NUMOUT sKLsNDENyNCLUS,ENCLOS yCOEF 21330
PRINT 80, (KCOP(I)sI=1,4N) 21340
PUNCH 85,(KCOP(I)yI=1,4N) 21350

205 S=R+.0005 21360
BRANCH ON CYCLE STAGE INDICATOR 21370
GO TO (2204210),ISTAGE 21380
FUSION OF TWO CLUSTERS AT NEAREST NEIGHBOUR (DIRECT FUSION) CASE 21390
210 I=K(LINK) 21400
PRINT 215,KCOP(LINK) jKCOP(LIM)yS,I 21410

215 FORMAT (18H NOW FUSE CLUSTERS2I54515H AT COEFFICIENT yF9e34y22Hs NEW21420
1 CLUSTER CODE IS ,I3) 21430

GO TO 255 21440
INTRODUCTION OF A NEW DENSE POINT - DOES IT CAUSE FUSION 21450
220 IF (IFUSE=-1)22542354245 21460
NO FUSION - CREATES NEW CLUSTER NUCLEUS 21470
225 PRINT 230 ,KMINySyKMIN 21480
230 FORMAT (27H NOW INTRODUCE DENSE POINT 413,15H AT COEFFICIENT,F9.3,21490
130H AND FORM NEW CLUSTER NUCLEUS ,I3) 21500

GO TO 255 21510
JOINS ONE EXISTING CLUSTER 21520
235 I=K(KMIN) 21530
PRINT 240,KMINySyIUN(L),I 21540

240 FORMAT (27H NOW INTRODUCE DENSE POINT ,I3,15H AT COEFFICIENT,F9.3,21550
115H JOINS CLUSTER 413,25H AND NEW CLUSTER CODE IS ,13) 21560

GO TO 255 21570
CAUSES FUSION OF MORE THAN ONE CLUSTER 21580
245 I=K(KMIN) 21590
PRINT 2504KMINsS»I,4(IUN(J),sJ=1,IFUSE) 21600

250 FORMAT (27H NOW INTRODUCE ODENSE POINT ,I34,15H AT COEFFICIENTyF9.3,21610

115H FORMS CLUSTER ,413,25H FROM FUSION OF CLUSTERS ,45I4) 21620
TEST FOR END CONDITIONS 21630
NUMBER OF CLUSTERS LESS THAN OR EQUAL TO MINC AND ENCLOSURE RATIO 21640
GREATER THAN PERC 21650

255 DO 260 I=1,N 21660
260 KCOP(I)=0 21670
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IC=0 21680

NCLUS =0 21690

DO 295 I=14N 21700

IF (K(I))275,275,265 21710

265 IC=IC+1 21720
L=K(I) 21730

IF (KCOP(L))270,270,295 21740

270 KCOP(L)=1 21750
NCLUS=NCLUS+1 21760

GO TO 295 21770
BRANCH ON COEFFICIENT TYPE INDICATOR 21780
275 GO TO (280,285),ITYPE 21790
SIMILARITY COEFFICIENT 21800
280 IF (D(I)-R)295,290,290 21810
DISSIMILARITY COEFFICIENT 21820
285 IF (D(I)-R)29G,290,295 21830
POINT ENCLOSED BY SPHERE 21840
290 IC=IC+1 21850
295 CONTINUE 21860
ENCLOS=IC 21870

P =N 21880
ENCLOS =ENCLOS/P+,005 21890
DOES ENCLOSURE RATIO EXCEED PERC 21900
IF (ENCLOS-PERC)315,300,300 21910
ENCLOSURE RATIO EXCEEDS PERC - DOES NUMBER OF CLUSTERS EXCEED MINC 21920
300 IF (NCLUS-MINC)305,305,315 21930
NUMBER OF CLUSTERS EQUAL TO OR LESS THAN MINC 21940
END CONDITIONS SATISFIED - PRINT MESSAGE AND TERMINATE 21950
305 PRINT 310,4NCLUS,ENCLGS 21960
310 FORMAT (22H NUMBER OF CLUSTERS = ,I3/19H ENCLOSURE RATIO = ,F5.2/221970
15H END CONDITIONS SATISFIED/9H JCB ENDS/1H1) 21980
CALL EXIT 21990

END CONDITIONS NOT SATISFIED - RETURN FOR NEXT CYCLE 22000
315 RETURN 22010
END 22020
ROUTINE (RESULT) 22030
AUTHOR - DAVID WISHART, MATHEMATICAL INSTITUTE, UNIVERSITY OF ST, 22040
ANDREWSy FIFEy GREAT BRITAINe. (PROGRAMME WRITTEN - JUNE 1968) 22050
MAIN PROGRAMME RESULT - TO PRINT DATA FILE VALUES AND ANALYSE CLUSTER22060
DIAGNOSTICS FROM CARD INPUT CLASSIFICATION ARRAY ICLA (MODE OUTPUT) 22070
CALLS SUBROUTINES IOFILE,ORDER,IOCOEF,DISKIO,IOINP,sIONUM,IOBIN,IOCLUS22080
DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES seksisschoricioiiskk®x%%22090
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 22100
DIMENSION TEXT(20) 22110
COMMON NyMB9yMNyNPCF4NPCyISTAND s IMASK,IDATA,ICOEF, ITYPE sKMAX 22120
COMMON LNDATA,LBDATAsLMEANS yLVARSyLCORS 4LEIGSyLEIGVS, LSCORS,LENGS,22130
1LFREQS s LNMASK ,LBMASK s LMATy LKLIST, LNEXT TEXT 22140
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 22150
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 22160
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 22170
LIMIT ON KMAX = 1400/N 22180
COMMUNICATION AREA SPECIFICALLY RESERVED FOR RESULTS ROUTINES 22190
ARRAY COMMON 22200
DIMENSION ICLA(250),XM(200),XSD(200),IFREQ(401),LENG(250) 22210
COMMON ICLA,XMyXSD,IFREQ,LENG 22220
SINGLE VARIABLE COMMON - OUTPUT CONTROL INTEGERS 22230
COMMON INRAW,INSTAN, INMEAN,INCOR, INEIG,INEIGV sINSCOR, 22240
1IBRAW,IBFREQyIBPERCyIMCOEFsIMKLIS, 22250
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2ICARAY  ICLIST ICMEAN,ICFREQyICPERC, ICRAT 22260
DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES msackioksokioorkxso22270

DEFINE DISK (10,4300) 22280
INITIALISE AND READ OUTPUT CONTROL PARAMETERS 22290
CALL IOINP(1) 22300
ANALYSE NUMERIC FILE DATA 22310
CALL IONUM 22320
ANALYSE BINARY FILE DATA 22330
CALL IOBIN 22340
ANALYSE COEFFICIENTS MATRIX DATA 22350
CALL IOCOEF 22360
READ CLASSIFICATION ARRAY 22370
5 CALL IOINP(2) 22380
ENTER CLUSTER DIAGNOSIS 22390
CALL I0CLUS 22400
RETURN TO READ A NEW CLASSIFICATION ARRAY 22410
GO TO 5 22420
DUMMY ENTRIES TO LOAD SUBRUUTINES ENABLING LOCALISTATION OF 22430
ICINP,IONUM,IOBIN, AND IOCLUS (IBM 1620 MONITOR II SYSTEM) 22440
10 CALL DISKIO 22450
CALL IOFILE 22460
CALL ORDER 22470
Z=SQRT(Z) 22480
END 22490
SUBROUTINE IOINP(INP) 22500
CALLED BY (RESULT) 22510

FUNCTICON - INP=1, CONTROL ALL PARAMETRIC READING FOR RESULT ROUTINE 22520

INP=2, TO CONTROL READING OF CLASSIFICATION ARRAYS ICLA 22530
DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES sescisscoiaomoist 22540

END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIQ) PAKAHETEKS 22550

DIMENSION TEXT(20) 22560
COMMUN N yMByMN yNPCFyNPCyISTAND, IMASK,y IDATA,ICOEFITYPE KMAX 22570
COMMON LNDATALBDATA,LMEANS,LVARS yLCCRSyLEIGSyLEIGVS,sLSCORSyLENGS,22580
ILFREQS yLNMASK g LBMASK y LMAT g LKLIST sLNEXTTEXT 22590
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 22600
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 22610
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 22620
LIMIT ON KMAX = 1400/N 22630
COMMUNICATION AREA SPECIFICALLY RESERVED FOR RESULTS ROUTINES 22640
ARRAY COMMON 22650
DIMENSION ICLA(250),XM(200),XSD(200)IFREQ(401),LENG(250) 22660
COMMON ICLAXMyXSDyIFREQsLENG 22670
SINGLE VARIABLE COMMON - OUTPUT CONTROL INTEGERS 22680
COMMON INRAW INSTAN,INMEANINCOR yINEIG,INEIGVy INSCOR, 22690
1IBRAW,IBFREQ,IBPERC,IMCOEF,IMKLIS, 22700
2ICARAY yICLISTo ICMEANsICFREQICPERCICRAT 22710
DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTIP <RI AR AR AR 22T 20
SPECIFIC ARRAYS FOR THIS SUBROUTINE sesiesaicsssioion o sk ok fok sk ok 3ok soiomiomsiok 2 27 30
DIMENSION CTEXT(20) 22740
SPECIFIC ARRAYS FOR THIS SUBROUTINE sesedessskasosor ok ok oo sodomskoieoooosoiok 2 2750
BRANCH ON INPUT INDICATOR 22760
GO TO (5415),INP 22770
READ DISK FILE PARAMETERS 22780
5 CALL DISKIO(1,LSDUMY,IBDUMY,LBDUMY 4 XDUMY4LNDUMY ) 22790
PRINT FILE IDENTIFICATION 22800
CALL IOFILE 22810
READ OUTPUT CONTROL INTEGERS 22820

READ 10, INRAW,INSTAN,INMEANyINCORyINEIG,INEIGVyINSCOR,IBRAW,IBFREQ22830
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1,IBPERC 4IMCOEF yIMKLIS,ICARAY,ICLIST,ICMEAN,ICFREQyICPERC,ICRAT
10 FORMAT (6A1412,2X3s3A1,7X9AL412,7Xy6A1)

RETURN
INPUT OF CLASSIFICATION ARRAY ON CARDS
FIRST CARD IS IDENTIFICATION HEADING. SUBSEQUENT CARDS CONTAIN THE
ARRAY ICLA WHERE ICLA(I) IS THE CLUSTER CODE CONTAINING THE ITH.
SAMPLE, OR ZERO IF THAT SAMPLE IS UNCLASSIFIED
TEST WHETHER CLASSIFICATION DIAGNOSIS IS SELECTED
15 IF (ICARAY+ICLIST+ICMEAN+ICFREQ+ICPERC+ICRAT)20,20,30
20 PRINT 25
25 FORMAT (28H NO CLASSIFICATION DIAGNOSIS/9H JOB ENDS/1H1)

CALL EXIT
READ CLASSIFICATION ARRAY IDENTIFICATION
30 READ 35, (CTEXT(I),1=1,20)
35 FORMAT (20A4)
READ CLASSIFICATION ARRAY ICLA

READ 404 (ICLA(I)I=1,N)
40 FORMAT (2613)
PRINT DATA FILE IDENTIFICATION

PRINT 45,(TEXT(I),1=1,20)
45 FORMAT (1H1,20A4)
PRINT CLASSIFICATION IDENTIFICATION

PRINT 50, (CTEXT(I),1=1,20)
50 FORMAT (1X,20A4//)
RETURN
END

SUBROUTINE ORDER (ICyX,KA4N)
CALLED BY (RESULT), (MODE) AND (ALLK)

22840
22850
22860
22870
22880
22890
22900
22910
22920
22930
22940
22950
22960
22970
22980
22990
23000
23010
23020
23030
23040
23050
23060
23070
23080
23090

23100
23110

SEE ALSU VERSION ORDER(2) - CARDS 37910 TD 38690 - FOR FASTER SORTING2311l1

DIMENSION X(1)4KA(1)
FUNCTION - TO ORDER THE ARRAY X, HAVING N ELEMENTS, MAINTAINING THE
POINTER ARRAY KA SO THAT
FOR IC=1 X{1) IS THE GREATEST ELEMENT
FOR IC=2 X(1) IS THE LEAST ELEMENT
IF {(N-1)30,4320,1
1 N1=N-1
DO 25 I=1,4N1
XLIM=X(I)
KALIM=KA(I)
JX=I+1
DO 20 J=JXyN
GO TO (5,10),IC
5 IF (X(J)=-XLIM)20,20,15
10 IF (X(J)=XLIM)15,420,20
15 R=X(J)
KR=KA(J)
X{J)=XLIM
KA(J)=KALIM
XLIM=R
KAL IM=KR
20 CONTINUE
X{I)=XLIM
KA(T)=KALIM
25 CONTINUE
30 RETURN
END

60

23120
23130
23140
23150
23160
23170
23180
23190
23200
23210
23220
23230
23240
23250
23260
23270
23280
23290
23300
23310
23320
23330
23340
23350
23360
23370
23380
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SUBRUUTINE IOFILE 23390
CALLED BY (RESULT), (MODE) AND (HIERAR) 23400
FUNCTION = TuU PRINT THt DATA FILE IDENTIFICATION INFORMATION 23410
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 23420

DIMENSION TEXT(20) 23430

COMMON N ¢MByMN ¢NPCFyNPCyISTANDy IMASKy IDATA$ICOEF 4 ITYPE JKMAX 23440

COMMUN LNDATA,LBDATA,LMEANS yLVARS yLCORS yLEIGS sLEIGVS yLSCORSy LENGSy23450

ILFREQS yLNMASK s LBMASK g LMAT g LKLISTyLNEXT 4 TEXT 23460
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 23470
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 23480
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 23490
LIMIT ON KMAX = 1400/N 23500
SPECIF IC A RRAYS FOR TH IS SUE,R ouT I INE  sksiesiosiesisiesk e s s SRR AR e Rk skioks ek 2 3651 ()

DIMENSION XMASK{200),MASKB(1),LIST(401) 23520

COMMON XMASK sMASKB,LIST 23530
SPECIFIC ARRAYS FOR THIS SUBROUTINE #::k:;:#:**:.‘:*:‘.::‘,:::::;::}::{:;.‘::::::::::::::::::::;:;',::::::::‘,::::::::::::::‘,::;::;:23540
PRINT TEXTUAL IDENTIFICATION 23550

PRINT 5,(TEXT(I),1=1,20) 23560

5 FORMAT (1X,20A4/7) 23570

PRINT 104N sMByMN 23580
10 FORMAT (194 NUMBER OF CASES = ,14/30H NUMBER OF BINARY VARIABLES =23590

1 ,I14/31H NUMBER COF NUMERIC VARIABLES = ,14//) 23600
ARE NUMERIC VARIABLES FILED 23610

IF (MN)40,40,15 23620
BRANCH ON STANDARDISATION INDICATOR 23630
15 GO TO (20430),ISTAND 23640
20 PRINT 25 23650
25 FORMAT (23H RAW NUMERIC DATA FILED) 23660

GO TO 40 23670
30 PRINT 35 23680
35 FORMAT (22H STANDARD SCORES FILED) 23690
TEST IF BINARY DATA FILED 23700
40 IF (MB)55,455,45 23710
45 PRINT 50 23720
50 FORMAT (18H BINARY DATA FILED) 23730
TEST IF COMPONENT SCORES FILED 23740
55 IF (NPCF)380,80,460 23750
60 PRINT 65,NPCF 23760
65 FORMAT (I14,23H COMPONENT SCORES FILED) 23770
TEST IF SCORES USED IN COMPUTING COEFFICIENTS 23780

IF (NPC)80,80,470 23790
70 PRINT 75,ICCEF 4NPC 23800
75 FORMAT (13H COEFFICIENT ,12,22H COMPUTED USING FIRST ,13,17H COMP023810

INENT SCORES) 23820

GO TO 195 23830
TEST IF COEFFICIENTS MATRIX FILED 23840
80 IF (LMAT)85,85,95 23850
85 PRINT 90 23860
90 FORMAT (30H COEFFICIENTS MATRIX NOT FILED) 23870

GO TO 195 23880
BRANCH ON DATA INDICATOR 23890
95 GO TO (125,100),IDATA 23900

100 PRINT 105 23910
105 FORMAT (31H NUMERIC COEFFICIENT CALCULATED) 23920
TEST IFf MASK USED 23930

IF (LNMASK)1654165,110 23940

FETCH NUMERIC MASK 23950
110 IR=LNMASK 23960

CALL DISKIO(64IRsIBDUMY4LBDUMY yXMASK,4MN) 23970

ASSEMBLE LIST OF UNMASKED NUMERIC VARIABLES 23980
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J=0 23990

DO 120 I=1,MN 24000

IF (XMASK(I))120,120,115 24010

115 J=Jd+1 24020
LIST(J) =1 24030

120 CONTINUE 24040
GO TO 150 24050

125 PRINT 130 24060
130 FORMAT (30H BINARY COEFFICIENT CALCULATED) 24070
TEST IF MASK USED 24080
IF (LBMASK)165,165,135 24090
FETCH BINARY MASK 24100
135 IR=LBMASK 24110
CALL DISKIO(4,yIR4MASKB,MB 9 XDUMY 3 LNDUMY ) 24120
ASSEMBLE LIST OF UNMASKED BINARY VARIABLES 24130
J =0 24140

DO 145 I=1,MB 24150

IF (MASKB(I))145,145,140 24160

140 J=J+1 24170
LIST(J)=I 24180

145 CONTINUE 24190
PRINT UNMASKED VARIABLES FOR CHECKING PURPOSES 24200
150 PRINT 155 24210
155 FORMAT (58H THE FOLLOWING VARIABLES WERE USED TO COMPUTE COEFFICIE24220
INTS) 24230
PRINT 160, (LIST(I),I=1,4J) 24240

160 FORMAT (3014) 24250
GO TO 175 24260

165 PRINT 170 24270
170 FORMAT (13H NO MASK USED) 24280
175 PRINT 180,ICOEF 24290
180 FORMAT (20H COEFFICIENT NUMBER ,12,11H CALCULATED) 24300
ARE K-LINKAGE LISTS STORED 24310
IF (KMAX)195,195,185 24320

185 PRINT 190,KMAX 24330
190 FORMAT (I4,22H K-LINKAGE LISTS FILED) 24340
195 RETURN 24350
END 24360
SUBRUOUTINE IONUM 24370
CALLED BY (RESULT) 24380
FUNCTION — TO PRINT THE FOLLOWING DATA FILE VALUES FOR NUMERIC 24390
VARIABLES 24400
(A) RAW NUMERIC DATA 24410

(B8) STANDARD SCORES 24420

(C) MEANS AND STANDARD DEVIATIONS 24430

(D) CORRELATIONS 24440

(E) EIGENVALUES, PERCENTAGE VARIANCE AND CUMULATIVE VARIANCE 24450

(F) EIGENVECTORS 24460

(G) FACTOR SCORES 24470

MEANS AND VARIANCES ARE READ INTO CORE IF CLUSTER DIAGNOSIS OF 24480
NUMERIC VARIABLES IS REQUESTED 24490
DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES siscksksiokssikiiokitx 24500
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 24510
DIMENSION TEXT(20) 24520
COMMON NsMByMN9JNPCF 4NPCyISTAND IMASKyIDATAICOEFy ITYPE jKMAX 24530
COMMON LNDATALBDATA LMEANS yLVARS,LCORS yLEIGS,LEIGVS,LSCORSyLENGS24540
ILFREQS s LNMASK s LBMASKyLMAT, LKLIST,LNEXT yTEXT 24550
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 24560
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C LIMIT ON MB = 401 (MNUMBER OF BINARY VARIABLES)
C LIMIT ON N = 250 ( NUMBER UF POINTS/CASES )
C LIMIT ON KMAX = 1400/N
C COMMUNICATION AREA SPECIFICALLY RESERVED FOR RESULTS ROUTINES
C ARRAY COMMON
DIMENSION ICLA(250),XM(200})4XSD(200),IFREQ(401)4LENG(250)
COMMON ICLA 4XMyXSDy IFREQHLENG
C SINGLE VARIABLE COMMON - OUTPUT CONTROL INTEGERS
COMMON INRAW,INSTAN,INMEAN,INCORs INEIG4INEIGV ¢ INSCOR,
1IBRAW,IBFREQ,IBPERC,sIMCOEF,IMKLIS,
2ICARAY  ICLIST, ICMEAN,ICFREQyICPERC,ICRAT
C DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES 3
C SPECIFIC ARRAYS FOR THIS SUBROUTINE seckscoiomoisiioioioks

DIMENSION X(200),Y(200),COR(630),EIG(200)4EIGV(1225),LIST(250)

1yRMIN(200),RMAX(200)
COMMUN EIGV

2457C
24580
24590
24600
24610
24620
24630
24640
24650
24660
24670

k24680

*24690
24700
24710
24720

EQUIVALENCE (XyEIGV) 4 (Y,£IGV(201))s(EIG,CORZEIGV(401)4RMIN),y (RMAX 424730

1EIGV(601))4(LIST,ICLA)

C SPECIFIC ARRAYS FOR THIS SUBROUTI NE sl 5ok sk sioksiolosk sk sioikosiolosk sk el ol o sk

C IS ANY NUMERIC OUTPUT SELECTED
IF (INRAW+INSTAN+INMEAN+INCOR+INEIG+INEIGV+INSCOR)S5,45,410
C NO NUMERIC OUTPUT SELECTED - ARE CLUSTER NUMERIC MEANS SELECTED
5 IF (ICMEAN)330,3%0,10
C NUMERIC OUTPUT SELECTED - IS FILE PRESENT
10 IF (LNDATA)15,15,25
C ERROR - NUMERIC DATA NOT STORED
15 PRINT 20
20 FORMAT (25H NUMERIC DATA FILE ABSENT)
RETURN
C NUMERIC FILE PRESENT - GET MEANS AND VARIANCES
25 IR=LMEANS
CALL DISKIO(6,4,IR4IDUMYLBDUMY 4XM,4MN)
IR=LVARS
CALL DISKIO(654yIR,IDUMY 4LBDUMY 4XSDyMN)
C COMPUTE STANDARD DEVIATIONS
00 30 I=1,MN
30 XSD(I)=SQRT(XSD(I))
C IS PRINTOUT OF MEANS SELECTED
IF (INMEAN)50450,35
C PRINTOUT OF MEANS SELECTED
35 PRINT 40
40 FORMAT (//38H NUMERIC MEANS AND STANDARD DEVIATIONS/)
C 5k 303 PRINT MEANS AND STANDARD DEVIATIONS
PRINT 45, (I 4XM(I)yXSD{(I)yI=14MN)
45 FORMAT (I4492Fl4.4)
Csesrsgssion PRINT MEANS AND STANDARD DEVIATIONS
C IS RAW DATA LISTING SELECTED
50 IF (INRAW)95,95,55
C RAW DATA LISTING SELECTED
55 PRINT 60
60 FORMAT (//17H RAW NUMERIC DATA/)
C INITIALISE RANGES
DO 61 J=14MN
RMIN(J)=XM(J)
61 RMAX(J)=XM(J)
C BRANCH ON STANDARD SCORES INDICATOR
GO TO (65480),ISTAND
C RAW NUMERIC DATA IN FILE - NOW PRINT UP
65 IR=LNDATA
DO 75 I=1,4N
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24740
24750
24760
24770
24780
24790
24800
24810
24520
24830
24840
24850
24860
24870
24880
24890
24900
24910
24920
24930
24940
24950
24960
24970
24980
24990
25000
25010
25020
25030
25040
25050
25060
25070
25080
25090
25100
25110
25120
25130
25140
25150
25160



CALL DISKIC(64yIR4IBDUMY4LBDUMY 34Xy MN)
C REVISE RANGES
DO 69 J=1,MN
IF (X(J)-RMAX(J))6T,6T7466
66 RMAX(J)=X(J)
GO TO 69
67 IF (X(J)=RMIN(J))68469,69
68 RMIN(J)=X(J)
69 CONTINUE
C s PRINT NUMERIC DATA
PRINT 70314(X(J)ysJ=14MN)
70 FORMAT (2H SyI343X,8F14.4/25(8X 98F1l4e4/))
C 3ok skorsg PRINT NUMERIC DATA
75 CONTINUE
GO TO 91
C STANDARD SCORES STQORED
80 IR=LNDATA
DO 90 I=1,N
CALL DISKIO(64IR,yIBDUMY yLBDUMY yXyMN)
DO 85 J=14MN
85 X{J)=XSD(J)*X(J)+XM(J)+.00005
C ok skspase sz PRINT NUMERIC DATA
PRINT 70314 (X(J)yJ=14MN)
AR AR PRINT NUMERIC DATA
REVISE RANGES
DO 89 JU=1,MN
IF (X(J)-RMAX(J))BT 487,486
86 RMAX(J)=X(J)
GO TO 89
87 IF (X(J)-RMIN(J))88489,89
88 RMIN(J)=X(J)
89 CONTINUE
90 CONTINUE
91 PRINT 92
92 FORMAT (//9H VARIABLEs14H MINIMUF VALUE,4Xy14H MAXIMUM VALUE/)
(O RS PRINT RANGES
PRINT 934 (JyRMIN(J) yRMAX(J)yJ=1yMN)
93 FORMAT (I5,42F18.4)
C ks PRINT RANGES
C IS LISTING OF STANDARD SCORES SELECTED
95 IF (INSTAN)145,145,100
C PRINTUP OF STANDARD SCORES REQUIRED
100 IR=LNDATA
PRINT 105
105 FORMAT (//24H NUMERIC STANDARD SCORES/)
GO TO (1104135),ISTAND
C RAW DATA STQORED
110 DO 130 I=1,N
CALL DISKIO(69IR,IDUMY yLBDUMY yXyMN)
DO 115 J=1,MN
115 X(J)=(X(J)=XM(J))/XSD(J)
C ook PRINT STANCARD SCORES
PRINT 120719(X(J)9J=1,MN)
120 FORMAT (2H S3I1343X314F8.4/15(8Xs14F844/))

Cxx
C

Co#diis  PRINT STANDARD SCORES
130 CONTINUE
GO TO 145

135 DO 140 I=1,N
, CALL DISKIO(64IRsIDUMY 4LBDUMY 4 X,MN)
C sessiesiesiess PRINT STANDARD SCORES
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25170
25180
25190
25200
25210
25220
25230
25240
25250
25260
25270
25280
25290
25300
25310
25320
25330
25340
25350
25360
25370
25380
25390
25400
25410
25420
25430
25440
25450
25460
25470
25480
25490
25500
25510
25520
25530
2554C
25550
25560
25570
25530
25590
25600
25610
25620
25630
25640
25650
25660
25670
25680
25690
25700
25710
25720
25730
25740
25750
25760



PRINT 1204149 (X{J)yJd=1,4MN)
C ook PRINT STANDARD SCCRES
140 CONTINUE

C TEST IF PRINTOUT OF NUMERIC VARIABLE CORRELATIONS IS SELECTED

145 IF (INCOR)195,195,4150
C CORRELATIONS SELECTED - ARE THEY FILED
150 IF (LCORS)155,4155,165
C ERROR - CORRELATIOMS NOT FILED
155 PRINT 160
160 FORMAT (23H CORRELATIONS NOT FILED)
GO TO 195
C FETCH CORRELATIONS
165 IR=LCORS
MCOR =(MN*MN+MN) /2
CALL DISKIO(64IR4IBDUMY,4LBDUMY 4COR4MCOR)
PRINT 170
170 FORMAT (//30H NUMERIC VARIABLE CORRELATIONS/)
Csledieaiesiesiens PRINT NUMERIC CORRELATIONS
DO 175 I=1,MN
175 LIST(I)=I
PRINT 180,(LIST(I)sI=14MN)
180 FORMAT (1X,1916)
DO 185 J=1,MN
KA=(JdxJ=-J)/2+1
KB =KA+J-1
185 PRINT 1904J45(COR(I)yI=KA4KB)
190 FORMAT (I4419F6.3/10(4X919F6.3/))
C kR PRINT NUMERIC CORRELATIONS
C ARE EIGENVALUES SELECTED
195 IF (INEIG)245,245,200
C EIGENVALUES SELECTED - ARE THEY STORED
200 IF (LEIGS)205,205,215
C EIGENVALUES NOT STORED - PRINT ERROR
205 PRINT 210
210 FORMAT (23H EIGENVALUES NOT STORED)
GO TO 245
C FETCH EIGENVALUES
215 IR=LEIGS
CALL DISKIO(64,IR4IBDUMY ¢LBDUMY yEIG4MN)
C COMPUTE PERCENTAGE AND CUMULATIVE VARIANCE
P =MN
P=100./P
Q=0.
DO 220 I=1,MN
XX=EIG(I)*P
Q=Q+XX
X(I)=XX+.,005
220 Y(I)=Q+.005
C AR 308 PRINT EIGENVALUES, PERCENTAGE AND CUMULATIVE VARIANCE
PRINT 225
225 FORMAT (//12H EIGENVALUES/)
PRINT 230,(EIG(I),sI=14MN)
230 FORMAT (16F7.2)
PRINT 235
235 FORMAT (//20H PERCENTAGE VARIANCE/)
PRINT 230453 (X(I)4sI=1,4MN)
PRINT 240
240 FORMAT (//20H CUMULATIVE VARIANCE/)
PRINT 2304(Y(I)yI=1,MN)
C &k PRINT EIGENVALUES, PERCENTAGE AND CUMULATIVE VARIANCE
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25770
25780
25790
25800
25810
25820
25830
25840
25850
25860
25870
25880
25890
25900
25910
25920
25930
25940
25950
25960
25970
25980
25990
26000
26010
26020
26030
26040
26050
26060
26070
26080
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26100
26110
26120
26130
26140
26150
26160
26170
26180
26190
26200
26210
26220
26230
26240
26250
26260
26270
26280
26290
26300
26310
26320
26330
26340
26350
26360



C IS PRINTUP OF EIGENVECTORS SELECTED
245 IF (INEIGV)285,285,250
C EIGENVECTORS SELECTED - ARE THEY FILED
250 IF (LEIGS)255,4255,265
C EIGENVECTORS NOT FILED - ERROR
255 PRINT 260
260 FORMAT (23H EIGENVECTORS NOT FILED)
GO TO 285
C FETCH EIGENVECTORS
265 IR=LEIGVS
L =MN*MN
CALL DISKIO(549IR43IBDUMY 3LBDUMYEIGV,4L)
PRINT 270
270 FORMAT (//23H EIGENVECTORS - BY ROWS/)
ARk PRINTUP OF EIGENVECTORS
DO 275 J=1,4MN
JA={J=1)*MN+1
JB=JA+MN-1
275 PRINT 2804J, (EIGV(I),1=JA,J3)
280 FORMAT (7H VECTOR,I3,2X318F6.3/10(12X,18F6.3/))
AR PRINTUP UF EIGENVECTORS
IS PRINTUP OF COMPONENT SCORES SELECTED
285 IF (INSCOR}330,4330,290
C SCORES SELECTED - ARE THEY FILED
290 IF (LSCORS)295,295,305
C SCORES NOT FILED - ERROR
295 PRINT 300
300 FORMAT (27H COMPONENT SCCRES NOT FILED)
GO TO 330 .
C NOW PRINTUP SCORES - DOES INSCOR EXCEED NPCF
305 IF (INSCOR-NPCF)315,315,310
C INSCOR EXCEEDS NPCF SO MODIFY
310 INSCOR=NPCF
315 IR=LSCORS
PRINT 320,INSCOR
320 FORMAT (//6H FIRST,14,14H FACTOR SCORES/)
AR AR PRINTUP OF FACTOR SCORELS
DO 325 I=14N
ID=IR
CALL DISKIO(6,ID,IBDUMY,LBDUMYsXINSCOR)
IR=IR+(NPCF+9)/10
325 PRINT 32841,(X(J)yJ=19INSCOR)
328 FORMAT (2H S+13,3X,16F743/10(8X,16F743/))
C siesesfesie e PRINTUP OF FACTOR SCORES
330 RETURN
END

C
C

SUBROUTINE IQBIN
CALLED BY (RESULT)
FUNCTION - TO PRINT THE FCLLOWING DATA FILE VALUES FOR BINARY
VARIABLES '

(A) RAW DATA LISTING

(B) VARIABLE FREQUENCIES

(C) VARIABLE PERCENTAGE OCCURRENCES
BINARY SAMPLE LIST LENGTHS AND VARIABLE FREQUENCIES ARE ALSU READ
INTO CORE IF CLUSTER DIAGNOSIS UF BINARY VARIABLES IS SELECTED

OO0 OOOOO00

END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS
DIMENSION TEXT(20)

66

DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES sdskadoricskikionixx26920

26370
26380
26390
26400
26410
26420
26430
26440
26450
26460
26470
26480
26490
26500
26510
26520
26530
26540
26550
26560
26570
26580
26590
26600
26610
26620
26630
26640
26650
266690
26670
26680
26690
26700
26710
26720
26730
26740
26750
26760
26770
26780
26790
26800
26810
26820

26830
26840
26850
26860
26870
26880
26890
26900
26910

26930
26940



COMMON NyMByMNyNPCF yNPC,ISTAND,IMASKyIDATA,ICOEF, ITYPE yKMAX 26950
COMMON LNDATA,LBDATA,LMEANS,LVARS,LCORS,LEIGS,LEIGVS,LSCURS,LENGS,2676O

1LFREQS yLNMASK g LBMASKyLMATyLKLISTyLNEXT sTEXT 26970
C LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 26980
C LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 26990
C LIMIT ON N = 250 ( NUMBER UF POINTS/CASES ) 27000
C LIMIT ON KMAX = 1400/N 27010
C COMMUNICATION AREA SPECIFICALLY RESERVED FOR RESULTS ROUTINES 27020
C ARRAY COMMON 27030
DIMENSION ICLA(250)4XM(200)4XSD(200),IFREQ(401),LENG(250) 27040
COMMON ICLAXM¢XSDyIFREQ,LENG 27050
C SINGLE VARIABLE COMMON - QUTPUT CONTROL INTEGERS 27060
COMMON INRAW s INSTAN, INMEAN,INCOR, INEIG,INEIGV sINSCUR, 27070
1IBRAW,IBFREQ)IBPERCyIMCOEFIMKLIS, 27080
2ICARAY yICLISTHyICMEAN,ICFREQ,ICPERC, ICRAT 27090
C DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES s *#x27100
C SPECIFIC ARRAYS FOR THIS SUBROUTINE ek sk sieosos koot ok st ok 3 27110
DIMENSION LIST(401),X{4C1)
COMMON LIST,X
C SPECIFIC ARRAYS FOR THIS SUBROUTINE kst koo sl itk *
IF (IBRAW+IBFREQ+IBPERC+ICFREQ+ICPERC+LCRAT)2 ,ZDle 27150
C BINARY INFORMATION REQUIRED - IS BINARY FILE PRESENT 27160
10 IF (LBDATA)15,15,20 27170
C BINARY FILE NOT PRESENT = PRINT ERRCUR 27180
15 PRINT 20 27150
20 FORMAT (22H BINARY DATA NOT FILED) 27200
25 RETURN 27210
C FETCH BINARY SAMPLE LIST LENGTHS 27220
30 IR=LENGS 27230
CALL DISKIC{44IR4LENG4NyXDUMY,LNDUMY) 27240
C TEST IF LISTING OF RAW BINARY DATA SELECTED 27250
IF (IBRAW)55,55,35 27260
C LISTING SELECTED - PRINT HEADING ‘ 27270
35 PRINT 40 27280
40 FORMAT (//16H RAW BINARY DATA/) 27290
IR=LBDATA 27300
DO 50 I=1,4N 27310
L=LENG(I) 27320
CALL DISKIO(4,IRsLIST,LyXDUMY,LNDUMY) 27330
Cxx%x%%k PRINT RAW BINARY DATA 27340
PRINT 45,1 4Ly (LIST(J)9Jd=1,L) 27350
45 FORMAT (7H SAMPLE,I4,7H LENGTH,13,9X,1815/3(30X,1815/)) 27360
Cxsxxxx PRINT RAW BINARY DATA 27370
50 CONTINUE 27380
C TEST IF FREQUENCIES OR PERCENTAGES REQUIRED 27390
55 1IF (IBFREQ+IBPERC+ICRAT)80,80,60 27400
C FETCH FREQUENCIES 27410
60 IR=LFREQS ' 27420
CALL DISKIO(44IR,IFREQ,M3,XDUMY,LNDUMY) . 27430
C TEST IF PRINTOUT OF FREQUENCIES SELECTED 27440
IF (IBFREQ)80,80,65 27450
C FREQUENCIES PRINTUP SELECTED 27460
65 PRINT 70 27470
70 FORMAT (//28H BINARY VARIABLE FREQUENCIES/) 27480
Casexxs PRINT BINARY FREQUENCIES 27490
PRINT 75, (IFREQ(I) I=1,MB) 27500
75 FORMAT (2015) 27510
C ek PRINT BINARY FREQUENCIES 27520
C TEST IF PRINTUP OF PERCENTAGES SELECTED 27530
80 IF (IBPERC)105,105,85 27540
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PRINTUP SELECTED - COMPUTE PERCENTAGES AND SET UP MARKER ARRAY LIST 27550

85 P=N 27560
P=100./P 27570

DO 90 I=1,MB 27580
Q=IFREQ(I) 27590
X(1)=Q%P+,05 27600

90 LIST(I)=I 27610

C ORDER PERCENTAGES WITH HIGHEST FIRST 27620
CALL ORDER(L3XyLIST,MB) 27630

PRINT 95 27640

95 FORMAT (//43H PERCENTAGE OCCURRENCE FOR BINARY VARIABLES/) 27650
Cksskkx  PRINT BINARY PERCENTAGES 27660
PRINT 100,(LIST(I)yX(I),I=1,MB) 27670

100 FORMAT (10(16,F6.1)) 27680
Cxxk%%% PRINT BINARY PERCENTAGES 27690
105 RETURN 27700
END 27710
SUBROUTINE IOCOEF 27720

C CALLED BY (RESULT) 27730
C FUNCTION - TO PRINT THE FOLLOWING DATA FILE COEFFICIENT VALUES 27740
c (A) COEFFICIENT MATRIX 27750
c (B) K-LINKAGE LISTS 27760
C DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES sokscisisoksrssonsksxx27770
C END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIU) PARAMETERS 27780
DIMENSION TEXT(20) 27790
COMMON N yMB yMN yNPCF yNPC y ISTAND,; IMASK o IDATA s ICOEF o ITYPE yKMAX 27800
COMMON LNDATA,LBDATALMEANS yLVARS yLCORS yLEIGS yLEIGVS yLSCORS,LENGS,27810
1LFREQS yLNMASK y LEMASK y LMAT yLKLIST yLNEXT y TEXT 27820

C LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 27830
C LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 27840
C LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 27850
C LIMIT ON KMAX = 1400/N 27860
C COMMUNICATION AREA SPECIFICALLY RESERVED FUR RESULTS ROUTINES 27870
C ARRAY COMMON 27880
DIMENSION ICLA(250),XM(200),XSD(200), IFREQ(401),LENG(250) 27890
COMMON ICLA XM yXSD,sIFREQ,LENG 27900

C SINGLE VARIABLE COMMON - OUTPUT CONTROL INTEGERS 27910
COMMON INRAW,INSTANyINMEAN, INCOR yINEIG, INEIGV INSCUR, 27920
1IBRAW,IBFREQyIBPERC y IMCOEF y IMKLIS 4 27930
21CARAY ,I1CLIST,ICMEAN, ICFREQ,ICPERCy ICRAT 27940

C DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES ssdoksksisksokiskuskki k27950
C SPECIFIC ARRAYS FOR THIS SUBROUTINE sesorssoissomstmt o iomsioaiomioioriotk 27960
DIMENSION DAR(1400) 4KLINK(1400)9X(40),LIST(40) 27970
COMMON DAR yKLINK X sLIST 27980

C SPECIFIC ARRAYS FOR THIS SUBROUTINE sk sk o ikoiokn ok 27990
C IS COEFFICIENT MATRIX SELECTED 28000
IF (IMCOEF)50,50,10 28010

C COEFFICIENT MATRIX IS SELECTED - IS IT STORED 28020
10 IF (LMAT)15,15,25 28030

C MATRIX NOT STORED - PRINT ERRCR 23040
15 PRINT 20 28050

20 FORMAT (33H MATRIX UF COEFFICIENTS NOT FILED) 28060

GO TO 50 28070

C PRINT UP COEFFICIENT MATRIYX 28080
25 IR=LMAT 28090
PRINT 30 28100

30 FORMAT (//20H COEFFICIENTS MATRIX/) 28110

DO 45 1=2,N 28120
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C FETCH ITH. ROW OF MATRIX
L=I-1
CALL DISKIO(643IRsLDUMY,IBDUMY,DAR,L)
DO 35 J=1,L
35 DAR(J)=DAR(J)+.0005
Caxxdedskx PRINT COEFFICIENTS ROW
PRINT 4041,4(DAR(J)yd=1,L)
40 FORMAT (2H S3I343X414F843/15(8X414F8.37))
Cx¥skax PRINT COEFFICIENTS ROW
45 CONTINUE
C TEST IF PRINTUP OF K=LINKAGE LISTS IS SELECTED
50 IF (IMKLIS)1054105,55
C PRINTUP IS SELECTED - ARE LISTS STORED
55 IF (LKLIST)60,60,70
C LISTS NOT STORED - PRINT ERROR
60 PRINT 65
65 FORMAT (26H K-=LINKAGE LISTS NOT FILED)
GO TO 105
C TEST IF IMKLIS EXCEEDS KMAX
70 IF (IMKLIS-KMAX)80,80,75
C IMKLIS IS GREATER THAN KMAX, SO MOUDIFY IMKLIS
75 IMKLIS=KMAX
80 IR=LKLIST
PRINT 85,IMKLIS
85 FORMAT (//14339H K-LINKAGE LISTS - (NEAREST
READ DARKLINK FRO4 FILE
DO 90 1=1,IMKLIS
IZ=(1I-1)%N+1
C READ DAR
CALL DISKIO{649yIR,IDUMY LBDUMY,DAR(IZ),N)
C READ KLINK
CALL DISKIO(43IRyKLINK(IZ)yNyXDUMY LNDUMY)
90 CONTINUE
Cohsxdnsx  PRINTUP OF DAR AND KLINK
DO 100 I=1l,yN
DO 92 J=1,IMKLIS
L=(J=1)%N+1I
X(J)=DAR(L)+.0005
92 LIST(J)=KLINK(L)
PRINT 95,1 4(X(J)yLIST(J)sJ=14IMKLIS)

(@)

NEIGHBOURS) /)

95 FORMAT (2H S4I3,5Xy 9(F843,14)/3(10X, 9(F8.3414)/))

100 CONTINUE
Caxickks  PRINTUP OF DAR AND KLINK
105 RETURN
END

SUBROUTINE IOCLUS
CALLED BY (RESULT)
CLASSIFICATION ARRAY ICLA

(A) THE CLASSIFICATION ARRAY
(B) CASE NUMBER LISTS FOR EACH CLUSTER

(D) BINARY VARIABLE FREQUENCIES
(E) BINARY VARIABLE PERCENTAGES

PERCENTAGE)

OO0
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FUNCTION - TO PRINT THE FOLLOWING VALUES FOR EACH CLUSTER IN A

(C) NUMERIC MEANS, STANDARD DEVIATIONS AND F-TEST COMPARISON
WITH OVERALL POPULATION VARIABLE VARIANCE, T INDICATOR

(F) BINARY VARIABLE RATIOS (CLUSTER PERCENTAGE)/(OVERALL

28130
28140
28150
28160
28170
28180
28190
28200
28210
28220
28230
28240
28250
28260
28270
28280
28290
28300
28310
28320
28330
28340
28350
28360
28370
28380
28390
28400
28410
28420
28430
28440
28450
28460
28470
28480
28490
28500
28510
28520
28530
28540
28550
28560
28570

28580
28590
28600
28610
28620
28630
28640
28650
28660
28670
28680
28690

OIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES stk soiorknksk 28700



C END OF COMMON RESERVED FOUR DISK I/0 SUBROUTIKE (DISKIO) PARAMETERS 28710

DIMENSION TEXT(20) 28720
COMMON Ny¢MByMNyNPCF ¢yNPCyISTAND  IMASK, IDATA,ICOEF,ITYPE KMAX 28730
COMMON LNDATA 4LBDATA$LMEANS yLVARSyLCORS yLEIGSyLEIGVS LSCORS,yLENGS,28740
1LFREGQS yLNMASK s LBMASK 9y LMATyLKLISTyLNEXT ¢ TEXT 28750

C LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 28760
C LIMIT ON MB = 401 (NUMBER OGF BINARY VARIABLES) 28770
C LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 28780
C LIMIT ON KMAX = 1400/N 28790
C COMMUNICATION AREA SPECIFICALLY RESERVED FOR RESULTS ROUTINES 28800
C ARRAY COMMON 28810
DIMENSION ICLA(250),XM(200),4XSD(200),IFREQ(401)4LENG(250) 28820
COMMUON ICLA3XMyXSD, IFREQsLENG 28830

C SINGLE VARIABLE COMMON - OUTPUT CONTROL INTEGERS 28840
COMMON INRAWINSTAN,INMEAN,INCORy INEIGsINEIGV s INSCOR, 28850
1IBRAW,IBFREQ,IBPERC,IMCOEF,IMKLIS, 28860
2ICARAY ICLISTHyICMEAN,ICFREQ,ICPERC4ICRAT 28870

C DIMENSIONS AND COMMON AREA FOR ALL (RESULT) ROUTINES sesescdesiorkaokioikwikk 28880
C SPECIFIC ARRAYS FOR THIS SUBROQOUTINE sk s s sk oo feokoiolokok dopolosk ik 28 890
DIMENSION LIST(401),SM(ZOO),SSQ(ZOO),Icotl),DM(ZOO) USD(200), 28900
10SQ{200) yXR(1)49y0X(201),4SX(200) 4X(1) 28910
COMMON LIST4SMySSQ4yIC0O40M40SD+0SWy0X3SXyX 28920
EQUIVALENCE (XR,0SQ) 28930

C SPECIFIC ARRAYS FOR THIS SUBROUTINE sisesisrsioioksios sk ok dododkkom o mae ok i koex 28 940
C NORMALISE ICLA 28950
DO 5 I=1,N 28960

5 LIST(I)=0 28970

DO 15 I=1,4N 28980
J=ICLA(I) 28990

IF (J)15,4,15,10 29000

10 LIST(J) =1 29010

15 CONTINUE 29020
NCLUS =0 29030

DO 25 I=14N 29040

IF (LIST(I1))25,42%,20 29050

20 NCLUS=NCLUS+1 29060
LIST(I)=NCLUS 29070

25 CONTINUE 29080

DO 35 I=1,4N 29090

IF (ICLA(I))35435,30 29100

30 J=ICLA(I) 29110
ICLA{I)=LIST(J) 29120

35 CONTINUE 29130

C END OF NORMALISATION OF ICLA - IS PRINTOUT OF ICLA SELECTED 29140
IF (ICARAY)55,455,40 29150

C PRINTOUT SELECTED 29160
40 PRINT 45 29170

45 FORMAT (//21H CLASSIFICATION ARRAY/) 29180
AR R AR PRINTUP OF CLASSIFICATION ARRAY 29190
PRINT 504 (ICLA(I)I=14N) 29200

50 FORMAT (30I14) 29210

C sesorsksisk PRINTUP OF CLASSIFICATION ARRAY 29220
C LOOP FOR EACH CLUSTER 29230
55 DO 295 IC=1,NCLUS 29240

C COUNT CLUSTER SIZE AND LIST SAMPLES 29250
NC =0 29260

DO 65 1=1,4N 29270

IF (ICLA(I)=-IC)65460,465 29280

60 NC=NC+1 29290
LIST(NC)=I 29300
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65 CONTINUE
SET FLOATING RECIPROCAL CLUSTER SIZE
P =NC
P=1./P
PRINT CLUSTER NUMBER AND SIZE
PRINT T70,IC,NC
70 FORMAT(///9H CLUSTER ,13,19H NUMBER QOF CASES = ,14/)
IS LISTING OF SAMPLE NUMBERS SELECTED
IF (ICLIST)85,85,475
LISTING IS SELECTED - NOW PRINTUP

C sk CASE NUMBER LISTING

75 PRINT 80,(LIST(I)sI=1,4NC)
80 FORMAT (13H CASE NUMBERS/9(3014/})

C 3ok 3k 5 CASE NUMBER LISTING

C
C

C

ARE NUMERIC MEANS SELECTED

85 IF (ICMEAN)185,185,90

NUMERIC MEANS SELECTED - IS NUMERIC FILE PRESENT
90 IF (LNDATA)185,185,95

NUMERIC DATA FILED - SET UP MEAN AND STANDARD DEVIATION SUMMATIONS

95 DO 100 I=1,MN
XR(I)=0.
100 SSQ(I)=0.
NOW READ CLUSTER SAMPLES
IB=(MN+9)/10
IR=LNDATA-IB
DO 115 I=1,N
IR=IR+IB
IF (ICLA(I)-IC)1154105,115
SAMPLE I BELONGS TO CLUSTER IC SO READ
105 J=IR
CALL DISKIO(64J,yIBDUMY 4LBDUMY 4 X4MN)
ADD TO MEAN AND STANDARD DEVIATION COUNTS
DO 110 J=14MN
XR{J)I=XR(J)+X(J)
110 SSQ(J)=SSQEJI)+X(J)*xX(J)
115 CONTINUE
BRANCH ON STANDARD SCORES INDICATOR
GO TO (120,145),ISTAND
RAW DATA STORED - COMPUTE CLUSTER MEANS AND STANDARD DEVIATIONS
120 DO 140 J=1,MN
OM{J) =XR({J)*P
Q=SSQ(J)*P-0OM(J)*CM(J)
IF (Q)125,125,130
125 0SD(J)=0.
GO TO 135
130 OSD(J)=SQRT(Q)
135 SMIJ)=(0M(J)=-XM(J))/XSD(J)
Q=0SD(J)/XSD(J)
SSQ(J) =Q*Q+.,00005
140 LIST(J) =y
GO TO 168
STANDARD SCORES STORED - COMPUTE MEANS AND STANDARD DEVIATIONS
145 DO 165 J=1,MN
SM{J)=XR(J)*P
Q=SSQIJ)I*P=SM(J)*SM(J)
SSQ(J) =Q+.00005
IF (Q)150,150,155
150 Q=0.
GO TO 160
155 Q=SQRT(Q)
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29320
29330
29340
29350
29360
29370
29380
29390
29400
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29430
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29450
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29490
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29510
29520
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160 OM(J)=SM(J)*XSD(J)+XM(J)
0SD(J) =Q*XSD(J)
165 LIST(J)=J
C ORDER SSQ SO THAT LEAST IS FIRST MAINTAINING LIST AS A POINTER
168 CALL ORDER(24SSQyLIST,MN)
C PRINT OUT HEADING
PRINT 170

29910
29920
29930
29940
29950
29960
29970

170 FORMAT (//60H CLUSTER DIAGNOSIS OF MEANS, STANDARD DEVIATIONS AND 29980
1F~RATIO04/2{TX9y3HVAR 33X, THF-=RATIOy5X4y1HT, 10Xy 7THMN=-ORIG 96X 38HSTD-29990

20RIG,41X)/)
C ORGANISE REMAINING VALUES 0SQ,0X AND SX
DO 175 J=1,4MN
L=LIST{J)
0SQ(J)=0SD(L)+.,00005
O0X{(J)=0M(L)+.00005
175 SX(J)=SM(L)+.00005
C 3esesparaex PRINTUP DIAGNOSTICS
PRINT 180, (LIST(I)ySSQ(I)4SX(I),0X(I),0SQ(I)sI=14MN)
180 FORMAT (2(I110,42F10e4y2Fl4e4))
[OR 2  SES PRINTUP DIAGNOSTICS
C TEST WHETHER BINARY DATA QUTPUT IS SELECTED
185 IF (ICFREQ+ICPERC+ICRAT)295,295,190
TEST WHETHER BINARY DATA FILED
190 IF (LBDATA)295,295,195
C BINARY DATA FILED - SET UP VARIABLE FREQUENCY COUNTER
195 DO 200 I=1,MB
200 ICO(I)=0
IR=LBDATA
C COUNT BINARY FREQUENCIES FOR CLUSTER
DO 215 I=1,N
IF (ICLA(I)-1IC)215,205,215
C SAMPLE I IS IN CLUSTER
205 J=IR
LN=LENG(I)
C FETCH SAMPLE LIST
CALL DISKIO{(449J9yLISTyLNyXDUMY,,LNDUMY}
C ADD TO FREQUENCY COUNTS
DO 210 J=1,LN
L=LIST(J)
210 ICO(L)Y=ICO(L)+1
215 IR=IR+(LENG(I)+9)/10
ARE BINARY FREQUENCIES SELECTED
IF (ICFREQ)235,235,220
C FREQUENCIES SELECTED - PRINTUP LIST
220 PRINT 225
225 FORMAT (//28H BINARY VARIABLE FREQUENCIES/)
AR A PRINT BINARY FREQUENCIES
PRINT 2307(ICO(I),1=1,MB)
2306 FORMAT (201I5)
C desesiesriess PRINT BINARY FREQUENCIES
C TEST IF BINARY PERCENTAGE OCCURRENCES REQUIRED
235 IF (ICPERC)260,2604240
C COMPUTE PERCENTAGES
240 DO 245 I=1,MB
X(I)=ICcOo(I)
X(1)=X(I)%100.%P+,05
245 LIST(I)=I
C ORDER PERCENTAGES SO THAT HIGHEST IS FIRST WITH LIST AS POINTER
CALL ORDER(14X4LIST,MB)
PRINT 250

o

(]
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250 FORMAT (//43H PERCENTAGE OCCURRENCE FOR BINARY VARIABLES/)

C e PRINTUP PERCENTAGES

PRINT255, (LIST(I) 4X(I)s1=1,4MB)

255 FORMAT (10(I6,4F6.1))

Cxsioxss  PRINTUP PERCENTAGES

C

C

o

BRANCH IF BINARY FREQUENCY RATIOS SELECTED

260 IF (ICRAT)295,295,4265

RATIOS SELECTED - COMPUTE RATIOS

265 C=N

C =C %P

DO 280 I=1,MB
R=IFREQ(I)

IF (R)270,270,275

270 X(I)=0.

GO TO 280

275 Q=1CO(I)

X{I)=Q*C/R+.005

280 LIST(I) =1
ORDER RATIOS SO THAT HIGHEST IS FIRST MAINTAINING LIST AS A POINTER

CALL ORDER({14X,LIST,MB)
PRINT 285

285 FORMAT (//92H BINARY FREQUENCIES RATIO - (PERCENTAGE OCCURRENCE

1 CLUSTER/PERCENTAGE OCCURRENCE OVERALL)/)

Corateionsss PRINTUP FREQUENCIES RATIOC

[eNeXe]

OO0 OOOO0O0

[@Ne]

PRINT 290, (LIST(I),X(I),1=1,MB)

290 FORMAT (10(I5,F7.2))
ke PRINTUP FREQUENCIES RATIO
295 CONTINUE

RETURN
END

SUBROUTINE READ(NUM¢X4MNsLIST,MB)

30510
30520
30530
30540
30550
30560
30570
30580
30590
30600
30610
30620
30630
30640
30650
30660
30670
30680
30690
30700
30710
IN30T720
30730
30740
30750
30760
30770
30780
30790
30800

30810

STANDARD READ SUBROUTINE FOR INPUT IN NUMERIC MODE ONLY. DATA SHOULD 30820

CONFORM TO THE INPUT SPECIFICATIONS GIVEN BELOW.
DIMENSION X(1)
READ 54 (X(I),I=14MN)
PRINT 5,(X(I)yI=1,MN)
5 FORMAT (16F5.2)
DATA SHOULD HAVE VALUE RANGE XXX = PUNCHED CARDS CONTAIN ONE VALUE

30830
30840
30850
30860
30870
30880

PER 5 COLS. (16 VALUES PER CARD) WITH VALUES PUNCHED ANYWHERE IN- THE 30890

5 COL. FIELD PROVIDED A DECIMAL POINT IS INCLUDED
RETURN
END

ROUTINE - HIERAR
AUTHOR - DAVID WISHART, MATHEMATICAL INSTITUTE, UNIVERSITY OF ST.
ANDREWS, FIFE, GREAT BRITAIN. (PROGRAMME WRITTEN - AUGUST 1968)

30900
30910
30920

30930
30940
30950

REFER TO LANCEy GeNo AND WILLIAMS, WeT. (1967), COMPUTER Je{9) P.373 30960
PROGRAMME HIERAR — TO PERFORM THE GENERAL HIERARCHICAL CLASSIFICATION30970

SYSTEM FOR THE SIX TRADITIONAL METHODS NEAREST NEIGHBOUR, FURTHEST

30980

NEIGHBOUR, GROUP AVERAGE, CENTROID, MEDIAN AND WARDS OPTIMISATION OF 30990

THE ERROR SUM OF SQUARES OBJECTIVE FUNCTION AND LANCE/WILLIAMS 31000
FLEXIBLE BETA FORM, 31010
CALLS SUBROUTINES START, TRANS, CLASS AND DISKIO 31020
SEE SUBROUTINE (START) FOR INPUT PARAMETER SPECIFICATIONS 31030

DEFINE DISK (10,4300) 31040
DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES sessoisicackoisiorixick®x31050
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 31060

73



[eNeNe!]

[eNeNe]

O

DIMENSION TEXT(20) 31070

COMMON N yMB ¢ MN yNPCF 4yNPCyISTANDy IMASK y IDATA,ICOEF,ITYPE JKMAX 31080
COMMON LNDATA,LBDATA,LMEANS sLVARS yLCORS yLEIGS yLEIGVS 4L SCORSy LENGS,31090
LLFREQS 9L NMASK s LBMASK 3 LMAT g LKLIST 4LNEXT 4 TEXT 31100
LIMIT ON MN = 200 ( NUMBER 0OF NUMERIC VARIABLES ) 31110
LIMIT ON MB = 401 (NUMBER OF BINARY VARIASLES) 31120
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 31130
DIMENSION K(250),KD(250)4D(250) 4yX(250),Y(250),ICLA(250) 31140
1,11(250),12(250),CO0EF(250) 31145
ARRAY COMMOM 31150
COMMON KyKDyDyX,Y4ICLA,I1,12,COEF 31160
SINGLE VARIABLE COMMON 31170
COMMON KTRANyIMIN,JMIN4PMIN,KGBETA KA KB 31180
DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES stk ®x%31190
READ FILE PARAMETERS, INPUT PARAMETERS AND INITIALISE KsKDsD,ICLA 31200
CALL START 31210
COMPUTE NUMBER OF CYCLES REQUIRED 31220
NX=N-1 31230

DO 40 KG=1,NX 31240
TRACE FEATURE - REMOVE THIS SECTION IF NOT DESIRED sksksciomssisiossxtkisik3] 250
IF (SENSE SWITCH 1)98,96 31260

98 PRINT 99,(D(I),I=2,N) 31270
99 FORMAT (1X,412E9.3) 31280
PRINT 97,(K(I)sI=1,4N) 31290
PRINT 97, (KD{I)4I=2,4N) 31300
PRINT @74 (ICLA(I),I=1,N) 31310

97 FORMAT (z015) 31320
96 CONTINUE 31330
TRACE FEATURE - REMOVE THIS SECTION IF NOT DESIRED sclkicksioioksotsioiti®3] 340
SEARCH FOR LEAST BETWEEN CLUSTER LINK 31350
BRANCH ON COEFFICIENT TYPE INDICATOR 31360
GO TO (5,10),ITYPE 31370
SIMILARITY COEFFICIENT 31380
5 PMIN=-10.E+90 31390
GO TO 15 31400
DISSIMILARITY COEFFICIENT 31410
10 PMIN=10.E+90 31420
15 JMIN=0 31430
DO 35 J=2,N 31440
TEST IF CLUSTER J ACTIVE 31450
IF (K(J))35,35,20 31460
CLUSTER J ACTIVE - BRANCH ON COEFFICIENT TYPE INDICATOR 31470
20 GO TO (21,25),ITYPE 31480
SIMILARITY COEFFICIENT 31490
21 IF (D(J)-PMIN)35,35,30 31500
DISSIMILARITY COEFFICIENT 31510
25 IF (D(J)-PMIN)30,35,35 31520
30 PMIN=D(J) 31530
JMIN=J 31540

35 CONTINUE 31550
SET IMIN - THE OTHER LINK FOR JMIN 31560
IMIN=KD(JMIN) 31570
TRANSFORM MATRIX AT FUSION IMIN,JMIM 31580
CALL TRANS 31590
REVISE ICLA AND PRINT RESULTS 31600
CALL CLASS 31610

40 CONTINUE 31620
END OF JOB - DESTROY OBSOLETE MATRIX 31630
45 LNEXT=LMAT 31640
LKLIST=0 31650
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LMAT =0 31660

LNMASK =0 31670
LBMASK=0 31680
MNPC =0 31690
IMASK =0 31700
IDATA=0 31710
ICOEF =0 31720
ITYPE=0 31730
KMAX =0 31740
WRITE DISK FILE PARAMETERS TO ABOLISH MATRIX 31750
CALL DISKIO({(2,LSDUMY,IBDUMY,LBDUMY,XDUMY ,LNDUMY) 31760
EVALUATE DENDROGRAM TABLE 31770
CALL DENDRO(I14I2,COEF4N) 31780
PRINT 50 31790
50 FORMAT (9H JOB ENDS/1H1) 31800
CALL EXIT 31810
END 31820
SUBROUTINE START 31830

READS DISK FILE PARAMETERS, INPUT CARD PARAMETERS KTRAN,KA,KB,yBETA, 31840
CHECKS FOR ERRORS,y PRINTS FILE IDENTIFICATION AND INITIALISES ARRAYS 31850
KyKD,D AND ICLA 31860

CALLS SUBROUTINES DISKIO AND IOFILE 31870
DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES scksciskiomxkii®x31880
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 31890

DIMENSION TEXT(20) 31900
COMMON N 9MB gMNyNPCFyNPC4ISTAND, IMASK, IDATA,ICOEF s ITYPE KMAX 31910
COMMON LNDATA,LBDATA,LMEANSsLVARS yLCORS yLEIGS yLEIGVS yLSCORS, LENGS,31920
1LFREQS yLNMASK ,LBMASK s LMAT yLKLIST yLNEXT,,TEXT 31930
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 31940
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 31950
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 31960
DIMENSION K(250)4KD(250),D(250),X(250),Y(250),ICLA(250) 31970
1,11(250),12(250),COEF{250) 31975
ARRAY COMMON 31980
COMMON KyKDyDyX,Y,ICLA,I1,I12,COEF 31990
SINGLE VARIA3LE COMMON 32000
COMMUN KTRAN$IMIN,JMIN,PMIN,KG,BETA,KA,KB 32010

DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES s¥sickssiidoisiokionaxx32020
IFN(I)=10%(1+(I1-2)/10)%((1=-2)/10)/2+(1-2=-((1-2)/10)%10)*{(I-2)/10+32030
11)+LMAT 32040
ARITHMETIC STATEMENT FUNCTION WHICH COMPUTES THE DISK RECORD NUMBER 32050
CONTAINING THE FIRST SEGMENT OF THE (I)TH. ROW IN A TRIANGULAR MATRIX32060

GIVEN THAT LMAT IS THE DISK RECORD NUMBER OF THE FIRST MATRIX ROW 32070
(THE SINGLE COEFFICIENT C(24,1)) AND EACH ROW IS STORED SEQUENTIALLY 32080
WITH 10 COEFFICIENTS PER RECORD) 32090
READ DISK FILE PARAMETERS 32100
CALL DISKIO(1,LSDUMY,IBDUMY,LBDUMY,XDUMY 4LNDUMY) 32110
PRINT DATA FILE IDENTIFICATION HEADING 32120
CALL IOFILE 32130
READ INPUT DATA CARD 32140
READ 5,KTRAN,KA,KB,BETA 32150

5 FORMAT (I1,213,F5.0) 32160
KTRAN = METHOD CODE 32170
= 1 - NEAREST NEIGHBOUR 32180

= 2 - FURTHEST NEIGHBOUR 32190

= 3 - GROUP AVERAGE 32200

= 4 - CENTROID 32210

= 5 - MEDIAN 32220
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= 6 - WARDS METHOD (SEE WARDyJeHes19634J AMER.STAT.ASS.,(58)) 32230
= 7 — LANCE/WILLIAMS FLEXIBLE FORM 32240

KA = MINIMUM NUMBER OF CLUSTERS FOR WHICH GROUPINGS ARE TO BE QUTPUT 32250
KB = MAXIMUM NUMBER OF CLUSTERS FOR WHICH GROUPINGS ARE TO BE OUTPUT 32260
BETA = DILATATION COEFFICIENT FOR FLEXIBLE FORM ONLY (LANCE AND 32270
WILLIAMS SUGGEST BETA = -.25) 32280

TEST KA,KB FOR CORRECT LIMITS 32290
IF (KA-KB)10,10,20 32300

10 IF (KA)20,20,15 32310
15 IF (KB-N+1)40,40,20 32320
ERROR IN KA 0OR KB 32330
20 PRINT 25,KA,KB 32340
25 FORMAT (/34H ERROR IN CLUSTER QUTPUT SELECTORS,214/) 32350
GENERAL ABORT ROUTINE 32360
30 PRINT 35 32370
35 FORMAT (17H PHASE TERMINATED/9H JOB ENDS/1H1) 32380
CALL EXIT 32390
CHECK KTRAN FOR ERRORS 32400
40 IF(KTRAN)S50,50445 32410
45 IF (KTRAN-7)60,456,50 32420
ERROR IN KTRAN 32430
50 PRINT 55,KTRAN 32440
55 FORMAT (16H ERRUR - METHOD ,11,14H NOT AVAILABLE/) 32450
GO Tu 30 32460
LANCE/WILLIAMS FLEXIBLE FORM - CHECK BETA LESS THAN 1 32470
56 IF (BETA=-1.)60457,57 32480
57 PRINT 58,BETA 32490
58 FORMAT (25H ERROR - VALUE OF BETA = ,F5.,2,57H AND MUST BE LESS THA32500
IN 1 FOR LANCE/WILLIAMS FLEXIBLE FORM/) 32510

GO TO 30 32520
TEST IF COEFFICIENTS FILED 32530
60 IF (ICOEF)65,65,75 32540
ZRROR - MATRIX NOT FILED 32550
65 PRINT 70 32560
70 FORMAT (30H COEFFICIENTS MATRIX NOT FILED/) 32570
GO TO 30 32580
BRANCH ON METHOD SELECTOR TC TEST COMPATIBILITY 32590
75 GO TO (95495395,804+80,80,80),KTRAN 32600
DSQ METHODS ONLY - TEST ICOEF FOR RIGHT COEFFICIENT 32610
80 IF {ICOEF-2)95,95,85 32620
ERROR - INCOMPATIBLE COEFFICIENT 32630
85 PRINT 90,KTRAN,ICOEF 32640
90 FORMAT (16H ERROR - METHOD ,11,30H INCOMPATIBLE WITH COEFFICIENT,132650
13) 32660

GO TO 30 32670
BRANCH TO PRINT METHOD TITLE 32680
95 GO TO (100,1054110911541209125,126) 4KTRAN 32690
NEAREST NEIGHBOUR 32700
100 PRINT 101 32710
101 FORMAT (18HINEAREST NEIGHBOUR//) 32720
GO TGO 130 32730

105 PRINT 102 32740
102 FORMAT (19H1FURTHEST NEIGHBQUR//) 32750
GO TO 130 32760

110 PRINT 103 32770
103 FORMAT (14H1GROUP AVERAGE//) 32780
GO To 130 32790

115 FRINT 104 32800
104 FORMAT (9H1CENTROID//) 32810
GO TO 130 32820
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120 PRINT 106 32830

106 FORMAT (7HIMEDIAN//) 32840
GO TO 130 32850

125 PRINT 107 32860
107 FORMAT (13H1WARDS METHOD//) 32870
GO TO 130 32880

126 PRINT 108,BETA 32890
108 FORMAT (42H1LANCE/WILLIAMS FLEXIBLE FORM WITH BETA = ,F6.3) 32900
130 PRINT 135,KA,KB 32910
135 FORMAT (28H OUTPUT CLASSIFICATIONS FOR 4I14,3H TO,I4,9H CLUSTERS//)32920
SET UP ARRAYS D AND KD 32930
DO 175 J=2,N 32940
BRANCH ON COEFFICIENT TYPE INDICATOR 32950
GO TO (140,145),ITYPE 32960
SIMILARITY COEFFICIENT 32970
140 DMIN=-10.E+90 32980
GO TO 150 32990
DISSIMILARITY COEFFICIENT 33000
145 DMIN=10.L+90 33010
150 IM=0 33020
GET JTH. COEFFICIENT ROW X 33030
IREC =IFN(J) 33040
L=d-1 33050
CALL DISKIO(6,IREC,IBDUMY ,LBDUMY 4X,L) 33060
EVALUATE D(J) 33070
DO 170 I=1,L 33080
BRANCH ON COEFFICIENT TYPE INDICATOR 33090
GO TO (155,160),ITYPE 33100
SIMILARITY COEFFICIENT 33110
155 IF (X(I)-DMIN)170,4170,165 33120
DISSIMILARITY COEFFICIENT 33130
160 IF (X(I)-DMIN)165,170,170 33140
165 DMIN=X(I) 33150
IM =1 33160

170 CONTINUE 33170
INSERT D VALUE 33180
D{J)=DMIN 33190

175 KD(J)=IM 33200
INITIALISE ICLA AND K 33210
DO 180 I=1,N 33220
ICLA(I) =I 33230

180 K(I)=1 33240
RETURN 33250

END 33260
SUBROUTINE TRANS 33270

AT THE FUSION IMIN,JMIN - TRANS REVISES K,KD, AND D VALUES AND 33280
MODIFIES THE COEFFICIENTS MATRIX BY A SUITABLE TRANSFORMATION (KTRAN)33290
CALLS FUNCTION TFUN AND SUBRQOUTINE DISKIO 33300
DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES sedoisicsorsaomiondokiik 33310
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 33320
DIMENSION TEXT(20) 33330
COMMON N yMB yMNoNPCFyNPCyISTANDy IMASK, IDATA, ICOEF,ITYPE ,KMAX 33340
COMMON LNDATA,LBDATA,LMEANS yLVARS yLCORS3LEIGS yLEIGVSyLSCORS,yLENGSy33350
1LFREQS yLNMASK g LBMASK y LMAT g LKLIST  LNEXT ,TEXT 33360
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 33370
LIMIT ON MB = 401 (NMUMBER OF BINARY VARIABLES) 33380
LIMIT ON N = 25C ( NUMBER OF POINTS/CASES ) 33390
DIMENSION K(250),KD(250),D(250) 3X(250),Y(250),ICLA(250) 33400
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1,11(250),12(250),COEF(250) 33405

ARRAY COMMON 33410
COMMON KyKDsDyX,4Y,ICLA,I1,412,COEF 33420
SINGLE VARIABLE COMMON 33430
COMMON KTRANIMINyJMINGPMIN,KG BETA KA KB 33440

DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES siickssksesoksokdokk k33450
IEN(I) =10%(1+(I1-2)/10)%((1-2)/10)/2+(1=2~-((I1=-2)/10)%10)%((I~-2)/10+33460
11)+LMAT 33470
ARTITHMETIC STATEMENT FUNCTION WHICH COMPUTES THE DISK RECORD NUMBER 33480
CONTAINING THE FIRST SEGMENT OF THE (I)TH. ROW IN A TRIANGULAR MATRIX33490

GIVEN THAT LMAT IS THE DISK RECORD NUMBER OF THE FIRST MATRIX ROW 33500
(THE SINGLE COEFFICIENT C(2,1)) AND EACH ROW IS STORED SEQUENTIALLY 33510
WITH 10 COEFFICIENTS PER RECORD) 33520
UPDATE CLUSTER SIZES AT FUSION IMIN,JMIN 33530
KX=K(IMIN) 33540
KY=K(JMIN) 33550
K(IMIN) =KX+KY 33560
K(JMIN) =0 33570
GET THE COEFFICIENTS ROW FOR CLUSTER JMIN = (Y(J)yJd=1y (JMIN=1)) 33580
LIMIN=JMIN-1 33590
IREC=IFN(JMIN) 33600
CALL CISKIO(6,IREC,IBDUMY 4LBDUMY ,Y,LJMIN) 33610
SET DISK CONTROLS FOR SECTION (B) EVALUATION 33620
IMD={IMIN-1}/10 : 33630
IA=IMD*10+1 33640
SET DISK CONTROLS FOR SECTION (C) EVALUATION 33650
JMD=(JMIN-1)/10 33660
ICON=1 33670

IF (IMD-JMD)10,5,10 33680

5 ICON=2 33690
10 JA=JMD*10+1 33700
LJS=UMIN-JA+1 33710
TEST IF IMIN EXCEEDS 1 33720
IF (IMIN-1)55,55,18 33730
TEST OK = ENTER SECTION (A) EVALUATION 33740
GET THE COEFFICIENTS ROW FOR CLUSTER IMIN = (X(J)yJ=1y(IMIN=-1)) 33750
18 LIMIN=IMIN-1 33760
IREC=IFN(IMIN) 33770
JREC =IREC 33780
CALL DISKIO(6,IRECIBDUMY yLBDUMY yXyLIMIN) 33790
3RANCH ON COEFFICIENT TYPE INDICATOR 33800
GO TO (15,20)4,1TYPE 33810
SIMILARITY COEFFICIENT 33820
15 DMIN=-10.E+90 33830
GO TO 25 33840
DISSIMILARITY COEFFICIENT 33850
20 DMIN=10.£+90 33860
25 IM=0 33870
DO 50 J=1,LIMIN 33880

IS CLUSTER J ACTIVE 33890
IF (K(J))50,50,30 33900
CLUSTER J IS ACTIVE SO PERFORM TRANSFORMATION AND MODIFY DMIN,IM 33910
30 X(J)=TFUN(KX3KY4K{J) X (J)yY(J)) 33920
BRANCH ON COEFFICIENT TYPE INDICATOR 33930
GO TO (35,40),ITYPE 33940
SIMILARITY COEFFICIENT . 33950
35 IF (X{J)-DMIN)50,50,45 33960
DISSIMILARITY COEFFICIENT 33970
40 IF (X(J)-DMIN)45,50,50 33980
45 DMIN=X(J) 33990
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IM=J
50 CONTINUE
UPDATE D(IMIN)KD(IMIN)
D(IMIN)=DMIN
KD(IMIN)=IM
WRITE TRANSFORMED COEFFICIENTS ROW FOR NEW CLUSTER IMIN
CALL DISKIO(5,JREC,IBDUMY,LBDUMYyX,LIMIN)
END OF SECTION (A) EVALUATION - TEST IF IMIN,JMIN ARE CONSECUTIVE
55 IF (JMIN-IMIN-1)140,140,60
NOT CONSECUTIVE SO ENTER SECTION (B) EVALUATION
60 IR=IMIN+1
DO 135 J=IRyLJIMIN
TEST IF CLUSTER J ACTIVE
IF (K(J))135,135,65
SET UP THE NECESSARY DISK MARKERS AND LENGTHS FOR SECTION (B)
65 LJ=J-1
IREC=IFN(J)
JREC =IREC+1IMD
IB=IA+9
LA=10
IF (IB=-LJ)67,67,66
66 IB=LJ
LA=IB-TA+1
67 KREC =JREC
CLUSTER J ACTIVE - WAS PREVIOUS LEAST LINK FOR J WITH IMIN
IF (KD(J)-IMIN)112,70,112
PREVIOUS LEAST LINK WAS WITH IMIN - GET THE COEFFICIENTS ROW FOR J
70 IREC=IFN(J)
CALL DISKIO(6,IREC,IBDUMY,LBDUMYyX,yLJ)
TRANSFORM X (IMIN)
XKOIMIN) =TFUN(KXsKY,K{J) 9 X(IMIN),Y(J))
UPDATE D4KD FOR CLUSTER J
BRANCH ON COEFFICIENT TYPE INDICATOR
GO TO (75,80),ITYPE
SIMILARITY COEFFICIENT
75 DMIN=-10.E+90
GO TO 85
DISSIMILARITY COEFFFICIENT
80 DMIN=10.E+90
85 IM=0
DO 110 I=1,LJ
TEST IF CLUSTER I IS ACTIVE
IF (K(I))110,4110,90
I ACTIVE - BRANCH ON COEFFICIENT TYPE INDICATOR
90 GO TO (95,100),ITYPE
SIMILARITY COEFFICIENT
95 IF (X(I)-DMIN)110,110,105
DISSIMILARITY COEFFICIENT
100 IF (X(I)-DMIN)105,110,4110
105 DMIN=X(I)
IM=I
110 CONTINUE
D(J)=DMIN
KD{J) =IM
GO TO WRITE X(IMIN) TO DISK
GO TO 130
PREVIOUS LEAST LINK WAS NOT WITH IMIN - SO GET COEFFICIENT X(IMIN)
112 CALL DISKIO(6,yJREC+IBDUMY,LBDUMY 4X(IA),LA)
EVALUATE TRANSFORMATION
XCIMIN)=TFUN (KX 9KY 3K {J) 9 X(IMIN) 9 Y(J))
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TEST IF NEW LEAST LINK IS WITH IMIN - BRANCH ON COEFFICIENT TYPE 34600

GO TO (115,120),ITYPE 34610
SIMILARITY COEFFICIENT 34620
115 IF (X{(IMIN)-D(J))130,130,125 34630
DISSIMILARITY COEFFICIENT 34640
120 IF (X(IMIN)-D(J))125,130,130 34650
125 D(J)=X(IMIN) 34660
KD(J)=IMIN 34670
WRITE COEFFICIENT X(IMIN) TO JTH. COEFFICIENTS ROW 34680
130 CALL DISKIO(5,KREC,IBDUMY ,LBDUMY ,X(IA),LA) 34690
135 CONTINUE 34700
TEST IF JMIN =N 34710
140 IF (JMIN-N)145,255,255 34720
JMIN LESS THAN N - EVALUATE SECTION (C) 34730
145 IR=JMIN+1 34740
DO 250 J=IR,4N 34750
TEST IF CLUSTER J IS ACTIVE 34760
IF (K(J))250,250,150 34770
CLUSTER J ACTIVE - SET UP DISK MARKERS AND LENGTHS FOR SECTION (C) 34780
150 LJ=J-1 34790
IREC=IFN(J) 34800
JREC =IREC+IMD 34810
IB=1A+9 34820
LA=10 34830
IF (IB-LJ)160,4160,155 34840
155 1IB=LJ 34850
LA=IB-IA+1 34860
TEST IF PREVIOUS LEAST LINK FOR J WAS WITH EITHER IMIN OR JMIN 34870
160 IF (KD(J)-IMIN)170,200,165 34880
165 IF (KD(J)-JMIN)170,200,170 34890
PREVIOUS LEAST LINK NOT WITH IMIN OR JMIN, SO GET THE SINGLE 34900
COEFFICIENTS X{IMIN),X(JMIN) 34910
BRANCH ON SEPARATION INDICATOR 34920
170 GO TO (1714175),ICON 34930
COEFFICIENTS ON SEPARATE RECORDS SO FETCH DOWN INDEPENDENTLY 34940
171 KREC=JREC 34950
CALL DISKIO(64+KREC,IBDUMY,LBDUMY,X(IA),LA) 34960
KREC =IREC+JMD 34970
CALL DISKIO(64KREC,IBDUMY,LBDUMY,X(JA),LJS) 34980
GO TO 180 34990
COEFFICIENTS ON SAME 10 WORD SEGMENT SO FETCH DOWN TOGETHER 35000
175 KREC=JREC 35010
CALL DISKIO(64+KREC,IBDUMY,LBDUMY,X(IA),yLA) 35020
NOW TRANSFORM TO X(IMIN) 35030
180 X(IMIN) =TFUN(KX KYoK(J) s X{IMIN)X(JMIN)) 35040
UPDATE D4KD - BRANCH ON COEFFICIENT TYPE INDICATOR 35050
GO TO (185,190} ,ITYPE 35060
SIMILARITY COEFFICIENT 35070
185 IF (X(IMIN)=-D(J))245,245,195 35080
DISSIMILARITY COEFFICIENT 35090
190 IF (X(IMIN)-D(J))195,245,245 35100
195 D(J)=X(IMIN) 35110
KD(J)=IMIN 35120
GO TO 245 35130
PREVIOUS LEAST LINK WAS WITH IMIN OR JUMIN - GET THE ENTIRE 35140
COEFFICIENTS ROW FOR CLUSTER J 35150
200 CALL DISKIO(64IREC,IBDUMY,LBDUMY,X,LJ) 35160
TRANSFORM X (IMIN) 35170
XCIMIN) =TRUN(KX3KY3K(J) 9y XOCIMIN) ¢ X(JMIN)) 35180
UPDATE DyKD - BRANCH ON COEFFICIENT TYPE INDICATOR 35190
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GO TO (205,210),ITYPE 35200

SIMILARITY COEFFICIENT 35210
205 DMIN=-10.E+90 35220
GO TO 215 35230
DISSIMILARITY COEFFICIENT 35240
210 DMIN=10.E+90 35250
215 IM=0 35260
DO 240 I=1,LJ 35270

IS CLUSTER I ACTIVE 35280
IF (K(I))240,240,220 35290
BRANCH ON COEFFICIENT TYPE INDICATOR 35300
220 GO TO (225,230),ITYPE 35310
SIMILARITY COEFFICIENT 35320
225 IF (X(I)-DMIN)240,4240,235 35330
DISSIMILARITY COEFFICIENT 35340
230 IF (X(I)-DMIN)235,240,240 35350
235 DMIN=X(I) 35360
IM=1 35370

240 CONTINUE 35380
D(J)=DMIN 35390
KD(J)=IM 35400
WRITE THE SINGLE COEFFICIENT X(IMIN) TO THE JTH. MATRIX ROW 35410
245 CALL DISKIO(5,JREC,IBDUMY,LBDUMY,X(IA),4LA) 35420
250 CONTINUE 35430
255 RETURN 35440
END 35450
FUNCTION TFUN(KP,KQsKS4DIP,4DIQ) 35460
COMPUTES THE COEFFICIENTS TRANSFORMATION FOR SIX TRADITIONAL 35470
HIERARCHICAL TECHNIQUES, AND THE LANCE/WILLIAMS FLEXIBLE FORM 35480

DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES seiksccidkaorikiikxx%35490
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 35500

DIMENSION TEXT(20) 35510
COMMON N9MByMNyNPCF ¢yNPC oy ISTAND s IMASKy IDATA,ICOEF, ITYPE,KMAX 35520
COMMON LNDATA,LBDATALMEANSyLVARS,LCORS yLEIGS9yLEIGVS,sLSCORSHLENGS,35530
1LFREQSyLNMASK g LBMASK L MATy LKLIST,LNEXT s TEXT 35540
LIMIT ON MN = 2C0 ( NUMBER OF NUMERIC VARIABLES ) 35550
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 35560
LIMIT ON N = 250 ( NUMBER OF POINTS/CASES ) 35570
DIMENSION K(250),KD(250),D(250)4X{250),4Y(250),ICLA(250) 35580
1,11(250),12(250),COEF(250) 35585
ARRAY COMMON 35590
COMMON KsKDyDyXsY,ICLA,I1,12,COEF 35600
SINGLE VARIABLE COMMON 35610
COMMON KTRANIMINyJMIN,PMIN,KGyBETA KA ,KB 35620
DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES sxsdackskdcikikkxkix35630
SET STANDARD TRANSFORMATION COEFFICIENTS 35640
AP=,5 35650
AQ=.5 ' 35660
G=0. 35670

RK =KP+KQ 35680
PK=KP 35690

QK =KQ 35700
SK=KS 35710
BRANCH ON METHOD CODE TO COMPUTE PARTICULAR TRANSFORMATION COEFFS. 35720
GO TO (1929334959647)sKTRAN 35730
NEAREST NEIGHBOUR 35740
1 G==.5 35750
BETA=0. 35760

81



OO0

GO TO (11,10),ITYPE 35762

11 G=.5 35764
GO TO 10 35770
FURTHEST NEIGHBOUR 35780
2 G=45 35790
BETA=0. 35800

GO TO (12,10),ITYPE 35802

12 G==.,5 35804
GO TO 10 35810
GROUP AVERAGE 35820
3 AP=PK/RK 35830
AQ =QK/RK 35840
BETA=0.0 35850

GO TO 10 35860
CENTROID 35870
4 AP=PK/RK 35880
AQ=QK/RK 35890
BETA=-AP*AQ 35900

GO TO 10 35910
MEDIAN 35920
5 BETA=-.25 35930
GO TO 10 35940
WARDS METHOD FOR OPTIMISING THE ERROR SUM OF SQUARES OBJECTIVE FUNCN.35950
6 AP=(SK+PK) /(SK+RK) 35960
AQ={SK+QK)/ (SK+RK) 35970
BETA=-SK/ (SK+RK) 35980

GO TO 10 35990
LANCE/WILLIAMS FLEXIBLE FORM 36000
7 AP=(1.-BETA)/2. 36010
AQ=AP 36020
G=0. 36030
COMPUTE TRANSFORMED COEFFICIENT 36040
10 TFUN=AP*DIP+AQ*DIQ+BETA%PMIN+G*ABSF(DIP-DIQ) 36050
RETURN 36060
END 36070
SUBROUTINE CLASS 36080

TO REVISE THE CLASSIFICATION ARRAY ICLA AT FUSION IMINsJMIN, PRINT 36090
AND PUNCH ICLA IF CYCLE KG IS AN OUTPUT REQUEST CYCLE 36100
DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES ssksiorsokskgiskkiokicik36110
END OF COMMON RESERVED FOR DISK I/0 SUBROUTINE (DISKIO) PARAMETERS 36120
DIMENSION TEXT(20) 36130
COMMON N yMByMNyNPCF4NPC o ISTAND, IMASK,IDATA,ICOEF,ITYPE KMAX 36140
COMMOUN LNDATA,LBDATA,LMEANS,LVARS ,LCORS yLEIGS yLEIGVS +LSCORSyLENGS,36150
1LFREQS yLNMASK s LBMASK s LMAT g LKLIST yLNEXT 4 TEXT 36160
LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 36170
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 36180
LIMIT ON N =250 ( NUMBER OF POINTS/CASES ) 36190
DIMENSION K(250)4KD(250)4D(250),4X(250),Y(250),ICLA(250) 36200
1,11(250),12(250),C0EF(250) 36205
ARRAY COMMON 36210
COMMON KyKDy¢DyX4Y,ICLA,I1,12,COEF 36220
SINGLE VARIABLE COMMON 36230
COMMON KTRAN,IMINyJMIN,PMIN,KG4BETA,KA 4KB 36240
DIMENSIONS AND COMMON AREAS FOR ALL HIERAR ROUTINES sk ®%x36250
REVISE ICLA AT FUSION IMIN,JMIN 36260
DO 10 I=1,4N 36270

IF (ICLA(I)-JMIN)10,8,10 36280

8 ICLA(I)=IMIN 36290
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10 CONTINUE
R=PMIN+.0005
NC =N-KG

NOTE FUSED CLUSTERS FOR DENDROGRAM LIST

I1(KG)=IMIN
12 (KG)=JMIN
COEF(KG)=R

IS THIS AN OUTPUT CYCLE
IF (NC-KB)9,20,18

9 IF (NC-KA)18,20,20

NOT AN OUTPUT CYCLE SO PRINT FUSION MESSAGE

18 PRINT 19,4KGyIMIN,JMINGR4yNC,IMIN

19 FORMAT (6H CYCLE,I4,16H NOW FUSE POINTS,214,15H AT COEFFICIENT,F8.

1343H - 413,33H CLUSTERS AND NEW CLUSTER CODE IS,14)

RETURN

THIS IS AN OUTPUT CYCLE, SO BRANCH ON METHOD INDICATOR

20 GO TO (1929394959657} 4KTRAN
1 PRINT 114KG9IMINsJMIN,sR4NC
PUNCH 114KG9IMIN,JMIN,RyNC

11 FORMAT (24H NEAREST NEIGHBOUR GROUP,

1COEF 4F843414,9H CLUSTERS)
GO TO 25

2 PRINT 124KGoyIMIN,JMIN,R,NC
PUNCH 12 ,4KG,IMIN,JMIN,R,NC

I14412H FUSE POINTS,214,8H

12 FORMAT (25H FURTHEST NEIGHBOUR GROUP,14,12H

1COEF yF8e33I4,9H CLUSTERS)
GO TO 25
3 PRINT 13,KG,IMIN,JMIN,R,4NC
PUNCH 134KGyIMIN,JMIN,R4NC
13 FORMAT (20H GROUP AVERAGE GROUP,
1COEF 4yF8434914,9H CLUSTERS)
GO TO 25
4 PRINT 14,KG,yIMIN,JMIN,RyNC
PUNCH 14 ,KG,IMIN,JMIN,4R,4NC
14 FORMAT (15H CENTROID GROUP,
1COEF yF8434y1449H CLUSTERS)
GO TO 25
5 PRINT 15,4,KG,IMIN,JMIN4R,4NC
PUNCH 154KGyIMIN,JMINyRyNC
15 FORMAT (13H MEDIAN GROUP,
1COEF 4yF8e3414,9H CLUSTERS)
GO TO 25
6 PRINT 164KGyIMIN,JMINsR,NC
PUNCH 16 ,KG,IMIN,JMIN4R,NC
16 FORMAT (19H WARDS METHOD GROUP,
1COEF 9yF843414,9H CLUSTERS)
GO TO 25
7 PRINT 174KGoIMINyJMIN,RyNC
PUNCH 17,KG4IMINyJMIN,R,4NC
17 FORMAT (20H FLEXIBLE FORM GROUP,
1COEF 9F843431449H CLUSTERS)
PRINT AND PUNCH ICLA
25 PRINT 30, (ICLA(I),I=1,N)
PUNCH 35, (ICLA(I),I=1,N)
30 FORMAT (2015)
35 FORMAT (2613)
RETURN
END
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SUBROUTINE DENDRO(I1,12,COEF4N) 36830
C FUNCTION - TO ARRANGE AN ORDERING OF THE SAMPLE CODES IN LIST SO THAT36840
C A DENDROGRAM CAN BE CONSRUCTED WITHOUT INTERSECTING STEMS. PROVISION 36850

C IS ALSO MADE TO PUNCH THE HIERARCHICAL FUSION DATA ON TO CARDS. 36860
DIMENSION I1(1),12(1),LIST(250),C0EF(250) 36870
N1=N-1 36880
N2 =N-2 36890
LIST(1)=I1(N1) 36900
LIST(2)=I2(N1) 36910
DO 25 I=1,4N2 36920
J=N1-1 36930
IA=11(J) 36940
IB=12(J) 36950
IX=I+1 36960
DO 5 J=1,1IX 36970
IF (LIST(J)=-IA)5,10,5 36980

5 CONTINUE 36990
10 JX=J+1 37000
IF (J=1IX)154925,25 37010

15 LX=I+J+3 37020
DO 20 K=JX,IX 37030

L =L X-K 37040

20 LIST(L)=LIST{L-1) 37050
25 LIST(JX)=IB 37060
PRINT 30 37070

30 FORMAT (17H1DENDROGRAM TABLE,80X,15H FUSION SUMMARY/) 37080
PRINT 354 (LIST(I)yI1(I)sI2(I),COEF(I)4I=14N1),LISTI(N) 37090

35 FORMAT (I4492H o349X31He 99X 91lHey9X 91Ha 9 IX91lHe 39X 91lHe 39Xy 1He 349Xy 1H 9937100
1X91lHe 99X 91lHey215,F1043) 37110

C USE THIS SECTION TO PUNCH FUSION DATA ON TO CARDS SUITABLE FOR OFF- 37120

C LINE DENDROGRAM PLOTTING UR HIERARCHY RECONSTRUCTION. REMOVE THE CyS37130

C IN COLUMN 1 OF THE NEXT 6 CARDS 37140

C PUNCH 40,N 37150

C PUNCH 404 (LIST(I)sI=1,N) 37160

C PUNCH 404 (I1(I),12(I)sI=14N1) 37170

C PUNCH 45, (COEF(I),I=1,N1) 37180

C 40 FORMAT (2613) 37190

C 45 FORMAT (10F8.3) 37200
RETURN 37210
END 37220

C ROUTINE - ALLK 37230

C AUTHOR - DAVID WISHART, MATHEMATICAL INSTITUTE, UNIVERSITY OF ST. 37240

C ANDREWS, FIFEs GREAT BRITAIN. {(PROGRAMME WRITTEN - AUGUST 1968) 37250

C THIS PROGRAMME SELECTS THE (N-1) SIMILARITY COEFFICIENTS, FROM THE 37260

C STORED TRIANGULAR MATRIX, FOR EACH OF THE CASES NUMBERED ISTART TO 37270

C IEND, ORDERS THE COEFFICIENTS ACCORDING TO SIMILARITY, AND PRINTS THE37280

C FIRST NX FOR EACH CASE 37290

C CONTROL CARDS CAN BE INPUT SEQUENTIALLY FOR SEPARATE INVESTIGATION 37300

C OF CASE BLOCKS - AND PROGRAMME ENDS ON A TRAP ERROR. 37310
DEFINE DISK (10,44300) 37320

C DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES seadscokscksciokiokiaiit37330

C 37340

C 37350

C END OF COMMON RESERVED FOR THE GENERAL DISK INPUT/OUTPUT SUBROUTINE 37360

C (DISKIO) PARAMETERS 37370

C 37380
DIMENSION TEXT(20) 37390
COMMON NyMByMN4yNPCFyNPCyISTANDy IMASKy IDATA,ICOEF,ITYPE KMAX 37400
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15
20
25
30
35
40

45
50

COMMON LNDATA,LBDATA,LMEANS,yLVARS yLCORS yLEIGS yLEIGVS yLSCORSyLENGS,37410

ILFREQS yLNMASK y LBMASK ¢ LMAT yLKLISTsLNEXTyTEXT 37420
37430

LIMIT ON MN = 200 ( NUMBER OF NUMERIC VARIABLES ) 37440
LIMIT ON MB = 401 (NUMBER OF BINARY VARIABLES) 37450
LIMIT ON N = 250 ( NUMBER OF PUOINTS/CASES ) 37460
LIMIT ON KMAX = 1400/N 37470
37480

COMMUNICATION AREA SPECIFICALLY RESERVED FOR (MODE) ROUTINES 37490
37500

ARRAY COMMON 37510
37520

DIMENSION K(250),KP(251),4KD(250),KCOP(250) yKDCOP(250) 43 IUN(10), 37530
1PD(251)4D(250)4C(250),DCOP(250) 37540
37550

COMMON KyKP4KDyKCOP4KDCOP,IUN,PDyD,C,DCOP 37560
37570

SINGLE VARIABLE COMMON : 37580
37590

COMMON IP,IFUSEsLIMyLINKyMINCyKL yKMINyISTAGE yDMIN,PMIN,PERC 37600
1,NUMUUT yCUEF y ION yMINFUS 37610
37620

DIMENSIONS AND COMMON AREA FOR ALL (MODE) ROUTINES ssicksckisokiokkiiokiokk 237630
READ DISK PARAMETERS 37640
CALL DISKIO(1,A4B4C,sD,yE) 37650
READ CONTROL CARD 37660
ISTART = FIRST CASE FOR WHICH K-LINKAGE LISTS ARE REQUIRED 37670
IEND = LAST CASE FOR WHICH K-LINKAGE LISTS ARE RCQUIRED 37680

NX = NUMBER OF SIMILARITY COEFFICIENTS TO BE PRINTED FOR EACH CAS37690
READ 10,ISTART,IEND,yNX 37700
FORMAT (314) 37710

DO 50 I=ISTART,IEND 37720
CALL GET(1,I) 37730

GO TO (15420),ITYPE 37740
C(I)=-10.E+90 37750

GO TO 25 37760
C(I)=+10.E+90 37770

DO 30 J=1,4N 37780
K{J)=J 37790
CALL ORDER (ITYPE,CyK,4N) 37800
PRINT 35,1 37810
FORMAT(/19H LINKAGES FOR CASE 414/) 37820
PRINT 40,(C{J),y, K(J)yJ=14NX) 37830
FORMAT (10(F843,14)) 37840
PRINT 45 37850
FORMAT (/) 37860
CONTINUE 37870
RETURN TO READ A NEW CONTROL CARD 37880
GO TO 5 37890
END 37900
SUBROUTINE ORDER (IC,XsKA4N) 37910
VERSION ORDER(2) 37920
SORTS THE N ELEMENTS OF X INTO - 37930
—— DESCENDING ORDER WHEN IC=1 37940
~—= ASCENDING ORDER WHEN IC=2 37950
AND PERMUTES THE INDEX ARRAY KA ACCURDINGLY 37960
--------------------------------------------------------------------- 37970
THIS IS A MODIFIED VERSION OF THE ALGOL (QUICKERSORT) ALGORITHM 373980
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NO. 2719 BY RoSe SCOWEN, GIVEN IN — COLLECTED ALGORITHMS FROM THE
COMMUNICATIONS OF THE AsCeMs (CACM)
THIS SUBROUTINE SUCCEEDS THE VERSION OF (ORDER) GIVEN IN (A FORTRAN
IT PROGRAMME FOR NUMERICAL CLASSIFICATION) BY De WISHART, ST. ANDREWS
AUGUST 1968.
TWO VERSIONS GOF (ORDER) ARE PROVIDED - THIS VERSION IS CUNSIDERABLY
FASTER THAN ORDER(1) GIVEN IN STATEMENTS 23100 TGO 23380 FOR ALL
VALUES OF N, BUT REQUIRES MORE STORAGEL.
DIMENSION X(1)4KA(1),LT(20),UT(20)
J =N
I=1
M=1
5 IF (J-1-1)85,85,10
10 IP=(I+J)/2
T=X(IP)
X(IP)=X(1)
KT=KA(IP)
KA(IP)=KA(I)
1Q=J
K=I+1
15 IF (K-1IW)20,20,465
20 GO TO (30,25),1IC
25 IF (X{K)=-T)55,55,35
30 IF (X(K)-T)35,55,55
35 GO TU (45,440),1IC
40 IF (X(IQ)-T)50,60,60
45 IF (X(IQ)-T)60,60,50
50 P=X(K)
X(K)=X(IQ)
X(1Q)=P
KP=KA(K)
KA(K)=KA(IQ)
KA(IQ)=KP
IQ=IQ-1
55 K=K+1
GO TO 15
60 IQ=IQ-1
IF (IQ-K)65435,35
65 X(I)=X(IQ)
X(1Q) =T
KA(T)=KA(IQ)
KA(IQ)=KT
IF (2%1Q-1-J)75,75,70
70 LT (M) =1
UtT(M)=IQ-1
I=IQ+1
GO TO 80
75 LT(M)=IQ+1
Ut(M)=J
J=1Q-1
80 M=M+1
GO TO 5
85 IF (I-J)90,110,110
90 GO TO (100,95),1C
95 IF (X(I)-X(J))110,110,105
100 IF (X(I)=-X(J))105,110,110
105 P=X(1I)
X(I)=X(J)

37990
38000

38020
38030
38040
38050
38069
38070
38080
38090
38100
38110
38120
38130
38140
38150
38160
38170
38180
38190
38200
38210
38220
38230
38240
38250
38260
38270
38280
38290
38300
38310
38320
38330
38340
38350
38360
38370
38380
38390
38400
38410
38420
38430
38440
38450
38460
38470
38480
38490
38500
38510
38520
38530
38540
38550
38560
38570
38580



110
115

120

XA
KP

J) =P
=KA(I)
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(J)=KP

(M=-1)120,120,115
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I=LT(M)
J=UT (M)
GO TO 5
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SPS VERSION OF SUBROUTINE DISKIO FOR FAST DISK ACCESS ON THE

IBM 1620 Il

THIS ROUTINE REPLACES THE PUBLISHED FCRTRAN 11D

VERSION AND ROUGHLY REDUCES EXECUTION TIME TO ONE-THIRD
TAKE CARE TO ENSURE THAN DISK CONTROL FIELD COM CORRECTLY
SPECIFIES THE START OF THE DISK WORK SPACE

AUTHOR — DAVID WISHART,
ANDREWS,

ST.
DS
DC
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FIFE,
r*+101
64987898,5-S
64DISKIO,7-S
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MATHEMATICAL INSTITUTE,

DVLC22-S359LEN32+98,3295959SUB-645,0,30,0

DSC

1740,0

DORGS-100
CAUTION - BEFORE TESTING THIS ROUTINE READ THE COMMENTS ON

CARDS 39290,

DANGER
L DSA
DS
N DS
DS
DS
DS
DS
DC
TFM
AM
AM
TF
BNF
CF
TF
B7
TF
AM
BNR
AWM
BRANCH
cH
BNH
TFM
SET UP
M
i)
SET UP
TFM
TFM

0,0,0,0,0,0

sy ISEL+5

s ISEL+10

s ISEL+15

s ISEL+20

s ISEL+25

140

5,0
TF+64ISEL-4
TF+6 494,10
SUB=-1,45,10
CF+11,5uUB-1,11
TFsCF+11

CF+11
CF+114CF+11,11
CF-12
ISELyCF+11
TF+641,10
SUB+12¢TF+6,11
SUB-1,1,10

FOR FETCH/RECORD DISK

ISELy296
COMMON
CORE yAREA

FETCH/RECORD DIGIT INDICATOR AT

ISEL+5,4610
10,99

39310y AND 39970 TO 40130
- IF YOU DONT TAKE CARE ALL HELL

PARAMETERS

10

10 WORD LENGTH FOR FLUOATING F=8

WORD, 10,10
MODE,100,9

SET FLOATING ADDRESS AND ARRAY LENGTH

87

UNIVERSITY OF

(PRUGRAMME WRITTEN - AUG 68)

WILL BE LET LUGSE

38590
38600
38610
38620
38630
38640
38650
38660
38670
38680
38690

38700
38710
38720
38730
38740
38750
38760
38770
38780
38790
38800
38810
38820
38830
38840
38850
38860
38870
38880
38890
38900
38910
38920
38930
38940
38950
38960
38970
38980
38990
39000
39010
39020
39030
39040
39050
39060
39070
39080
39090
39100
39110
39120
39130
39140
39150
39160



TF  AD,yXAR
* BRANCH IF NOT FIXED

CM  ISELy4,46

BNH FIX
TF  LENGTHsLN,11
BT SEC

* SET UP 5 WORD LENGTH FOR FIXED I=5
FIX TFM WORDy5,10
TFM MODE 950,49
#*SET UP FIXED ADDRESS AND ARRAY LENGTH
TF AD,IBIN
TF LENGTH,LB,11
* SET SECTOR ADDRESS IN DISK CONTROL FIELD
SEC TF SECT,LSEC,11
*  WHEN MODIFYING THIS ROUTINE CHECK THIS INSTRUCTION
AM  SECT,218,9
COMPUTE STARTING POSITION OF ARRAY
S AD4yWORD
AM  ADy1,10
SET END OF RECORD WHEN READING A FULL SECTOR
TFM LAST,AREA
A LAST,MODE
BRANCH TO RECORD
N BD RECORD,IO
THIS SECTION FETCHES FROM DISK - NOW READ
GET DEF
TRANSMIT RECORD MARK TO END OF FILE
TD LAST,RECy6
TEST FOR FULL SECTOR FILE
CM  LENGTH,10
BNL FULL
* PARTIAL FILE - REVISE POSITION OF RECORD MARK
M LENGTH,sWORD
SF 95
AM  99,AREA
TRANSMIT RECORD MARK TO END OF PARTIAL FILE
TD 994REC,6

3

3

R

3¢

.
5

* NOW SEND FILE TO ARRAY AREA
FULL TRNMAD,AREA,6
B7 0OUT

* THIS SECTION RECORDS TO DISK - SET UP END OF ARRAY ADDRESS
RECORDTF END,AD
A END,MODE
#* SAVE DIGIT IN ARRAY
TD SAVESEND,11
% SEND RECORD MARK TO ENDL OF FILE
TD END4sREC,6
TRANSMIT FILE TO I/0 AREA
TRNMAREA4AD, 11
REPLACE SAVED DIGIT
TD ENDsSAVE,6
NOW WRITE SECTOR
PUT DEF
% END OF DISK OPERATION - INCREMENT SECTOR COUNT
ouT AM  LSEC,s1,610
SM  LENGTH,410,10
* BRANCH IF OPERATION COMPLETE
BNH SUB=1446
* INCREMENT CORE AND SECTOR ADDRESS
A AD4MODE

3

¥*

W ¥

88

39170
39180
39190
39200
39210
39220
39230
39240
39250
39260
39270
39280
39290
39300
39310
39320
39330
39340
39350
39360
39370
39380
39390
39400
39410
39420
39430
39440
39450
39460
39470
39480
39490
39500
39510
39520
39530
39540
39550
39560
39570
39580
39590
39600
39610
39620
39630
39640
39650
39660
39670
39680
39690
39700
39710
39720
39730
39740
39750
39760



AM  SECT,1,10 39770

BT IN 39780
COMMONCM ISELs246 39790

BL BRING 39800
% THIS SECTION RECORDS DISK PARAMETERS TO FIRST 4 SECTORS 39810
C PUT BCOM 39820

B7 SUB=1,4,46 39830
* THIS SECTION FETCHES DISK PARAMETERS TU LAST 400 CORE POSITIONS 39840
BRING GET BCOM 39850

B7 SUB-1,46 39860
10 DS 1 39870
MODE DS 3 39880
WORD DS 2 39890
AD DS 5 39900
LENGTHDS 5 39910
END DS 5 39920
LAST DS 5 39930
X DAS 51 39940
AREA DS 4X-1 39950
SAVE DS 1 39960
* WHEN MODIFYING THIS ROUTINE ENSURE CORRECT DRIVE CODE 3 39970
DISK DC 2,3 39980
SECT DS 5 39990

DC 3,1 40000
CORE DS 5 40010
REC DC 1,2 40020
DEF DD  4sDISK,y4N,yA 40030
* THIS DDA DEFINES THE START OF THE WORKING CYLINDERS. ENSURE 40040
% THAT THE SECTOR ADDRESS (219) SPECIFIES THE CORRECT STARTING 40050
% SECTOR OF THE NORMAL FORTRAN WORK SPACEs AND THAT THE DRIVE 40060
* CODE (3) REFERS TGO THE APPROPRIATE DRIVE WHERE THE WORK AREA 40070
% IS LOCATED. 40080
CGM DDA ,3,00219,004,5%9600 40090

DC 1,2 40100
% ALSO CHANGE DISK TO DC 2,D WHERE D IS THE APPROPRIATE DRIVE 40110
% CODEy AND AM SECT,218,9 WHERE 218 IS THE START OF THE WORK 40120
* SPACE MINUS 1 40130
BCOM DD ,COMy9N,A 40140
LEN DC 2,42 40150

DEND 40160

$$  mm e
$$ LISTING OF INPUT CARDS FOR THE PENNSYLVANIA AREAL GEOLUGY STUDY

$$ ALL CARDS WHICH COMMENCE WITH $$ OR *LOCAL ARE 1620 CONTROL CARDS OR

$$ COMMENTS - EVERYTHING ELSE IS DATA INPUT

B e mm e e e e e
SUBROUTINE READ (NUMjsXsMNyLIST ,LENG)

C VERSION OF SUBROUTINE READ USED FOR INPUT OF THE PENNSYLVANIA

C GEOLOGIC FORMATION DATA

C TWO DATA BLOCKS ARE FILED - THE NUMERIC MATRIX CONTAINS THE

C PROPORTIONS OUT OF 10 OF 48 ROCKS ESTIMATED FUR EACH UNIT. THE

C BINARY MATRIX NOTES THE PRESENCE OR ABSENCE OF THE ROCKS IN EACH

89



C SAMPLE

c

C

10

15

20

21

25

30
35
40

$$%%
$$J08

DIMENSION X(1),LIST(1)

DIMENSION P(33)

IF (NUM=-99)15,5,15

READ 104(P(I)4LIST(I)yI=1,11)
READ 104 (P(I),LIST(I),I=12,22)
READ 104(P(I)4LIST(I)y1=23,33)
NX =33

FORMAT (3X,11(F5.0,12))

GO TO 20

READ lO,(P(I),LIST(I),I=l,ll)
READ 1043 (P(I)4LIST(I)yI=12,422)
NX=22

LENG =0

DO 21 I=1,MN

X(1)=0.0

DO 30 I=1,4NX

IF (LIST(I))35,35,25
LENG=LENG+1

K=LIST(I)

X(K)=P(1)

CONTINUE

PRINT 40,NUM,(P(I )yLIST(I)’I=1 7LENG)
FORMAT (14 46X 312(F6e14513)/10X412(F641,513))

RETURN
END

$SXEQSFILE 1
*LOCALFILE,FILEIN,LOAD,EIGEN
PENNSYLVANIA GEOLOGIC FORMATION DATA
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e8 21 140 20 048 19 044 18 047 17 1.0 16 0.6
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e3 27 10 29 15 30 143 31 1e3 32 062 24 0.2
el 36 0.2 37 0ol 43 0ol 41 041 40 Oe4 39 0.l
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73 .
37 042 36 043 35 041 34

T4 045 29 06l 40 0e7 39 042 1 0.2 38 3.5 0.6 33 1.6 32
74 1.0 3]. 100 30 L] * L . L] L] . L] L]
75 0el 32 063 31 046 30 263 29 0ol 28 243 27 041 26 140 24 0.9 25 243 23 0.1 22
75 Ll L] * . L L] L] . - L] L]
76 048 25 046 1 0ol 26 162 24 18 23 2¢5 22 0.5 21 045 20 0.3 19 0.2 18 0.8 17
76 008 16 L] . * . L] L] L] . L *
77 O0el 22 04l 21 0Oel 20 04l 19 0ol 18 062 17 0ol 1 1.0 16 3.7 14 3.5 13 0.1 12
77 O.l 11 003 15 . L) L] L] L L] . L L]
78 0el 14 Col 12 940 13 043 11 Oe4 10 0.1 9 . . . .
78 L2 L] L] L] . L L] L] . . .
79 062 11 042 10 745 13 066 1 13 8 001 9 o . . . .
79 L] L] L] L] L] L] L] L] L] L] L]
80 0e6 13 743 8 068 7 09 6 0.5 1 . . . . .
80 . L] L ] . . . L] L] L . L]
8l 9.2 13 0.2 10 0.1 1 0.5 14 . . . . . . .
81 . . * L J L] L3 L] . L] Ld L]
82 640 14 042 15 042 47 143 1 2.0 16 . . . . . .
82 . L] . . L] L] L4 . L] L d L]
83 342 1 146 16 041 17 04l 18 0el 19 062 20 042 21 142 22 1.0 23 0.1 24 0.1 25
83 0.8 27 0«4 29 0.5 30 0.2 31 . . . . . . .
84 340 32 3.0 31 0el 33 1e8 30 0eb6 29 048 27 0el1 24 041 25 042 23 o .
84 L] - L] . L3 L] L L] . . .
85 066 31 247 30 243 29 2.7 27 OeT 25 046 24 0.4 23 . . . .
85 L] L] L2 L] . . L] . L] . L]
86 0e4 1 2.0 23 046 24 004 25 240 27 160 29 1.0 30 049 31 049 32 0.3 33 0.1 34
86 O.l 35 L] . L) L L . L] L L] .
87 062 31 0e7 32 0e5 33 043 35 0ol 34 062 36 047 1 143 37 5.5 39 0.1 38 .
87 L ] . L] . . . L] Ll L2 L .
88 23 39 445 43 0e3 42 0.7 44 0.8 45 0.6 41 043 40 . . .
88 . * . L] L] L] . * L] L] .
89 0el 45 042 44 le7 43 0ol 42 004 41 049 40 0ol 38 043 1 2.0 39 2.7 37 0.2 36
89 0.2 35 04l 34 0.3 33 041 31 043 32 . . . . . .
90 042 37 Oel 36 0ol 35 0ol 34 042 33 1.0 32 142 31 148 30 2.5 29 0.1 28 1.6 27
G0 Oel 26 042 25 042 24 0.1 23 . . N . . .
91 045 27 0Oel 26 0e3 25 0e5 24 245 23 240 22 046 21 046 20 045 19 042 18 0.8 17
91 0.2 1 0.6 16 0.1 15 0.1 14 . . . . . .
92 0el 21 0ol 20 041 19 0el 18 05 17 245 16 042 15 2.7 14 140 1 2.5 13 0e1 12
92 0.1 11 B . . . . . . . .
93 0el 14 041 12 06l 11 042 10 0Oe5 1 142 08 7.7 13 . . . .
93 L] L] L] L] . L] L] . L2 L] .
94 005 l 3.0 13 605 8 . L] L] L L] L L 2 .
94 ® L] L . L L] * L] L] L L]
95 0el 13 048 1 1lel 7 1.0 6 7.0 8 . . . . o .
95 L L] L] L] L L] . L L] L .
96 062 1 Oe4 B8 0e5 7 78 6 001 5 1.0 4 . . . .
96 . L] . . L] L] L] . L] L] L]
97 0e3 1 0.3 10 9.1 13 0.3 14 . . . . . . .
97 * L L] . . L] L d L] L] L] .
98 Oel 13 047 15 0el 47 15 1 665 14 042 16 0,1 18 Oel 17 041 19 0.1 20 .
98 L] L] L L] . L] L d L L] L] *
99 0e8 1 045 16 041 17 00l 18 0ol 19 063 20 0.3 21 0.8 22 0.6 23 0.1 24 0.1 25
99 048 27 0.6 29 0.9 30 0.8 31 1.0 32 0.2 33 0.1 34 0.2 35 041 36 1.0 37 0.2 38
99 0.1 39 L ] - L] L] L] L] L] * . .
100 345 37 045 1 02 38 047 35 0ol 34 3.0 32 0.6 36 0.8 33 0.3 31 .
100 L] . L] . L] L] L3 L . L d .
101 045 32 2.3 31 242 30 3.0 29 1.8 27 . . . . .
101 o . L] > L L] L . L] [ L]
102 1.0 27 148 29 0.9 30 0.9 31 2.5 32 046 33 Ol 34 0e4 35 0.3 36 0.1 1 0.8 37
102 0.1 38 0.1 39 . . . . . . . .
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133 545 37 1.3 36 1e3 35 0.1 34 0.8 1 0.7 33 0.3 32 ., . . .
133 L) ] . °* L . . . . . .
134 0.8 32 0ol 1 0e4 33 04l 34 043 35 0.2 36 243 37 3.0 39 0.2 38 048 40 0.5 43
134 008 41 . . * . . . . . °
135 O0el 43 0.3 41 046 40 0.2 38 3¢5 39 3,8 37 0.3 1 0.8 48 . . .
135 L3 . . . . ] . . L] . .
136 047 37 045 1 0.2 36 043 35 0el 34 045 33 2.5 32 049 31 2.5 30 1.0 29 0.3 27
136 . . . . . . . . . . .
137 048 29 04l 30 245 27 04l 26 143 25 0e3 24 15 23 143 22 0.3 21 043 20 0.2 19
137 0.1 18 044 17 0.3 1 0.3 16 0.1 28 . . . . . .
138 0.1 21 Oel 20 0ol 19 0Oul 18 0e3 17 1e3 16 042 15 148 14 0.2 12 5.0 13 0.1 10
138 0.2 1 . . . . . . . ] ° .
139 041 11 Oel 10 240 13 243 1 440 8 0.7 7 04 6 & . . .
139 3 . . . . . . . . . .
140 O0el 8 0e4 7 3.0 6 0.2 5 062 1 5.5 4 0.1 3 . . B .
140 . 3 . . 3 . . . . 3 .
141 0el 5 75 6 044 1 2.0 4 . . . o . .
141 . . . 3 . . . 3 . . .
142 10. 6 . . . . 3 . . L) . .
142 . [ . ] . ° 3 . . . 3
143 0.2 5 0.5 1 4.3 4 5.0 6 . . . . . . o
143 . . . . . . . . . . .
144 9.0 4 0.7 6 0.2 7 .1 8 . . . . . . .
14‘9‘ . . . . . . ° 3 . . 3
145 4.3 14 3.0 16 02 47 042 15 1e5 1 06l 17 Ol 18 0.1 19 043 20 0.2 21
145 . [ . 3 . . . . o . 3
146 0o1 17 0ol 18 1e3 32 1lal 31 065 29 066 1 062 16 0.2 20 042 21 146 22 1.2 23
146 0el 24 0l 25 046 27 048 30 O0e4 37 043 39 0.1 40 0.1 41 0.1 43 .
147 Oel 36 0e2 37 0e6 39 063 40 le3 41 645 43 0.3 42 0.5 44 0.1 45 .
147 L) . . 3 . . . 3 . . .
148 142 41 1e2 40 645 39 0.5 38 0.5 37 . . . . . .
148 ° 3 . . . . . . . . .
149 042 39 0Oe4 38 8.5 37 045 36 042 35 0.1 34 . o . .
149 . ] . . . ® . . [ . .
150 0.2 36 0.2 38 2.0 37 0.1 35 7.5 39 . . . . . .
150 L] . . . . . . . . . 3
151 0.2 39 0.1 38 5.0 37 0.5 36 0e3 35 1e3 48 043 46 0.2 45 045 1 0.1 34 0.5 33
151 006 32 . . . . . . . . . .
152 0.3 22 045 23 041 20 Oel 35 0ol 21 Oel 34 0.2 33 2.2 32 0.8 31 1.0 30 1.3 29
152 0.1 28 2.5 27 04l 26 0e4 25 042 24 & . . . N .
153 0e1 27 Oel 26 042 25 042 24 0e6 23 048 22 043 21 043 20 0.2 19 042 18 0.4 1
153 047 17 148 16 0e2 15 243 14 162 13 0.1 12 . . . .
154 042 14 041 12 645 13 042 11 0.2 10 044 1 2.5 8 . . . .
154 . . . L . ° . . ] . .
155 2.3 8 03 1 1le2 7 3.5 6 0.2 5 2.5 4 . . . . .
155 . . [ . . [ 3 3 . . .
156 0«3 3 0e2 1 04l 5 9.0 4 0.1 6 . . . . . .
156 . . . . L . 3 * . L .
157 4.0 4 0.2 5 0.3 1 5.5 6 . . . . . . .
157 . . . . . L] . 3 . . .
158 9.9 6 Ool 1 . 3 . 3 . . . L] .
158 . 3 . . . . . . . L) .
159 1.8 6 1.0 1 0.1 3 042 5 7.0 4 . . . . . .
159 ] 3 . . . o 3 . [ . e
160 548 4 0.8 03 042 1 0.9 6 0.9 7 1.5 8 . . . . .
160 . . . . . . . . . . .
161 1e2 1 545 22 045 21 1e2 20 044 19 0O&l 18 044 17 0.5 16 . o
161 L) [ . . . . . . . . .
162 045 45 0e5 22 1e5 23 0ol 24 041 25 140 27 0.7 29 2.0 30 047 31 2.0 32 0.1 41
162 043 43 0.1 42 041 44 . . o . . . .
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163 0.5 42 4.5 43 2.0 44 3.0 45 . . . . . .
163 L] . L L d L] L[] L] L] L L] .
164 2.5 43 3.0 41 1.5 40 3,0 39 ., . . . . . .
164 L] . L] L] . L] L] ° . L] .
165 6.0 39 1.3 38 3,0 37 . . . . . . . .
165 L] L ] L ] L] . * L] L] L] L] L]
166 0e4 43 240 39 0al 38 445 37 045 36 0.5 35 0.1 34 0.6 33 1.0 32 0.1 45
166 L] L] . L4 * L 4 L] L] L] L] L]
167 Oel 46 0e5 45 140 43 0ol 37 04l 41 0.5 1 0e1 36 0.2 40 044 39 045 33 0.2 35
167 3.3 32 142 31 0.8 30 0.5 29 0.1 28 0.1 27 0.1 34 . . .
168 0«1 31 0.3 30 046 29 06l 28 262 27 Oel 26 0e4 25 042 24 1e2 23 1le2 22 0.5 21
168 03 20 0ol 19 Cel 18 044 17 1.5 16 0.1 15 0.3 14 . . .
169 0.1 17 0e5 16 0s1 15 148 14 740 13 0.1 10 0.1 12 0.1 11 . .
169 L] L] L L] . L] * L] L] L .
170 O¢l 10 140 13 443 8 046 1 1e2 7 2.0 6 0ol 5 0.2 4 o . .
170 L] L ) . . L L] L] L] . L] L
171 042 7 145 6 042 1 042 5 640 4 1e8 3 . . . .
171 L) . L] . L] . * . L] . L]
172 7.7 3 2.3 4 L] L] - . L] L] L L] .
172 L] L] * . L] . . L] L] L] L]
173 0.6 3 8.9 4 044 6 041 5 . . . . . .
173 . L L] L] L] L] . L . L] L]
174 508 4 002 5 .5 1 3‘5 6 L] L ] L] L) L L] L]
174 . * L] L J L] L] . L] L] . L]
175 0.2 1 6.5 4 2.0 3 1.2 2 . . . . . . .
175 . . L4 L] . L] . L] L] L L J
176 0.1 3 04l 2 3.0 4 142 1 140 6 140 7 243 8 0.1 10 0.1 11 1.2 13
176 L L] L L4 L2 . . L] * L] L]
$$%9%
$$408B
$$XEQSCORREL 1
*#*LOCALCORREL yCOREAD ANALYS,COEF

17 48
$$$9$
$$408
$$XEQSMODE 1

*LOCALMODE yORDERIOFILE,OUTPUT s INTRO
312 0.8 N
$$%$

$$J08

$$XEQSHIERAR 1
*LOCALHIERAR,CLASS,DENDRQO

2 210

$$%%

$$ FINAL GROUPINGS, PUNCHED BY MODE AND HIERAR, CORRESPONDING TO
$$ FIGURES 2 - 5 OF THE KANSAS CONTRIBUTION

$$J08

$$XEQSRESULT 1

*LOCALRESULTyIOINP,IONUM, IOBIN,IOCLUS
X XX XXX XX

MODE COMPLETE GROUP 5 KL= 3 74 DENSE 12 CLUSTERS ENC RATIO .64 COEF .087
512 810 710 810 7 9 4 7T 7 8 8 8 312 81010 6 6 711 9
7 710 8 8 6 3 6 810 8 6 6 T11 9 7T 710 & 6 3 3 8 8 8
10 8 711 9 4 710 812 3 3 3 6 8 T10 8 7 9 9 710 812 3
3 5 3 6 8 7T 7T 7T 4 9 4 7 812 3 5 5 2 3 6 7 7 7T 7T 9 9
71012 3 5 2 2 1 3 6 4 4 {1 1T 9 7T 7T 8 3 5 2 2 2 1 6 7
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$%

LISTING OF INPUT DATA CARDS FOR THt TRIAL DATA SCHEDULE

$%
$$

RECOMPILE NEW VERSION OF SUBROUTIME READ

$$

SUBROUTINE READ

REWRITTEN FOR EACH DATA DECK

ik}
T
—
2
——t
ud
s}
fan]
<
s
—
<
>
<<
[
p=d
<
5%}
=
=
<<
o
D
o
o W
a w
%)
Z92
— Qe
< X
=D
Q.
w
T
-Z
—
> X
o O
w
- T
WO
(%2}
w o
Zx O
—
-~
D= W
OoZ
o =
m =
w2
wv a0
a ot
Q=zo
< <D
wwnw
o4
|
oL
w =
v >
o2
(SRS RS]

1yMN = THE ARRAY OF MN NUMERIC VARIABLE VALUES

X(I)eI=

C

14LENG =THE LIST OF BINARY ATTRIBUTES POSSESSED BY THE CASE

~—
-
w
— w
-~ w
-~ o)
- -
— <
— >
=
W
P4 %]
(@] <<
1} et [8)
— %2
-~ =2 (41}
-~ w I
— = -
~ =
[t [} Q
(%] <
— i
- '
(S NS OO

1sMN) s (LIST(I) 1=1,10)

5 FORMAT (6F5.2,1013)

READ 5,(X(I),1

c

C COMPUTE THE BINARY SAMPLE LIST LENGTH

c

=1,10
(LIST(I)) 15,15,10
10 CONTINUE
=I-1

DO 10 I
15 LENG

IF
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(@]

PRINT DATA VALUES
PRINT 59 (X(I)sI=1yMN) 9 (LIST(I)yI=1yLENG)

C
C THE ONUS LIES WITH THE USER TO
C (A) WRITE SUITABLE READ AND FORMAT STATEMENTS
C (B) IN THE CASE OF BINARY INPUT - CALCULATE THE LIST LENGTH
C (C) PRINT THE INPUT DATA FOR CHECKING PURPOSES
C
RETURN
END
$$ START OF SEQUENCE 1 siesiesia ook sioioslksi s stk sk siooiosi sl i i e ok o oi s sk e sie st e o sk s s sk s sie e sl s s oo s o
$%J08B
$$XEQSFILE 1

*LOCALFILE FILEIN,LOAD,EIGEN
TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS
9 6 9SC 6E

2456 57 o453 469 43 446 2 3 4 5 6
2670 72 54 472 41 425 1 3 4 5 6
2410 .50 452 .68 .46 L,30 1 2 3 5 6
2ell W47 W71 o84 456 453 1 2 3 4 6
1e74 438 49 53 .42 .42 5 7 8 9
1.38 425 438 41 433 4,22 5 6 8 9
2.04 445 .68 80 .45 40 5 6 T 9
1le92 57 70 78 455 1424 5 6 7 8
2637 «87 o482 487 451 63 6 7T 8 9
$$%%
$$J08B
$$XEQSCORREL 1
*LOCALCORREL yCOREADyANALYS,COEF
13 5 6
$$%$9%
$$J08B
$$XEQSMODE 1
*LOCALMODE yORDERyIOFILE,QUTPUT,INTRO
1 N MODE PARAMETER CARD
$$5%%
$%$J08
$$SXEQSRESULT 1
*LOCALRESULT,IOINP,IONUM,IOBIN,IOCLUS
XXXXXX 6 XXX X 5 KXXXXX RESULT PARAMETER CARD
MODE NUCLEI GRQUP 1 KL= 3 G DENSE 2 CLUSTERS ENC RATIO 1.00 COEF «333
1 1 1 1 5 5 5 5 5
$5%%
$$ START OF SEQUENCE 2 sk sk ook sor ok 3 sk s sk ol stk sk oo s ok ot ot st sl e sk it e s o
$$J08B
$$XEQSCORREL 1
#*LOCALCORREL yCOREAD,ANALYS,COEF
1 54
$$%9%
$3$J08B
$$XEQSMODE 1
*LOCALMODE ORDER,IOFILE,OUTPUT,INTRO
3
$5%%
$$J08
$$XEQSHIERAR 1
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*LOCALHIERAR,IOFILECLASS yDENDRO
T 2 4 -.25

$$$%

$$J08B

$$XEQSRESULT 1
*LOCALRESULT 4IOINP,IONUM,I0OBIN,IOCLUS

XXX XX
FLEXIBLE FORM GROUP 6 FUSE POINTS 1 3 AT COEF 24606 3 CLUSTERS
1 1.1 1 5 5 1 8 8

$$3%%
5% START OF SEQUENCE 3 sksieskokaioksisicsisk sk sl s sodoloole oo sk sk sk st st skttt o s oo e sl el oo
$$J08B
$$XEQSCORREL 1
*LOCALCORREL yCOREADyANALYS,COEF
35 9 2
4 6
$$%9%
$$J08B
$$XEQSRESULT 1
*LOCALRESULT,IOINP,IONUM,IOBIN,IOCLUS
X &4
$$%%
P s e e e e e e e e e e e e e e e e
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TRIAL DATA SCHEDULE - START OF SEQUENCE 1
EXECUTE FILE
TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES = 9
NUMBER OF BINARY VARIABLES = 9
NUMBER OF NUMERIC VARIABLES = 6

FILE DATA MATRIX

READ AND FILE MIXED-MODE DATA
REPLACE NUMERIC DATA BY STANDARD SCORES
PRINCIPAL COMPONENTS SOLUTION SELECTED FOR NUMERIC DATA
CORRELATIONS TO BE FILED
2656 457 453 .69 .43 46
270 «72 54 72 441 .25
2,10 450 452 .68 .46 L30
2611l W47 Tl .84 .56 453
le74 438 49 453 .42 .42
1.38 .25 .38 441 .33 ,22
204 445 .68 480 .45 L40
1692 o57 470 478 .55 l.24
2637 o487 482 487 .51 .63
RAW DATA FILED
BINARY SAMPLE LIST LENGTHS FILED
BINARY VARIABLE FREQUENCIES FILED
NUMERIC MEANS FILED
NUMERIC VARIANCES FILED
NUMERIC CORRELATIONS FILED
FILE EIGENVALUES
ALL EIGENVECTORS FILED
STANDARD SCORES FILED

6 COMPONENT SCORES FILED
FILE COMPLETE
JOB ENDS

(e3¢ e 0o )}

VLV Ul =N
~NOoOoOO NN WW
@ ~N~N0W0oWWPHPp
NelN < IV IRV IRV I SV, WY IV}

EXECUTE CORREL (SEQUENCE 1)
TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES = 9
NUMBER OF BINARY VARIABLES = 9
NUMBER OF NUMERIC VARIABLES = 6

CALCULATION OF COEFFICIENT MATRIX AND K-LINKAGE LISTS

MASK ALL NUMERIC DATA

USE BINARY DATA

NO BINARY MASK APPLIED

SELECT COEFFICIENT NUMBER 13
COEFFICIENT IS SIMILARITY TYPE
FILE 5 K=LINKAGE LISTS

DISK FILE USES 65 RECORDS

COEFFICIENTS AND K-LINKAGE LISTS CALCULATED AND FILED
JOB ENDS

100



EXECUTE MODE (SEQUENCE 1)

TRIAL DATA

NUMBER OF CASES = 9

NUMBER OF BINARY VARIABLES = 9
NUMBER OF NUMERIC VARIABLES = 6

STANDARD SCORES FILED
BINARY DATA FILED
6 COMPONENT SCORES FILED
BINARY COEFFICIENT CALCULATED
NO MASK USED

COEFFICIENT

MODE ANALYSIS

DENSITY LEVEL = 3
MINIMUM NUMBER OF CLUSTERS CONTROL = 1

MINIMUM ENCLOSURE RATIO

NUMBER 13 CALCULATED
5 K=LINKAGE LISTS FILED

.80

FUSION QUTPUT OF CLUSTERS SIZE - MUST EXCEED

NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW
NOW

INTRODUCE DENSE
INTRODUCE DENSE
FUSE CLUSTERS
INTRODUCE DENSE
FUSE CLUSTERS
INTRUDUCE DENSE
FUSE CLUSTERS
INTRODUCE DENSE
INTRODUCE DENSE
FUSE CLUSTERS
INTRODUCE DENSE
FUSE CLUSTERS
INTRODUCE DENSE
FUSE CLUSTERS
INTRODUCE DENSE
FUSE CLUSTERS

POINT
POINT
2
POINT
2
POINT
1
POINT
POINT
K
POINT
1
POINT
6
POINT
5

7

6

3 AT COEFFICIENT
2 AT COEFFICIENT
AT COEFFICIENT
4 AT COEFFICIENT
AT CUEFFICIENT
1 AT COEFFICIENT
AT CUEFFICIENT
7 AT COEFFICIENT
8 AT CUEFFICIENT
AT COEFFICIENT
9 AT COEFFICIENT
AT COEFFICIENT
6 AT COEFFICIENT
AT COEFFICIENT
5 AT CUEFFICIENT
AT COEFFICIENT

CLASSIFICATIONS PRIOR TO FUSION
MODE NUCLEI GROUP

1

MODE COMPLETE GROUP

1
NOW
NUMB

1 1 1

1 1 1
FUSE CLUSTERS
ER OF CLUSTERS

ENCLOSURE RATIO =
END CONDITIONS SATISFIED

JoB

ENDS

1 KL=3

5

1 KL

5
1
1

1.00

5

9 DENSE
5 5 5 5
3 9 DENSE
5 5 5 5
AT COEFFICIENT
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1 DENSE POINTS

«444 AND FORM NEW CLUSTER
«444 AND FORM NEW CLUSTER

«444 4 NEW CLUSTER CODE IS

«444 AND FORM NEW CLUSTER

«444 4 NEW CLUSTER CODE IS

o444 AND FORM NEW CLUSTER

<444+ NEW CLUSTER CODE IS

«333 AND FORM NEW CLUSTER
«333 AND FORM NEW CLUSTER

«333.

«333 AND FORM NEW CLUSTER

«333.

«333 AND FORM NEW CLUSTER

«333.

«333 AND FORM NEW CLUSTER

<333,

NEW CLUSTER CODE IS
NEW CLUSTER CODE IS
NEW CLUSTER CODE IS

NEW CLUSTER CODE IS

2 CLUSTERS ENC RATIO 1.G0 COEF

2 CLUSTERS ENC RATIO 1.00 COEF

e222+ NEW CLUSTER CODE IS

- TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUCLEUS
NUCLEUS
2
NUCLEUS
2
NUCLEUS
1
NUCLEUS
NUCLEUS
7
NUCLEUS
7
NUCLEUS
6
NUCLEUS

1

N W



EXECUTE RESULT (SEQUENCE 1)

TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES = 9
NUMBER OF BINARY VARIABLES = 9
NUMBER OF NUMERIC VARIABLES = 6

STANDARD SCORES FILED
BINARY DATA FILED
6 COMPONENT SCORES FILED
BINARY COEFFICIENT CALCULATED
NO MASK USED
COEFFICIENT NUMBER 13 CALCULATED
5 K-LINKAGE LISTS FILED

NUMERIC MEANS AND STANDARD DEVIATIONS

1 241022 «3842
2 «5311 «1721
3 «5966 «1300
4 «7022 « 1409
5 4577 «0687
6 « 4944 «2913

RAW NUMERIC DATA

S 1 2.5600 «5700 «5300 «6900 «4300 «4600
S 2 2.7000 « 7200 «5400 «7200 «4100 «2500
S 3 2.1000 5000 5200 6800 <4600 «3000
S 4 2.1100 <4700 «7100 «8400 « 5600 «5300
S 5 1.7400 «3800 <4900 «5300 «4200 « 4200
S 6 1.3800 «2500 «3800 «4100 « 3300 . 2200
S 7 2.0400 «4500 « 6800 «8000 «4500 «4000
S 8 1.5200 «5700 . 7000 . 7800 «5500 1.2400
S 9 243700 «8700 «8200 8700 «5100 6300
VARIABLE MINIMUM VALUE MAXIMUM VALUE

1 1.3800 2.7000

2 «2500 «8700

3 «3800 » 8200

4 «4100 «8700

5 «3300 « 5600

6 «2200 1.2400

NUMERIC STANDARD SCORES

l.1914 2259 =-.5126 -.0867 =-,4039 -,1182
1.5558 11,0972 -.4357 «1261 -~.6948 -.8389
-.0057 -.1807 -.5895 =-.,1576 «0323 -,6673
«0202 -.3550 «8715 «97T76 1.4865 «1220
—e9427 =.8778 =-.8202 =-1.2220 =-,5493 =,2555
~1e8797 =146330 -1.6661 -2,0735 -1.,8582 =-.9419
—e1619 -.4711 «6408 «6937 -41131 =-.3241

nununmuvnmounn
~NouUudsH W
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S 8 —e4742 «2259 « 7946 «5518 1l.3411
S 9 «6969 1.9686 1.7173 1.1904 « 7594
NUMERIC VARIABLE CORRELATIONS
1 2 3 4 5
1 1.000
2 +800 1.000
3 «372 4655 1.000°
4 624 o711 4924 1,000
5 4265 442 4847 L8331 1.000
6 —.029 282 4592 459 .722 1.000
EIGENVALUES
3493 1.37 «39 21 <07 .01
PERCENTAGE VARIANCE
65.66 22485 6453 3459 1.20 17
CUMULATIVE VARIANCE
65.66 88451 95.04 98,63 99,83 100,00
EIGENVECTORS = BY ROWS
VECTOR 1 ¢308 o401 o469 483 437 4313
VECTOR 2 —e632 =.405 143 =-.056 <333 .548
VECTOR 3 el63 4429 —=4313 -.387 =-.241 694
VECTOR 4 e541 —4495 —.506 086 419 4143
VECTOR 5 —e2l4 o433 -,248 -.390 L674 -.311
VECTOR 6 ¢373 —¢238 4584 -,673 087 -.021
FIRST 6 FACTOR SCORES
S 1 -.038 -1.112 «502 598 =.231 £117
S 2 «209 -2.190 «399 «117 -,006 -.062
S 3 _0622 -0354 -.303 0289 0361 '0179
S 4 1-434 0762 "10075 0471 0208 0070
S 5 -1.939 «580 «154 =.032 211 «158
S 6 44127 «593 «1l12 -4458 -,040 -.032
S 7 e 246 «130 -.896 =-.213 =-.574 -,043
S 8 1.973 2.141 1,008 «207 =4106 =.076
S 9 2.865 _0551 0098 —0980 0178 0048
RAW BINARY DATA
SAMPLE 1 LENGTH 5 2 3 4 5
SAMPLE ©~ 2 LENGTH 5 1 3 4 5
SAMPLE 3 LENGTH 5 1 2 3 5
SAMPLE 4 LENGTH 5 1 2 3 4
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SAMPLE 5 LENGTH ¢4 5 7 8 9
SAMPLE 6 LENGTH 4 5 6 8 9
SAMPLE 7 LENGTH 4 5 6 7 9
SAMPLE 8 LENGTH 4 5 6 7 8
SAMPLE 9 LENGTH ¢4 6 K 8 9
BINARY VARIABLE FREQUENCIES
3 3 4 3 7 8 4 4 4
PERCENTAGE OCCURRENCE FOR BINARY VARIABLES
6 88.9 5 T7.8 9 44.4 8 44.4 3 44.4 T 44.4 4 33.3 1 33.3 2 33.3
COEFFICIENTS MATRIX
S 2 444
S 3 444 <444
S 4 hb 4 o444 bbb
S 5 111 o111 111 0.000
S 6 222 «222 0222 111 «333
S 7 «222 «222 222 «111 «333 «333
S 8 0222 0222 0222 111 «333 «333 «333
S 9 o111 e 111 «111 «111 «333 «333 «333 «333
5 K=LINKAGE LISTS - (NEAREST NEIGHBOURS)
S 1 bbb 2 bbb 3 o444 4 222 6 222 7
S 2 o444 1 444 3 444 4 0222 6 «222 7
S 3 hb4 1 o444 2 . 444 4 0222 6 222 7
S 4 o444 1 bbb 2 444 3 «111 6 «111 7
S 5 «333 6 «333 1 «333 8 «333 9 111 1
S 6 «333 5 «333 1 «333 8 «333 9 222 1
S 7 «333 5 «333 6 «333 8 «333 9 222 1
S 8 «333 5 «333 6 «333 K «333 9 222 1
S 9 «333 5 «333 6 «333 7 «333 8 111 1

TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS
MODE NUCLEI GROUP 1 KL= 3 9 DENSE 2 CLUSTERS ENC RATIO 1.00 COEF «333

CLASSIFICATION ARRAY

1 1 1 1 2 2 2 2 2

CLUSTER 1 NUMBER OF CASES = 4

CASE NUMBERS
1 2 3 4
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CLUSTER DIAGNOSIS OF MEANS, STANDARD DEVIATIONS AND F-RATIO
VAR F-RATIO T MN-ORIG STD-ORIG VAR  F-RATIO T MN-OR 16
6 «1534 -.3755 +3850 .1141 4 <2049 .2148 .7325
2 .3147 <1969 «5650 .0966 3 .3622 -.1665 +5750
1 4835 <6904 2.3675 .2671 5 27032 1050 <4650
BINARY VARIABLE FREQUENCIES
3 3 4 3 3 4 0 0 0
PERCENTAGE OCCURRENCE FOR BINARY VARIABLES
3 100.0 6 100.0 1 75.0 2 75.0 4 75,0 5 75.0 9 0.0 7 0.0

BINARY FREQUENCIES RATIO -
OCCURREMCE OVERALL)

2 2.25 3 2.25 4 2425 1 2.25 6 1.13 5 «96 9 0.00 7 0.00
CLUSTER 2 NUMBER OF CASES = 5
CASE NUMBERS
5 6 7 8 9
CLUSTER DIAGNOSIS OF MEANS, STANDARD DEVIATIONS AND F-RATIO
VAR F-RATIO T MN-ORIG STD-CORIG VAR F-RATIO T MN-ORIG
1 « 1267 -+5523 1.8900 «3275 5 l.2216 -.0839 «4520
3 1.4703 «1333 « 6140 <1577 6 le4741 «3005 «5820
2 1l.4924 -e1574 «5040 «2103 4 1.5697 -.1718 «6780
BINARY VARIABLE FREQUENCIES
0 0 0 0 4 4 4 4 4
PERCENTAGE OCCURRENCE FOR BINARY VARIABLES
5 80.0 8 80.0 7 80.0 9 80.0 6 80.0 3 0.0 4 0.0 2 0.0

BINARY FREQUENCIES RATIO -
OCCURRENCE OVERALL)

0.00 4
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(PERCENTAGE OCCURRENCE IN CLUSTER/PERCENTAGE

(PERCENTAGE OCCURRENCE IN CLUSTER/PERCENTAGE

STD-ORIG
0638
0783
0577

8 0.0

8 0.00

STD-ORIG

0760
«3537
«1766
0.0
0.00



TRIAL DATA SCHEDULE - START OF SEQUENCE 2
EXECUTE CORREL

TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES = 9
NUMBER OF BINARY VARIABLES = 9
NUMBER OF NUMERIC VARIABLES = 6

CALCULATION OF COEFFICIENT MATRIX AND K-LINKAGE LISTS

SELECT FIRST
SELECT COEFFICIENT NUMBER
COEFFICIENT IS DISSIMILARITY TYPE
FILE 5 K-=LINKAGE LISTS
DISK FILE USES

COEFFICIENTS AND K-LINKAGE LISTS CALCULATED AND FILED

JOB ENDS

EXECUTE MODE (SEQUENCE 2)

TRIAL DATA

4 COMPONENT SCORES

1

65 RECORDS

— TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES = 9
NUMBER OF BINARY VARIABLES = 9
NUMBER OF NUMERIC VARIABLES = 6

STANDARD SCORES FILED

BINARY DATA FILED
6 COMPONENT SCORES FILED

COEFFICIENT

MODE ANALYSIS

DENSITY LEVEL

1 COMPUTED USING FIRST

= 3

MINIMUM NUMBER OF CLUSTERS CONTROL = 1
<80
OF CLUSTERS SIZE -

MINIMUM ENCLOSURE RATIO

FUSION OUTPUT

NOW INTRODUCE
NOW INTRODUCE
NOW INTRODUCE
NOW INTRODUCE
NOW INTRODUCE

DENSE
DENSE
DENSE
DENSE
DENSE

NUMBER OF CLUSTERS
ENCLOSURE RATIO =
END CONDITIONS SATISFIED

JOB ENDS

POINT
POINT
POINT
POINT
POINT
1
«89

PN W

AT
AT
AT
AT
AT

MUST EXCEED

COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENT

4 COMPONENT SCORES

0 DENSE

«730
1.060
1.060
1.529
1.652
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POINTS

AND FORM NEW CLUSTER NUCLEUS 3

JOINS CLUSTER
JOINS CLUSTER
JOINS CLUSTER
JOINS CLUSTER

3 AND NEW CLUSTER CODE
1 AND NEW CLUSTER CODE
1 AND NEW CLUSTER CODE
1 AND NEW CLUSTER CODE

Is
I
Is
IS
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EXECUTE HIERAR (SEQUENCE 2)

TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES
NUMBER OF BINARY VARIABLES

9

NUMBER OF NUMERIC VARIABLES

STANDARD SCORES FILED

BINARY DATA FILED

6 COMPONENT SCORES FILED
COEFFICIENT 1 COMPUTED USING FIRST

6

LANCE/WILLIAMS FLEXIBLE FORM WITH BETA = -.250
OUTPUT CLASSIFICATIONS FOR 2 T0

CYCLE 1 NOW FUSE POINTS 1
CYCLE 2 NOW FUSE POINTS 3 7 AT
CYCLE 3 NOW FUSE POINTS 3
CYCLE 4 NOW FUSE POINTS 5

FLEXIBLE FORM GROUP
1 1 3 3

FLEXIBLE FORM GROUP
1 1 1 1

FLEXIBLE FORM GROUP
1 1

2 AT

4 AT

6 AT

5 FUSE POINTS
5 5 3

6 FUSE POINTS
5 5 1

7 FUSE POINTS
5 5 1

CYCLE 8 NOW FUSE POINTS 1 5 AT

DENDROGRAM TABLE

4 CLUSTERS

COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENT

C

8

8
1
8
1
1
8]

8

9 AT COEF 2.573

«366
«398
l1.216
1.243

3 AT COEF 2.606

8

1
EFFICIENT

8 AT COEF 44527

10.969 -

4 COMPONENT SCORES

8 CLUSTERS AND
7 CLUSTERS AND
6 CLUSTERS AND
5 CLUSTERS AND
4 CLUSTERS

3 CLUSTERS
2 CLUSTERS

1 CLUSTERS AND

NEW
NEW
NEW
NEW

NEW

POV O®PHNWN -
l .

<«
o

107

CLUSTER
CLUSTER
CLUSTER
CLUSTER

CLUSTER

CODE
CODE
CODE
CODE

CODE

IS
IS
Is
IS

U wr

IS 1

FUSION SUMMARY

= 0T W W

MoOoWOoe H~NN

«366
+398
1.216
1.243
2.573
2.606
44527
10.969



EXECUTE RESULT (SEQUENCE 2)
TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES = 9
NUMBER OF BINARY VARIABLES = 9
NUMBER OF NUMERIC VARIABLES = 6

STANDARD SCORES FILED
BINARY DATA FILED

6 COMPONENT SCORES FILED
COEFFICIENTS MATRIX NOT FILED

TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS
FLEXIBLE FORM GROUP 6 FUSE POINTS 1 3 AT COEF 2.606 3 CLUSTERS

CLASSIFICATION ARRAY

1 1 1 1 2 2 1 3 3

CLUSTER 1 NUMBER OF CASES = 5

CASE NUMBERS
1 2 3 4 7

CLUSTER DIAGNUSIS OF MEANS, STANDARD DEVIATIONS AND F~RATIO

VAR F=RATIO T MN-ORIG STD-O0ORIG VAR F-RATIO T MN=-ORIG STL-ORIG
6 .1232 -e3652 3880 1023 4 2
. . +«2006 3106 e 746 .
i «3232 0633 5420 «0979 3 3941 =.0050 .5968 .8231;(];
<5030 «5200 2.3020 «2725 5 «5702 0614 ) «4620 0519

PERCENTAGE OCCURRENCE FOR BINARY VARIABLES

6 100.0 3 80.0 5 80.0 4 60.0 1 60.0 2 60.0 9 20.0 7 20.0 8 0.0

BINARY FREQUENCIES RATIO - (PERCENTAGE OCCURRENCE IN CLUSTER/PERCENTAGE
OCCURRENCE OVERALL)

2 1.80 3 1.80 4 1.80 1 1.80 ) 1.13 5 1.03 9 45 7 45 8 0.00

CLUSTER 2 NUMBER OF CASES = 2

CASE NUMBERS
5 6
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CLUSTER DIAGNOSIS OF MEANS,

VAR F-RATIO T MN-ORIG
6 1178 ~e5986 «3200
3 «1789 =-1.2431 «4350
1 «2195 -l.4112 1.5600

PERCENTAGE OCCURRENCE FOR BINARY

5 100.0 8 100.0

9 100.0

BINARY FREQUENCIES RATIO -

OCCURRENCE OVERALL)

CLUSTER

CASE NUMBERS

3 NUMBER OF CASES

8 9
CLUSTER DIAGNOSIS OF MEANS,
VAR F-RATIO T MN-ORIG
5 .0846 1.0503 . 5300
3 .2129 1.2560 .7600
2 L7593 1.0973 . 7200

PERCENTAGE OCCURRENCE FOR BINARY

7 100.0 6 100.0

8 100.0

BINARY FREQUENCIES RATIO -

OCCURRENCE UVERALL)
8 2425 7 2.25 6

l.13

STANDARD DEVIATIONS AND F-RATIO

STD-ORIG VAR  F-RATIO

.1000 2 .1426

.0550 4 .1813

.1800 5 +4283
VARIABLES

7 5040 6 5040 3 0.0

(PERCENTAGE OCCURRENCE IN

T MN-OR1G
-1.2553 +3150
-1.6477 .4700
-1.2037 <3750
4 0.0 2 0.0
CLUSTER/PERCENTAGE
2 0.00 4 0.00

STANDARD DEVIATIONS AND F-RATIO

STD-ORIG VAR F-RATIO
.0200 4 .1020
+0600 1 <3429
.1500 6 1.0958
VARIABLES

5 50.0 9 50.C 2 0.0

9 1.13 5 .64 3 0.00
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T MN-ORIG
«8712 «8250
.1113 241450
1.5121 «9350

1 0.0 4 0.0

(PERCENTAGE OCCURRENCE IN CLUSTER/PERCENTAGE

2 0.00 1 0.00

STD-ORIG
0650

0600
0450

1 0.00

STD-ORIG

«0450
«2250
+3050



TRIAL DATA SCHEDULE - START OF SEQUENCE 3
EXECUTE CORREL

TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES = 9
NUMBER OF BINARY VARIABLES = g
NUMBER OF NUMERIC VARIABLES = 6

CALCULATION OF COEFFICIENT MATRIX AND K-LINKAGE LISTS

MASK ALL BINARY DATA

USE NUMERIC DATA

THE FOLLOWING NUMERIC VARIABLES ARE MASKED FROM THE COEFFICIENT CALCULATION
4 6

STANDARD SCORES SELECTED

SELECT COEFFICIENT NUMBER 3

COEFFICIENT IS SIMILARITY TYPE

FILE 5 K=LINKAGE LISTS

DISK FILE USES 66 RECORDS

COEFFICIENTS AND K-LINKAGE LISTS CALCULATED AND FILED
JOB ENDS

EXECUTE RESULT (SEQUENCE 3)

TRIAL DATA - TESTS MIXED-MODE OPERATIONS AND PROVIDES PROGRAM DIAGNOSTICS

NUMBER OF CASES = 9
NUMBER OF BINARY VARIABLES = 9
NUMBER OF NUMERIC VARIABLES = 6

STANDARD SCORES FILED

BINARY DATA FILED
6 COMPONENT SCORES FILED

NUMERIC COEFFICIENT CALCULATED

THE FOLLOWING VARIABLES WERE USED TO CUMPUTE COEFFICIENTS
1 2 3 5

COEFFICIENT NUMBER 3 CALCULATED
5 K=LINKAGE LISTS FILED

COEFFICIENTS MATRIX

S 2 «925

S 3 «501 «326

S 4 ~e695 -e914 -.035

S 5 - 689 -e825 «249 + 869

S 6 ~+409 -+048 -e735 —e354 -.291

S 7 —e513 -.588 -+ 780 «516 077 o171

S 8 -+930 -+956 -.168 846 «906 .0091 343

S 9 ~e362 005 -+ 702 -+405 -e323 «998 119 <047
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4 K=LINKAGE LISTS -
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«925
«925
«501
«869
«906
«998
«516
«906
+998

VP OOV FN

(NEAREST NEIGHBOURS)

«501
«326
326
«846
«869
o171
e343
«846
119

NO CLASSIFICATION DIAGNOSIS

JOB ENDS

~NpPO P ONWW

-0362
.005
249
«516
249
091
«171
«343
<047

1

O ~NON00WNU OO

-+409
-0048
-.035
-.035
<077
"".048
«119
«091
«005
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

FORTRAN |l programs for 8 methods of cluster analysis (CLUSTAN I)

Date: 4 January 1969

Author, organization: D. Wishart, Computing Laboratory, University of St. Andrews, St. Andrews,

Fife, Scotland.

Direct inquiries to: Author or

Name: D.F. Merriam Address: Kansas Geological Survey, University
of Kansas, Lawrence, Kansas

Purpose/description:  Numerical classification of N samples according to numeric or binary

variable values. This set of programs forms the basis of a cluster analysis

program library = CLUSTAN I.

Mathematical method: Mode analysis, and the hierarchical fusion processes = nearest neighbor, farthest

neighbor, group average, centroid, median, Ward's error sum method and Lance -Williams flexible

Restrictions, range:  Maxima are - number of samples 250, number of numeric variables 200, number

of binary variables 400 (for the FORTRAN |V version, the maximum number of

samples is increased to 999).

Computer manufacturer: IBM Model: 1620 Model 11

Programming language: FORTRAN 11 D

Memory required: Approximate running time: Depends on N

Special peripheral equipment required: Disk

Remarks (special compilers or operating systems, required word lengths, number of successful runs, other ma-
chine versions, additional information useful for operation or modification of program)

All disk input/output is controlled by one subroutine DISKIO which can be rewritten suitably for other

disk systems or magnetic tape simulation. CLUSTAN 1 is available for IBM System 360/44 and has been

tested on numerous occasions during 1968, Versions for KDF9, ICL 1909, ICL 4/50, CDC 6400 and other

IBM System 360 models have been developed.
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10.
Lls

13.
14,
15t
16
175
18.
19

20.
215

222
23,
24,
25
26.
27
28.
29
30.
Sz
32.
33,
34.
30

36,
3.

. Computer applications in the earth sciences: Colloquium on classification procedures,

edited by D.F. Merriam, 1966 .

Prediction of the performance of a solution gos drive reservoir by Muskat's Equchon, by
Apolonio Baca, 1967 3

FORTRAN |V program for mathemohcol sumulo'rlon of marine sedimentation with IBM 7040
or 7094 computers, by J.W. Harbaugh and W.J. Wahlstedt, 1967

Three-dimensional response surface program in FORTRAN Il for the 1BM 1620 compufer, by
R.J. Sampson and J.C, Davis, 1967 .

FORTRAN |V program for vector trend analyses of directional da'ro by W, T Fox, 1967

. Computer applications in the earth sciences: Colloquium on trend onalysns, edited by D.F.

Merriam and N.C, Cocke, 1967

FORTRAN IV compu’rer programs for Markov chain ¢ experlments in geology, by W. C Krumbeln,

1967. .

FORTRAN IV programs to determine surface roughness in topogrophy for the CDC 3400
computer, by R.D, Hobson, 1967 "

FORTRAN Il program for progressive linear fit of surfoces on a quodruhc base usmg an IBM
1620 computer, by A.J. Cole, C. Jordan, and D.F. Merriam, 1967 .

FORTRAN 1V program for the GE 625 to compute the power spectrum of geologlccl surfoces,
by J.E. Esler and F.W. Preston, 1967

FORTRAN IV program for Q-mode cluster analysis of nonquanhfchve data usmg IBM 7090/
7094 computers, by G.F. Bonham-Carter, 1967 5

Computer applications in the earth sciences: Colloquium on time-series anolysns, BF,
Merriam, editor, 1967

FORTRAN Il time-trend packcge for the IBM 1620 computer, by J C Davis and R H
Sampson, 1967

Computer programs for mul'nvormfe anclysns in geology, D F Merrlclm, edlfor, l968

FORTRAN |V program for computation and dlsploy of principal components, by W.J.
Wahlstedt and J.C. Davis, 1968 -

Computer applications in the earth sciences: Colloquwm on snmulahon, D.F. Merriam
and N.C, Cocke, editors, 1968

Computer programs for automatic contourmg, by D B. Mclnfyre, D+ D Pollord ond
R. Smith, 1968 .

Mathematical mode! and FORTRAN IV progrdm for compurer simulation of deltaic sedimen-
tation, by G.F, Bonham-Carter and A.J. Sutherland, 1968 ’

FORTRAN IV CDC 6400 computer program for analysis of 'subsurface fold geomefry, by
E.H.T. Whitten, 1968

FORTRAN |V computer program for snmulohon of trcnsgressmn and regressuon with conhnuous-

time Markov models, by W.C, Krumbein, 1968 2

Stepwise regression and nonpolynomlol models in trend onolysns, by A iM% Miesch and 418 J
Connor, 1968

KWIKR8 a FORTRAN |V progrom for mulhple regress:on ond geologlc frend onclysns, by
J.E. Esler, P.F, Smith, and J.C. Davis, 1968

FORTRAN 1V program for harmonic trend analysis using double Fourler series s and regulurly
gridded data for the GE 625 computer, by J.W. Horbough and M.J. Sackin, 1968

Sampling a geological population (workshop on experiment in sampling), by J.C. Griffiths
and C.W. Ondrick, 1968 "

Multivariate procedures and FORTRAN v program for evoluchon ond |mprovemenf of
classifications, by Ferruh Demirmen, 1969 -

FORTRAN |V programs for canonical correlation and canonical trend'surfoce onolysns,
by P.J. Lee, 1969

FORTRAN IV program for consfruchon of B dlograms wnfh the Umvuc 1108 compufer,
by Jeffrey Warner, 1969 .

FORTRAN 1V program for nonlinear eshmohon, by R Bi McCommon, 1969

FORTRAN |V computer program for fitting observed count data to discrete distribution
models of binomial, Poisson and negative binomial, by C.W. Ondrick and J.C.
Griffiths, 1969 .

GRAFPAC, graphic output subroutines for the GE 635 compufer, by Eud Rohlf 1969

An iterative approach to the fitting of trend surfaces, by A.J. Cole

FORTRAN |l programs for 8 methods of cluster analysns (CLUSTAN 1), by David Wxshcrt
1969 . : . :

$1
$1
$1

$0.
$1.

.00

$1
$1
$1
$1
$0
$1
$1

$1.
$1.

.00

$1
$1
$1
$1
$1
$1
$1
S
$1
$1
$1
$1
$1

$0
§1
$1

.00
.00
.00

75

.00
.00
.00
hD
.00
.00

00

.00
.50
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
$0.

I35
.00
.00

.50
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