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Nonlinear Mapping and a Related R-mode Technique 

for Compression. of Multivariate Data 

by 

. 1 
S. Henley 

Abstract 

Nonlinear mapping is a method of projecting points from 

L-dimensional space into a lower space with optimal preservation 

of data structure as measured by the inter-point distance matrices. 

An analogous method can be used to study relationships among 

variables, using, for example, the correlation matrix. Two possible 

geological applications of the techniques are illustrated. 

KEY WORDS: multivariate analysis, classification, pattern 

recognition, factor analysis. 

Bureau of Mineral Resources, Geology and Geophysics, Canberra, 
Australia; published by permission of the Director. 
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2. 

INTRODUCTION 

A problem frequently encountered in geochemical studies is 

the interpretation of large volumes of multivariate data; some form 

of data compression must be used to make the results intelligible 

and assist in their evaluation. 

Factor analysis has often been used in an attempt to solve 

this problem, by linear transformation of the data into a number of 

(usually) orthogonal factors which is less than the original number 

of variables, 80 as to account for a maximum of some property of the 

data matrix, such as the variance/coveriance relationships or the 

correlations. In a typical case, 25 variables might be reduced to4 

factors which are considered significant; inevitably there are also 

factors containing little information which are usually ignored, and 

the 'true' dimensionality of the data is taken subjectively as the 

number of major factors. 

The factor matrix is still often difficult to interpret 

despite various rotations of the factor co-ordinate system, and 

plotting the factor loadings or scores can be very helpful. When there 

are more than two factors, however, the data structure cannot be repre­

sented in a single scatter diagram, and graphical aids to interpretation 

become much less useful. 

NONLINEAR MAPPING 

Sammon (1969)ha.s described a different approach to data com­

pression, abandoning the requirement for linear transformation and 

thereby allowing much more flexible representation of data, structure in 
a plane diagr8I!l' As Sammon envisaged it, the method of Nonlinear, Mapping 

(NLM) operates in the Q-m'ode"expressing relationships among observations 

and maximally preserving the Euclidean distance matrix on reduction of 

the number of dimensions. One could immediately see applications for , 

this type of analysis in discriminating groups of geocheinical samples 

from differ'ent environments (Howarth, 1972); a less obvious application 

might be in the classification of rocks on their chemical and other char­

acters,on the lines proposed by Hubaux (1971). 
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If, for example, we take a set of chemical analyses of 

standard rock types (e.g. Wedepohl, 1969), and try to place an 

'unknown' rock in its correct position, the NLM plot should show 

which are the rocks nearest to it in composition. The results of 

such an exercise are shown in Figs 1 to 3, where a set of igneous 

rock standards is plotted. The first 'unknown' (S, .Fig. 2) is a 

typical spilite; the second (OL, Fig.3) is an olivine leucitite from 

Devon, England (Knill, 1969). This test is discussed later. 

R~MODE DATA SQUASHING 

Another possibility which suggests itself is the R-mode 

application of an NLM-type method to investigate relationships among 

variables. One cannot now use the distance matrix, but the product­

moment correlation matrix is suitable, and in fact leads to simpler 

equations. This type of analysis has not yet been named, but it is 

proposed to call it 'squashing' (non-linear projection into a plane is 

what one might expect if one were to sit on a heap of mUlti-dimensional 

observations and squash it). 

Both NLM and squashing analysis work by the generation of a 

triangular matrix as close as possible to the original triangular matrix 

derived from n-dimensional data, using only 2-dimensional matrix. The 

method of solution adopted by Sammon - an iterative, steepest descent 

method - is foUol'Ted in both the programs (NLM and SQUASH) listed in 

ApTlendices C and D. The derivations of the algorithms are presented in 

I 
I 
I 
I 
I 
I 
1\ 
I 
I 
I 
I 
I 
I 

Appendices A and B. I 

I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4. 

TEST 1 ROCK CLASSIFICATION 

It has been suggested (Hubaux, 1971) that a useful method of 

classifying rocks might .be based on a series of standards. Ignoring, 

for the purposes of the test, the problems of scaling non-comparable 

units (petrographic, geochemical, physical properties ••.• ) and taking 

simply chemical analyses, we may construct a set of chemical standards 

of named rocks from the literature. The method proposed by Hubaux 

takes the three standards nearest to the unknown rock, that enclose it 

in a triangle, and the rock is expressed as x percent of standard 1, y 

percent of standard 2, and z percent of standard 3. Since it is a plane 

figure which is used to express a rock composition, NLM is an appropriate 

method to adopt, as it can reduce the dimensionality of a multivariate 

data matrix. 

Points closest together will ~uffer least distortion, in general, 

and thus the method of NLM will usually be adequate to define the three 

closest standards. Having done this, one may use a linear programming 

approach (Wright and Doherty, 1971) to compute the relative proportions 

of the standard compositions required to make up the 'unknown' rock. Al­

ternatively, one may compute these proportions., directly from the distance 

matrix printed out by the NLM program. 

In the first run, we have taken 17 analyses from Wedepohl (1969, 

p. 236-239), of named rock types, and performed NLM on the data (twelve 

oxides: Si02, Ti02' A1203' Fe203' FeO, MnO, MgO, CaO, Na20, K20, P205' 

H20+). The plot (Fig.1) of the resulting two NLM co-ordinates shows a 

basic-acid axis from alkali basalt to alkali granite, with a number of 

outlying rocks of unusual composition (peridotite, olivine melilitite, etc.). 

If we now wish to find the position of a typical spilite in this 

field of igneous rock compositions, we perform another NLM analysis, with 

our spilite analysis included. The plot (Fig.2) shows that the spilite 

composition lies closest toondiorite and andesite, and not far from gabbro. 

The smallest triangle which contains the spilite is the diorite-andesite­

ijolite triangle. 

The third run (Fig.3) was an attempt to classify an olivine 

leucitite (Knill, 1969) according to the limited range of standards that 

were selected. 
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5. 

TEST 2 - GEOCI~lISTRY OF DEVONIAN SEDI~lliNTS 

A set of major and trace element analyses of. 96 samples of 

clastic sediments from Cornwall, England (Henley, 1970) was used to 

test the squashing algorithm. Results are plotted j,r. Fig. 4, and a 

plot of the first two principal components is shown for comparison 

in Fig.5. 

The squashing algorithm gives a picture very similar to the 

principal components diagram; differences are caused by the attempt of 

the squashing algorithm to present all the significant inter-variable 

relationships in a single two dimensional diagram. For a quick examina­

tion of a multivariate data matrix, therefore, squashing is more useful 

than principal components; it is also cheaper to compute. 

PERFORMANCE OF THE NLM ALGORITHM 

Sammon (1969) did not discuss the performance of the algorithm 

except in the most general terms. Points whidh require clarification, 

before use of the method in specific problems, are the stability of the 

iterative method, the optimal 'magic factor', the number of iterations 

required (and possible means of automating the selection of this number), 

and possible ways of controlling the algorithm to produce more stable 

and (if possible) faster convergence to minimum erroro 

(i) Stability Sammon mentions that care must be taken to prevent any 

two points becoming identical, in order to avoid 'blowing up' the partial 

derivatives. Even with close approach of two points, however, very large 

values may be obtained for the derivatives, which can temporarily drive 

one or both points a spuriously large distance out of the area of interest. 

When this happens, the error increases sharply and the total number of 

iterations reqUired is much greater than it need be; a partial solution is 

discussed below in the section on methods of control. 

A second point concerns the starting condition of the d-space. 

Sammon mentions two possible starting configurations: (a) random point 

distribution, and (b) using the d variables with highest variance. Theoret­

ically either method will give perfectly adequate results; the second is 

used in NLM program, and the first in the squashing program. However, to 

avoid having to add a random number generator, a starting configuration 
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6. 

is used which is fixed for every problem; only d = 2 is used. The 

FORTRAN integer divide operation is employed to define any point Y 

( i , 1 ), Y ( i , 2) by 

Y(i,1) = FLOAT (i / 2) 

Y(i,2) = FLOAT «i-1 ) / 2), 

giving a 'stepped' array of points. Either method will give a stable 

result in nearly every case:~ however, one must be aware that there is 

always a possibility of an incorrect solution being found by the points 

being 'locked' into a linear state. 

(ii) The magic factor Sammon found the optional MF to lie between 

0.3 and 0.4, and study of synthetic data appears to confirm this, with 

0.35 perhaps being close to the best value. Lower values give slower 

convergence, while higher values cause each iteration to 'overshoot' the 

path of steepest descent. Either effect results in less efficient 

convergence. 

(iii) · Number of iterations For relatively simple synthetic data (cube 

and 4 dimensional hypercube) satisfactory convergence with MF = 0.35 

took up to 30 iterations; more complex data (rock classification tests) 

required 40 - 50 iterations; though the time taken by each iteration is 

greater for problema with more points, the number of iterations required 

is not so variable; it depends more on the magic factor and on methods 

used to control the algorithm (thus in a large problem it is essential 

to find the best possible magic factor). 

If one could define an objectively satisfactory solution, valid 

in all cases, it would be possible to cut off the analysis automatically. 

There are a number of ways by which one might attempt this: 

(a) specifying a maximum acceptable error, This has the disadvantage 

that very many iterations could be required to reach it (or it may never 

be reached at all) - alternatively a solution with much lower error might 

be possible after relatively few more iterations. 

(b) defining an absolute or relative reduction of error between 

successive iterations. This criterion could be useful if safeguards were 

incorporated to ensure that a stable (i.e. minimum error) solution had 

been attained: for example, one might check three or more successive 

iterations by this criterion. An absolute reduction of error would suffer 

the same drawbacks as (a) above; a relative reduction (e.g. 0.1%) would not. 
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(c) computing a fixed number of iterations after either criterion 

(a) or (b) has been satisfied, and re-check, to, confirm that a st~e 
t~, 

I 
~I 

solution has been reached. :" , 

C. f~~ ·a 

se:tisfaction ,;of criteria (a) and (b)s1multaneously.r :
w

<.,.. 
. ~-. 

Either (c) or (d)willprevent the possibility of the analysis 

being cut off at a high-error unstable configuration. 

(iv) Control of the algorithm 

(a) When large values of the partial derivatives tend to drive points 

too far, it can be useful to limit the distance to which they can be sent,' 

by incorporating a check, reducing unacceptably high values of delta 

(f1/f 2)· 

(b) It is possible that a variable magic factor give faster convergence: 

near ' the beginning a small MF gives sufficiently rapid error reduction 

(and a large MF could lead to large deviations from the optimal path), but 

later in the procedure a larger MF could give faster convergence. The 

equation for one possible variable MF function is 

MF = 0.4 - 0.1 /~ 
where M is the n~ber of ,iterations. 

This suggestion is not incorporated into the existing program, . sinc,e 

ably satisfactory results have been obtained with a fixed 'MF= 0.35, 

problems with a , large number of points a variable MFmight result in 

ficant savings. 

(v) A method of improving stability and convergence 

reason:"-

bllt for 

signi-

The program was first tested with new y values not being used until 
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the start of the succeeding iteration, but it has been found that by using ' .1 
new y values as soon as they have been computed, very much faster convergence 

is obtained and the algorithm appears to be more stable. Further theoretical 

work requires to be done, however, on the mathematical basis of the NLM method. 

Meanwhile, the program exists in two versions, both of which give satisfactory 

results. 
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APPENDIX A - DERIVATION OF THE NLM ALGORITHM (after Sammon, 1969). 

Given N vectors in an L-dimensional space, designated X., i=1 •••••• 
l. 

••• , N, let us define a corresponding N vectors in d-space (d<<L), designated 

Yi , i=1, ••••••• , N. 

Let the distance between vectors X. and X. be defined as 
l. J 

5 . dist (X .• x
j
), 

. 1. 

and the distance between corresponding vectors Yi and Y. in the d-space 
.. J 

be defined as 

di . = dist (Y., Y.). 
J l. J 

Given an initial random d-space configuration for the Y vectors as follows: 

,. . . . , 

the error E, which represents how well the present configuration of the N 

points in d-space fits the structure of the N points in L-space, is given by 

N 

E 1 f (d!j - dij )2 
= r.. d~. 

d~. i < j l.J i<j l.J 

Since the values of d .. are defined by the values of y ,p = 1, 
l.J pq • • • .,N and 

q = 1, ••• ,d, the next step is to adjust the values of ypq so as to decrease 

the error. An iterative, steepest descent procedure outlined by Sammon (1969) 

is used for this purpose; the new d-space configuration after the mth 

iteration is given by 

where 
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and MF is the 'magic factor' or stepping coefficient which controls the rate I 
and stability of convergence. 
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The partial derivatives are given by 

and 

If the distance between BIlY two points y . and y. in the dr-space 
l.q Jq 

becomes too small, the partial derivatives tend to infinity; thus in the 

program, if this distance falls to less than 0.05 at any stage, the points 

are separated by adding 0.1 to Yi1 before entering the next iteratiooo If 

any differential is still large, the appropriate distance could be adjusted 

further by slight alteration of the program, though this has not been found 

necess~ by the author. 



APPENDIX B - DERIVATION OF THE SQUASHING ALGORITHM 

Given L variables sampled by N observations, with values defined 

as xpq ' p = 1, ••••• , L and q = 1, •• ~ ., N, let us define a 

corresponding set of L variables in a lower d-space (i.e. sampled by only 

d observations), with values y , p = 1 • • • • '" .. L and q = 1, • • • , d. . pq 

The correlation coefficient between the ith and jth variables, 

normalised to zero mean and unit variance, is 

= if f.. x'k x'k 
k = 1 1. J 

and in the d-space, the correlation coefficient is 

d 

r .. = .1.dL Yil Y'k· 
1.J k=1 C J 

The error E which is to be minimised, can be defined as 

d 

E= 1 L 
i< j 

(or the mean cell squared error -- the root of this is the mean error in 

each cell of the correlation matrix). 

An iterative, steepest descent procedure analogous to that used 

in nonlinear mapping may be adopted, with the newd-space oonfiguration after 

the mth iteration being given by 

Y (m+1) = Y .. (m) - MF, A (m) pq pq pq 

where = ~ E(~V11 d 2E(m) 2/ 
~y (m) lYpq em) 

pq -

A pq 

and MF is the magic factor. 

The partial derivatives are: 

~E = 2 t Yiq (riP-rIp)' oy - :i;,6r.p 
pq 

= 
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There is no necessity to prevent points from becoming identical, 

since there is no danger of the derivatives 'blowing up'; the only 

requirement is that the starting configu~«tion mUst contain at least two 

non-zero values of ypq for each q • . 
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CAPTIONS TO THE FIGURES 

Figure 1. NLM projection of the silicate analyses of 17 rock standards 

from Wedepohl (1969) into a plane: a=alkali granite, b=quartz monzonite, 

c=granodiorite, d=quartz diorite, e=alkali syenite, f=syenite, g=monzonite, 

h=diorite, i=gabbro, j=andesite, k=tholeiitic basalt, l=alkali basalt, 

m=peridotite, n=olivine melilitite, o=anorthosite, p=phonolite, q=ijolite. 

Figure 2. NLM projection of the silicate analyses of 17 rock standards 

and an 'unknown' spilite into a plane. Key to standards as in Fig. 1; 

S=spilite. 

Figure 3. NLM projection of the silicate analyses of 17 rock standards 

and an 'unknown' olivine leucitite into a plane. Key to standards as in 

Fig. 1; 01=olivine leucitite. 

Figure 4. Squashing analysis of 35 chemical ,fariables measured on 96 

clastic Devonian sediments from Cornwall, England; optimal plane represen­

tation of the correlation matrix. 

Figure 5. Principal component analysis of 35, chemical variables measured 

on 96 clastic Devonian sediments from Cornwall, England; first two 

components plotted. 
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)~DIX C - LISTING OF PROGRAM NLM 

PROGRAM r~LM 

1 NON~LINEAR MAPPING 8AS~D ON THb AL~ORJTHM BY SA~MON, P,4Q1 IEEE TRANS~ 
.ACTIONS ON COMPUTING, 1969 

·II-rorP ... R .... O'""'GRP"'rATIM7TA .... E.,...O.---..S .. y ...... S --'. HCTJe ... NTTL..,..E ... Yc-,-TC19.,....?..,.2..----- ----~---------------_ .. - _._--- ---

J DISTANCE MATRICES .STORED IN ARRAy DS(N,N' 
MATRIX 0* l~ LOwER HALF OS(I,J' WITH I,LT.J 

-r1ATRIX D IN UPPER HALltlnTH I .IST .J 

1 
D A T A--C-A"FIDs ... 

1-1----1:-----::C=07"L=S-17". "'--:2::----:-L.=O =G -;-1 C=-A=-:-L.---;-U~N~I --T---:-:-N O~, -:;O=-;F'~/J:-:-A-;T-:-A ---:-eI Nc-:-:P=-:-Uc-::T~-------·-----··--·· 
3~4 NO. Of VARIAaL.~S 

1 
11·20 'MAGIC fACTORi (NORMALLY 0,3 OR 0,4) 
21 22 NO, OF' POPULATIONS IN DATA MATRIX SUPPLIED 

- .- .-.. - - --.. ----- --"2~3-:""'2 7-4 -"N-:-7.0.-:-,-..O .... f ---.-.IT .. E ... R"'A,.....TrTl ..... 0=N~S ---"-'1 o~B"'E.-:;:C:-TA-;R=R """1 E..,D...--:;;O<-:-U~Tr---~=--- .------ -

-1 ---.-23-----.. DCOAL.TSA J.C"A.-BROO. S INPUT fORMAT ~NCL.OSED IN BRACKETS, MUST INCLUDE 2 ALfoJHA I OENT I fICA T ION fl ELnS A T THE S I ART OF eACH RECO"R"O----··- -···-
IF' ON UNIT 60 

_1-__ 4.. ENQ"9E:::f l~ CAHU PUNCHED rEO~' 

5 IF' NEW MAGIC fACTOR DESIR~U, ADDITIONAL CARDS (ANY NUMBER) 
CAN B~ ADDEO AT THE END OF' THE UECK 

DIMENSION X(100~50),Y(100,2 .VN(lOO,2),L.ETfER(10 ,fMT(~O • 
• OS(100,lOO}~IO(100,2),NUM(10,2);NTITLE(3),ER(200),EX'2PO) 

1 COMMON/222/ERR 
CQMMON/10/PMAX ------------------_ .. _._- _._-
COMMON/111/DS,X.Y,YN 

1 INTEGER FHT 
'--~onA~T~A~(LnE~T"T~E~R~~71"R7A-,1~R~Br,·lnR~C~,·1~RD~.~1"R"or,71~R~E-,71Rmf~,-:;1~R~G~,71~RrrH-,1~R~I·,·l'MnJT)----------·----

CAbL QaQINTor . 
NltD . .. --

• READ 10,LUN,L,FM,NPOP,NIT 
-~lF (NPOP,EQ, 0) NPOP l 1 -----

10 fORMAT (212,6X,;10,I2,12) 
• ReAD 20,FtH 
EO FORMAT (10A8) 

00 30 1=1, NPlrp--

-1-~~~},·-(fr~-11r\f~T-=Nmm-.;r,· I'.1-·--.- -.. --.. ---- --
CAL.L REAOX(X,NN,L,lU,LUN,FMTjNEW) . 
NOH(I,l,):;;NEw 

-L NiJM ( 1 ,2 >=LETTER ( I ) 
N =NEW . 
I) 0 5 I =I 1 , r~ 

- - - . . _. _ ... . - - . ... _._ .. . _-_ .. _-- , . . . . - - . ----

- - - - -_.----_._---

15 DO 5 J=l,N 
_ DSq'J)cO.O ----..;;<-C...;...A..-L L~V~. Ar-;::R:-:-N:-7(7:X-, -:-7'N-, L:-,-"V..,...,Ar-.:R:-:')---------------------------·-·-.... - .. -

1 
V~AX=VMAX2=O. ° 
1) 1"\ ·-40 I = 1 , L. 
lr (VMAX.LT.VARtI» 31,3~ 

- - 3T-'Vl:fAX:-V A R ( I ) ---------

I 
---------~---------- .. ------- . .. 



1 NVA=I 
G() TO 40 

1 35 lr CV~AX2,~T.VAR(1» 36,40 
3 6 V ;'1 A X 2;a V A R ( 1 ) 
31 rNA=I 

- - . - -m-~H--4"""1"-."'N'-:-V7-:A-,-:-N'"'"'V'""8~-1 
40 C~NTINUE 

41 ~ · OHMAT (*OVARIABLES WITH GREATEST VARIANCE,e.217~. , ARE USED .S e 
• , • It'O T I·A L EST 1A ATE e ) 1 PRINT 997,fM 

42 DO 50 I=l,N 
YCI.l)=X<I,NVA) -1'5U VCI.2)=XCI,NVB) 
M:O 

---- .. C;~A i., L D-"s-r7"A"R --:-c-x;-;-O. r'-;-~ .'L.-,'P"'S,.,'M:;-;':--------- -------------- -- - - - ----I M=1 CALL DS!AR (y,H,2,05.M) 
00 CAhL ERROR (DS.N,H,C) 

-.- - ·--- ErfCR) : ERlrf-n<-r::M~)-=:""'F r-C~o AT""1T.-.F...-c"M .. """",-------
I 1 I F' (M. E I..l • NIT) GO TO 990 . 
- CAL.L YNEw (OS.N,Y,2,C,vN,fHT 

00 60 lI!l,N 

I Y ( J , 1 ) = Y r·J ( I I 1 ) 
60 Y(I,2);YN(I,2) 

- .. -- --C A I.. L D S T ARty, N-. =2-, ""-0 s=-o -',Fn 
M=M+l . 

-l~-~--:~l T011l1fn-· -- · 

- --- [\[fTn.TrlT=--,8 .. I"t .. NTTE-rW.,--,.O,....,1,.S ..... T~--------

__ I--.--··jr~~~it ~ ~ ~ .~-;~~.~ H A T ___ _ _ _ 

~ALL TMPRINTCDS,N.M,NTITLE.3) 
--· -1-- -- ·· -c;A-L,-C--.Q LllR Pt: 0 T ( EX~ ER, M .1.12H.I T ER A T IONS., 7H .ERROR· ) 

PRINT 991 

- 992 PRINT 993, IOCI.l),IDCI,2),V'I,i).VCl,2',NUM(Ji2)-

193 FORMAT C1CX,A8,A3,lOX,2f12.4 10X,lRl) . 
94 PUNCH 993. ID(I,1),ID<I,2),vfI,1),Y(I,2),NUM(J,2) 

HEAD lO,IDUM,InUM,FH 
------ 1 F' (EOf, 60) 999, 99ij 

- _{-~ ~ci~~! T 9~~1~~G I C f" ACTOR I S-.~Ta; 3) 
GO TO 42 

199 CAL.L EXIT 
b~1J 

~-.-.----

--_. __ ._- -_._.- _ . . . -.-

----------_.- . 

- ------.---... ---- - . 

- ------ , ._ .. __ . __ ... -

. -SCi8RO{fTTN~- FfE-id)xr)(;f-Hr,··~· ~- rD ~ ·L.lHr,TF'-T-;·NEwT · - ---. -.--- --.- -.-- .-. -.. ----.-.--- .. -.... - .-.. -.. - .. 

1 DIMENSION X(100,50),fMT(10)~IDCiUO,2) -- l'fTEGERr·Mj---·- ·--·- --- ---·--·---···-.. -· -- ---- ... ---- . - - .. - ---... -.. -.. ---. -.. -...... . . -. · 0 - • • •• 

l=N~ 
-----O-:c-=-;"~__;_-:;--;-:-=-------------------------~--.----- - - .- -... -

PR 1 ~T 60, rrn 
160 fORHATteo INPUT fORMAT 1~ *,10A6) 
. -~~n: UN, PH ) UH I , 1 ) , I D ( Ii. 2 ), ( x C I , J ) , J I: 1 , LO) -----_ .... . _--_ ... 

lr CEOF,LUN) 30,20 

12 0 P R I N T 15, I 0 ( r;·1-<'-,-.I ...... O ....... C--rI-, =2"-) -, -r( =X -r( '-1 -, J--rr") -, JT:;:=-:l;-... L: ....... )..-----
1:1+1 

15 F' ('lRMAT (lHO. 2R8 I 4~X-,-:;-1=O=f~1=O-. "7"4-', 9~( '-.-. 1.-:H-.--,-::1,....,O--r."i-,;O.-.-::4'""'""---------------- ----.. --

Iro ~~w~ ~-.:i-0 . - ---- .. -.---.-----------------. 
PRINT 40.NEW j46" fOR HAT (. 0 RE A O-X ~C--=O.,-M-=-P-:-L.-=-E=T=E-U -, -N-Zl-.-.-, 1=-4-:-',----- ---------- --- - ----.- --- ... , 



AVE::SUM/FLOA T (rJ) 

S ! .IM:: 0,0 
:-----rD..-:~:---rl-r5-'---J·-=-: 1:'--:, t":-J ------- - .- ----- - ------- ----- --

ill". ;; X(J,I, .. AVE 
1----r......,...,r-....TTTT-:---1 .......... O'------=-·-------- .------.---------

:: + r"·2 ----- ---_._-_._ ... _-

VAH(l):: SUM/F'LOAT(N ... 1> 
~ PRI~T 25, I ,VAR( I) ,AvE 
,., F.' R MAT (lOX L 11 0 • 2 F 20 , 4 ) ___ _ 

----- -RE TURN --------. ._-------------------------_._--

--------_. - .. ~ ·-kJ~UT1NE DStAR(X,N.L,DS,~----·----'----­
DIMENSION X(100,~),DS(100'10D),NTIT~E(3) 

-_1-:_ ~;;-;1 ~~. ~:n:~7?~r.~-;-;_~07~-;:;;~·~_-=J7;M=;-~.7;-~=-T:"''p;:'''_-_!,-O-_...!!:!. _=_= ... _~.D.L~_-. _. ==~=-. -=-_~~...:.. ___ -_-_-~~=-___ -._-_-. __ -._ --------.---. --'-
U'1AX=O.O 
18-=1 -1 --~!~-tF~i--' -- --.-------. -.---.. -.. -. ----.-.. -----.-.--------... -------------... ------.-

.. --- -- --_.". 
NTITLE(1)=8~INITIA~ 

I- r~ TIT L. E ( 2 ) I: 8 HOI S TAN C E 
-r\JT I TL.E (3) =S"H MA TR I X .. ---- -
UO TO 20 --I :~:~ --- --- -_._--------------

DO 50 1::18.1T 
IF' (M,GT.O) GO TO 30 '1-- J 9 c;I+-l- ' -.-- -- .---.. ":".----.--- .- ---.----.-- -.. - ----. -- -

JT=N .. - . -GO-fo·rO-------·---· ._._-. .-------I Ja=l JT=I-l . 
Q UO 50 J=JB,JT 

---SUM:: 0 • 0----·-- -- .--.--- ---------'--------- --- - .. --- -

I DO 45 K=l,L 
. -~SU1f;(X1'--=l-,-;-:K-.-)-.TTX--.-C J,lIT) ".2 .---~-----.-- ------_. - --- .. - . 

USCI,J)=SQRT(SUM) 
F' (t .0) 4 ,50 

CALL CHECK (OS,N,l,J,M,X) 
-;OC 0 N TTNUE' - . ----- . - -- ----------_. ---_ .. - .. - _._-- .--.- ----.-. --_ .... -

_I ~~T~:~EU.O) 9AL~ TMPHINT(D~,N,MJNTITLE,3) 

t: ~~ U 

I 
SUBROUTlNE TMPRINT(DS,N,M,NTITLE,K) 

_ DIMENSION DS(10Q,lOQ),NTITLE(K) 
PRINT 5, NTJTLE 

5 FiJRMAT (lHl,10A8) -I PRINT 45 
_ DO 5 0 I = 2 , r~ 

20 PRINT 40'(PS(J,I),J=1,JT) 

1 

--------.---------------.. 



Lu IF' (·JT,GT.16) PRINl 45 
4J fORMAT (l H ,16F8,2) 

145 f'JRMAT(l~ ) 
50 CONTINU~ 

~RINT 45 
R.ETURN -1-'· . BJl) 
S! .IBROuTINE ERROR (IJS,N,M,C) 

.- _ u_ P I MEN S ION· D S ( 1 0 0 , 100 , ---------,---------~---------1 COMMO~! /222/E 
c:s=o,o 
lJ~ 50 J=2,N 

- -- '- '- -:.1'1= J '"'1 . 1 lJO 50 Izl,JM 
. C:C+DSq ,J) I U = ( Os ( I , J) -OS ( J, I) ) **2 

50 S:S+Q/DS(I.J) 
t::S/C 

--------~---.---.---

--'.--'p~ 1 N I 60, M, E -- --
_ 1~9 ~ ~ ~ ~ ~ ~ ( • ERROR AFTER THE ~,14 * T HIT ERA T I ON I S * • E 12 I 2.,. 

t:: \ 1 LJ 

1 
~ t. ';"; B<""JIR...,.Or.-U=T;-wI......,N""'"E-y77N=E-:-:-~'-( =o"'-S-, r:-N -', y~, KCT,-,C .. ,--,y-:&N..-,"F'..-M.-:'------------------

.. _ . .u I MENS 1 ON OS ( 1 a 0 , 1 0 0 ) , Y ( 1 0 0; a ) , Y N ( 1 0 0 , 2 ) ___ .. __ u_ . 

C; 0 M M () r,! 11 0 10M A X 

I ~ng~~-~[:~ --- -----._._-..... -.---.--.---... -... --.-.,---. 
S'.)f'lA=SUMB:O,O 

I··· '~f ~~ ·~l;-;·2~~· 'fO' 21--"-"--·"--_ ·'-"---" - =- --' -... --:--_.- -. 
21 USPJ=OS(P,J) 

I
· . J) ~ J = D S ( j .!-, P~) -------

120 TO 23 
- 22·-IJ~S~p'="""J.,...:==--O....;:S:-:;(=--J:-.~P-)------------------------------. ----

P!'J=DS(P,J) 

. . - -. ---Y D I F' = v P Q ... V J a 
_I-UJIF=D~. S~P~J:--~D~P~J~ _______ _ 

UPROD=LJSPJ*OPJ 
S',IMA=SUMA. (DO 1 FIOPROO) .yu I F 

·-1··--····- ~= .. -DDrF ... (VO.IF' •• 2/0PJ).(1.0.00I F/ 0PJ) 
S ',I N 8 = SUM B • 81 D PROD 

'4 d· CoNTTNTTE-- .-. 
45 D~LTA~~SUMA/ABS(SUMB) 

Y~ P,Q =y P,Q)-'M. ~TA 
V(P,Q):lYN(P,Q) 

- -- - - ------ -.----.- ... 

Re TURK:· --=------ ._._--- ----_ ._----_ .. _ .. _ -_ .. __ ._--_. __ •.. _-- _._------- _ ._- ... . ... - " . 

~"D 1 - ·~rJRR 0 lff HJE .. ··C H E C K ( OS , N, I , J, H;YT·· . .. - ---. 
DIMENSION DS(10Q,100),Y(100i.2) 

1-- l:\jD 

-1--­

I 

---- ._--_._---_ .- .. _- -- - ._ .. _._--

-~----.--.- . ... .... _._._ . .. - . 



tPENDIX D - 1ISTlJ.lG OF PROGRAM ;3QUASH 

PROGRAM SQUASH 

.1 __ ._R. ... MQUE_ .NUl.S1JHLAR. TO .. THE .ALGOIUtH.M BYSAMMQN, . P .• .4U1 IEEE TRANS.!'!I_. _ . .. _. 
C -ACTIONS ON COMPUTING, 1969 

II ~ROGRAHHED BY S,HENlEY, AUGUST 1972 

• REDUCES DIMENSIONALITY OF' A DATAMAlRIX BY NONLINEA'R COMPRESSION OF' DATA 
_ \( IjJL r1.AXJMAL PRESE8VAT tON or QORREL.A1ION. CD,Eff I.e tENTS 

C 

I 
c , 
I 

CORRELATION MATRICES STORED IN ARRAY DSCN,N) 
MATRIX 0- IN LOWER MALF OSCI,Jt WITH I,lT,J 
MATRIX 0 IN UPPER HALF WITH Ii;T,J 

DATA CARDS 
_ .. 

1 COlS 1e2 LOGICAL UNIT NO. OF DATA INPUT 
_C ._ .. ' ..... ..... . , .. . ;$ ... . __ ._. _ N.O .... _.OF._V A 1-1 A B L; E S . . __ • .. __ . , " . ..' __ , .. 

1 11-20 'MAGIC FAC'OR' (NORMALLY 0;3 OR atA) 
23~24 NO, or ITEMATIONS TO BE CARRIED OUT 

C , 2 COlS 1~80 INPUT FORM.T ENCLOSED IN BRACKETS. MUST INCLUDE 2 ALPHA 
l.DENTIFICA'FION FIELDS AT THE START OF ~ACH RECORD 

3 DATA CARDS Ir ON UNIT 60 

c 4 ENDeOF-FIlE CARD PUNCHED rEOf 
.. I 5 IF NEW MAGIC FACTOR DES1RED. ADDITIONAL CARDS (ANY NUMBER 

C CANes ADDEO AT HiE END .OL .THE DECK . 

... 1----.. -.Jll1iE.ijSJ.QN.-X.t.5L-1.D.D.L.Xt5.0.J.4.nH.5.0~. 2J4tH.iUJ .•. ~.ARt5 .QJJ . . . . 
• DS(~O,50),ID(100.2),ER(200)'&X(200),NTIT~E(2) 

1 
CQMMON/222/ERR 
INTEGER F'MT 
CALLQ8QINTOF" 
NaQ 

·1 10" ~~~AtO' (~~~7~x:~'1~'! ~x ~ 12:" .. . -. 
READ 20,F'MT 

1 20 FORMAT (10A~) 
CALL sREADX(X,L,ID,LUN.fMT,Nt 
Do 5 I;::l,L 

'1 5 . ~.~ ( 7 .-j·i;o :'0' 
CALL SVARNeX,N,l.VAR) 
VMAXII:VMAX2=O.0 

1 PRINT 99?,rM 
42 DO 50 III1,l 

.. YJJ...tJ..) ;r.hQ~1JJ.L2l..~g-,.9Lf~Q.~.:Lt~J . _ __ ___ ... _ ... _. __ ._. 

1 
50 Y(I,2)RFlOAT«I.l)/2)-2,O/FLOAT(L) 

1'1110 
CALL SDSTAR (X,N.l,DS,M) 
M:a1 I CALL SOSTAR CY,2,l,DS,M ') 

.. _.9.0.0 . ~.A~.L.-.S!..8RO.R .tg ,~~li,.~) .. . __ .... _ .. , __ '" . . . __ . .. . _ ._ '.' 

I 
I 

ERtM)aERR $ EX(M)=rLOATFCM) 
lr (M,EQ,NIT) GO TO 990 
CA~L SVNEW (DS,L,Y,2,C,YN,FMt 
00 ... .6.0. t;.1,.l 
Y ( I ,1) ;; YN ( I .1) 



I 60 YCI,2)=YN(I,2) 

I 
CALL SDSTAR(Y,2,L,DS,M) 
t-1:rM+1 

~ __ G.u.O. __ 1..0 1000 __ .. _ , __ ", ___ , __ ,_.,_,_, __ . ___ . ____ . ___ ...... _. _____ . ___ ._. __ . ___ _ 

I 
990 CALL QUIKPLOTeEx,ER,M,1,12H*lTERATIONS-,?H*ERROR*) 

NTITLE(1);8HNEW CORR 
NTITLE(2)=8HMX 

. . CAL. L T M P R I NT (D S , ~ , t'hNlI T LS i; 2 ) 
PRINT 991 . I !l..n..i..OB11AI11~1.L _.- ----.. . .- -... 
00 994 I=l,L 

992 PRINT 993, Y(I,1),V(I,2) 

1993 fORMATel0X,2fl0.4) 
994 PUNCH 993, Y(1,1),Y(I,2) 

READ 10.IDUM,IOUM.fM 

I __ . ---I.~ (EOE. 6.a.l_q.~9~_ .. _ .. --
998 PRINT 997,[1'1 . . 
997 FORMAT (*lMAGIC FACTOR IS *.[8.3) 

GO TO 42 

1999 CALL- EXI T 
END 

(' 

_. _ ._ .. s.uaR.aU.T_1NE-.. T.MPRl.tilUl.S., .~ •. tL N.1..LT1E., . .K) ._ .. _., .... _ .. _.... ... __ .. _. _ .. . __ . . __ . __ ._ ._. ___ ._ . ... _. __ .. _. 

1 DIMENSION DSC50,50),NTITLECKt 
PRINT 5,NTITLE 

5 FQRMATeiHl.10A8) 

1 PRINT 45 
DO 50 I=2,N 

_______ .JT;;I-l__ _ .... ..... _ ..... .. .. . 
lr (M,GT.O) 10.20 

1-10 PRINT 40. COSC I ,J) ,J~l,JT) 
GO TO 30 

_ 2.0 .. [l R 1 N 1. . 40 , ( 0 S ( J, I ) , J = 1, J T ) 

130 IF' (JT.GT.16) PRINT 45 
. !~. £QR!'1.AI_.( lH .16F8.?) 

45 FORMAT (1H ) 

I
!;O CONJ I NUE 

PRINT 45 
RETURN 
E:ND 

·1···· gY~~~~·f~~·Ei~~~ ;~~.~.: ~M'~'~'i~'~'~ 16~{-o~:'~-: .... -.- .... --. -''' '''---' . .. ..' - .-.. ---.------.---.-----. 
INTEGERfMT 

I 1=1 
PRINT 60.F'MT 

60 FOHMAT(*O INPUT FORMAT IS *,10A8) 

to. MAD .. (LU.N.,.F:.IH) 10. UJ.J.J .•. JD 11 ;.2), (X.tJ.lJ 11..J:;.1tJ.J . ___ . __ __ 
lr eEor,LUN) 3Q,2G 

Q PRINT 15,ID(I,1),ID(I,21. (X'J,I).,J=l,L) 
1=1+1 

15 FQRMAT(lHO.2RB,4X,10rl0.4,9"21X.l0fl0.4» 
GO TO 10 

. _ 3JL ~.EW..= L~...1 

I PR I NT 40. NEW 
o fORMAT (*OREADX COMPLETED, Ne*.14) 

RETURN 
eND I SUBROUTINE SVARNeX,N,L,VAR) 
DI~ENSlON X(~0~100),YAR(50l 
00 :50 1=1,\'" 

I SUH=O.O 
no 10 J=1,N 

10 S~H=SUM+X(I,J) I AVE=SUH/FLOAT(N) 



1 SUM=O.O 
DO 15 J=l,N 

_I ... 1-~ ~~=~U~:. I D;.~ .• :2.~ .. ~-~.'. J.).-~V .E 
VARCI)= SUM/FLOAT(N-1) 

1 ST~SQRTCVAR(I» 
DO 35 J=1,N 

35 X( I ,J)=X( I,J)/ST "I 30 PRINT 25~I,VAR(I).AVe 
25 . F .QattA T ( 1·0 X • 1·1-n •. 2f -2·n ~ 4 .. ) 

PRINT 40 
40 FORMAT (11-10) 

I Da 50 J=1,N 
50 PRINT 60.J, (X( I ,J). I=1,L.) 

"I 
1 

60 FORMAT (1H .I10;10r10.4,9~/11X,10F10.4» 
RE.TURN . """ __ .... __ .. 
END 
SUBROUTINE SDSTAR(X.N,L.,DS,M} 
DIMENSION X(50,N),OS(50,50),NTIT~EC2) 
1 F" ( M • G T • 0) GO T.O .. 10 
18::11 

.I..l'i!L~l... ... _"_" ...... ___ ...... ...... . ... - ..... __ .. - _. ____ ... .. 

I M=O 
GO TO 20 

10 18=2 

1 
I T;:;L. 

20 DO 90 I~IB,JT 
-' .-.-.... -.. l-r- ... -tM .• JJT ... -OJ . GO.--fD .J.O ... .... - .-.... - .... -.... -.... --...... -.......................... -................ _ .... -.... "-.... _ ........... . _ .. _ ... _,, .. _ .... _ ..... . 

1 
J8;I·1 
JT&L .' 
GO TO 40 

30 J9;;1 

.1 .. -4 o_~~j~_1~ua~ J.T.... .... _ .. 
SUM=O.O 
DO 45 KR1,N 1 45 SUH=SUM.XCI.K)·X(J,K) 
DS(I,J)~SUM/fLOAT1N~1) 
CONTINUE 50 

f 
I 

NTI jJ...EJ 1) :8~ IN l'U.Mo. ___ ... __ ._._. ____ . ______ ._ .. _ ... ____ ._ . ..-:.. .... ___ .. .... __ ....... ___ .. _ .. __ ._ .. _._. __ ._ .......... .. 
NTITLE(2)=8~CORR MX 
IF" (M.SQ.O) CALL TMPRINT (OS,L..M,NTITL.E,2) 
ReTURN 
END 
SUBROUTINe SERROR (OS,N,H,cr 

·1--{5*~~~~2~~t5.o.:.:llL~._.-- -.. -.-~. -~.---- .... ~ .. ~.-- --~.~~~~ 

C = .5 .. ::;,0 ... 0 
a.o,o 

I Do 50 J=.2,N 
JMaJ"'1 

.. __ .. _____ D.O.......5..0_L:: .. 1LJ..M __ .. ____ ._ .. _ ... _ .. _ ... _ ............ _ ......... _ .. __________ ._ ... _ .... ___ .... __ ... __ ... __ .. _ .. __ . ___ ._.' .. __ ._, __ . __ .. 

I 
50 Q:C+(OSCI,J)ftDSeJ,I»*·2 

S:PL.OATCN)6FL.OATCN-1)/2.a 
E=C/S 
PRINT 60,M.E .1.60 ~~ .. ~.0_~~. _(.~ .MEAN CEL.1. ERROR AF"'ER THE ·,14- TH ITERATION IS.,E12.2) 

1 
I 

END 
SUBROUTINE SYNEW(OS,N,Y,K,C;YN,fM) 
DIMENSION DS(50;50),Y(50,2)(YNC50,2) 
INTEGER P,Q 
DO 50 P;:1,N 



I DO 50 a=1,K 

I 
F'2;::F"=O.O 
DO 40 I=1,N 
1 F' (l-P) 20, 4 O .• -3-tL , ._._.. . __ "" _ .. .. . ... -___ .. . 

20 DSIP=DSCI,P) 

1 DtP=DSCP, I) 
GO TO 31 

3D DSIPI!DS(P,l) 

~1·1 _t::!:ri ~,,'P ~ . "." _. 
SUM=DIP-.nSIP 
r:F'+SUM*YCI,Q) 

I F2~F2.Y(I,Q)**2/rLOAT(K-l) 
o CONTINUE 

DELTA&F/ABSCF'2) 

r o.. ,(NJP~l.I .ycp.a) .. rt1~.DatA , 
RETURN 
END _ 

I 
. -

1 
1 
1 
.1 __ ....... __ 

I 
I· _ ... ' . 0" . _ _ .- _ .• " . _ . • _ _ •• _ 0. .. . 

I 
·-1 

1 
.. -.- - . -- . 

1 
I 
I 
I 

;,;. 

.--.~. " . -, ~~. , . , .. 
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