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TANGENT
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Double Ianteger Add and Subtract
Double Integer Multiply

Reverse Binary

LIREG
CLUST
PREST
DIVER

SPAN

BARTO
QMAT

FORA

ARSTN(x)
ARCOS(x)

TAN( x)
COSH(x)
SINH(x)
IDADD, IDSUB
IDMUL

INVT(IVAL,Q)



ERRATA

Program 198

Under the paragraph entitled “Examples" insert the following:-
N.B. The word length of the input and output files must

be defined in the *DEFINE FIIE statement, as 192
(allowing 64 real numbers per record)

Subprogran =59

Method

After line 3 add:~

This adds (or subtracts) the double integer in J(1),J(2),by
(from) the double integer in I(1),I(2), and places the results
in X(1),x(2).



GQueries regarding the use or availability of any of the programs

in this volume may be made to:-
The Program Librarian,
Data Processing Group,
National Institube of Oceanography,
Wormley, Godalming, Surrey.
from whom a comprehensive list of all current N.I.,0. Programs

is available,



ALl the programs in this volume have been compiled and
executed on an I.B.M.1800 Computer having the following

configuration:—-

1802 Processor-Controller with 16,38, words of core storage
2 2310 Disk Drives Model A

1 2,01 Magnetic Tape Drive (30 ko/is)(7 Track)

1442 Model 6 Card Read - Punch

14,3 Printer, 2,0 lines/minute

1816 Keyboard-Printer

Facit Paper Tape Reader, 1000 Characters/second

Facit Paper Tape Punch, 150 Characters/second

The operating system was TSX Version 3



DPG/P/16

Finite Complex Fourier Transform - FORT
This is a rhbroutine submitted by J. 77, Cooley and to be found
in the SHARE program library, Ve have acouived a copy of this

subroutine and 1t is now written on to 4

disk and therelore available

for use by anyone requiring it as it stands,

computing the
a one-dinensional
2o

is essencially o fast fourier subroutine,
its inverse, of
must be DOJGP of’

FORT
finite complex Fouricr transform or
array of I complex numbers, where N

a

The method is dealt with fully in the description supplied

with the subroutine, which may be found with one of the programers

in the D,P.G., A brief outline, however, of its method and application
will be attempted below,
g reguired for each
in core storage

One must note that two storage cells¥are
complex number, so 2I cells must be available
space, On our computer there 18, at present, the restriction

that N, the number of complex terus must be a powver of 2 less than

or egual to 512 = 2%, However, mention must here be made of the

rC;’ suite of linked pProgramns (B I.0. 198) which is nearing completion.
The FORA progran will enable the user to Fourier analyse (or syntﬂe51se)
a very much larger anount of data than FORT slone can handle, by the

method of "Doubling the Cavacity of FORT" described in its wrlte—vp.

1=

LA

ients

one~dimensional array of
X With the complex

as input o
or of data

l

accepts a

';;(k)

The subroutine

complex Fourier coeffl x{(1).

array A(i), k=0, 1,....N~1 where N_Z“ms input, FORT computes
-1
. \ \. 3k .
X(J) = ) i(k/w' for gﬁQg 1eweosli=1
=) where ¥ = exp (2WL/N>
and replaces the A's by the X's,
The inversion formula for calculating the L's when given the
X's is
1 Uy ek
Alk) = = X(g) w
LN /
In the calling (main) p gram, A must be dimensionsd 2N, and S
(the sine teble), where use di is ugvallv dimensioned /L, and to
compute a Fourier transform the statenent
- . 1t gy )
CATT PORT (A,H,S,IFS,IFERR)
must be included., A is the name of the array to be tronsformed with

the real part of A(I), I=2,1.....0-1 stored in the cells with index
2%T+1 and its imaginary part in the cell i?mediatelv following.

! determines the length of the array, N = 2%,
S is a vector containinag SI“(JI/Z*N) for J= 1, 200.li-1

o
T

A cell is defined {for & real number) as 3 = 46 bit words in

extended precision.

* N.B.,



..2-.-

IFS is an integer telling FORT to perform one of the following
functions -

IFS = O to set up SIN table only

IFS = 1 to set up SIN table and caleulate Fourier series

JFS = ~1 to set up SIN table and calculate Fourier transform
IFS = 2 to calculate Fourier series only

IFS = =2 to calculate Fourier transform only

IFERE is an error flag set egual to zero if no error occurs,
If an error does occur, IFERR is set to

1 when IFS = 0,£1 yhich means that I is less than 1 or greater
than 13

1 when IFS = L0 ypich means that the sine table is not large
eanough or has not been compubsd

After transformation, the & array will contain the 2N Fourier
transforns of the series (or vice versa) and may be printed out
with the usual VRITE statement,

Cathy Clayson
Lth November 1969
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Purpose

v e e o -

Control Ce

Input Data

Output Datys

Hethod

s o

Programpmer
AR T i O FrRAO

Tinear regression by lesst souares, V on X,

LIREG

To it points 4o a sitraisht line by least scuares,
// bI0R

//v%{(JTob MNo,/Name/Title)
,(/bzvozzb}',m@c—

ete,, followed by the program, then
/ /0TI IREG
*CCTD

followed by the inpub data cardis.

Card I Tusction Format
- JURN . -
4 Mudber (X of pairs of values %o I3
be fitted
2 et, seg. Ay, Y, where 1=, 2,,...E ZER R

y wmber of groups of cavds with the above seguence
can follow.

The input dats ‘T be terminated by a blank card,

The slowve, inverse sloje and iantercept of the straight
iine ave owtpuﬁ as vell oo ' of

these values.

These numbers are followed by Tthe residuals of the
points read in, in the order in whicl the points were
imut f 21l in formet 1%, on the lineprinter),

The standard statistical ecuations are used (g, sce
J. Topping, Brrors of Obscrvation and their Treatuoent,
p.1x,). mhc standard error of the ;averse slope is
estinated as (Q@) vhere y = (atba)x + (b*ib), INote
thet a ¥ on X £it is calculated, i,e, the values X,
N X, are assumed to be without error,

apeeccsss



INoT.0. PROGRAM 166G

Title Single Linkage Cluster Analysis (Version two)
Neme CLUsT

lachine 1800

Language Fortran

Precision Standard

Purpose To carry out a single linkage cluster analysis

using data in the form of an upper triangular
similarity matrix,
Job Description //bJOB
//o%Job Wo,/Name/Title
//bZEQbCIUST
*PTI05 (4, FILET 1)

*CCEND

il.B, The *PILES card will refer to the upper
triangular similerity matrix which will have
been previously stored on disk by the user
(using standard precision).

D

L Immediately follows *CCEND

ool
§o

i

1) Alphanumeric information describing data
(one card only)

2) 81, 88, 52, W
formatted
3(B40e3), T

)
waere;

S1 is the initial simileority value at which the
clustering will begin.

83 is the similarity increment which is added
algebraically to the similarity level at the
end of each clustering cycle.

S2 is the final similarity value, Vhe
similarity level becomes equal to S2 the cluster
analysis will cease,

N is the number of entities to be clustered
(i.e., the order of the similarity matrix),
AN

It is implied that the similarity level 81 is
higher, in terms of similarity than 32. Tor most
distance coefficients this means that 31<82 and so
83 will be a positive quantity., However if the
similarity coefficients used is, for example, the
correlation coefficient then 31>32 and 8S would be
a negative quantity.

N.17
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OQutput

Lie bt T,hod

Res

trictions

Prosram 166 p.2,

3)  Entity name card

The entities in the upper triangular similarity
matrix can be assigned a {our-character name which
w1lu then be used in the program output, The card
is punched in four-column fields with the order of
naries the same as the order of entities in the first
row of the upper triangular similarity matrix, I
there are more than 20 entitics further cards can
be ineluded,

1) Deata description (input item 1)

2) 51, 83, 32, I (input item 2)

At eoch clustering cycle the program will print

the iollowing:

A - . . .

a) Similarity level of clustering cycle.

b) A list of the lirkages that occur at that
similarity level. Each item of the list
contains the names of the two entities that
are being linked and the similarity between
these Two entities,

¢c) At the end of the cycle the cluster numbers

list of' the entities making up each cluster
hat stage in the cluster analys1a) is

d) At the end of the specified number of clustering
cyecles the progr will prlr“ out the name of
any entities that have not yet been included

into any cluster,

Vhen two entities first join to form a cluster

the program assi gns it a cluster number, This

is done secuentlszlly as clusters are formed and
the cluster retaoins this nuuber as it grows
larger, When two clusters Join together to form
a single cluster this new cluster will take on the

lowest cluster nuxber of

A more detailed ibSCTLPt on of the rationale

behind the method is given in "The aspplication
of a computer to Taxonowy™ by P, H, A. Sheath
T

(Journql of ften, Microbiology Vel, 17, 201~ 226)
and in "The construction of hierarchic and non-
hicrarchic classifications by N, Jardine and
R. Sibson (Computer Journal Vol. 41, 1968

p. 177-185).

Similarity matrices can.bc calculated from raw
data using N.I,0, PROGRAL 195,

) The number of entities must be less than or
el

1
eoual to 253, The program will print the message

I GREATER THAN 250

if this restriction is violated,

;s bwo constituent clusters,



Fxecution Time

Doy e 4
Programmer.

Progran 166 p.3.

o4

A matrix of order 60 took approximately 415 minutes
to cluster, However execution time will vary
for different matrices of the sawme size.



N.I.0, PROGRAN 167

Title Preston Similarity Coefficient

Namc PREST

Machine IBM 1800

Language Fortran

Purpose Given a set of samples, the number of species

in each, and an upper triangular matrix of
species common to each pair of samples, to
calculate the Preston similarity coefficient
for esch sample pair,

Control Cards //bI0B
//o%Tob ¥o,/Name/Title
/ /b ORbPREST
octe,, followed by progran, then
//DXENbPREST

*CCEND

Data Immediately follows *CCEITD and consists of the
following cards:-
nteger representing num of sar i
1) Intege P ting ber samples considered
FORMAT: I3

2) YYYY, ZZ, YYYY, ZZ, seeeeeo

where YYYY is sample number

77 is number of species in that sample

FORMAT: 13(IA,I2) for each card.
Subsequent cards same till all sanples listed,
Tast card in this set blank after last sample
entry,
Then follows upper triangular matrix of number
of specles common to each v»air of samples,

FORIMAT: L4OI2 for each card,

Check if N is number of samples, then number of

elements in triangular matrix is N{-1)/2.

Output Iisting of values under following headings:-

Semple 1 Species 1 Sample 2 Species 2 Species Preston
in Coefficient
Conmon '
X3 X S o84 XX XX D eX¥X

FAVLWAW)

i

120,

Restrictions Haximun number of samples

N.17



Program 167 p.2

Method The following equation is solved to find the
Preston coefficient, Z, for a sample pair:-
L 1/% 1/
. y/z _

where x is the proportion of the Joint fauna in

one sanple,

v is the proportion of the Joint fauna in

the other sample,

F or more detvailed discussion, see '"The Canonical
Distribution of Commo:mess and Rarity, Part II.
418, by F. 77, Preston, (Ecology LB (3) 1962

rp LA0-032),

Modification If it is recuired to store the Preston
coefficients on disk, the following modifications
to the program are necessarys-—

1) Renove card 'NC = NC + 1 PRESYOY

2) Replace by instruction to write Predon
coefficient to disk:

"RITE (5'1C) Z PRESTLD!
using 'NC' as record index which is automatilcally
updated,

3) 4dd file definition cards:-
a) 'DEFINE I'T7E 5 (1,3,U,IC) PRESDO3Q!

where ¥ 1is number of sample pairs (p=2i(9=1)/2
where N is nurber of samples),

and other three parameters fixed as above,

b) ’*WIT”3(5 f¢le name,drive no. )t ust
before *CCEND car

L)  Amend job cerd, to give disk number in col,
15-19, format [5.

Ada #1008 (DISK)' card,

—

\J1

The uppes triangular Preston sirilarity matrix
is then stored on disk ready for use (e.g. Cluster
Anelysis, Multidimensional Scaling).

ner Anne TTilkinson,

N.17
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N,I.0. PROCGRAIL 17D

Title

Name

Mach 1_132

Purpose

Control Cards

Dat%

Diversity Indices
DIVER

IBM 187 -
Fortran

To compute diversity indices from distribution of
individuals among species within a sample,

//bJ0B

// *Job Nb./Name/Title

//bFORbDIVER

etc,, followed by program, then

//bXEQLDIVER

*CCEND

Immediately follows *CCEND and consists of:

Card 1: AAA, BBBB, CCC Formats TI3,T4,13

where AAA  is number of sets of data given,
BBBB is total number of samples,

and CCC is total number of gpecies in each set.

Then follow AAA sets of data on cards in the form
of a species - individuals matrix, the elements of
which are the numbers of individuals in each species

within each sample:-

sample numbers ...
0D 1 2 3 4 Card 1
1 Card 2
} .

species |
pecies 2 Card 3

numbers |,
3 Card L

I3 :
i ;

1st card: cols, 1 - 5 O
cols, 6 - 75 44 sample numbers in 14I5 format

2nd card: cols. 1 - 5 species number
etce cols. 6 = 75 number of individuals in that
species in each sample.
In each set there is one card with sample numbers on,
followed by one card for each species present in the
whole data,



Qutput

Restrictions

Metho@

Erogrammer

Program 170 p,2,

Cols., 76 -~ 83 are used for card sequencing, and
not used by this program.,

Subsequent sets of date are similar, Each set of
data must contain the same number of cards -

i.e, each species in the analysis must have a
corresponding card in each set, even if the species
does not appear in that particular set of samples,

Format: 1615 for each card,

Listing of values under the following headings:-
Sample Mo, No, Species TNo, Individuals Div,(Simpson’49}

XXX XXX XK DX

Div, (Tloyd '6L)
KX 23X

Maximum number of species = 252,

For each sample, two diversity indices are calculated,
which depend on the distribution of individuals among

species,

a) gimpson (1949)

¥e subtract the Simpson index from unity so that the
value of the index increases with increasing diversity
s
Diversity = 1 - §1 ni(ni - 1)

TOTH@E AT

where S = total no, of species
N = total no, of individuals
n, = no, of individuals in ith species

(Ref', 3impson, E.H, "NMeasurement of Diversity"
Nature (London), 163, 1949, p.6883).

b) Shannon-Weaver (1963)

We use the Shammon~Weaver information function as
described in

Iloyd and Ghelardi "A table for calculating the
equitability component of species diversity",
J.Anim,Ecol,, 196k, 33, pp.217-225.

Diversity = =~.2X . log . where p, = n:
S1TY 124 Ps g, P P; !

{Por further discussion, see Pielou, E,C,, "The
Heasurement of diversity in different types of
biological collections®™, J.,Theor,Biol,, 13, 1966,
PP.131~14dt),

Anne Wilkinson,



N.18

N.I.0, PROGRAM 171

Title

Name

Machine

Language
Purgose

Job Cards

Data

Output

Method

Spectral Analysis

SPAT

TBM 180D
1820 Fortran IV

To compute the lagged normalised auto-covariances
and auto-spectra of a aingle time series.

//bJOB

//b*Job No,/Name/Title

//bXEQbSPAN

*CCEND

This follows the *CCEND card and consists of cards
as shown:-

One parameter card containing the reguired number
of covariance lags (LAGS), the required number of
freouencies (FREQ), the sampling interval between
successive terms of the series (E}f and finally
the conversion factor from digital to physical
units (CONVE),

Format: 316, LX, FG+5
Then the series itsell is punched into subsequent
cards, 5 values per card,

Format: A1, 51Dk
but with a '/' in column 4 of *the last card.
The first and last terms of the series are
output, together with the total number of terms,
Then follows the mean and variance of the series,
Next, the lagped normalised auto-covariances and
auto-spectra are output for the specifiied number
of lags,
Let the series of data be X5 where i = 1(1)N

Tet the omversion factor from digital to physical
units be G, (= CONVF) ,

Tet the mean of the series be revresented by X.

Then the variance of the scries is given by -

a1 s
1\ 1 B‘
= 7 - X)2 e X = = X
Vx = 5 > (xi X)2 where X % ) X
i:1 i:1
and in physical units VX’ = QXZ Vo



N,18

Restrictions

Bxecution Time

Programmer

Program 171 p.2.

The program uses the IBM supplied subroutine
AUTO to compute the lagged normalised auto-
covariances and this is given by -

et
_oa N ,
Y(T) = VX. Nt // (Xi ey (.'XZ. et - A)
i=1

(r = 2(1)1.4G3)

The auto spectra is calculated from the following
equations -

L »
BCY(s) = 4.BJV_.G 2 > & (r) oos(f-gﬂ)
r=0)
(s = D(41)FREQ)
where \}m‘" means the sum with the first and last
terms halved and
o(r) = Y(r) cos® ()

51, |
N i

N.B., This program does not produce exactly the
seme results as with N,I,0, 92, particularly
when N is small, since the ecuation used by
AUTO uses W + 1 whereas 7,I1.0. 92 uses I,

Provided 17xLAGS < 11, then M < 1452 (otherwise

see programmer in order to odify progran)
TAGS 2 FREC

AG

b
¢

N =

(gl
wn

Approximately (LAGS/6) minutes,
Catherine (Clayson

17,B, In order to read data from other input
sources the 'LUN' number on card 17 has to be
altered,



N.IT.0, PROGRAM 17h

Title Bartlett's method for fitting:-
a) a linear relationship

or b) an exponential functional relationship.

Name BARTD

Machine IBH 1820

Language Fortran

Purpose Given a set of points (x, y) to compute the

best values of a and b, by uvsing Bartlett's
method, to fit a straight line of the form:-

) v = a + bx (linear relationship)

or b) logy = loga + blogx (+the exponential
relationship being
hY
y = ax®)
he 777 and 95% confidence limits for the slope
are also found,

ol

Control Cards //bJIOR
//b*Job No,/Name/Title
//bEORBB/ARTY
etc., followed by program, then
//bIEQbBARTD
*CCEND

Job Description and Data

The data immediately follows the *CCEND card
and consists of:=

Card 1: One line of title

Card 2: The number of sets of data (K) (I2
format - xx)

Por each set of data:
18t card: Either N for linear option
or L for exponential option.
ond card: Number of points (i) in this set of
data in I3 format (XXX)

Successive cards: The M points in F9.4 format
with 8 nurbers to each card, Both
co-ordinates must be positive when the
exponential relationship is specified.

X{ y1 XZ yz GO0 ¢ 80 8CcOO0 B8 0006 RONS 0000 XB yB

}CI"T-—? UR{__? }%\41"'6 yM_6 @ o560 ¢8O0 0CPOOCNSEAY XI\,"K ybq

N,18



Output

Restrictions

Pailures

Method

Program 174 p.2.

The data title
For each cet of data:
1) The data set number
2) The number of points in the set of data (M)
%) The equation of the line in *the form
a} ¥ = a + bx

or b) 10gy = 10{{& 4 blogx

[
e

~; Two points at the extremes of the line to
aid plotting

5) The 70% confidence limits on the slope

6) The 95¢% confidence limits on the slope

(X,y) > O for exponential option
L £ N g 50

(/3 - 1) < IDIV € (/3 + 1) and IDIV must be
integer.

The program tests to see that N>3, if it is
€ 3 then a message is printed and the program
skips to the next set of data,

If a negative number is encountered of which
the logarithm is required then a message is
printed and the next set of date is dealt
with.

L test 1is made on the number under the sguare
root, If this is negative then a message is
printed saying

CONFIDENCE LIMITS ARE IMAGTNARY

The I data points are divided into 3 groups, the
two end groups having the same number, IDIV, of
points chosen to be as near /3 as possible., The
three groups must be non-overlapping in the
x-direction and if two or more different values
of' v occur for the same value ol x either side

of a division, sultable adjustment must be made
to the y values, -

e.z. (386,10) | (386,12) (386,14)
should be altered to
(396,12) | (386,12) (386,12)

If the exponentisl function is specified loggx
and logey are then calculated and hereafter
referred to as x and y, otherwise the data
remains unchanged and represented by x and y.




Program 174 p.3.

The means of the two end groups (x , 51) and
(is, §3) are first evaluated, Thetline
Jjoining these points gives the value of slope
b=(y -y)/ (x -%)
3 1 3 1
The functional relation is then a line with this
slope passing through the grand mean (X, y)
a) a=y- bx
and y = a + bx
orb) a = e(y - bx)
and logy = loga + blogx
The confidence limits of the slope are provided
by the solu ions ﬁ«’ ﬁz of the quadratic equation
DIV (x, = x )b - £)° = £3(Cyy - 260,y + B°Cxx)/ (1-3)
using valuoes t1 and ta of t for the 7% and 95%

conf'idence intervals for the K-35 degrees of
freedom available within the groups, where

Opy = M - IDIV N-IDIV
2 (y)? ~{( = y)?/ DIV = (2 yi)?/(M-2IDIV)
] S IDIV+1
M 3
+ (= y3)% / IDIV
NM~TDTV41 J

Oye 1s similarly defined

M IDIV IDIV
Cxy = % (%1 y1) - (% =3 2 yi)/IDIV
4 4 1
M-IDIV M-IDIV M
-( 3 x4 2 yi)/(W-2mp1v)-( B yy
IDIV4 IDIV+] M-IDIV+1

i
b3 xi) / IDIV
H~IDIV41
The confidence limits are then expressed as
+ (6, - )
- (-8,)
o s A
where ﬁ1 ﬁz
Finally two points on the line are evaluated,

a) (x1, a + bx’) and (XM, a + be)

o b) (ext, aebx1) and (eXM’ aebxﬂ)

N.‘18



Program 174 p.i.

Notes The method is described fully in

"Statistical Methods in Research and Production®,
edited by 0, L, Davies, pub, by Oliver and Boyd
(1958) p.175.

and
Bartlett, M. S, "Fitting a straight line
when both varisbles are subject to error,

Biometrics, Vol, 5, No, 3 (194.9) p.207.

Programmer Mauvreen Tyler.

N.18
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N,I.0. PROGRAN 195

Name
Hachine
Language
Precision

Job Description

Purpose

Data
ek

Czleulation of similarity matrices
QHAT

1800

Fortran IV

Standard

//bJOB b

16

//DTEOLOMAT FX

If & set of atitributes have been measured for
a given mumber of ontities QMAT can be used to
calculate a matrix of similarities between
entities (called a Q type similarity matrix),
OMAT also allows the user to oubtput the

caloculated matrix in two distinct ways;

1) The matrix is calculated in upper triangular
form and written onto disk (data file CLUSF).
M,I,0, Program 166 can then be used to carry
out a cluster snalysis oif the matrix,

2) The whole similarity matrix is calculated
Square form) and then punched on to cards,
These cards can then be used as input to the
factor analysis program that is part of the
IBH 1130 statistical package (1130-CA-06X),

The nrogram also posscsses the following features,

2} The raw data can be read from disk or cards,
I the data is on cards the format can be
specified at run tine,

b) The attributes can be scaled using two
different methods,

¢) Three different types of similarity coefficient
can be calculated.

j The similarity matrix can be calculated using a
sub set of the total attribute set.

Qu

The follewing cards are required as data
1) Job-Title card

2) Option card

3)  Attribute card

L} Entity name cards

5) Variable format cards

63 Data cards
1)  Job=Title card

The job-title card allows the user to assign a Jjob
nurber and title information for the job to be
processed, This will be printed out by the program




Program 195 p.2.

Format: Coluﬂn leaning
1 - 4 Job number
5 -8 Not used

9 ~ 8O Title

2) Option card

Number of entitics (cc 1 - 3)

The number of entitics must be less than or equal
to 37 for square similority matrices or less than
or eoval 250 for upper triangular similarity
matrices,

Total number of attributes (cc. L - 6)

The total number of attribubes must be less
than, or equal to 100,

Number of attributes to be used in calculation (ce, 7 ~ 8)

This field spccifies the number of attributes that are
to be uzed to calculate the similarity coefficients,
This number must be less than or equal to 30,

Data matrix input type (cc. 9 =12 )

This field allows the user to specify the input
device {card or alsk). The valucs that can be
punched are described below

/alue Heaning

ey iiguietacy

1 Row data will be read from cards using
the format specifiied by the variable
format cards

N

Raw dato will be read from disk

Tumber of varinbles on card (005,11 - 12)

Then a data veector contains more abtributes than
will it on one card the user must indicate to
the program how many varisbles are on each card,
If there are no variables on a particular card
this field must be left blank,

Number of veriables on card 2 (opd 1% - 14)

Same as for ce, 11 ~ 12,

Number of variables on card 3 (cc, 15 - 16)

Seme as for ce, 11 ~ 12,

Egggggﬁqg;ﬁﬁyigbles on card 4 (cc, 17 = 18)

Same as for 11 - 12.
Number of variables on card 5 (oc. 19 ~ 23)

Same as for cc, 11 - 12,

Humber of variables on card 6 (ce, 21 - 22)

4

Same as for cc, 11 - 12,

N,19
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Program 195 p.3.

Type of Q similarity matrixz (cc, 23 - 24)

Eal

This Tield specifies the type of similority matrix
roaulﬂel and also it's mode of output If "none"

is specified the attrlbu gctors qf ter transformation

if this is specified) are ead'bach to the temporary
arca on disk and the programs exits, They can then
be used as input to the factor snalysis program if

it is roouired to carry out an R type factor analysis
(i.e. using the similaritics between.attributes).

2

definitions of correlation coefficlent, coefficient
of proportional similarity and taxonomic ulstance are
given in the formulae section,

Value Meaning

1 None

2 Square proportional similarity
coeificient matrix

3 Sguare corrclation coefficient matrix

L Upper triansular proportional similarity
coefficient matrix

5 Upper triangular correlation coefficient
matrix

5 Upper triangular taxonomic distance matrix

Trensformation type (cc, 25 - 26)

The attributes can be transformed before calculating
the similarity matrices, The definitions of the two
transformetions are given in the formulae section,

: M 3
Value Heaning
1 No Transformation
2 Standerdisation
3 Normalisotion

This ficld allows the uscr to specifly whother the
d«u, metrix, the derived dote matrix (i,e, the data
notrix containing onlv those attributes specified
by the attribute card) and the transformed date
metrix are to be printed on the line printer,

Value leaning
il Mo Print—out
2 Print-out



Program 195 p.k,

Similarity matrix output (cc. 29 ~ 32)

This field specifies whether the matrix is to be
printed on the lineprinter or punched on to
cards

“v‘ ~ ~
Value Meoning

O No output

1 Print natrix on lineprinter

2 Print and punch
3 Punch only

3) Attribute card

This card allows the user to specify what attributes
(out of the total set) cre poing to be used to
caleulate the similoyity cocfficients, The atiributes

are numbered in the order that they appear on the
data card and the numbers of those attributes that

are reouired are typed on to the card using two=-
column filelds starting in column one, For example

if the data card contained ten attributes and

attributes two and three were reguired for the
calculsation then the attribute card would be

1
S
| 0203

|

L) Botity name card

The user can name the entities ©to aid in the
interpretation of the matrix priat-outs, Four
character names cre assigned to the entities in
the same order that they are read in by the
program, The entity name card is then punched
with these names using L column ficlds, If
there ore ﬁOf then 20 entities, further cards
may be used

5) V-rigble format cards

1

Up to six varisble format cards can be used o
specify the formnt of the date cards, The rethod
of doing this and the formats thot can be used ¢
described in the programs descriptions of N.I. O
Subprograms ~b3 and L5,

6)

If t cards up to six
card attributes for an
entity. Obviouslj ﬁne {dota layout must conform

to the format specified by the variable format



Program 195 p.5.

Output The following data can be printed out
1) Raw data matrix
2

(S

) Derived dote matrix
3
/

High and low valucs of the attributes (if
normalisation is spccified)

L) lean and standard deviation of the attributes
(if standsrdisation is specified)

5) Transformed data matrix
6) Similarity matrix

Formuls If the inmut data consistsof n entities each of
which ho attributes then the data matrix will

have n rows and m columns, Thus the element
Zi1j of the matrix will be the jth attribute of
he ith entity.

efore calculating Q matrices it is usual to

ransform the abi leLCLS to allow for the fact
that they moy be all measured in different

units (sec QOKAL and I? M, 1963), The program
offers two alternative mctho&sg standardisation
and normalisation, fet the mean and standard
deviation of attribute j bte pj and oj then

standardisation is defined by

ook g o

i 2 44 i 2 n

s e

o

P4

let the highest and lowest value of attribute 3
be defined by XHJj and XLJj then normalisation is
defined by

- % i—-—1, 2, se0e 11

The element CJjk of the correlation coefficient
matrix is given by
il

32y (231 - 73.) (zki - zk.)
,\!;_E_;,](Z' - Z3 )2 z (7xi - 73)®

where %Ji is the (j,1)th element of the transformed
datoe watrix 23, is the meon of the m atiributes for
the jth entity. Zki and Zi, are analogously defined,

The element Cjk of +the proportionsl similarity matrix
is given by

ol
k= 2ji Zki
Cik = i§1 Z2Ji Zki

Finally the element CJk of the Taxonomic distance
motrix is defined by

N.19
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N,1,0. Pragram 198

Title
Name

Machine

Finite Complex Fast Fourier Transformation
FORA (consisting of FORA1, FORA2 and FORA3)

I.B.M. 1800

Language Fortran IV under TSX

Purpose

To a) fourier analyse a real or complex set ef data

or b) synthesise the coefficients into a real* er complex
series

so long as the total number of terms, NTOT, is a pewer of 2,

(*synthesis into a real series will follow at & later date)

Job Description and Data

// 30B o '3
// *(Projsct No/Name/Title)
// POR DATR User written if required - see Hetes.
followed by program cards for DATR
// TFOR DATW User written - see Notes.
followed by program cards for DATW

// DUP o 1o so 30
*STOREDATAD © 1 RESLT XXX  Resulis file
*STOREDATAD 1 FILEN XXX  Input file te be

set up if data is not already in a file,
i.e, to be read in by DATR
XXX is a number ISECT (= no. of sectors ef data)
*3TORECT 4 DATR DATR
*FILES (I,RESLT,1), (J,FILEN,1)

*CCEND
*3TORECT # DATW DATW Core load builds DATY and
stores on drive 1.
*FILES (I,RESLT,1), (J,FILEN,1)
vwhere T and J are legical file nos. in

DATR and DATYW.



S

RS T

// ¥EQ DATR FX
or
// XEQ FORAT FX if DATR is reguired ,

Insert the data cards here if they are to be read in DATR, followed
by one card with the title of the set of data punched anywhere except

in col,.d.
Then insert one card containing the followlng informationi~

a) Ps determines the total number of numbers on the

following data cards so that there are 2P
numbers in the whole series®

b) IFS; set to 2 if fourler synthesis 1s required.
set to —~2 if fourier analysis is required.
) TFLAG; set to @ for transform of complex data,
set to 1 for transform of real data.
a) FORLD; the name of the input data file (FILEN in
tJob Descr, and Data') where data must be stored
for use with FORA,
e) NAMETR the name of the output or results file,
(RESLT in 'Job Descr, and Datal),
) IDRIV; logieal drive mumber of the disk on which fixed

file is situated, (i.e, 1 for the presemt).

Format: 3IL, 2X, GA2, T6

(% I IFLAG = 1 then these are 2P real nurbers, If IFTAG = @ then these
are 2P~1 complex parts with real and imaginary parts stored in adjacent
fields as follows:— : -

0oBe DoB + Polrei will be stored with P.5 followed by

D, in the input data file,

After this data card the following #* DELETE cards should be included

( to avoid eonfusion when FORA is used again):—



Summary

Method

oc 21
* DELETE ~7  DATR
¢ DELETE DATW
§ CC 414 = .
* DELETE D RESLT if no longer required,

i.e. 1f DATW has written resulis

elsewhere or done all work required,

In order that FORA programs may be executed, the
following files and programs must be made available:-~
1) A named input file te be set up on disk drive 1
(if one does not alrsady exist).
2) A named results file to be set up on disk drive 1.
3) A pregram (DATR) - user supplied - to read the
data and write it to the input file (see d) under
Job Descr. and Data) enly if data is to be read
from cards.
L) A program (DATW) - user supplied - to read data from

the results file (see e) under Job Descr. and Data)

and manipulate it according to the user's requirements.

The algorithm used for dealing with a large amount of data
is that the data is divided into M blocks, each bleck

containing the amount that PORT can handle at one time.

Then each block is written te the results file (temporarily)

in a position governed by the reverse binary of I, where
I=8,1eeceeeeed = 1. This is called a Binary Sert.
In FORA2, each bleck of 512 real data (or less) is
transformed using the FORT subroutine and returned to its
eriginal position in the file.

FORAZ then combines these separate coefficlents produced
by FORT, to form the fourier transform for the whole set
of data.

The basis for this algorithm is an iterative applicaticn
of the method 'Dsubling the capacity of FORT', described
in the write-up of the FORT subrsutins.

FORA3 also writes the combined coefficients back to disk

(into the results file) ready for manipulation in DATW.



Restrictions Since there is a restriction on the amount of data a disk

may hold and also the results file has to be the same size
as the input data file, the maximum amount of data which
can be handled av present (until a %rd, disk drive is
acquired) is 36768 = 2'® real numbers, This is included in
575 records of 64 real numbers, The original data file and
the results file have to be situated on disk drive 1,

Hotes and

Examples It was intended that this suite of progroms be nmade as
general as possible, i,e, to read and print out data from
and to any device and print out any extra results such as
phase and the squarc rco¥. of the power spectrum, but such
generalisations arc impossible since every user would have
different rcouirenents,
Therefore it is suggested that, to read and print dataz, the
user write hils ocwn programs to input and output date using
a particular device, These programs would in fact have to be
linked 'core~load! programs; the input program to be attached
to the beginning of FORAT and the output program to be
attached to the end of FORA3, If however, the usefls data
is already stored on disk, it is unneccessary to have an
input program since the fixed data file set up in FORAJ
may be modified,
RBelow are examples of the input and oubpat prograns to be
supplied, Infornation on how to store the programs in core-
image fornm and also how to set up a 'resulis' file is given
in the paragraph 'Job Description and Datal,
After fourier transforiation of a complex set of data the
resulits file will contain the reol and imaginary parts

(in adjacent positions) of the N conplex coefficients:-

T o

Ly

A(k) = % _ x(3) W " here N = NTOT/2

:

J=0

in the case of fourier analysis, or

Ned

A(k) 7 9¥ where N= NTOD

k=0

in the case of fourier synthesis,



Examples

For the analysis of a real set of data the résults file will

contain the coefficients of the trigonometoic seriese—

-1

s) 1 '

w(3) = 2 aﬁ * Z__ (ak cos 2rjk + bk sin 2rjk + —;-(«‘])jaN
Tt 2N 2N

with a¢ and 8y first, in adjacent positions followed by
* e ey
ays b,;, 859 bz...,.“o., up o aN__JI’ bN—1
Thus one is free to manipulate in DATW, any of this data to

produce the required results,

a) // FOR DATR™ This name must be used,.
# (Fortran control cards)
INTRGER®* P,Q
DTMENSTON X(64)
COMMOIFE P,0,M,N,HI0T, IFS, TPLAG , NAMEF (6) , TSECT , IDRIT
DEFIIE FIIZ 15(6k,192,U,TREC)
This means that on file 15; there
6h x 192

- is room for a maxinum of mmg« -

= 4096 real terms or 28 complex

terms,

IREC = 1
DG 10T =1, 6k

READ (2,200) X ' -
200  FORMAT (815} Reads 6L records of 64 real numbers or
32 complex pairs from cards,

10 WRITE(15 IREG) X
Trites total array to the input file 15

CALL LINK (FORAT)
END Lttaches DATR to FOR:M

b) // FOR DATW This name nust be used,
#*(Fortran Control Cards )

INTEGER* P,0

DIMENSTON X(6k4) .

COMMON#* T, ,M,N,NF0T, IFS, IFLAG, NAMEF (6 JISECT, IDRIV

DEFINE FIIE 45(6k,192,U,IREC),20(6k,192,U,IREC)
File 15 must be defined even though
not used here,

HREC =1 -

DO 10 T =1, &b
READ (20'1REC) X Rends results from results file 20,

YRITE(3,100) X and prints them out,



100 FORMAT (41%,4(F10,6,2%,F10.6,4X))

10 CONTTIUE
WRITE (3,200)

200 FORMAT {(1X,'END OF DATA')
CALL EXIT
EID

(** these statements must exist as shown, to match up with those

in FCRA)

_Execution Time  This is approximately 2,5 x 10 "l*xmozbcloez(mom)

ninutes, excluding input and output times,

Programmers Je.Crease and C, Clayson,



N,1.0.SUBPROGRAM =30 " Classification M

Title ARCSINE

Name Function ARSIN(x)

Language 1800 Fortran IV

Machine IBM 1800

Purpose To calculate the angle whose sine is x

Inputs The argument x

Output The function returns a real result accurate to 9

decimal digits,

-1
€.8s To compute sin A and put result in x:-

®
]

x = ARSIN(A)

Programmer William Strudwick



N.I,0,SUBPROGRAM =38 Classification M

Title ARCCOSINE

Name Function ARCOS(x)

language 1800 Fortran IV

Machine IBM 1800

Purpose To calculate the angle whose cosine is x
Inputs The argument x

Output The function returns a real result accurate to 9

decimal digits.

-1
e.8. To compute cos A and put result in x :-

2

x = ARCOS(4)

Programmer William Strudwick



N.T.0,SUBPROGRAM =39 CIASSIFICATION M

Iitle TANGENT

Name Function TAN(x)

Language 1800 Fortran IV

Machine IBM 1800

Purpose To calculate the tangent of an angle

Inputs The argument x in radians

Output The function returns a real result accurate to 9

decimal digits.
eegs To compute TAN A and put result in Y:-
Y = TAN(A)

i
Restrictions No test for A = 2 m /2 ! radians is made
i ¥

Results will be unpredictable,

Programmer William Strudwick



N.I.0.Program -4 .0 Classification M

Title Hyperbolic Cosine

Name Function COSH(x)

Language 1800 Fortran IV

Machine IBM 1800

Purpose To calculate the hyperbolic cosine value of x
Inputs The argument x in radians

Output The function returns a real result accurate to 9

decimal digits.

e.8s To compute COSH x and put result in y:i-

y = COSH(x)

Programmer William Strudwick



N.I,0,SUBPROGRAN ~i1

Title Hyperbolic sine

Name Function SINH(x)

Ianguage 1800 Fortran IV

Machine IBM 1800

Purpose To calculate the hyperbolic sine value of X
Inputs The argument x in radians

Output The function returns a real result accurate to 9

decimal digits.

e.8s To compute SINH x and put result in y:-

Programmer William Strudwick,
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N.I.0, SUBPROGRAM =59

Title

Name

Machine

Purpose

Method

Execution Time

Programmer

Double Integer Add and Subtract
IDADD, IDSUB

IRM 18720

1872 Assembler

To add or subtract two double length integers
and place the result in a double length
integer,

The subroutines are called by a fortran

CALL IDADD (I(1),3(1),k(1)) or

CALL IDSUB (I{1),3(1),k(1))

The arguments are the locations of the most
significant part of the double length integers
e.5. A FEX number 75FFFAG6 would appear as hex
75FF in I{1) end hex FA86 in I(2).

The overflow indicator is turned on if the
answer lies outside the range -2,147,483,648
to 2,147,483,647, The carry indicator is
turned on if a carry condition has occured,

Avprox, 0«8 milliseconds.,

R, Bromleyv.



1.1,0, SUBPROGRAN =60

Title Double Integer Multiply

Name IDHUL

Machine IBM 1820

Language 1820 Assembler

Purpose To multiply together two double length integers
to produce a quadruple length product,

Method The subroutine is called by a fortran call
statement,
CArL IoMUL (T(1),3(1),%(1))
This multiplies the double integer in I(1),
I(2) by the double integer in J(1),3(2) and
places the product in K(1).%(2),x(3),K(4).
(1) contains the most significant bits of the
product and K(4) the least significant bits.
IDDIV enters the routine by the entry point
called IDMIX, This entry point does not call
NZSAV on entry on QZEIT on exiting and references
worl: level area constants only,
The overflow and carry indicators are not changed.

Exccution Time Jpprox, 18 nilliseconds

Programmer R, Bromlew

N,19



N.I.0,SUBPROGRAM~G6

Title

Name

Machine

Language

Furpose

Parameters

Output

Restrictions

Programmer,

Reverse binary

Function INVT(IVAL,Q)
I,B.M,1800
1870 Assembler

To reverse the @ lew-order binary digits
of a 16-bit word

Tvio parameters are required by the sub-

routine namely:=-

VAL  the word containing the integer,

Q the number of bits to be reversed
starting from the right hand end

of the word,

THVT returns the answer to the accumulator
and therefore may be used as a function sub-
routine in a Fortran program

e.80 J=INVT(L,3) will give J the value 1

but  J=INVT(4,6) will give J the value 8

016

Cathy Clayson






