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PLANE m;PRESENTATION OF 11ULTIVARINi'E DA'l'A STRUCTURE 

1 A method of dimensionality reduction described by Sammon 

(which he called Nonlinear Mapping) operates by the generatio~ from a 

hl0 or three dimensional array, of a ' triangular dis tanee matrix as 

close as "possible to the Euclidean dis t ance matrix computed from the 

mu~tidiDJensional data. 

It is possible to extend this principle, to use any distance 

measure, as pointed out by Sammon; alternatively any measure of 

similarity may be used. The same principle may also be applied in the 

R-mode, to study relationships among variables, by using any measure 

of correlation. 

The method of solution adopted by Sammon for Nonlinear Mapping, 

usin~ a steepest descent algorithm, may be applied in any case where the 

distance, similarity, or correlation function is differentiable with 

respect to the data values. 

An R-mode variant of the method of potentially wide application 

is taken as an illustrati on: given a data matrix comprising N observations 

of L variables, with values Xpqt p:1, • •• ,L and q=2, ••• ,N , let us define 

a corresponding sct of only d oboervations (d4N; commonly d:2) of L 

, random variables, with values y pq' P: 1, ••• , L and q=1, ••• , d. 

Given that the values x are standardised to zero mean and unit pq 

variance I the product-I~oment correlation coefficient betw'een the i th and ' 

jth vari ables is 

* 
N 

. r ij = L " xokxok , 
1. J. 

N -
k=1 

and similarly, in the d-spaee, the corr elation coefficient bet"leen the i th 
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,- , -
t... ' .' . " 

and jth variable is 

1 
d 

~ r .. = Y' k! 'k l.J l. J. 
d - 1 k=1 

The error E which is to be minimised may now be defined as 

1 L ( * - r
i 

.)2 E = L r i~ J . 
L(L - 1) i< j 

and the square root of this is the mean error per off-diagonal element 

of the matrix .•. 

The iterative procedure adjusts the values of Ypq; the new 

d-space configuration after the mth iteratio~ is given by 

where 

Y (m) = y (m-1) 0- ·folF.6. (m- 1) pq . pq pq .' . 

A . pq = ~E / 
d-Y-

p
-
q
- 0 • 

and MF is .a stepping coefficient or 'magic factor' empirically found 

to give best· results at a value of about 0.35. 

The partial derivatives are 

= Yl.' q (r. - , r *. ') l.p . l.p 

In order to ensure that the second derivative tak~s a non-zero 

value, the starting configuration must contain at least two non-zero 

values of Y for eucr of the d observations; the configuration nee~ pq 
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not, hOllcver, be random, and a starting condition with all y =1 is pq 

perfectly adequate. 

Results of the method give plots (Fig. f) very similar 

in s.ppeara!lce to those from principal components analysis (Fig. '2) 

in which the first two components are ptotted; differences result from 

the me'thod pre3enti~g maxiltu.m 'structurel rather than maximum varianceo 
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CAPTIONS TO THE F'IGURJ::S 

FiGURE 1. R-mode Nonlinear Mapping of the product-moment 

co~relation relationships among '35 geochemical _var~ables meas~red 

On 96 ' Devonian sedimentary -rocks' from Cornwall, Engl'and
2 ~ 

FIGURE 2. Plot of the first two ,principal components computed 
, ' 

from the same set of data - a~ used 'to construct Figure 1. 
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