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Abstract 

The purpose af factor analysis i s  t o  i d e n t i e  
the dimensions or factors by whicha variety of 
ghenmepa within a domain are related. Factorial 
methods were originally developed for  the purpose 
of identifying the pr.hcipal dimensions or categories 
of mentality; bzrt the methods are general, so that  
they. have been found useful .for other psychological 
-problem and i n  other sciences as w e l l .  Factor analS.sis 
is not restr icted by assumptions regarding the nature 
of the factors, whether they be .physiological or social, 
elemental or complex, correlqted or uncorrelated. 

Thu~, three programs W e  been written which' 
factor analyze a se t  of measurements i n  order that  
the underlying factors which re la te  the measurements 
ma;r be identified. These pxdgrams .me based vpon work 
done by Professor Edward E. Cureton a t  the University 
of Tennessee. 

W L T l a l ~ h i s  document contains information of o preliminary nature 

and w s  prepwed primarily for internol use at the Oak Ridge Nationol 
Laboratory. I t  is subject to revision or correction ond therefore does 

not represent a final report. 
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LEGAL NOTICE 

This report was prepared o r  on account of Government sponsored work. Neither the United States, 

n w  the Commission, nor any person acting on boLIF of the Eommirsiant 

A. Makes any warranty or raplarentotion, axprosred ar implied, wlth n s p c t  t o  tho accwcy ,  

romplatenesr, or use(ulness of rho in formr im contotnod i n  this ropott, ar thot the use of 

any informa~ion, apparatus, method, or precess disclosed in  +his repol4 moy not infringe 

privately owned rights; or 

5. Assumes any liabtlities wlth rasp.ct to thw ure OF, or for donrogea resuhing &om the u w  d 

any information, apparatus, method, or process disclosed I n  this report. 

As used in the above. "prrson acting on bahalf of tha Cornmicaion" includes any amployee or 

contraetm of the Commission, or employee ot such contractor, to the e m m  the* such employea 

w contractor of thm Cornnrhsian, or employee of such contractor prepares, diesrmlnotes, or 

providrs access to, any inlonnolfen pufsuont to  hi* employment or cantfact with th. Ccmmissicn, 

cr hls amplornrmt wirh such contractor. 



. .- 
LEGAL N O T I C E  I 

Thls report was prepared a s  an account of Government sponsored work. Neither the Unlted 

States, nor the Commlsslon, nor any person acUng on behalf of the Commlsslon: 
I 

A. M&es any warranty or representatlon, expressed o r  Implied, u3th respect lo the accu- 

racy, completeness, o r  usefulness of the InIormaUon conlolned In lhls report,  o r  that the use 

1 of any inIoruUon,  apparatus. method. o r  p m e s 8  Ysclosed In lhls report may "0, lnf r lwe 1 - 
privately owned rlghts; o r  

/ B. Assumes any llabllltles wltb respect lo the use of, o r  for damages resvltlng from the 

use of any Lnformatlon, apparatus, method, or proceas dlscloaed In thla report. 

. . 
As used In the abave. "person actlng on behalf of the Commlsslon" Includes any em- 

. . ployee o r  contractor of the CommlBSlOn, o r  employee of such contractor, lo the extent that 
such employee o r  contraclor of the Commlsslon, o r  employer u I  such contrnctor PrPparlR. 

INTRODUCTION disseminates, o r  provldes access lo, any Informatlan pursuant lo his employment o r  contract 

wlth the Commlaslon, o r  his employment wlth such contrnclor. 

When .a pa r t i cu l a r  range of phenomena i s  t o  be investigated by 
I 

.means of individual  d i f ferences ,  one can proceed i n  two ways. One can 

invent a hypothesis regarding t h e  processes t h a t  under l ie  t h e  individual  

differences,  and then sek u p . a  laboratory experiment t o  t e s t  t he  hypothesis; 

I f  no promising hyp0thesi.s. i s .  .available,  one can represent t h e  domain as 

.adequately as poss ible  i n  terms of a s e t  of measurements or  numerical 

. indices and proceed with .  a . . f a c t o r i a l  .experiment. The f ac to r  analysis  

might reveal  an wlderlying order which would be of g rea t  ass is tance i n  

formulating sc . i en t i f i c  concepts. c o ~ e r i n g . t h e  p .ar t icular  domain. Thus, 

th ree  computer programs have beenwr i t t en  which f ac to r  analyze such a 

s e t  of measurements or  indices i n  order t h a t  t h e  underlying fac tors  which 

r e l a t e  t he  measurements may be i den t i f i ed .  

Let us consider such a s e t  of measurements t o  be arranged i n  a 

score matrix, S (n by N ) ,  where element s i  would be t h e  score of individual  , j 
j on t e s t  i. Then t h e  observation equation which i s  t he  s t a r t i n g  point f o r  

mult iple fac tor  theory would be: 

Score Matrix - - Factor Matrix X, Population Matrix 



where N i s  t h e  number of individuals  .taking n  t e s t s .  This equation 

expresses t h e  assumption t h a t  t h e  scores, s , ,  may be accounted f o r  i n  

terms of a smaller number of f ac to r s ,  q, khan t h e  number of t e s t s ,  n. 

The psychological i n t e rp re t a t i on  .of equation (1 )  i s  t h a t  a sub jec t ' s  

performance on a  t e s t  i s  determined i n  par t  by t he  a b i l i t i e s  t h a t  a r e  

ca l l ed  f o r  by t he  t e s t  and i n  p a r t  by t h e  degrees t o  which t h e  subject  

possesses these  a b i l i t i e s .  Thus, t he  f ac to r  matrix, A (n  by q) ,  describes 

t h e  a b i l i t i e s  which a r e  ca l l ed  f o r  by each t e s t  while t he  population 

matrix,  P ( q  by N ) ,  describes t h e  degree t o  which t h e  subject  possesses 

each o f ' t h e s e . . a b . i l i t i e s .  Therefore, t h e  purpose of these t h r ee  computer 

programs i s  t o  f i n d  t h e  q  a b i l i t i e s  by calcula t ing.A, .and then r o t a t e  A 

t o  obta in  a simple s t ruc tu r e  matrix, S, which w i l l  give meaning t o  these  

a b i l i t i e s .  

Actually t h e  f a c t o r  matrix given i n  equation ( 1 )  i s  made up of 

two types of f ac to r s :  common fac tors  and spec i f ic  f ac to r s .  The common 

f ac to r s  r e p r e s e n t - a b i l i t i e s  t h a t  are  involved i n  two or more t e s t s  of a  

b a t t e r y .  The spec i f i c  f ac to r s  representk  an a b i l i t y  which i s  involved i n  

only a  s ing le  t e s t  of a  ba t t e ry .  Thus, f o r  every t e s t  t he r e  i s  a  spec i f i c  

f a c t o r  which has a  f ac to r  loading only on t h a t  pa r t i cu l a r  t e s t .  Since 

we a r e  not i n t e r e s t ed  i n  these  spec i f ic  fac to rs ,  they a re  removed from 

t h e  f ac to r  matrix and we ,wi l l  no longer consider them as  p a r t  of t he  

f ac to r  matrix, A .  

The prdblem of f indipg and ident i fying these..q fac tors ,  which 

may be corre la ted,  i s  broken i n t o  two pa r t s  : t he  i n i t i a l  f ac to r ing  

problem and t h e  ro t a t i ona l  problem. The i n i t i a l  factor ing.  .problem involires 

t h e  ca lcu la t ion  of t h e  orthogonal fac to r  matrix, A (n by q) ,  whose fac tors  



a re  uncorrelated. This i s  done i n  t h e  f i r s t  computer program, FACTOR 

ANALYSIS I. The ro t a t i ona l  problem then involves an orthogonal ro ta t ion  

followed by an oblique ro ta t ion  of t h i s  fac to r  matrix, A, t o  obtain t he  

desired s.imple s t ruc ture  matrix, S, as  shown by equation ( 2 ) .  The fac tors  

of S are  now corre la ted.  

9 

Obli'que Simple Structure  Matrix = Orthogonal  actor Matrix X Transformation 

Matrix 

The ro t a t i ona l  problem i s  solved by t he  l a s t  two computer programs, 

FACTOR ANALYSIS I1 and FACTOR ANALYSIS 111. 

The descriptions which follow i n  t h i s  repor t  a r e  only intended 

t o  give t he  use; an idea  of what each program does, and they do not 

represent a rigorous descr ipt ion of mult iple f ac to r  analysis .  



GENERAL DESCRIPTION OF THE FACTORIAL mTHODS USED 

 actor Analysis 1:. 

The purpose of t h i s  program i s  t o  compute a  reduced pr inc ipa l  

a x i s  f ac to r  matrix, A (n by q) ,  from the  reduced cor re la t ion  matrix, R (n by n ) ,  - 
using t h e  p r inc ipa l  ax i s  m e t h ~ d . ~  Other methods such as  t h e  centroid method 

have been used t o  ca l cu l a t e  f a c t o r  matrices,  but  t h i s  method seems t o  be 

t h e  be s t  f o r  t h e  majori ty of cases.  The reduced corre7.at.ion matrix, R, 

i s  composed of t he  i n t e r co r r e l a t i ons  of t he  score matrix with t he  un i t  

diagonal replaced by t he  communalities of t he  f ac to r  matrix, A. The 

equation which r e l a t e s  t h e  reduced f ac to r  matrix with t he  reduced cor re la t ion  

matr ix  i s :  

Thus, t h e  i n i t i a l  f ac to r ing  problem cons i s t s  of factor ing R i n  such a  . 

manner a s  t o  f i nd  t h e  number of fac to rs ,  q, of A, t o  f i nd  t h e  elements of 

A, aid t o  lni~limize A. 

Since the  f ac to r  matrix communalities, h; : 

9 

- 2 
a r e  not known a t  t he  o u t s e t ,  we i n s e r t  comunal i ty  esti.mat,es, h .  i n t o n  

1' 

t h e  diagonal of R and proceed t o  ca lcu la te  an approximation, A=, t o  t h e  

factor matrix,  A. By using t h e  communalities UP Al as b e t t e r  est imates,  

we a re  then able  t o  repeat  t h e  procedure and ca lcu la te  a  b e t t e r  approximation, 

A,, t o  t h e  f ac to r  matrix, A. This i t e r a t i v e  procedure i s  repeated u n t i l  

t h e  communalities s t a b i l i z e ,  thus  indicat ing t h a t  we have calcula ted A. 

The communalities converge more rapidly  f o r  l a rge  values of n. 



It has been shown by ~ o t e l l i n g *  t h a t  t he  elements, a i ,k ,  of 

t he  f ac to r  matrix, A, are  t he  elements of t h e  eigenvectors of R associated 

with t h e  q l a rge s t  posi t ive  eigenvalues, each eigenvector.being so scaled 

t h a t  t he  sum of squares of i t s  elements i s  equal t o  t he  associated eigen- 

value. I n  f ac to r  analysis  t h i s  procedure i s  termed the  p r inc ipa l  axis  

method, because t h e  scaled eigenvectors a re  t he  p r inc ipa l  axes of e l l i p so id s  

of equal density i n  an n-space geometrical representation of t he  score 

matrix. 

1n . ac tua l  pract ice ,  t he  determination of t he  number of s i gn i f i c an t  

fac to rs ,  q, . i s  something of an a r t .  Usually t h i s  can be found by .examining 

the  eigenvalues. ~ h u s  f o r  one s e t  of ac tua l  da ta  (N = 92; n = 42) t h e  , 

eigenvalues were as follows : 

Table 1. Eigenvalues and Eigenvalue Differences f o r  a Sample Case 

Factor No. 1 2 3 4 5 6 7 8 9 1 0 1 1  

Eigenvalue 13.01 5.00 2.60 1.68 3 1 - 3 0  .97 .82 .70 .68 .61 

Difference 8.01 2.40 .92 .25 1 .z . I 5  .12 .02 .07 

The eigenvalue differences decrease progressively t o  f ac to r  6, the re  i s  

a l a rge r  drop from 6 t o  7, and t he  l a t e r  d i f ferences  a re  all small, so  

we conclude t h a t  t he r e  are  s i x  s ign i f ican t  f ac to r s .  The eigenvalue f o r  

t he  l a s t  s a l i e n t  f ac to r  i s  usual ly  somewhere between 1 . 5  and .5. I n  

1 
addit ion t o  examining t he  eigenvalues, t he  Rargmann modification of 

B a r l e t t ' s  t e s t  f o r  t h e  number of signit ' icant  fac to rs2  has been included 

in t h e  program t o  help determine q. The r e l a t i v e  magnitudes of t he  f ac to r  

loadings, a i ,k ,  may a l so  be of help in determining q. 



When t h e  i n i t i a l  factor ing procedure i s  f inished,  we have a  

f i n a l  unrotated f ac to r  matrix, A (n by q), and good reason.to suppose 

t h a t  t h e  (q + 1 ) - t h  fac tor  i s  e i t he r  s t a t i s t i c a l l y  ins ign i f ican t  or 

unre l iab le .  

This f i r s t  computer program has been divided i n t o  th ree  sections 

a s  can be seen from the  FORTRAN l i s t i n g  i n  Appendix B. The f i r s t  sect ion 

computes t he  cor re la t ion  matrix from a raw score matrix i f  the  correlat,ion 

matrix has not been previously calculated.  The second sect ion computes 

the principal  axis  t'actor matrix with an excess of fac tors .  The t h i r d  

sec t ion  uses a  Bargmann t e s t  t o  help t he  user i n  determining the  number 

of s i gn i f i can t  fac tors  i n  t he  fac tor  matrix. 



Factor Analysis -11 

The main purpose of t h i s  program i s  t o  compute a ro ta ted  varimax 

matrix, V (n  by q) ,  by means of an orthogonal normal varimax ro t a t i on  of 

t h e  p r inc ipa l  axis  fac to r  matrix, A (n by q).6 In  addit ion,  t he  program 

a l so  preforms several  elementary oblique simple s t ruc ture  ro ta t ions  of 

t h e  p r inc ipa l  axis  fac to r  matrix, using t h e  varimax transformation matrix, 

T (q  by q), as an i n i t i a l  trial transformation matrix. The methdd used 

i n  preforming t h e  simple s t ruc tu r e  ro ta t ions  i s  an adaptation of the  method 

described by Thurstone. 8 ' 

It i s  helpf'ul t o  th ink of t he  p r inc ipa l  ax i s  f ac to r  matrix, A, 

i n  terms of a geometrical model. If we l e t  each f ac to r  of A represent 

one a rb i t r a ry  reference vector i n  a q dimensional common-factor space, 

then each of t h e  n t e s t s  represents a vector i n  t h i s  space with q components 

or  coordinates. For an exemplary f ac to r  matrix with two fac tors  and e ight  

t e s t s  t h e  geometrical model would look l i k e :  

Factor matrix A 

No. I I1 

. . 

Fig.  1. Geometrical Representat.ion of t h e  Two-dimens5onal :Fac$oa;~Matria;. A. 

. , .  . 
where I and 11 represent t h e  two orthogonal reference vectors ,  &d"ihe 

components of',each of t h e  eight  t e s t  vectors ark .'the f ac to r  l o a d h g s ,  - 



a i , k ,  i n  t he  fac tor  matrix, A. Note t h a t  t he  sca la r  product of t e s t  

vector  - i with t e s t  vector $ i s  t he  in te rcor re la t ion ,  ri, j, between the  

two t e s t s .  Thus t h e  length of each t e s t  vector i s  h i ,  the  square root 

of i t s  communality. 

Since t h e  f ac to r  matrix i s  represented with an a rb i t r a ry  reference 

frame we now wish t o  r o t a t e  t h i s  frame i n t o  a preferred or simpliming - 
pos i t ion .  This orthogonal ro ta t ion  of A i s  ca l led  the  normal varimax 

ro t a t i on .  The new ro ta ted  varimax matrix, V (n by q),  i s  re la ted  t o  

t h e  unrotated f ac to r  matr ix ,  A (n by q ) ,  by t he  l i n e a r  transformation 

matrix,  T ( q  by q ) ,  as  shown below : 

Rotated V.arimax.ylatrix = Unrotated Factor Matrix X Transformation Matrix 

The varimax c r i t e ron  f o r  .preforming t h i s  orthogonal ro ta t ion  requires t h a t  

be a maximum, where ai,B i s  t h e  fac tor  loading f o r  t h e  - i t h  t e s t  on the  

k th  f ac to r  and hf. i s  t he  communality f o r  t he  i t h  t e s t .  The varimax * - - 
ro t a t i on ,  i n  addit ion t o  simplifying the  representation of the  t e s t  



vectors ,  a l so  gives us .an i n i t i a l  trial transformation matrix, T, which 

i s  needed i n  simple s t ruc tu r e  ro ta t ions  of the .  fac to r  matrix.  

This second computer program, 1 i k e . t h e  f i r s t ,  has been divided 
. . 

i n t o  th ree  sect ions .  The f i r s t  sect ion computes the  ro ta ted  varimax 

matrix from t h e  fac tor  matrix as described previously. The second section 

consis ts  of a s ing le  oblique simple s t ruc ture  ro ta t ion  of t h e  p r inc ipa l  

axis  fac to r  matrix using t h e  varimax transformation matrix a s  a t r i a l  

transformation. matrix. This sect ion requires  t h a t  t he  var iables  t o  be 

used i n  t h e  ro ta t ion  along with t h e i r  respective weights be specif ied.  

These quan t i t i es  a re  specif ied by subjective decisions made within t h e  

computer. The..third sect ion consis ts  of f i v e  simple s t ruc tu r e  ro ta t ions  

using t h e  most recent ly  calcula ted transformation matrix as  a trial matrix.  

The computer again makes subject ive  decisions i n  determining t h e  var iables  

t o  be used i n  each ro ta t ion ,  although no weights a re  used i n  t h i s  sect ion.  

Although these  subjective decisions made by t h e  computer a r e ' n o t  optimal, 

they may y i e ld  s a t i s f ac to ry  r e s u l t s  i n  some cases.  I n  most cases t h e  

user  w i l l  need t o  a u p e n t  these  r e s u l t s  by using t h e  t h i r d  program. The 

discussion of simple s t ruc ture  ro ta t ion  i s  given i n  t h e  l a s t  pa r t  of t h i s  

repor t .  



F.actor Analysis I11 

The pur.pose of t h i s  program i s  t o  compute an oblique simple 

s t r u c t u r e  matrix, s (n by q ) ,  and a simple s t ruc ture  transformation matrix, 

T ( q  by q) ,  by means of an oblique simple s t ruc ture  ro ta t ion  of t h e  

p r inc ipa l  ax i s  f ac to r  matrix,  A (n by q ) .  As was s t a t ed  previously, t h e  

8 
method i s  an. adaptation of t h e  method described by Thurstone. When t h e  

cor rec t  f i t  has been obtained, t h i s  simple s t ruc ture  'matrix, S, w i l l  

identif 'y and give meaning t o  our q f ac to r s  which we s e t  out t o  f ind .  

O u r  oblique simple s t ruc tu r e  matrix, S, i s  r e l a t ed  t o  t he  orthogonal 

f a c t o r  matrix, A, by t h e  transformation matrix, T, as  shown previously 

i n  equation (2 ) .  The f ac to r s  of S w i l l  now be corre la ted (oblique) 

whereas ,the f a c t o r s  of A were uncorrelated (orthogonal). 

I n  order t o  understand the  simple s t ruc ture  process, l e t  us 

again consider t he  orthogonal f ac to r  matrix, A, i n  terms of i t s  geometrical 

model i n  t h e  common-factor space. I f  we l e t  A consis t  of th ree  fac tors  

and 

l o .  

eleven t e s t s ,  OUT 

Factor matrix A 

geometrical model would look l i k e :  

/ 
/ 

/ 
/' 

/ 

Fig.  2. Geometrical Representation of t he  Three-dimensional Factor Matrix, A. 



where I, 11, I11 represent the three orthogonal reference vectors. The 

components of the eleven test vectors along each reference vector are 

just their respective factor loadings, ai,k, on that factor. Three 

dimensional factor matrices can be represented as shown in Figure 2, 

but it has been found more convenient to represent them on the surface 

, of axsphere as shown below: 

Fig. 3. Spherical Representation of the Three-dimensional Factor Matrix, A. 

where the intersection of each test vector with the surface is shown by 

a dot (with a circle around it) on the surface. Acutally it is necessary 



t o  extend t h e  t e s t  vectors t o  un i t  length fo r  study on a sphere of un i t  

rad ius .  Thus the  f ac to r  matrix, A, i s  normalized by dividing each row 

by hi, t h e  square root of i t s  communality. 

We are  now ready t o  preform the  simple s t ruc ture  ro ta t ion  

geometrically. Instead of using the orthogonal reference frame I, 11, 

I11 which was obtained by solving the i n i t i a l  factor ing problem, we now 

draw a new reference frame as shown by the so l id  l i nes  B, C,  D i n  f igure  3. 

These so l id  l i n e s  should form the  boundary of a sphesicd. t r i angle  such 

t h a t  most of the  t e s t  vectors terminate i n  the  sides of the  t r iangle .  

By visua l iz ing  a t ransparent  sphere, we should be able t o  see th ree  

bounding hyperplanes which in t e r sec t  t he  sphere a t  the  l i n e s  B, C ,  D 

and then most of t h e  t e s t  vectors w i l l  l i e  i n  or near one of the  three 

hyperplanes. The new reference vectors R I, RII, RIII are  the  normals 

t o  the  th ree  bounding hyperplanes and the  primary fac tors  P 
I' P~~~ 

are  determined by t h e  int .ersections of t he  th ree  hyperplanes. Each 

primary.axis repre.sents an " ideal  t e s t "  which would measure one pure 

f ac to r .  If the  new vectors were orthogonal, they would coincide 

with the  primary vectors .  This techni'que of f i t t i n g  a - new oblique reference 

frame t o  subsets of the  t e s t  vector termini such t h a t  the  subsets l i e  i n  

o r  near one of the  bounding hyperplanes i s  cal led oblique simple s t ruc ture  

ro ta t ion .  It i s  a matter of empirical observation t h a t  i n  large c lasses  

of data,  the  hyperplanes make acute angles with one another, and the  

reference vectors obtuse angles. If the  s t ruc ture  i s  not acute, it i s  

sometimes d i f f i c u l t  t o  t e l l  whether convergence i s  toward a bounding 

hyperplane o r  toward a hyperplane which cuts across t he  common-factor 

space and i s  therefore not a t r u e  fac tor .  



Jus t  as  t h e  components of t he  t e s t  vectors ,a long I, 11, I11 

made up t h e '  f a c to r  loadings of t h e  orthogonal factor .n ia t r ix ,  A, t h e  

components of t he  t e s t  vectors .a long RI, RII, RIIr make up t h e  f ac to r  

loadings of t h e  oblique fac tor  .matrix, S.' The coordinates of ' the new 

reference frame RI, R ~ ~ '  R~~~ on t h e  old reference frame I, 11, I11 

make up t h e  transformation matrix, T, which transforms A i n t o  S. The 

s ca l a r  product of t he  column vectors of T.give  t he  cosines of t he  angles 

between t h e  new reference vectors .  

I n  order t o  (1) f i nd  t h e  q bounding..hyperplanes, ( 2 )  f i t  them 

t o  t he  subsets of t e s t  vectors,  and (3)  a r r i ve  a t  t h e  transformation 

matrix, T, it i s  necessaxy t h a t  th ree  quan t i t i es  be specif ied.  The f i r s t  

quanti ty i s  a trial s e t  of reference vectors,  T, which approximate t he  

f i n a l  reference vectors,  
R ~ '  R ~ ~ '  R ~ ~ ~ . '  

This - trial trans.formation matrix 

w i l l  i n i k i a l l y  .come fr.om Fact.or ... Analysis 11. The second quanti ty t o  be 

specif ied w i l l .  be, q s e t s .  .of .remaining t e s t  vectors which l i e  i n  o r  near 

t he  hyperplane associ.ated with each of .the q fac tors .  For a..given f ac to r ,  

t he  remaining t e s t  vectors w i l l  have near zero f.actor loadings because 

they w i l l  be almost perpendicular t o  t he  new reference vector f o r  t h a t  

f a c to r .  The t h i r d  quant i ty  which. may or..may not be specifi.ed i s  a s e t  

of weights f o r  each s e t  of t h e  remaining t e s t  vectors .  These weights 

tend t o  move t he  hyperplane towards t h e  respective t e s t  vectors .  Higher 

weights w i l l  have a greater  e f f ec t  in.moving t h e  hyperplanes. 

I n  ac tua l  p rac t ice  it takes several  ro ta t ions  t o  determine which 

d i rec t ion  t o  go f o r  t h e  best  f i t  and f i n a l l y  produce. a sa t . i s factory fac tor  

.matrix, S, i n  which t he  fac tor  loadings of t he  .remaining - t e s t  vectors  

a re  near zero (f . l o ) .  This i s  why the .  second pr.0gr.m attempts to. dehermine 



t h e  t h r e e  quan t i t i e s  previously mentioned and use them i n  calcula t ing 

.seve.r.al .preliminary simple s t ruc tu r e  f i t s .  Perhaps these  preliminary 

f i t s  w . i l l  give t h e  user  .a b e t t e r  idea of which d i rec t ion  t o  go. If t he  

.user is, unfamiliar  with simple s t ruc ture  ro ta t ion  he w i l l  probably be 

unable t o  use t h i s  t h i r d  program. 



The author wishes to express his' thanks tb Professor Edward E.. Cureton 

whose research at the University of Tenqessee forms the basis for these 

three programs. 



Appendix A 

INPUT PRl3I?ARATION, SAMPLE PROBLEM, AND OUTPUT 

GeneraL - These t h r ee  computer programs have been wr i t t en  so t h a t  they 

may be used with t h e  FORTRAN 63 compiler wr i t t en  a t  t he  Oak Ridge National 

Laboratory f o r  t h e  IBM 360 ccxnputer or: with any standard FORTRAN I V  compiler 

which assumes e i t h e r  a four  character  word (IBM 360) or  a s i x  character  

word (IHM 7040, 7090). 

When using these  programs with a s i x  character  word machine, 

t h e  user  should f i nd  all comment statements i n  t h e  input/output subroutines 

which have a "dol lar  sign" i n  column 6 .  The "c" i n  cn.l.11mr1 1 a n d  t h e  

"do l la r  sign" i n  column 6 should then be removed from these  cards.  The 

new cards should then replace t h e  card which occurs jus t  before them i n  

t h e  source program. Only those cards associated with DATA statements, 

FORMAT. statements, o r  o ther  character  information w i l l  be invol.ved. 

The user  should r e a l i z e  t h a t  t h e  numerical r e s u l t s  given i n  

t h i s  repor t  were computed with an IBM 360 computer and w i l l  not agree 

exact ly  with those computed on a s i x  character  word machine due t o  t h e  

d i f fe rence  i n  word s i z e .  

The f i r s t  card of output punched from each of the  t h r ee  programs 

w i l l  be a t i t l e  card of a s t e r i sk s  and other  Hol le r i th  characters .  This 

t i t l e  card Should be removed before t h e  cards are  l a t e r  used as input .  

Factor Analysis I 

Input - The input var iab les  read by FACTOR ANALYSIS I are  described i n  

Table A . l .  The sequence i n  which these  var iables  a re  read and t he  format 

by which they a re  read i s  given i n  Table A.2. 



Table' A . 1  Factor Analysis I I.nput Variable Description . . 

Number of var iables  

Number of observations 

Number of fac to rs  t o  b.e extracted from the  cor re la t ion  . 

matrix 

Input FORMAT statement under. which raw score matrix i s  

Raw score matrix 

Correlation matrix 

Input FORMAT statement under which communalities a r e  

10.  NFCOMM . Number of fac to rs  i n  f ac to r  matrix (from which c.ommunalities 
a r e  calcula ted)  

Communalities of f ac to r  matrix'  

Factor matrix 

1 t o  read i n  a r.aw s.core .matrix (NOBS x WAR) - read by rows. 

2 t o  read i n  a cor re la t ion  .matrix (WAR x WAR) - read by 

. .  . 
upper diagonal rows 

14 .  1 t o  rea.d no communalities but  use computed SMC values 

SS, { inotem.d . .  
2 t o  read communalities themselves - FMTC read and used 
3 t o  read a f ac to r  matrix from which communalities a r e '  

c omput ed 

-. 
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Table A.2 Factor Analysis I Input Variable Sequence and Format 

Input  Variables Card Format 

1. TITLE - FORMAT (13~6 ,  A2) 

2. SSl,SS2 - FORMAT ( 21 2 ) 

3 .  NVAR,NOBS,NOEXT - FOFMAT(~I~) 

1 1 .  FMTX ( ~ f  ss1=1) OX FMTR ( ~ f  SS1=2) - F O P ~ T ( ~ B A J I  ) 

. SCUM (lt' SSl'I) o r  K (lt' YS1=2) - FIM'I'X or  kW1H 

6. FMTC (1f  ~S2'2) o r  NFCOMM (1f ~ ~ 2 ' 3 )  - FORMAT(18A4) o r  F O R M A T ( I ~ )  

7. COMM (1f SS2=2) o r  M T  (1f SS2=3) - FMTC o r  F o R M A T ( ~ x , ~ F ~ ~ . ~ )  

Output - The'output  va r iab les  p r in ted  by E'ACTOH ANALYSIS I a r e  described 

i n  Table A.3 .  The sequence i n  which these  var iab les  a r e  p r in ted  i s  given 

i n  Table A.4 .  The p r i n t i n g  of some of t h e  va r iab les  i s  control led  by t h e  

two sense switch var iab les ,  SS1 and SS2, as indicated i n  Table A.4. 
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Table A . 3  Factor Analysis I .Output Variable Description 

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

Output Variable Description , . 

1. TITLE Alphanumeric t i t l e  i den t i f i c a t i on  

2. WAR . Number of var iables  

3. NOBS Numb.er of observations 

4. AVG . Mean f o r  each var iable  

5. SIGMA Standard deviation f o r  each var iable  

6 .  R Correlat ion matrix 

7. DETR Determinant of cor re la t ion  matrix 

8. SMC Squared. mul t ip le  corre la t ions  

9. TRACE Sum of diagonal elements of cor re la t ion  matrix 

10.  . .  EIGVAL Eigenvalues of cor re la t ion  matrix 

11. EVDIFF Difference between consecutive eigenvalues 

12.  EVSUM .Sum of eigenvalues 

3 P E ~ T  percentage of TRACE factored by each successive' f a c to r  

14.  CHIS& Chi squared values 

15.  DEV Deviations (used. i n  Bargmanri t e s t  ' for  s i gn i f i c an t  
fac to rs  ) 

16. FMAT Factor matrix ( w i l l  a l so  be punched out f o r  l a t e r  u s e )  

17.  NOSIG Number of s ign i f ican t  factors .  computed from Bargmann 
t e s t  

18, COMM Factor matrix communalities using. s ign i f ican t '  f ac to rs  
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Table A . 4  Factor Analysis I Output Variable Sequence and Sense Switch Control 

Sequence Output Variable Sense Switch Control 

1. TITm 

2. NVAR , NOB S 

3 * AVG, SIGMA I f  SS1 = 1 

4.  R 

5. DETR 

6 .  SIC ~ f '  s s2  = 1 

7 'L'HAc:b: b 

8. EIGVAL,EVDIFF,EV~,PERCT 

9 CHISQ, DEV 

10. FMAT 

11. NOSIG,COMM 

- 

Smple  Problem - A s m ~ l e  problem has been used whi ch i s h ~ l . s ~ d  l.lpon a s ~ t .  

' of nine t e s t s  given t o  504 individuals.  These t e s t s  were designed t o  

measure in te l l igence  f ac to r s .  The input t o  Factor Analysis I i s  givent,.in 

Table A. 5. The cor re la t ion  matrix had been -prevJnl~sly computed so we 

skipped t h e  f i r s t  sect ion of t he  program and read i n  t he  correla t ion matrix. 

Since we had no communality estimates, computed squared multiple correla t ions  

were' used f o r  the  est imates.  The output from Factor. Analysis I is given onpages 

22 - 32 .  We are  unable t o  deternine t he  exact number of fac tors  from the  

eigenvalues although we can see t h a t  there  w i l l  be three  or four f ac to r s .  



The .Bargmann t e s t  indicates  t h a t  the re  are  four fac tors  s ince  t h e  f irs t  

deviation value below 1.96 (95% confidence l e v e l )  occurs on t he  four th  

f ac to r .  But, upon .examining t h e  fac tor  matrix we see t h a t  the re  are  no 

fac tor  loadings above .270 i n  t h e  four th  f ac to r  so  we conclude t h a t  t he r e  

.. .a re .  r e a l l y  only t h r ee  .s.ignificant f ac to r s .  

: :In. order t o  ob.tain .a more. accurate f ac to r  .matrix and t o  s t a b i l i z e  

t he  communalities, w e  w i l l  rer.un t h i s  f irst  .program w i t h  communality 

estimates computed from th ree  s ign i f ican t  f ac to r s  of t he  previous fac tor  

matr.ix. The new fac tor  matrix (w i th  an excess of f a c t o r s )  from t h i s  

second run i s  given on page 32. It w i l l  be used as input t o  Factor 

Analysis 11. 

Table A. 5 Factor Analysis I Input Data .for .Sample Problem 

Card No. 12345678. . . C olunn No. ... 

- 

1. FACTOR ANALYSIS I - CALCULATION OF SMC FACTOR MATRIX - . 

R:. C . PURFEE - TEST CASE 

2. 2' 1 

3 - 9 '5b4 5 

4. ( ~ 2 . 0 , 8 ~ 5 . 3 )  

5 .  1. .511 .498 .542 '. 50'9' "i'44g" .'372 .333 .281 

6. 1. .473 .736 ..462 ,426 .LC35 .j7o".LC1$ 

7. 1. , .504 ,462 .418 .372 .330 .354 

8 .  1. .654 .764 A39 .44g -455 

9.  I.. .645 .405 .417 .40h 

lo . .  1. .376 .376 .458 

11. 1. .686 .589 

12.  1- .535 

1 3  1. 

- 
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---. - .. - ----- FACTOR M A T R I  X - - - - . . - - . . - . . . - - -- . - - - - . - . . . - - 
ROW 



Factor Andy s i s  I1 , . 

Input - The input var iables  read by FACTOR ... ANALYSIS I1 are  described i n  
, - .  . 

Table .A.6. The sequence i n  which these  vari.ables a re  read..and t h e  format 

. . 
by which they a r e  read i s . g i v e n  i n  Table A.7. 

Table A . 6  Factor Analysis I1 Input Variable Description 

Input Variable Description 

1. TITLF: Alphanumeric t i t l e  i den t i f i c a t i on  

2. WAR Number of var iables  

3. NOFACT Number of fac to rs  i n  t h e  unrotated f ac to r  matrix 

4. FMAT Unrotated f ac to r  matrix (from Factor Analysis I )  

Table A . 7  Factor .Analysis I1 Input Variable Sequence and Format 

Sequence Input Variable FORMAT Statement Used 

1. TITLF: FORMAT ( 1 3 ~ 6 ,  ~2 ) 

2. NVAR, NOFACT FORMAT ( 21 4 ) 

3. FMAT FORMAT ( 8 ~ ,  6 ~ 1 2 . 8  ) 

Output - The output var iables  p r in ted  by FACTOR ANALYSIS I1 a re  described 

i n  Table A.8.  The sequence i n  which these  var iables  a r e  pr inted i s  given 

i n  Table A . 3 .  



T.able ~ . 8  Factor Analysis I1 Output Variable Description 

Output Variable Description 

I. TITLE Alphanumeric t i t l e  iden t i f ica t ion  

2. KROW Indicator  of rows re f lec ted  i n  the  unrotated fac tor  
matrix 

3. FCOMM Communalitics of the  unrotated factor  matrix 

4. vCVMM Communalities of' the  rotated varimax matrix 

5. KTCOL Indicator  of columns ref lected i n  the  rotated varimax 
matrix due t o  a negative f i r s t  row transformation 
element 

6. KVCOL Indicator  of columns ref lected i n  the  rotated varimax 
matrix due t o  a negative column sum i n  the varimax 
matrix 

7. NOROT - Number of rota t ions  for  e a c h i t e r a t i o n  o f t h e  varimax 
ro ta t ion  

8. VARMAT Rotated vmimw matrix (outputted i n  numerical order 
by loadings ) 

9. VTRm Varimax transformat ion matrix 

Specification of variable numbers t o  be used i n  next 
lo* ) simple s t ruc ture  ro ta t ion  

NQSTQP 

11. SSMAT Rotated simple s t ruc ture  matrix 

12.  SSTRAN Simple s t ruc ture  transformation matrix ( w i l l  a lso  be 
punched out for l a t e r  use)  

I 



Table A . 9  Factor .Analysis I1 Output Variable Sequence, . . 

+ 

Sequence Output Variable 

1. TITLF: 

2. KROW,FCOMM,VCOMM 

3 KTCOL, KVCOL 

4. NOROT 

5. VARMAT 

6. VTRAN 

7 NOSTRT,NOSTOP 

8. SSORD 

9 SSTRAN 

Sample Problem - Using t h e  r e s u l t s  from the  sample problem i n  Factor 

Analysis I we can prepare t h e  input data  t o  Factor Analysis I1 given i n  

Table A.10. The second f ac to r  matrix which was computed and punched 

out i n  Factor Analysis I i s  used as  input t o  t h i s  progr.am. Only t he  

f i r s t  t h r ee  s ign i f ican t  fac to rs  were kept., and t h e  remaining cards were 

discarded. 

The output from Factor Analysis I1 i s  given on pages 37-45,. 

By examining t h e  varimax f ac to r  loadings we can begin t o  see which t e s t s  

make up each of t he  fac tors .  Variables 1, 2, 3,  4 hav.e f a i r l y  high 

' loadings on t he  f i r s t  f ac to r ;  var iables  7, 8, 9 have high loadings on 

t he  second fac tor ;  and var iables  4, 5, 6 have. high loadings on t h e  t h i r d  

f ac to r .  By looking a t  t he  questions which ,correspond t o  each of these  



var iab les ,  we can iden t i fy  each of the  th ree  fac tors .  The f irst  factor  

seems t o  be verbal  a b i l i t y ;  t he  second fac tor  seems t o  be s p a t i a l  per- 

ception; and t h e  t h i r d  f ac to r  seems t o  be numerical reasoning. Note 

t h a t  t h e  four th  var iab le  contributes t o  both verbal  a b i l i t y  arid nwier'ical 

reasoning. Those f ac to r  loadings which d~ not contribute s ign i f ican t ly  

t o  a given f ac to r  approach zero i n  t h e  simple s t ruc ture  ro ta t ions  which 

follow t h e  varimax ro t a t i on .  Note tha t  the  sequence .numbers ra ther  than 

t he  var iab le  n W e r s . a r e  used t o  specify t he  var iables  used on each 

successive simple s t ruc ture  ro ta t ion .  

Table A . 1 0  Factor Analysis I1 Input Data f o r  Sample Problem 

Card No. 12345678. . . Column No. ... . . 

1. FACTOR ANALYSIS I1 - CALCULATION O F  VARIMAX AND SIMPU ' 

STRUCTURE MATRIX - RCD 

2. 9 3 

3 .  1 o .62642980 0.72937912 0.603077J11 0,87613046 
0.72580057 0.76098335 

4. u.t582,4~4y u.64594~) 0.63112396 

5. 2 -0.15120381 -0.14665 714 -0.08351427 -0.30267036 
- 0.1 5737027 - 0.26391876 

6 .  0.50468314 0.45681405 0.30555046 

7 3 0.15558910 0.40688944 0.13059237 0.00908275 
-0.14286011 -0.40691626 

8. 0.03166087 -0.05113751 -0.08781397 





V P S I M A X  M A T R I X  

C2Y? IUNALI  T I E S  

VA!? I M A X  P I A T H  I X  C O L U M N  R E F L E C T I O N  

--. .- N E G A T I V E  N E G A T I V E  .. . . . . .  - .- . - . - *- -. .,, .. 
COL. T R A ~ S .  E L E M E N T  c c i ~ i j i i ~  SUM 

............ . . . .  -.--. .......... NUMHEs l 'F  Ri)TA!,!ONS. . . . . . . . .  .- 
I TR.  P E R  I T E R A T I O N  

F i v e  A . 2  (continued) 



1 SEQ.  ;) 'i 

. . . . . .  
TH A r J S F i l R M A T  I l I N  M A T R I X  ' 

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

S F Q I I E N C E  NO,S. R E M A I N I N G . .  -. , _ ,  - 
FOR I \ I E X T  K U T A T I  o'N-'.- 



ROW 1. ......... - ... . - 2 3 .- 

................ - -- - ........................ sE3UgNCE Y O *  5- ft-E*A!RIING , 

F A C T O R  FOR N E X T  R O T A T  I ON-'- 





- . - . -- - 
T K A N S F O R M h T  I ON M A T R I X  

ROW ..-. 1 . ? 3 . .  . . .... . - 

FACTOR- -  1- .-----. - .- SE(3UENC.f r J i l o S , _  R E M A  I N I . N G  . ~ . - = - . -  . - -  .. 
FOR N E X T  R f l T A T I O N  



. . . .  

1 ? 3 s i c .  

. . . . . . . . . . . . .  -- . - , . 
TP A N S F O R M A T  I O N  M A T R  i x 

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

.... . . . . . . . . . . . . . . . . . . . . . . . . . .  .. . -- s E ! ? U E N , h  NC!.-S._.REMA I h r  I N G  ., 
FOR N E X T  R O T A T l O N  . , FACTOR . . 



- - . .  . - . -  - . . .  . -  
T R A N S F O R M A T I  ON M A T R f X  

ROW 1 -- -- .- . - - . - - - , . ..... ? . . .  3 .  . . . . - m a - - -  ,. - 

SEQUE-NCE N1I.S K F M A l N I N G  - ~ - . -- -. ............. - ...... . - .  

FACI 'OR FOR N E X T  R O T A T I O N  
. - . . - - - =  - 



;IYPL,E: STP!JZTIJT!E 9 O T 4 T ~ I ~  WATCI I  X ,.,( ITH .=!j) 



Factor Analysis I11 

Input - The .input var iab les  read by FACTOR ANALYSIS I11 are  described 

i n  Table A . 1 1 .  The sequence i n  which these var iables  a r e  read and the  

format by which they a re  read i s  given i n   able A.12. 

Table A. 11 Factor Analysis I11 Input .Variable Description 

$nput V-iable Description 

.. - 

1. TITLE Alphanumeric t i t l e  i den t i f i ca t i on  

2. NVAR Number of variables  

3. NOFACT Number of fac tors  i n  the  unr.otated .factor matrix 

4. FMAT Unrotated factor  .matrix (from Factor .Analysis I ) 

5. SSTRAN Most recent ly  calculated transformation matrix 

6. REMAIN CARD Specif icat ion card indicat ing the  var iables  remaining 
i n  t h e  hyperplane f o r  the  ro ta t ion  of t h a t  hyperplane 

DELETE CARD Specif icat ion card indicat ing t h e  var iables  deleted 
from t h e  hyperplane f o r  t he  ro ta t ion  of tha t .  hyperplane 

WEIGHT CARD Specif icat ion card indicat ing row weights f o r  those 
var iables  remaining i n  the  hyperplane 

FINISH CARD Specif icat ion card indicat ing end of da ta  
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Table A.12 Factor Analysis I11 Input Variable Sequence and Format 

- 

Sequence Input Variable FORMAT Statement Used 

1. TITLE FORMAT (13~6 ,  A2 ) 

2. NVAR , NOFACT FORMAT (214) 

3 FMAT ~ 0 ~ ( 8 ~ , 6 ~ 1 2 . 8  ) 

4. SSTRAN F O R M A T ( ~ ~ X , F ~ ~ . ~ )  

5 REMAIN CARD F O W ( S e e  FORTRAN L i ~ t i n g )  

DELETE CARD (See FORTRAN L i s t i ng )  

WEIGHT CARD (See FORTRAN L i s t i ng )  

FINISH CARD (See FORTRAN L i s t i ng )  

For a gben f ac to r  .a REMAIN CARD or  a DELETE .CARD may be used, 

but not both.  See t he  FORTRAN l i s t i n g  i n  Appendix B (pp. 81-82) f o r  a 

fu r ther  explanation of t h e  REMAIN, DELETE, WEIGHT, and FINISH CARD 

var iab les .  A descr ipt ion of t he  input card format i s . a l s o  given there .  

Output - The output var iables  pr inted by FACTOR.ANALYSIS I11 a re  descri'bed 

i n  Table A.13 .  The sequence i n  which these  var iables  a re  pr inted i s  given 

i n  Table A. 14 .  

Table A . 1 3  Factor Analysis I11 Output Variable Description 

-=- . -. 

Output Variable Description 

1, TITLE Alphanumeric t i t l e  i den t i f i c a t i on  

2. SSMAT Rotated simple s t ruc tu r e  matrix (outputted i n  numerical 
order by loadings) . 

3. SSTRAN Simple s t ruc tu r e  transformation matrix ( w i l l  a l so  be 
punched out f o r  l a t e r  u se )  

4. COSMAT Matrix of cosines of angles between reference vectors 
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Table ~ . 1 4  Factor Analysis I11 Output Variable Sequence . 

Sequence Output Variable 

1. TITLE 

SSMAT 2. 

3 SSTRAN 

4. COSMAT 

r 

Sample Problem - Using t h e  r e s u l t s  from the sample problem i n  Factor 

Analysis I and Factor Analysis I1 we can prepare t he  input da ta  t o  

Factor Analysis I11 given i n  Table A.15. We again used the  fac tor  

matrix computed and punched out i n  Factor Analysis I .  The transformation 

matrix computed and punched out during the  spec ia l  simple s t ruc ture  

ro t a t i on  i n  Factor Analysis I1 i s  used as  our i n i t i a l  trial matrix. 

The  remaining var iables  were 5, 6, 7, 8, 9 fo r  the  f i r s t  f ac to r ;  1, 2, 

3, 4, 5r 6 f o r  t h e  second f ac to r ;  and 1, 2, 3, 7, 8, 9 f o r  the  t h i r d  

f ac to r .  Instead of using REMAIN CARDS, we could have used DELETE CARDS 

and spec i f ied  dele ted var iab les  1, 2, 3, 4 f o r  the f i r s t  fac tor ;  7, 8, 9 

f o r  t h e  second f ac to r ;  and 4, 5 ,  6 for  t he  t h i r d  fac tor .  In  order t o  

t'orce some of t he  loadings of the  remaining . .<." variables  towar,ds zero, we 

used weights as shown by , the  WEIGHT CARDS. 

The output from Factor Analy.sis I11 i s  given on pages 51-52., 

We see t h a t  a very nice f i t  has been obtained, with the  th ree  fac tors  

previously mentioned now being qui te  evident. The f i r s t  f ac to r  i s  a 

verba l  a b i l i t y  f ac to r ;  t h e  second i s  a s p a t i a l  .perception f ac to r ;  and 

t h e  t h i r d  i s  a numerical reasoning fac tor .  



As a matter of i n t e r e s t ,  we a l so  repeated . the  whole factor  

analysis  using four fac tors  ins tead of th ree .  This was done because 
. . 

Factor Analysis I suggested t h a t  there.might possibly be four f ac to r s .  . . 

But, we found i n  Factor.Analysis I1 t h a t  the  l a s t  two fac tors  converged 

t o  t h e  same fac tor ,  thus yie lding a th ree  fac tor  resul t . .  
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Table A.15 Factor Analysis I11 Input Data fo r .  Sample Problem 

Card No. 12345678. . . Column No. . . . 

1. FACTOR ANALYSIS,III - CALCULATION OF SIMPLE: STRUCTURF: MATRIX - 
R. C . DURFEE 

. . . . "  . .  . .  

2. 9 3 

3 1 0.62642980 0.72937912 0.60307741 0.87613046 
. . 0.7258005'i! a. 76098335 

1 1  . 0.68274349 o 64598405 0. G ~ i l e ~ g 6  

5.  2 
.- . 

-?0,1~120381 -0.14663 111. -0.083511127 -0.30267036 
.,;c- -,.o.. L52377?217'.:.60 .26391 i 76 . .  . . . 

6 .  0.50468314 0.45681405 0.30555046 

7 . 3 0 . ~ 5 5 9 9 1 0  0. J10688~J.14 0.13033237 O.OOgo8275 
. . , .-0.14286011. -0.40691626 

8. 0.03166087 -0.05113751 -0.08781397 

9 1 1 0.37549055 

10. 1 2 0.27023143 

11. 1 3 o s 3 4 ~ - i y 9 l 6  

12.  2 1 -0.51528352 

13.  2 2 o .?so6361 5 

14.  "5 L 3 - 0.49506676 

15.  3 1 0.77030342 

16.  3 2 -0.15253228 

1 7  . ..) 7 3 - o.7$21,..029 

18. REMAIN 1 5 "** 5 6 7 9 8 

19.  W E I G I I T ~ ~ " * * ~ ~ . O  6 2 . 5  8 2 . 0  

20. ~ ~ ~ ~ 1 ~ 2 6 * * * * 5 3 6 1 2 4  

21. ~ ~ ~ ~ 1 ~ 3 6 * * * * 1 3 9 8 2 7  

22. WEIGHT 3 4 **** 2 2.0 9 1 . 7  7 1 . 5  1 1 . 5  

23. FINISH 

- 





-- - .. - . .----..-.--.---. - .- - - .. - -- -. -..-A - -, - A --, , . - 
T R A N S F O R M A T I O N  M A ' ~ K P  x 

ROW - - 1 .- _ - -. -7-: - . - 3 . 
-=-?" .-... " .-.a-m-- --.- - - -,.-----.-., 

- -  - -  C I ) S I N F  M A T R  1 X ____.__I___._--. --- . - -- ^ ---  --- .- - ---- __._ __ __ 

--I-..-I----.--.- ----- .... "-I--..- --.-'I .- --.-- .-.. ." -... --- -.--..--,.-_-_. .-___ -.-----*.. _ - _ _ . _ _ _ ^ . _ _ . _ _ . _ - ^ - I -  
ROW 1 .  2 3 
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Appendix B 

FORTRAN LIST OF THE CODES 

Factor Analysis I Computer Program 



F A C T O R  A N A L Y S I S  I 
T H I S  PHOGKAk I  CI IMPU'TES A N  IJN'ROTATED F A C T O R  M A T R I X  
SPONSOR - D3.  CURETCIN 
P R O G R A M Y F R  - R I C H A R D  C. E U R F E E  
T H I  S  PROGQ.AN CCNS I ST'S O F  T H R E E  S E C T I O N S  

1. C O R 2 E L A T I U N  M A T R I X  FROM RAW SCORE M A T R I X  
2.  H O R S T  P R I N C I P A L  A X 1  S F A C T O R  M A T R I X  FROM C n R K E L A T I O N  M A T R I X  
3 .  DARGMANN I ' F S T  FOR NUMBER O F  S I G N I F I C A N T  F A C T O R S  

N V A R  = N U N H E H  OF V A R I A B L E S  
Y O B S  = NUMRER O F  OHSER.VATIONS 
S C O R E  = RAW SCORE t=lATRIX 
A V G  = M E A N  F [ I R  E A C H  V A R I A B L E  
S I G Y A  = S T A N D A R D  D E V I A T I O h  FOR E A C H  V A R I A R L E  
r i  = C O R ~ E L A T I O N  MATRIX  
R I N V  = T N V F R q F  l1F T H E  C f I R R E k A T I O N  Y A T R I Y  
D E T V  = O F T E R Y I N 4 N T  O F  T H E  C O R R E L A T I O N  M A T R I X  
P I V O T  = P I V O T  E L E M E N T S  U S E D  I N  I N V E R S I O N  OF C O R R E L A T I O N  M A T R I X  

SMC = S Q U A R E D  M U L T I P L E  C O R R E L A T I O N S  
T R A C E  = SllM O F  D I A G O N A L  E L E M E N T S  O F  T H E  C O R R E L A T I O N  M A T R I X  
COMM = COMMUNAL I T l E S  
N O E X T  = NUMBER O F  FAC 'TORS T O  HE E X T R A C T E D  FROM THE C O R R E L A T I O N  M A T R I X  . . - - . . . - , 

E I G V A L  = E I G E N V 4 L U E S  
F M A T  = F A C T O R  M A T R I X  = M A T R I X  O F  E I G E N V E C T O R S  . .  . 

N O F A C T  = NUMBER OF F A C T O R S  I N  T H E  F A C T O R  M A T R I X  
, E V S U M  = SUM OF E I G E N V A L U E S  ~. . . , . . . . . . . .. , - . .  
E V D I F F  = D I F F E R E N C E  O F  CONSECUTIVE EIGENVALUES. 
P E K C T  = P E R C E N T A G E  OF T R A C E  F A C T O R E D  B Y  E A C H  SUCCE-SS,I.VE F A C T O R  . . . - . - . . - 
DF = D E G R E E S  O F  F R E E D O M  

c C H I S Q  = C H I  S Q U A R E D  - - - -  . - -  
C D E V  = D E V I A T I O N  
C - . - .. .- - - - . NFCOMM. = NLJMRER O F  F A C T O R S  U S E D  I N  C A L C U L A T I N G  COMMUNAL-JTY ESTI.PI_ATES,.- -.-... 
C N O S I G  = NUMBER O F  S I G N I F I C A N T  F A C T O R S  
C  -. .- - T I T L E  = A L P Y A N U M E R I C  T I T L E  , I L ) E N T I F  I C A T I O N  . . A - 2  - . . 
C  L O G I C A L  T A P E  U N I T  L 1  I S  U S E D  FOR S T O R I N G  R AND R I M V  

. . C  T H E  S E N S E  S W I T C H  1 ) E F l N I T I O N S  ARE - , . .  - - 
C************** 

C  S S 1  = 1 TO COMPUTE A  C O R K E L A T I O N  M A T R I X  FROM A N  I N P U T T E D  RAW SCORE M A T R I X  . . - - . . - 
C  

. - 
S S 1  = 2 T O  U S E  A N  I N P U T T F D  C O R R E L A T I O N  M A T R I X  ( P R E V I O U S L Y  C A L C U L A ~ E D )  " 

c O Q O Z ; 4 h * 0 9  

c S S 2  = 1 t C J  COMPUTE E S T I M A T E D  C O M M U N A L I T I E S  F P R M  SMC V A L U E S  F O R  R  D I A G O N A L '  
C  S S 2  = 2 T O  U S E  I N P U T T E D  C I J M M U N A L I T Y  E S T I M A T E S  ON,  DIAGONAL.  IIF R 
C*****+*scr***+ 

, ,- . .. . -. . - , . . O I M E N S I U N  R (  10?,100) v R I N V (  1 0 0 , 1 0 0 )  r F N A T (  1 0 0 . 2 1 )  ~ A v G ( 1 0 0 ) ~  
~ S I G W A ( ~ O ~ > ~ ~ S M C ( ~ ~ ~ ) ~ C O ~ M ( ~ ~ ~ ~ T ~ ~ G V ~ L ( ' ~ ~ ~ ~ E V S U M ( ~ ~ ~ ~ E V D I F F ~ ~ ~ ~ ~  

Z P E R C T ( Z l ) r N O I T R (  Z l ) ~ c H I s L ' ( 2 1  ) T D E V ( ' Z ~ ) ~ T I T L E ~ ~ ~ I  v K R ( l O C ' 1  qS(lCIO!* 

3 A V E C ( 1 0 0 ) r B V E C ( l G 3 ) v Y ( 2 1  9 2 1  ) r P I V O T ( l U O )  
E Q U I V A L E N C E  ( R , K I N V )  
I N T E G . € I I  S S l r  S S Z  
D O U D L k  I 'KEC I S I U N  T  I T L E  

150 L l = L  
K E W l N l l  L L  

C * * * * * R E G I N  I N P U T  
C A L L  I N F A ~ ( ~ ~ I T L F ~ S S ~ ~ S S ~ T N V A H ~ N C ~ ~ S ~ N O E X T ~ R ~ A V G ~ C ~ ~ M ~ ~ ~ ~ ~ F C O ~ ~ M J  

C  1 F  A RAW S C n H E  M A T R I X  I S  I N P U T T E D ,  R  I S  THE C R i I S S - P R O D U C T  M A T R I X  A N D  
C  A V G  1 S  THE SlJhl -IjF O H S E H V A T I O N S  F O R  E A C H  V 4 H l A B L E  ( A T  T H I S  P O I N T )  . . 
C * * * * * E h D  I N P U T  
~ ~ ~ 8 0 ~ * C ~ 4 * ~ Q 3 t * : % 6 * * # $ ~ 3 : I c : O i t X ~ t % + ~ $ * + I C ; ~ % I ~ * ~ ~ * ~ * * ~ * ~ ~ * ~ ~ * ~ * * ~ ~ ~ * ~ ~ * ~ * ~ ~ ~ * * ~ * ~ * ~ ~ ~  

C * * * * * U E G I M  S E C T I O N  1 - C U R R E L A T I O N  N A T K I X  FROM RAW SCORE M A T R I X  



S I ZE=NOUS .- . . - 

I F ( S S 1  .fQ. 2 )  GO T.0 4 

1 QO 2 1 = 1 , N V A R  , 

, 4 V G (  I ) = A V G (  I ) / S I Z E  

2 S I G M A (  I ) = S Q f i T (  ( R ( ' l . 1  1 - S I ' Z E * A V G (  I ) * A V G (  I ) ) / ( S I Z E - l ~ O ) ~  
DO 3 I = l , N V A R  

. DO 3 J = l *  N V A K  
3 K ( I , J ) = ( R ( I , J ) - S I L E : % . 4 V G (  I)W(J))/((SIZE-l.~)*SIGMA~Il'*SIG.MA(J~) 

C** * * *ENO S E C T I O N  I - C D R R E L A T I C I N  M A T R I X  FR.L Iv  RAW SCORE M A T R I X  
~************t*************************************.***************************** 

C * * * * * R E G I N  S E C T I O N  2 - P R I N C I P A L  A X 1  S ' F A C T O R  M 4 T R I . X  F R O M  C O R R E L A T I O N  M P T R I X  - 
C * * * * * B E G I N  R E F L E C T  I O N  OF C O K R E L A T I  ON M A . T R I  X 

4 D O  5 I = l , N V A R  
K R (  1 1 - 1  

5 .  . R ( 1 . I  ) = O w  .. - 
6 I M I N = O  

S M I N = O *  - .- . 

DO 9 I = l r N V A K  
S (  I )=O, - ,  . . - . . .. 
D O  7 J = l . N V A R  

7 - -. , . - . - -. S (  I ) = S (  I ) + K ( I I J )  .- - 
I F ( S ( I ~  .GE. SMIN) GO T O  9 

8 - - -- -. - - , S M [ N = S ( , I , )  . . . . . . . . . . - . . . -. .- . - - .- 

I M I N =  I 

10 , ,  K R (  IM IN )= :KR(  I N I N ) ,  - - . . 
D O  11 I = l * N V A R  
R ~ I M I N , . I ) = - R (  I M I N . 1 )  -. - - - - - . . - . - - - - -. - . - . . . 

11 R ( I * I H I N ) = - R ( I . I M I N )  

- .. -- - . .- - -- GO . -- - . . 10 -6 - . . . . ..- . _ . . _ . ._ _ _  . _ _ _ I _ _  _ _ _  _ _ _  _ _ _ _  _ _ _ _  _ _ . _ 
1 2  DO 1 2 1  I = l . N V A R  

12.1. . R ! . I ? I  ) = l o 0  .. . . .  - 
c+****END REFLECT  ION OF C'OKRELATION MATRIX 

C * * * * * B E G I N  I N V E R S  I a N  OF C O K R E L A T I O N  M A T R I X  - -- .- - - -. - . - - .  
M R I T E ( L 1 . I  ( ( K ( I * J ) r J = I * N V A K ) * I = l r N V A R )  

. . . D E T R = l  .0 . . . .  . .  . . 
00 16 K = l r N V A R  

--- - - C O M = K I N V ( K ~ K )  . , . .  . . . ,~ . -.- . . - - . .. 

I F ( A H S ( C O V )  c L T .  1 . E - 3 5 )  COM=l+E-10 

. P C V O T ( K  ) = C O M  . . . . - .- . 
D E T R = D F T R * C O M  

R I N V (  K * K ) = l . ,  - . - - - . . . , . . . . - -. . - 
D O  1 3  J = l * N V A R  

_13- . R I N V ( K ,  J ) = R I N V ( K r  J l / C 1 ) M  
00 16 I = l r N V A R  
I F ( 1  .EO, K l  GO T O  16 

1 4  C U M = K I N V ( I i K )  
R I N V (  I * K ) - 0 .  
O n  1 5  J = l r N V A R .  

45 . K I N V (  I , J ) = R I N V (  1 . J  1 - C q M * K I N V ( K t J )  ' . . - .. . . . . 

16 C O N T I N U E  

. W R I T E ( L 1 )  I I H I N V ( I , J ) , J = I I N V A K ) ~ I = l * N V A R )  
R E W I N D  L 1  

(.:+****END I N V E K S I O N  OF C O R R E L A T ' I G N  M A T R I X  - .  
C * * * * * B E G I N  C A L C U L A T I O N  OF SMC V A L U E S  

D O  1 7  I = l , h V A e  . - 
1 7  SMC(I)=I.C-(~.O/RINV(IVI)) 

C * * * * * E N O  C A L O U L A T I O N  O F  SMC V A L U E S  
C * * * * * b E G I N  9 E A D  I N  OF C U R R E L A T I O N  M A T R I X  FR.OM L O G I C A L  T A P E  L 1  



K E A D ( L 1 )  ( [ K ( I , J ) r J = [ r N V A R ) , I = l * N V A R )  
DC) 18 I - 1 , N V A K  

. - DO 10 J = I * N V A K  
1 8  R ( J v I ) = H ( I r J )  

C**+**EtdD f lEA!3  I N  OF . C O R R E L A T I O N  (UIATR I X  FROM L O G I C A L  T A P E  L 1  
C * * * * * P F G I N  C A L C U L A T  I I J N  TJF E S T I M A T E D  COMWIJNALI  T I E S  F R O M ,  SMC V A L U E S  

I F ( S S Z  .EQ. 2 )  GO T O  2 7  
SUMSMC=O 
S U M 3  =I). 
D 0 ' 2 4  I = l r N V A 2  
SUMSMC=SUMSMC+SMC ( I 
R t I * I ) = O .  
RMAX=O. . .  

DO 2 3  J = l , N V A R  
I F ( t + M A X  OGE. A H S ( R ( I , J ) ) )  G O  TO 23 - .  . ., . . 
K M h X = A U h ( H I  k , J  I )  

2 3  . 6 1 1 N T I N U E  . . .  . 
2 4  SUMR=SUMR+RMAX 

C U N S = S U M R / S U M S M C  .- . - .. . - .  . 
2 5  D O  2 6  I Z l r N V A R  
26 C O M M ( I ) = S M C ( I ) * C O N S  

, . .- . . , - -- 
~ * * * * ~ E N D  C A L C U L A T I O N  O F  E S T  I M A T E C I  C O M M U N A L I ' T I E S  FROM SMC V A L U E S ,  
C * * * * * B E G T N  C A L C U L A T  I O N  O F  T R A C E  . - .. . . - -. . . 

2.7 T R I C E = O .  

- -. .- . . .. D O  2 9  J = l r N V A R '  . .. - . .. 
2 8  T R A C E = T R A C E + C O M M (  I ) 

C * * * * E N D  C A L C U L A T I O N  OF T R A C E  - 
C ~ ~ % * ~ B E G I N  CALCULATION OF E I G E N V A L U E S  A N D  CORRESPONDING F A C T O R  MATRI~---^"""-- '.-"A 

- -  C A L L  S U R F M ( N V A R ~ N O E X T ~ C O M M T R ~ E I G V A L ~ E V D I F F ~ E V S U M ~ P E R C T ~ N O I T R ~ F M A T )  . . . . . . - - 
C** * * *END C A L C U L A T I O N  O F  E I G E N V A L U E S  AND C O R R E S P O N D I N G  F A C T O R  M A T R I X  
C * m * * E N D  S E C T I O N  2 - P R I N C I P A L  A X I S  F A C T O R  M A T R I X  FROM C O R R E L A T I O N  M A T R I X  . -- - - . . - 
~*)i*****4***4*****~*****.4f********r(r484r*t**8;4re****8f;***4r(rgr******e4**o&*********~& 

C * * * * * B E G I N  S E C T I O N  3 - ,  DARGMANN T E S T  F O R  NUMBER OF SIGNI~ICANT.,.FACfO~~sssssssssssssssssss - -. -- . . - - - . - -. - - . 
R E A D ( L 1 )  ( ( R I N V ( I , J J q J = I * N V A K ) r I = l r N V A R )  
R E W I N D .  L 1  - -. 
DO 2 9  T = l , N V A R  
D O  2 9  J = I , N V A R  
R I N V ( J , I ) = K I N V ( I , J )  
N O F A C T = N O E X T  

- .  
D O  32  I C O L = l  * N O F A C T  
D O  30 I = l * N V A R  
B V E C (  I ) = O .  
00 30  J = l  r N V A H  
H V E C (  I ) = H V E C (  I ) + K I N V ( I  * J ) * F M A T ( J , I C O L )  
DO 3 1  I R O W = l r N O F A C T  
Y (  IROW,  I C O L ) = O -  

I10 3 1  L = I  . M V A R  
Y (  I R O d * I C O L ) = Y (  I R U d ~ I C C ) L ) + F M A T ~ L ~ I R O W ~ * B V E C ( L )  
CCINT I N U E  
Do 3 3  I = l * N 3 F A C T  
DO 3 3  J = l r N D F A C T  
Y ( I I J ) = - Y ( I , J )  
I F ( I  .ED. J )  Y ( I , J ) = l . O + Y ( I , J I  
A V E C ( l ) = Y r l , l )  
DO 37 K = l , N U F A C T  
IF(Y .EC. 1 )  GO T O  34 
A V E C ( K ) = A V E C ( K - l ) * Y ( K I K )  
J S E T = K + l  
I F ( J S E T  .GT. N O F A C T )  GO TO 3 7  
00 3 5  J = J S E T , N O F A C T  



B V f C (  J ) = Y ( K , . J ) / Y ( K , K )  
r)fl 3 6  I = J S E T , N O F A C T  
00 36  J = l , M O F A C T  

Y (  I , J ) = Y (  1 . J ) - Y ( K , I ) * H V E C ( . J )  
C D N T  1  N U E  
VAPNG=NVAK 
H = S I Z E . - (  2 . C * V A R N O - l 1 ~ O ) / h ~ O  , 

DF=VARPJEf* (VARNO-1 .0 ) /2*0  
I , F ( U E T R  . E Q .  0.1 D E T R = l . E - 1 G  
T L O G R = A L O G (  A H S (  D E T H  1  ) 
K O O T = S Q R T ( 2 . 0 * D F - l . O )  . . .. . . 

D E V T O L =  1.960 
L IEVTOL I S  T H E  C U b i F I D E N C E  L E V E L  USED I N  C H O O S I N G  T H E  S I G N I F I C A N T  F A C T O R S  . . 

DO 3 8 ,  I = l , N V A R  
COMM( I )=O. . . . - 
N O S  I G=O 
I10 40 K = l  N O F A C T  
F K = K  
GK=O. -. - 
BK=H-FK 

C O M M 1 = 1 . 0 - C O M M ( I 1  . . - . - -- - . . . . . -. . - - .  . . - . - . - . - . . . 
I F ( C O M M 1  * E Q *  0.1 C O N M l = l . O E - 1 0  

3 9  G K = G K + A L O G ( A R S ( C O M M l ) )  . - -. - . - -. - - .- - -. - . . - .  - . . 
A V E C ( K ) = A B S ( A V E C ( K )  I 
I F ! A V E C ! K !  ,EQ. 0.1 A V E C ( K ) = l - 0 $ - 1 0  --.- .- - . . . . . -. - - -- . . . .- - . . , -. ., --- 
CHISQ(K)=BK*(GK-ALOG(AVEC(K))-TLOGR) 
D E V ( K ) = S Q K T ( A B S ( 2 . * C H I S Q ( K ) )  1 ) - R O O r  -. . . . - - - 
I F ( ( D E V ( K )  . L T *  D E V T O L )  .AND* ( N O S I G  O f Q *  0 ) )  N U S I G = K  

I F ( N F C 0 M M  .NE* 0 J N O S I G = N F C O M M  - .- .- . - . - . . . .  - . - - .-- ..- .. 
DO 4 1  I = l , N V A R  
CUMM( I)=O. -. . - .- - .. . - . . . . 
DO 41 J = l , N O S I G  

.- .. .- 41 COMMIT)=COMM(I)+FHAT(ItJ)**2 
C*****END' C O M M U N A L 1  T Y  C A L C U L A T I O N  FROM S I G N I F I C A N T  F A C T O R S  
C * m * * E I J " , S E C T  I O N  3 - B A R G N A N N  T E S T  FOR NUMBER (IF S I G N 1  F  I C A N T  F A C T O R S  ..- .-. -. . 
~**t*****t****************d**;~**********************************************~**~ 

C * * * * * B E G I  N  O U T P U T  - -  . . - .  . 
K E A D ( L 1  ( ( R (  I , J ) , J = I v N V A R ) , I = l ~ N V A R )  
D _ 0 . ' 4 2  I = l , N V A R  . - - - - . . . - . - . - . . . . 
D O  4 2  J = I  ,NVAR 

- -  4 2  R ( J , I ) = R ( I , J )  - - . - - . 

DO 44 1-1,NVAR 

.. . i F ( K R ( 1 )  * f Q o  ( + l J )  GO TO 44 
Do 4 3  J m I , N V A R  
R ( I , J ) = - R ( I , J )  

4 3  R ( . I , I ) = - R ( J v I )  

- .- 44 C O N T I N U E  
C A L L  CUTFA1(TITLEISSlrSS29NVAHrNL'RS,NOFACT,Nc7SIG*AVG~SlGMAvKR,R~ 

l O E T ? , P I V O T , S M C , T R A C E  r E I G V A L ' ~ E V I ) I F F , E V S U M v P E K C T * N I 3 I  T R p C H I S Q v D E V t  
2 F M A T 7 C O M M I  

C**** *END f l U T P U T  

GO Ti2 150 
F N n  



S U H R O U T I N E  S V B F M ( N V A R , N O E X T p C O M M p R ~ E I G V A L p E V D l F F v E V S U M ~ P E R C T p  
1 N O I T R v F M A T )  

C  T H I S  S U B R O U T I N F  C A L C U L A T E S  'THE E I G E N V A L U E S  AND F A C T O R  M A T R I X  F R O M  THE, , 

C  C O R R E L A T I O N  M A T R I X  G I V E N  
! ) I N E N S T O N  CClMM( I . J O ) r K (  1 0 ~ p l C ~ O ~ p E I G V A L ~ 2 1 ~ ~ E V D I F F ~ 2 1 ~ p E ~ S U M ~ 2 1 ~ ~  

~ P E R C T ( ~ ~ ) ~ N U I T K ( ~ ~ ) ~ F ~ ~ A T ( ~ O O T Z ~ ~ T A V E C ( ~ O O ~ ~ B V E C ( ~ @ O )  
SUMCOM=O .. , .. 
DO 1 I = l , N V A R  

. - 1 SUhCOM=SUMCOM+COMM( I) . -. - 
V A H N O = N V A R  
E P S L O N = . 0 0 0 1  

C  E P S L O N  I S  T H E  T O L E R A N C E  U S E D  I N  C O M P A R I N G  C O N S E C U T I V F  E I G E N V A L U E S  

.. - DO 16 L = l * N O E X T  
N C ) I T R ( L  ) = O  

- .  - F,!.Y A,Y =O . 
I M A X = O .  
0 .0  5 I = l p N V A R  -. 
R (  1, I )=no 
S U M R = O  
D O  2 J Z l r N V A R  

, - 2 . , -SUMR=SUMR+ABS(  R  ( I ,  J ) , .. .- . -- - .  . . . . . . . . . . . . . . . . . .  
SUMR=SUMK/(2.0*VARNO-1~0) 
I F I  CCIMY (_I .GE SUMH 1 GO -TO . 3  - . - . - . - - . . - . . - - . . . .  . . . . . . . .  - 
R ( I * I ) = S U M H  

I F ( R M A X  .GE. RIIT 1 1 )  GO TO 5 . . 

H M A X = R (  I, I) 
1yaw=r . . 

C O N T I N U E  
. E I G . = S - G R T ( R M A X 1  
DO h I ' l p h I V A K  
A V E C (  I ? = R (  1 ,  I M A , X ! / E I G  
C L A S T = C  I(.; 
N U I T K ( L ) = N I I I T R . ( L ) + l  
S U N A t i = O  
D O  9 I z l r N V A R  
R V E C (  I )=O- 
00 8 J z l p N V A R  
B V E C (  I)=BVEC( I ) + R (  I , ' J ) *AVEC(J)  
S U M A B = S , l J M A ~ + 8 V E c (  I J ? A V E C (  I) 
S U M A B = A B S  ( SUMAR 1 
E I G = S Q R T (  S U M A H )  
00 10 I - i p l v v n K  
A V E C (  I ) - B V E C (  I ) / ! ? IG 
I F ( A G S ( E 1 G - E L A S T )  .GT. E P S L O N )  GO TO 7 
E I G V A L ( L ) = E I G  
I F l L  .GT. 1 )  GU T O  11 
E V S U M ( L  I = €  I G  
E V D I F F I L ) = O .  
Go T O  1 2  
E V S U M ( L ) = E V S U M ( L - l ) + E I G V A L ( L )  
E V D I F F ( L ) = F I G V A L ( L - 1 ) - E I G V A L ( L 1  
P E R C T ( L  I = (  E V S ( I M (  L ) / S i I M C I 2 M ~ * l I ) O .  
DO 1 3  I = l p N V A R  
F M A T ( l p L ) = A V E C ( I )  
I F l L  .EQ. N O E X T )  GO TO 1 6  
DO 1 5  l = l p N V A K  





- . - . - . . - 

. ,  . S l l U R O U T l N E  IN FA^ ( TI'I 'LE~SS~ ~ S S ~ ~ N V A R ~ N O H S ~ N C I E X T ~ R ~ A V G ~ C ~ M M , N F C O M M )  
C T H I S  S U B K U U T I N E  R E A D S  A N D  S U P P L I E S  A L L  I N P U T  R E Q U I R E D  I N  F A C T O R  A N A L Y S I S  I 

. c -  S P O N S O R  - DR. C U R E T O M  . .- 
C PROGRAMMER - K I C H A R D  C. O U R F E E  
C T I T L E  = 4 L P H A N I J M E K I C  T I T L E  ' I l 3 f N T I F ' I C A T I O N  
C h V A 8  = NUMBER O F  V A H I A H L E S  

. . C N O H S  = N U a B E H  OF O B S E R V A T I O N S  
c NI.IEXT = NLJMHEH OF: F A C T O ~ S  T O  HE E X T R A C T E D  F R O M  THE CORRELATION MATRIX '  -' 

C F M T X  = I N P U T  F O R M A T  S T A T E M F N T  U N D E R  W H I C H  RAW SCORE M A T R I X  I S  R E A D  - 
C S C O K F  = RAW SC!lHE M A T R I X  
C  F M T R  = I N P U T  F O R M 4 1  STA 'TEMENT U N D E R  W H I C H  C O R R E L A T I O N  M A T R I X  I S  R E A D -  
C  R = C O R R E L A T I O N  M A T R I X  

.. - C F M T C  = I N P U T  F O R M A T  S T A T E M E N T  U N D E R  W H I C H  C O M M U N A L I T I  E S  A R E  R E A D  ., ,, 

C COMM = COMMUNAL I T I  E S 
C NFCOMM = N3. O F  F A C T O R S  I N  F A C T U P  M A T R I X  ( F R O M  , W ! i [ C H  C n M l  A R E  G O y P U T f D )  - 
C FMAf  = F A C T U H  M A T R I X  FROM W H I C H  C O M M U N A L I T I E S  ARE C O M P U T E D  

.. c T H E  S E N S E  S k i I T C H  D E F  I N 1  T I O N S  ARE 
C * * * * * S * * * * O t * *  

C S S 1  =- 1 T O  R E A D  I N  A  RAW S C O R E  NATR!X(NORS,NVAR)  - R E A D ,  BY ROWS - . .- . - -. .- - . - . . 
c s s i  = 2  T O  R E A D  IN A CORRELATION N A T R I X ( N V A R , N V A R )  - UPPER DI AGONAC BV d o i -  

C - , . - - - -. - - 5 5 2 ,  = 2 TO REAII COMMUNAL'ITIES THEMSELVES - F M T C  F O R M A T  R E A D  AND USED ALSO - 

c s s 2  = 3 T O  R E A D  A F A C T O R  MATRIX  FROM WHICH COMMUNALITIES ARE C ~ ~ P U T E O -  
c**************  -.-- ..--. -... - - ,  .. < ..- . ~a .-.-.--.---.---.-- 
c INPUT- CONSISTS OF 
L -- - - - - . . - . . . . . - - - -. - . . 
C V A R I A B L E S  F O R  M A T  

. . , . . . . . .. c . ..,,-.-.-...,- -, . - . .  .. . . . . - . - . - . . . -. -. - - - - - .- -- . .-- - . . 
6: 1. T I T L E  - F O ~ ' M A T ~ ' ~ ~ A G + A ~ ! )  

2. S S l , S S 2  .-PC -. --- . . , . - F o p M a y _  ( 21 ? ) - --. . -. .L.- -, 
C 3. N V A R  N O B S *  N O E X T  - F O R M A T ( 3 1 4 )  

C . . .= - .= . -.. . . 4. F M T X  ( ! F  , S S l = l )  OP. F M T R  ( I F  S S l m 2 1  - F O R M A T ( 1 8 A 4 ) ~ -  
C, 5. C r O R F  I IF S S 1 - 1 )  OR R ( I f  S S l b 2 )  - FMTX OR FM'T<"-  
C 6. F W T t  ( I F  S S 2 = 2 1  OR NFCCMM ( I F  S S 2 = 3 J  - F O R M A T ( 1 8 A 4 )  OR ( 1 4 1 .  
d 7. COMM ( [ F  S S Z - 2 )  OR F M A T  ( I F  S S 2 = 3 )  - F M T C  OR F U R M A T ( ~ ~ S )  
C . - -- . . - . - - ... - -. 

D I M E P 4 S I O N  T I T L E ~ ~ ~ ) ~ F M T X ~ ~ ~ ) T S C ~ R E ( ~ ~ ~ ) , F M T K ~ ~ ~ ~ ~ R ~ ~ O O ~ ~ O ~ ~ ~  

.- - l F M T C (  1 2 ) r C C l y M (  1 0 0 ) r F M A T (  l O O ) r A V G (  1 0 0 )  
I N T F G F K  S 5 l  t S S 2  

. -. - D O U B L E  P R E C I S I O N  T l l L E  
R E A O  1601 ( T I T L E (  I ) r I = l r  1 4 )  

100 F O R M A T (  1 3 A 6 v A Z  1 
, - - . - .. . -. .. . - - - .  

R E A D  l O l r S S l , S S ?  
101 F O H M A T ( Z I 2 )  

K t A D  1 0 Z q ; v v ~ R * N d H S * N U ~ X T  
102 f O R M A T ( 3 1 4 )  

I F ( S S 1  .EQ. 1 )  R E A D  1 0 3 * ( F M T X ( I  ) * I = 1 * 1 8 )  

- C .  A I F ( S S 1  .EO. 1 )  R E A D  1 0 3 r ( F M T X ( I  ) , I = l r l 2 )  
I F ( S S 1  .EO. 2 1  R E A D  1 ~ 3 r ( F M T R ( I ) ~ I = 1 * 1 8 )  

. . - - - - . . C $ I F ( S S l  .EQ. 2 )  RC40 1 0 3 r ( F Y T R ( I ) ~ I = . l r l Z )  
103 F O R M A T  ( 1 A A 4  

C 1 0 3  $ F O P , M 4 T ( l Z A 6 I  
I F ( S S 1  oEO.  2) G(J TO 3 

00 1 I = I * N V A R  
A V G (  I j=O.  

DO 1 J = l , N V A K  
1 R ( I , J ) = O .  



DO 2 L = l 9 N O B S  
R E A O  F M T X v ( S C O R F ( I ) 9 I = l r N V h R I  
00 2 I = l v N V A R  
A V G (  I ) = A V G (  I )  + S C O R E (  I )  
D O  2 J - 1 9 N V A R  
H ( 1 9 J I = H ( 1 9 J ) + S C O K E ~ I ~ * S C , 0 R E ( J )  
G O  TO 6 
DO 4 I = l * N V A R  
R f A O  F M T R 9 ( R ( I v J ) , J = I v N V A R )  
D O  5 I = 1 9 N V A R  
00 5 J = I I N V A R  
R ( J I I I = K ( I ~ J )  
N F C C M Y = O  
I F ( S S 2  .EO. 1 )  GO T O  10 
I F ( S S 2  .E!J. 2 )  R E A O  1 1 ) 3 v ~ ~ ' ~ ~ ~ ( ~ ) 9 ~ = . 1 9 1 R I  

J I F ( S S 2  i E Q .  2 )  R E A D  l D B ~ ( F M T C ( l ) ~ I = l t 1 2 )  
I F ( S S 2  .EO. 3 )  R E A D  1 0 4 , N F C O M M  
F O R M A T (  14-1 
I F ( S S 2  .EQt  2 )  R E A D  F M T C , ( C O M M I  I ) , [ = l ; N V A R )  
I F ( S S 2  .EO. 3) GO T O  7 
G O  T O  1 0 .  . ,  . . . . . . .  

S S 2 = 2  

DC! 8 . I=~.T NVAR.- . . . . . . . . . . . .  - . - -. .. - . . . . . . . .  - 
COMM(  I ) =Om 

. . . . . . . . . . . . . . . . .  - . ..... .... 0t-I 9 ,.L?l?-.N.FCO?!! . - . .  - .  . . . 
R E A D  1 0 5 . r L D U M r  ( F M A T (  I It I = ~ ; N V A R )  

. .  . . . . . . . . .  ...... ........ 9 .- .. COMM( I I = C P M M !  I I+FMAT( I I * * ?  .- 

10 R E T U R N  



SUHAOUI  INt! O U T F A 1  ( T I T L E ,  S S 1  S S 2 * N V A R * N C 3 B S 1 N O F A C T f i S I G ,  AVG,SIi;MA, 
1 K R v R , D E T K 9  P I V t i T r S M C , T R A C E , E  I G V A L * E V D I F F ~ E V S I J M T P E R C T ~ F J f i I T R , T , H I S Q r  

2 D f  V *  F+lilT,COMM) 
C, T H I S  SiJORLIUT I N f  PP I V T S  A Y D  PUNCHES THE O U T P U T  FROM F A C T O R  A N A L Y S I S  1 

I 3 I M E N S l O N  K ( l O ~ ~ l ~ C ~ , ~ F : ~ A T ~ l c ! C ~ 2 1 ~ , A V ' , ~ l O O ) ~ S I G M A ( 1 G ~ 0 ) ~ S M C ~ 1 0 0 ) ~  
1 C O M M ( 1 . 3 @ ) ~ ~ I G V A L ( Z l ) ~ E V S U F 9 ( 2 1 ~ ~ E V D I F F ( 2 l ) ~ P E R C T ~ 2 l ~ ~ N O I T R ~ 2 1 ) ~  
2 C H I S 0 ( 2 l ) ~ 0 E V ( 2 1 ~ ~ T I ~ L E ~ 1 4 ~ ~ K R ~ 1 C ~ O ~ ~ A S T ~ 6 O ~ ~ I O U T ~ 3 ~ 2 l J ~ T S I G N ~ 2 l ~ ~  
: 5 P ' r v o r (  100)  

I N T E G E R  S S l p S S 2  
D O U H L F  P K E C T S I O N  T I T L E V A S T  

C $ D O U B L E  P R E C I S I O N  T I T L E  
D A T A  A S T / h O * h H * * * * * * /  

. ,  ., D A T A  P L U S *  TM I N U S / Z H  r 2H-• / 
P R I N T  1 0 U v ( A S T (  1 ) * 1 = 1 * 4 4 ) 9  ( T I T L E ( I  , ( A - S T ( I )  ,1=1*44) 

l C 0  F O f ( M A T (  L H l / l H 7 / 1 t 1 2 ~ 2 (  2 1 A 6 v A 5 / ~ ) 0 / 2 6 X ~ 1 3 A 6 ~ 8 2 / / 1 X t % ~ 2 1 h h , 1 1 5 / 1 X ) ~  
P R I N T  I O l v N V 4 R , N U H S  

101 F O R M A T ( l H l , Z l X ~ L 9 H N L  OF V A R I A B L E S  = , 1 3 / 2 2 X 1 2 2 H N 0 .  UF O B S E R V A T I O N  .. . 

1,s = v I 4 / / )  

. - I F ( S S 1  .EQo 1 )  P K I N T  1 0 2 ~ l l r A V G ( I ) ~ S I G M A ( I ) * I = l ~ N V A H )  
1 b 2  - F O R M A T (  ~ ~ X ~ ~ H V A H .  Ni l .  * 6 X 9 4 H M E A N * 8 X r  9 H S T D .  D E V . / / (  19x9 1 3 r F 1 6 . 8 T  ' 

.. 103 F O R M A T (  l H l r  ~ O X I ~ O H C O R H E L A T I O N  M A T R I X  ( U P P E R  D I A G .  B Y  R O W S ) / / l X I  -. . 
~ ~ H R O W ~ ~ X * ~ H K , ~ ? X V ~ H C O L U M N S / )  

- . .- . . . . . . . - . -- - . I F ( ( S S 1  .EQ. 1 )  .AND. i . s S 2  .EQ. 1 ) )  PIJNCH 1 0 4 , ( A S T ( I ) r I = 1 9 8 )  . .  . . .  
104 F O R M A T (  3 A h ~  A ~ ~ ~ O H C Q R R E L A T I C I N  M A T R I X  ( U P P E R  D I A G .  B Y  ROWS)  3 A 6 9 A 2 )  

D O  3 I = l r N V A R  - - - . . - - - - . .. . 

R ( I . 1  ) = l o 0  
I F ( ( - ~ ! N V A R - , I I ~ - ! l - ) -  .GE. 0 )  G O - T O  1 - . . . . . . . . . - ... - . . . - - - t i  .- - - - - . . - . - -. - - . . - -. .- - - . . - - 
I 1 0 = N V A R  I 

C,o -TO 2.  . . . . . ... - -..- --- 
1 l i O = 1 + 9  

PP.IFJT 1 0 5 * ( K t K = l * T l ( . l )  .. . 
F O R M A T (  / / 6 X .  1 0 1 1 2  1 
P R I N T  1 0 6 * I ~ K K ( I ) , ( K ( I ~ J ) ? J = I t N V A R )  . .  - .  .- . . . . - - - -. . . - 
F O R M A T ~ / I X ~ I ~ V ~ ~ ~ ~ X , ~ O F ~ ~ ~ ~ / ~ ~ O X ~ ~ O F ~ ~ ~ ~ ~ ~  
I F ( I S S 1  .fQ. 1 )  .AND. ( S S 2  .EQ. 1 ) )  P U N C H  1 0 7 , I ~ ( R ( I ~ J l ~ J = I ~ N V A R )  . . - . .  - .  
F O R M A T ( ~ X , I ~ , ~ X , ~ F ~ ~ . R / ( ~ X T ~ F ~ ~ . ~ ) )  
CONT I N U E  . . . . . . . 

P K I N T  ~ ~ ~ ~ , D E T R , ( I ~ P I V O T ( I ) V I = ~ , N V A R )  
FC)HMAT( I H ~ ~ Z O X I ~ ~ H D E T E R H I N A M T  O F  R E F L .  CORK. M A T R I X  = r E 1 7 . 9 / / / /  . .. . . - - . . - - . 

l l X ~ 2 6 X , 4 H V A R . , 7 Y , 1 5 t i P I V O T  E L E M E N T S / / ( l X * I 2 9 r E 2 3 o 8 ) )  
I F ( S S 2  OEQ. 1 )  P R I N T  ~ O ~ ~ ( I V S M C ( I ) ~ I = ~ ~ M V A R )  

~ F ~ ) R M A T I ~ ~ ~ ~ ~ ~ ~ x ~ ~ H V A R * ~ ~ X ~ ~ ~ H S O U A R E O  M U L T .  CORHo//(lX,129rF2O.~))f' 
P K I N T  1 1 0 9  T R A C E  
F O R M A T (  l H 1 * L 4 X r  II. i ' l 'K.ACE = r F 1 9 * 8 )  
P R I N T  111 
F O R M A T (  / / S X ,  h H F A C T n R ,  5 x 9  1 O H E ~ I G E N V A L U E * 5 X  1 t l E I G N V A L l  D I F F .  7 5 X *  

1 1 4 H F I G E N V A L U E  SUM,3X,  1 6 H P E F C E N T  V A R 1 4 N C E * 5 X ~ l O H I T E R A T I O N S / / )  
DO 5 I = I  * N O F A C T  
I F ( I  m E Q .  1 )  GO T O  4 

P R I N T  1 1 2 r E V D l F F (  I )  
F O R M A T ( 2 7 X s F l S o U )  
P K I N T  1 1 3 , I ~ ~ I G V A L ( ' I ) ~ F V S i J M (  I ) v P F R C T (  I ) * N O S T Y ( I )  
F U R M A T ( L X ~ I 9 ~ F 1 7 . 9 r l 7 X * 2 F 1 9 ~ R ~ I 1 4 )  

C O N T ' I N U E  
P R I N T  ~ ~ ~ , ( K I C H I S Q ( K ) V D ~ V ( K ) ~ K = ~ ~ N O F A C T )  
FOP.MAT(  1 H 1 ~  LLjX~bHFACTOR~7X~5HCtiISOrl!!X~YHi~EVIATI~IN//(lXr 1 1 9 p F l R o U V  



I F l h . 8 )  1  . . . . .  - - 

PRINT ~ ~ S T ( L ~ L = ~ ~ N O F A C T )  
1 1 5  F 1 J R M A T ( l t i 1 , 7 8 X ? 1 4 H F A C T O R  M A T R I X / ~ X ~ ~ H H Q W / ~ X ~ ~ ( ~ Y ~ I ~ ) ~ ~ ~ ( ~ X T ' I ~ ) ) .  . 

PRINT 1 2 0  
P!JNCH 1 1 0 t l A S T (  I l r  I = ~ T  1 2 1  . . . .  

1 1 6  FORYAT(54hrA3r14HFACTUH MATR. IX r5Ah rA3 )  
0 0  6 J = I  ,NI..IFACT . 

6 PUNCH 117v.JT (FMAT( I r J  J , ' I= l *NVARJ 

1 1 7  F O R M A T I  2 X t  1.3. 3XlhF1209/ I  HXp6F12 .8 )  1  
DO 9  I = l v N V A l <  
I I O  9 J = l r N 0 F A C T  . . .  

I F ( F M A T (  I r J )  1  7 .998 

. 7 .  FMAT(IvJ)=FMAT(IrJJ-.00C5 . . . . .  

GO T O  9 
. 8  F M A T ( I p J ) = F M A T ( I r J ) + . 0 0 0 5  . . .  

9 CONT INUE 
DO 1 3  I z l r N V A R  - - . . 

DO 12  J=l rNClF4CT 
IF(FMAT(I,J) .GE. o.,) GO T O  10 ...... . . 

TS IGN(J )=TMINUS 

11 ABSFT=ABS(FMAT( I , J j ) . . .  . - -. - ....... - - - . . .- . . . .  - . . . .  .- - . . . . . .  -. . . . . . - . . . . . . .  - - ........ -. 

IOUT(  l r  J )=ABSFT* lO.  
I O U T ~ 2 ~ J ~ ~ A ~ S F T * 1 0 0 - - F F L O A T (  1 0 U T ( l ? J J !  141100-2 - -. - - - - - . - - .. - - . - . . - . . .  - . 
IOUT(  3 .  J)=AHSFT* l .OOr) . -FLCIAT(  IOUT( 1 r ~ l  ) *~~Q. -FLOAT( IOUT(  2 . 9 ~ )  )* ld. '  

. .. -- -. 1.2 ..'CON!: INUE.. . - .......... . - 
1.3 ' .PRINT 1 1 8 ~ I r ( ~ ~ ~ ~ ~ ( J ~ r ( ~ ~ ~ ~ ( ~ ~ ~ ) r ~ = ' 1 ~ 3 ) ' r ~ = ~ r ~ ~ l ~ ~ ~ ~ ~ )  
1 1 8 .  F O R M A T ( l X r 1 3 ? 2 1 ( 1 X r A 2 r 3 1 1 ) )  . . . . .  . . . - . -. - - - - - - .- -- - . . 

PRINT 1 1 9 t N O S I G t  ( IICOHM( I )  ; I = l * N V A R J  : 
. 11.9,. . ..I:QKMAT( 1HL.r15Xt?8HFACTOR. MAT6 I)(. C0M.M.- BASE.(? OF!*.I?-r?PH SIGF?IFC*.!!T- i- 

1 F A C T O R S / / / 2 8 X r 3 H R O Y ~ 8 X ~ 1 3 H C 0 M M U N A L I T I E E S / / ( l X ~  1 3 O t F l 9 - 8 )  1 
120.. FORMAT! 1 X  1 ... - . . .  . -. . - -. - . . 

RETURN 
...... . . . . . . . .  - .... EN .. -. . . .  . : . L.'..', ::. .. . . . - . . . - - - . . .  - ..... - .....-... - . . .  
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C  FACTOR.  A N A L Y S I S  1  I . . . . . . . . . . . . . .  - . - . .  - 
C  T I - I IS  PYI.lGK!\rS C:.I!?PUTf S A V A H  l M A X  MATKI x A N D  S I  M P L f  STR.UCTURE M A T R I C E S  
C  . .  - SI-'0!~Si3;2 - Oi?.  C U K F T i 7 N  - .  

C PROC;!IAUIYER - 5: 1CHPRI.I C .  [ >ORFEE 

. .- . c- .  T H I S  PHCGRA:q C O N S  I S T S  OF T t i R E F  S E C T  I O N S  
C 1 .  V.12 I Y A X  ( : 3 K T t i U G O N A L I  R O T A T I C I N  O F  R<[)IICED F 4 ~ T ~ l f i  M A ~ R I X  ' 

. . . . . .  c 2 .  STJET. I A L .  S l t ' l P L E  S T i < l J C T U K f  ( O R L I Q ( . l E )  W E I G H T E D  K O T A T . I O N -  .- ... - 
C  C'F REDIJCE'I') fZACTI IR  M A T R I  X  

.c-. . 3. F l V E  SIMI'1.E S T K U C T i J R E  ( 0 1 3 L I O U E )  f !OTATIONS O F  REI?UCEQ - 
C F A C T O R  i 4A  TK I X 
C  N V A K  = .rVUMt3EIZ (.IF V A K I A i i L E S  ( V A R I A B L E  NUMBER =- UUW N U M B E R )  -- --,- -------,~,---A~- ---.--..- .-..... 
C N l i F A C T  = NCIH'~ER O F  F A C T O R S  I N  T H E ' R E l ) U C E D  ' F A C T O R  M A T K ' ? X  -. 

C .................... ... = K t D U C E D . - F A C T O H  MATIX I  X. . F l l O M  FACTOR-  AN_!!..Y.zI_S_. I I... . -- -FMAT -. . - - - .  
c ~ c o , v n  = F A C T ~ K  M A T R . ~ ~  CUMMUNALI TIES 
C - - -- - - - - -, - . VA!MAT = U?JOHPFREO V A R I M ~ X  M A T R I X  .. -. . 
C  VCOM14 = V A K  I MAX M A T R  I X "  COMMIJNAL I TI  ES" ' 

C  MATR I X 
-----.- . .  .. -.-.---- . .  .-.--.---- . .. 

C  ( R O ~ A T ' E D  M A T R I X  = F M 4 T  * T R A N )  

C  S S T H A N  = S I M P L E  S T R U C T U R E  T R A N S F O R M A T I  ON MAT_KI.X-.---. -- - .- - - - Hi . Fji,ix "... 

= RidTiD.E-HED-Vbi NijFIERS .i,F ' THk-. ORDERED VA-R.IIMM*jr-MA -i-d. iX..' C 
C  INDEX = R E O R D E R E D  V A R I A B L E  N U M B E R S  OF T H E  ORDERED S I M P L E  S T R U C T U R E  M A T R I X  ---. - .. ..-..-.- ...... .......- ... .- .... -7.- .. -, . . -.----. .-----..--.---..-..--------.---..- 
C ANGLE T O L E R A N C E  = 1 / 4  D E G R E E  = . 0 0 4 3 8 3 3 2 3 1  R A D I A N S  

c -. -- - T I T L E  - -  = - ALPkiAtJIJYER I C  T I T L E  1 I ) E N T I F I C A T I O N  . ...... - ....... 
C ii-ICUT = HIGH CU-TTIK<- POINT-' ( A L L -  F A T , T O R C L ~ A ~ ~ N G S  .GT. H I C U T  A R E  D E L E T E D )  

C &.!2!! U_T_ = LOW C U T T I N G  -- P O I N T  --- --- . . - ( A L L  . -  F A C T O R  - -- - - - - . - - - - - - - - - - - - - c _ c _ c _ c _ c _ - -  L O A 3 I N G S  .LT.  B L O C U T  ARE D E L E T E D )  
C N U S T K T  = V A R I A B L E  NUMBER O F  L A R G E S T  L O A D I N G  R E M A I N I N G  I N  H Y P E R P L A N E  
C  N O S T O P  = V A R I A B L E  ... NUMBER OF S M A L L E S T  L O A D I N G  R E M A I N I N G  I N  H Y P E R P L A N E  ............................................. 
C  N O I N  = T O T A L  NIJMBER OF ROWS R E M A I N I N G  I N  H Y P E R P L A N E  F O R  E A C H  F A C T O R  
C - -. - -. INROWS = RCIW NUMJ;ERS CI? F A C T O R  LOADINGS ....... REMAINING , , , , ......................................... IN HYPERPLANE 
c wi'iGHi'-=-R~jW WEIGHTS FOR E A C H  O F  THE INROW< 
C DMA! -.-=-E_..UBSgl gf. F-A-CTOR Vb-LR! X  , , (COMPOSED O F  R E M A I N I N G  I N R O W S )  - - - - - . - - - . -- ......................... -........ 
C I N P U T  C O N S I S T S  3 F  

C ........................ 2. NVAR!f\rOF,AC.T., - .................. - - .. - . . F O K M A . T I Z I 4 )  M.4 T-( 
C 3. F M A T  - 

I1OCi:ILE P C ~ E C I  S I ' i J N  T I ' r L E  ----- - .  - . .- -..-. - . . . . 
C***%*BEGIN I N P U T  

150 R E A D  l G O ,  ( T I T L E (  I )  , l = l r 1 4 )  , -- - .... - -- . - - - . 
l o o  FOQPIAT ( 1 ~ A ~ , A Z )  

--- - . . - R E A O  ' l f i l , N V A K , N ! 3 F A C T  
101 FI!!?iqAT ( 7 1 4  

- - DO 1 L = l  , Y O F 4 C T  .... . ..... 
1 R E A D  1 0 2 ; ~ D i l ~ ,  ( F M A T ~ I , L ) , I = ~ , M V A I ' O  

L O 2  F O K ~ 4 ~ T ( 2 Y L 1 3 ~ 3 X ~ G F 1 ~ ? m ~ ~ / ( H X ~ C , F I t ? ~ H )  1 . .. - --- -- - 
c * * * * * E N ~ ~  INPUT 
~ ~ * * * g * ~ + t t 3 t * + 3 = t + . + t : : ~ ~ ~ ~ + ; ~ x t ~ 4 : e ~ * * r * + ~ + - $ * + * ~ * * * $ e ~ + $ i s : * . r * + r * * x x . * + + 6 ~ * ~ * ~ ~ i s : ~ r * . r 1 t *  -- .... - - .. . . . .  ... - . .- 
c * * * . i s : * t j ~ ~ , ~ N '  ~ € ~ f I i : ) f i - '  1 - VAKII.IAX K O T A T I O N ' C I F  K ~ D I J ~ E ~  F A C T O R  'FI IA.TR-~X 



- . .  - . . .  . - -. . -. - .. , 

C*****HE(;II\I -... F A C T O I ?  I X R E F L E C T I V N  . - . .- . - -- - . . - . , - ........... 
3 ~ = . i  , N V A R  

KR(.!N( 1 l = l  . - ........ - ....... 

I F ( F M A T ( I q 1 )  . C E .  5.1 GO T O  3  
KRI!W ( I )  = - 1  - .  ....... - ...... - .. -. ........... 
DO 2 L = l , N L l F A C T  

2 -- - -, , . . F M A T (  I p L ) , = - F Y A T ( . I , L !  . . - .--.. . . . . . . . . . .  . . . .  -.---* ..... .---..-. .. 
3 ~( . i i \ i~  I NUE 

- -- - C*****ENU F A C T O R  M A T H I  X R f i F L E C T I O N  . . . . .  - . - - . - . .  - ..... - - .. -- .... 
C + * G * * H E C I N  C A L C U L A T  ICIIJ OF: F A C T O R  M A T K  I x COMMUNACITI E S  

D? 4 .  I = !  r N V A R  . . . . . . . . . . . .  .. . . . .. - - - -  - - - - A - - 
FCCIMM ( I ) =O. 

-- - - - 00 4 L = l * N O F A C T  . . . .  . . . . . . .  --... ... ---- .... -..-------- . .......... 
4 ~ ~ - f l r " i i 4 (  1 ~=Fc'ni"lM( I*~'~F'M-AT(-I *~ ' ) . *Gb;2 '  " 

C+****c i \ iD C A L C I J L A T  I!3rJ O F  F A C ' T I I H  M A T R I  X C O M H U N A L I T I F S  . -  I . . . . .  - ........ - .... - ... -. - ---- -3 

C + & ~ % Y ~ ~ ' E G ~ - G " ~ R ~ H C ~ G I I N A L  R O T  AT ION 

. . . . .  A N G T " l f  ..*?,A_33??,J.E-,9z-z . . . . . . . . . . . . . . . . . . .  -. . . . . -  ... - .. .- -- L- ------. 
D O  5 I = l j N V A H  
DO 5 L = l * N C I F A C T ,  ... ...... -" ..... - .. .--a. --- -- ---. --- - "- - .,.--.-.- 

5 V A H M A T ( I , L ) = F Y A T ( l * L )  

V*R"'lJ=-NVISP--. . . . . . . . . . .  -. ye-.----. -. . --- . ,  - .......... -- --- .... ..... 
N I  T R O T = O  
D O  7 I= .L , -NOFACT ... .. . . .  . ........ . ..... . -- - - - -- . - - - . - - - . - - . . . . . . . . . . . . . . .  . ... .... -. - . - - - - -- - - - - -- - -- - - - - 

. DO e; J=I , N O F A C T  
6 V T R A N ( I * J ) = O .  -----------..------ ........ -. . - --.. . - ----.---- ,---..---- .. 
7 V T R A N ( I t I ) = l .  

D O  8 I = 1  * N V A R  - ,- - - - - -. - - - . . . . . . .  ... .. . . ......... . - . . .  .... -. . 
ti( I I = S Q R T (  FcO lv l r i ( ' 1  ~'i 

--. ............. 00 8 5 1 r N O F A C  I 
8 V A K M A T ( I * L ) = V A R H A T ( I ~ L l / H ( I )  
9 N I T R O T = N I T R O T + l  - .----.-.-----------. - ....... .... ---------.-. -- .---. - ..------.-- ---.--- - 

NnROT(  N I  T R O T  1 =O 
IN= 2 -- - . - - - . . . . . . .  ..... .... . . . . . . .  ... . ... . - - . . . . . . . . . . . . . . . .  - -, -- - .- .- --a - - -- 
NCL=NOFACT-i 
0 0 - 2 0  JyI,NCl - - .- - . - - - - - . -- .- . - . . . . . . . . .  - . . - - . . . . . . . . .  _- _- 
CI(I 19 Y - I N ~ N O F A C T  
S U M 3 = O  --- ..... -. ....-.. . . . . . . . . . . . . . . . . . . . .  . - -..... - - -* - .  - .. ...... - . ,-.---* 

S U M ~ = ~ .  

- S W H S = G .  . . ........ . . . . .  . . . . . . . . .  . . .  - .........: ,- ...-........ 
s ~ J ' M ( , = ~ .  
Di) 10 I = l r N V A i i  - - -. -. - . . - - - - . . .--. - . - - - . . . . . . . . . . . . . .  -..- . - . -- . - .  
A J = V A R M A T (  I, J I 
AK=VAP.NAT  ( 1 ?.K 1 ----. "--" . . -. . .... . . . . . . .  . - . - -  . . . . . .  - - , " - -  u IFFX=AJ-GAJ-AK%AK 

- ...-........ PRUUX=2 .*nJ*AK 
. -. . . . .  . . . . . .  - . . . . . . . . . . . . . .  - . - 

S U M ~ = S U M ~ + (  DIFFX+PHUDX I*'(~O'IFF X - P R O D X )  

- - - S U M 4 = S L J M 4 + D I  FFX ...... - .  - - - - 
s I J ' M ~ = s ~ J M ~ + P ~ ~ o o x  

1 C S t J M h = S 1 I M h + 2 . * P i i . i . ~ : 7 X * D I F F X  . - - . . . . . . . . .  . . . .  ., -. -, -. ., . . -  
C N U M = S U M b - 2 .  + S U M 4 * S I J M 5 / V A H I \ i C ~  
I l E N = S ( J M 3 - (  ( S I I M 4 + S U M C j ) * (  S U M * - S I 1 M 5 I  /VAP.NO - - - - . - . - - 

F R A C T = C N U M / D E N  
P H I = . 2 5 * ( A R S I N (  F R A C T / S Q H T (  l . + F R A C T * * Z I  I)  
A N G = A k i S (  P H I  I 

.--.- I F ( I \N : ; -ANGTDL)  1 9 ~ 1 1 ~  1 1  .... 
ll*. ' h r I R i j T  ( N I  T R O T  = i \ j i ) ~ O T (  N I T R O T  +1  

P C U S = C C I S  ( p H  I -- - ... ... . . . .  
PS'I-K=S IN'( PH 1 

--  - I F ( D E N )  1 3 * 1 3 * 1 2  - - 
i 2  P S I N = ' A ~ S ~ P S ~ N )  



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

............... . . . . . . . . . . .  ....._.._. ....................... GU , ... .'.9 I./! -. . - - . -I----- 

1 3  C l = P C O S + P S  I N  
. . . .  .................. ....... C2=PCO-S-PS  I N  . . . . .  ,- -- . . . . . . .  

P C O S = .  7 8 7  1 f i 7 + C 1  

....... . . .  P S I N = . ' 7 3 7 1 0 7 * C %  - - . . - . .. - .- - . . -- - . 
1 4  I F I C N L J M )  1 5 r 1 5 9 1 6  
1 5  P S I N = - P S I N  . . . . . . . . . .  .......__. ..................... . . .  ........ ., 
1 6 "  . I  1 1 = ~ t  

-- - - .- - . . . . . . . . . . . . . . . . . .  .....-....... . , A K = V h R M A T (  I ,.K)- , . - . 
A J = V A R M A T  ( 1, J 1 

- -. - V A R M A T  ( I , K ) = A J * ( T q S I - N  ! + A K K * P C P S  . . .............. ............ -- ........ 
1 7 - -  V A P . M A T (  I ; J ~=AJ*PCOS+AK*PS IN  , 

DO 19 I = l , N O F A C T  .................................................... -- ...... , ........ -I-.---- .......... ---------.---- 
T K = V T R A N (  I , K )  

- - . -. - - - - - . . - ... .................................... T J = V T R P M ( - I  9 - J !  - -  , 

V ~ R A N (  I , J )  = T J * P C O S + T K * P S  IN 
- 

1 8  V T R A N ( I v K ) = T J * ( - P S I N ) + T K * P C O S  - -. - - - - -- - -. - - -. . - . . - - _. . _ - __ _ ____I____ _ __ _ _ -_ -I 

1 9 c LINT I NIJ E'-'-.- -' 
2 0  I N = I N + l  ............. ..........................--.. - ..................................................... .._."__ll-__l_,______I 

I F ( N O R O T ( N 1 T K O T )  .NE. 0 )  GO T O  9--' 

DO 2 1 I= l , ig -VAR-  .................................... . ...... .......................... - ... ......... - -. --- 
DO 2 1  L = ~ , N U F A C T - - -  

........................................ 2 1 V A R M A T  ( ILL_! =VAR_MAT(..I.* L! .*-H!_I!. ............... 
C*****END ORTHOGONAL R O T 4 T I O N  
C + * * * * B E G I N  V A R I M A X  R E F L E C T I O N  O N  N E G A T I V E  F I - E M F N T  I N  F I R S T  ROW OF TRAN- M A T R I X  

, _ _ - _  .___ _..________.__.ll_.-.._ _._._____I___II_- __.__._ _.-. -._.__---. --_-._---.--.-- -.-.--.--__-. 
00 2 4  L = l , N d F A C T  
K T C O L  ( L = 1 . .- ....... i.F. ( -iT-.i Ak-i- ,..., -.I--.- ................ -, ........... -. ........................ -- -- ..... -- ... - ... - - . GE-. i). 1 ' G O  T O  2 4  
K T C O L ( L ) = - 1  ..... .. -- ......... ........ -- .. - ..- . -- 
D O  2 2  I = l r N V A R  

2 2  V A R M A T ( I * L ) = - V A R M A T ( 1 . L )  
. I - - .  .... __-I___ ._----..--. ....... _-_....---I. ............ -_.I.-II-_- ...... - _ . . .  - - - - - ^~ - . - - - - . - . - . - - . -  

DL1 2 3  I = l , N O F A C T  
2 3  V T K A l J ( 1 9 L ) ~ . 7 V T ~ A N _ ( I r L )  . - . -  ......... , ................................... - ..... -. - . . - -. - -- . - - - - . - . . - - -- . - -. . - 
2 4  C O N T I N U E  

C*** * *ENI )  - - V A K I M A X  R E F L E C T I O N  O N  N E G A T I V E  ....... E L E M E N ' T  ........................ I N  F I R S T  ROW ........ O F  T R A N .  ..... M A T R I X  .. ........ ... ........... -- -- - . 
C * * * + * A E G I N  CAC,CIJLATI'OM'"UF VAHIH'AX A - T R  1 ~  COMMUNALITI E S  

DO 2 4 1  I = l , N V A R  ...- .... .................................. --- ........................ ..... .... , ......... ..-..... ............... ,- . , - 
V C O ! ~ M  ( I 1 =O. 

DO 2 4 1  L = l , N O F A C T  ................................................................ , ........ ....... 
2 4 1  VC=O~;~M(  I ) = v c o ~ k ' ~ l ~ ) + v a ~ ~ h = i  ( I , ~ ) r ; r 2 .  . 

C * * + * * E N D  C A L C U L A T I P N  (IF V A R I M A X  M a T K I X  C O M M U N A L I T I E S  - - ........... ... ,- ............................. 
c * * * * + a E e i ' r \ r  VAR I P i A X  MATR. IX  REFLECTION O N  N'EGATIVE "COLUMN 'SUM 

1)O 28 L = l , N C F A C T  . . . . . . . . . . . . . . . .  .................................. --.---- - ---. - -- - . . . . .  . . . . . . . .  K v c n L  ( L j = - ,  

C O L  SlJM=O. - - . . - - - . -- - - - . -. - - . . - . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - . . -. - - - - . . 

DO 2 5  I = ~ , N v A u ' - '  
2 5  COLSi.JFvl=Cc)L S L l M + V A f i W A l (  I , L  . . . . .  ............... . - . . - " -. 

i ~ ~ c u ~ s u n  . G E .  G.) ~ i 3  TCI 2 8  
KVCSIC ( 1- 1 =- 1. .............. db126-."I='1';Nu414" ' ' - .  . - . . 

2 0 .  V A H H A T (  I ,!, 1 - = - V A R M A T (  I * L  1 - - - . . .  . . . . - - 
DG- ~ ~ ' - I = ~ , N c Y F A c T '  

2 7  V T R A N !  I, I - != -VTKAPJ(  I r L )  - -. .- - . - - - - - . - - . - . . . . . . . . . . . . . . . . . . . . . .  
z e  CON'TINIJE 

C****X:END V A R  I M A X  M A T K l  X  R E F L E C T  I ( 1 N  ON N E G A T I V E  C O L U M N  S U M  --- .-.- . . . . . . . . . . . . . . . .  ., . 
~ * * ~ * ~ 0 i ~ - i ! ~  - I ~ U ~ ~ R I  C A L  dHDER I N G  C11- V A R I  M A X  ? I A T H  I X ' 

C.ACC O R D E R (  V A R M A T * N V A R I N l j F  A C T  v V A H O R D t M I N O E X )  . . . - - . - - - - - . . . . . . . . . . . . . . . . .  
C** * * *END N U ~ E R  ICAL- ~ R D E R  ING 'OF V A H  I M A X  M A T R I X  
C*** * *ENI )  S E C T I U N  1 - V A H I M A X  R O T A T I O N  i l F  R E D U C F i l  F A C T O R  M T R I X  .............................. 
~ l e ~ * ~ # * * t ; * ~ ~ s ~ ' ~ ~ $ s L ~ ; & , z ~ & r ~ * s ~ - * s ' ~ ~ % ~ ~ r * ~ i b s ~ ~ ~ ~ i * s ~ & ~ + & * * ~ ~ % + . ~ $ # % $ ~ Z i F * $ ~ i ~ - I k - C * ~ 6 3 6 d  



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

C * * * * * f 3 E G I N  S E C T I O N  2  - S P E C I A L  S I M P L E  STRUC.TU.R__E , ,W-E-!_~Hl-~D--R~~TATI@N OF FMAT 
--A - - A .- - .. , . . - ,. - . - 

c +**'*%bt(;i l~ P K ~   PA^-AT'IIIN OC'-'S'IMPLE S T R U C T U R E  T R A N S F O R M A T I O N  M A T R I X  

---- . . INJ 3 1  L:=,l , NclFA-CT - , ., - .. . . . . . . . . . . . . . . . . . . . . . . .  ...... .. ....... .... . - - .- - 
00 2 9  I =l , N U F A C T  

_.2 C; SSTK.AN,( 1 ,  L  1 =-VTR AN ( I ? L  1  - - - 
S S T R A N (  1 , ~  ) = . 7 5 * S S T K A N (  1 . L )  

.-,.. SUMSQ=O. ........ . . . . . .  ..... ..................... . . . . . . .  . . .  ,. ,, . . . . .  
oc-3~' ~ = l  ,'NII<ACT 

- - 3 C  - .  S U M S 3 = S U M S ~ + S S T R A N ( , I  ? L ? * - 4 2  . . - - . . - - . . - - -. - - - . - - - -. - - . -- .. - . - . 
SUM-5321 ( S U ~ ~ S G  l 
DO ,.3 1 If .1 *NL !FACI  - - . - - . - - ................................ ....... .- 

3 1  S S T R A N (  I ,L ) = S S T K A N ' (  ~','i) /SUN 
C * * * * * E N D  PREPARATION' OF S I M P L E  S T R U C T U R E  T R A N S F O R M A T I C I N  M A T R I X  --.--.-..-.---.---. .'. -.,- ..-.a-.-.-.-. .-- . -~-- -- ..--------.-- 
C*****BEGIK P K ~ P A R A ~ ~ I ' : ~ N " o ~ " " ~ s ~ R ~  M A ~ R I ~ ' ' A ~ ; J D  I N D ~ X ' M A T R I X  

D O  3 3  L = l - r N I I F A C T  .--- - . .  , . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - .... - -- 
DO 3 2  I = I~NWAR 

-- X_LI!L!-=-~l.I-t!_o CX! !. t .!.. ' .....-.... ...... -, .................- "- - .  ----,-.-..----.--A A- 

3 2  S S 0 K O ( I , L I = V A H O k D ( I ~ L )  
H I H C U T ( L ) = S S C J R D (  l r L ) / 3 . 0  3 3 ........................... -......... - - - - - - - - - - - - - - -  

C * * * * * E N D  P R E P A R A T I O N  O F  S S f l R D  M A T R I X  A N D  I N D E X  M A T R I X  
C * * * * * B F G I N  D E T E R H  I N A T  I O N  OF N O S T R T  A N D  N O S T O P  p----------.-.--p-------.-------..--.---.----.--..--,-.--..------- ~ . . -- ----.----- 

DO 35 L = l r N O F A C T  
N O S T O P (  L  1  = N V A R  -- -- -- . -. ...................................................... - -- ................ - . ................ -- ... - - 
DO 34 I = l , N V A R  
I F ( S S O K l ~ ( I r L 1  oGT.  H I H C U T ( 1 ) )  GO T O  34 --........-..-... ...... --,----- -. .... .----...--.----------,---- 
N O S T R T ( L I = I  
GO T O  3 5  ............................................................................. - ......... .............. ,- ... 

3 4  C O N T I N U E  

... plQS:T_RTt L I = N V A R  -- - - - - -- . - -- - - -- - - - 
, 3 5  CQNTINUE 

C * W * + E N O  D E T E R M I N A T I O N  OF N O S T R T  AND N O S T O P  -- -.----. - - --.-. - - -. -. -- -. . -- - -- -- .. - ---- - -, - -- .--- -- - - - ---- --- --. ,--- - - .---- 
C * * * * * B E G I N  C A L C U L A T I O N  CJF N O I N  A N D  I N R O W S  

415 I = I  9 NIIFAf: . l '  -- - - - -- -. - . - - - . ................................. - ........ - ........... - .... - ..... .. - ... - .... - - .... 
N S  T  ART; NOST R ~ T ~  L-1 
N S T O P = N O S T O P  ( L  1 - -. .- - - - - . - . - -. - . - - . . . . - . . . . .  - ............. -, .................. - .... 
NO IN ('i')=r;J'SioP&iji'a~-i+ 1 
I K N T = O  -----------.-..- Do 3 b  -- I=NST'-*R.-T - . -.,- NS .rBp-.---.- ... ..........--.-.......--.- -------------------- 

I K N T - I K M T + l  ......... .................. ................................................... . 
3 6  I N R Q W S ( I ~ % I T - , . L . ~ - = - ~ - ~ ~ D E ~ ( I - ; L )  

C * * * * * E N D  C A L C U L A T I O N  OF N O I N  AN13 I N R O H S  -- - - - - - - - . . - ........................................... 
~ * + * * * B E G ~ - N - ~ A L ~ ( ~ L A ' T  J O I ~ - - O F  'RO#.  i ~ H f s ' '  - . 

DO 37 L = l , N O F A C T  -----.--.--.-..- .........-............. , .............................. ._._*_ _-,_ ,__ ............. _ _ . _ _ l _ _ _ _  ...... 
N ~ T A R T = N U S T R T I  L 
N S T c l P = N q S T O P  ( L  1  ............ ... ..................................... 

' ijd ' : ~ T ' - . ~ = & T A K  I;-N.STOP 

. -- - - . - - - . -- - . I K N T = I N D E X (  I !L.-! . - 
. . . . . .  ....................... 

T F - ~ S S G R ~ (  I,L) ,GT, .I.)- WEIGHT-( I K N ~ , ' L ) = ~ .  

---- .- -. . . . . . . . . . . . .  , . . . .  . . , . . - . . I F ( ( S S O R D (  I 1 L 1  . L E .  e l 1  .AND. ( S S O R D (  I r L )  e 2 E .  ( - . 1 1 )  1 W E T G H T ( 1 K N T  
. . . . .  -, ...... ) . . . . . . . ._ . . . . .  .-, ............ _-..___ ............. 

i , ~ ) = 2 .  
I F ( S S O H D 1  I b L )  . LT .  ( - .  1 )  1  W F I G H T (  I K N T 1 L ) = 3 .  - -- - - - .- -. -- - . .. - .  . _. ._ . _ _ _ _______ 

37 C O N T I N U E  
C * * * * * f N D  C A L C U L A T  IClN i lF  HOW WE1 Gi-ITS -- . . . . . . . . . . .  
C * ~ * * ~ B E C ; I ~ ~ ~ ' - ~ I B L I O U E ' R O T A T I O N  

-- . - . -. C A L I -  R O T A T E  ( FM.ATr S S T R A N r N V A R  , N O F A C T , N O I N r  I N R O W S r  d E I G i . i T ,  SSMA'T r  . . .  . . . . . . . . . . . . . .  . .................. 
i s s GRrj ;-I'NI) E x j' 

- , 

C** * * *END O H L  I Q U E  R O T A T I O N  -- .... ........................... 
C*w*+ENO S E C T  ION - SPE-c ~s~IMPLE~~-Sf~UCTU'~E"‘);l~~ti~i~Eb‘ii-dii66TidN -O‘F -iF;rF;rii.P. ‘ 

C * * * * * * * * * * * * * * * * * * * * t : * * * * * t * * * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * *  -- ,-- ".-- .. ,. - - . . . . . . . .  . -  . . . . . . . . . . . . . . .  . . . . . . .  . 
c * * * * * B ~ G  IN -C~I~P$T 



- ..... C A L L  . . LiU' rFA2 ( T I . l : L t  9 FC:'IMM,VC$MM,KKf?'ri? K V C O C K T C O L  ,.NI T R C _ ! T r ~ ~ ~ ~ ~ ~ ~ , r - -  , - - - -, ...... . . . . . .  
1 V A T ? ! ) H O ~ ~ 4 1 1 i V D I r : X ~ V T R . . A N ~ N i l S T R T ~ N O S T U P 9  S S O R D *  I N D F . X * S S T R A N ~ N V A R ~ N O F  ACT.;-" 

C** * * *ENQ O U T P U T  . . .  . . . . .  .- -. . - . .  --- . .-. .- ... -. . - . -- .. -- -- -- . .  ... 
C 4 9 : * ~ $ * ~ * ~ ; 9 ~ : ~ t 9 ; $ X : i t : : ~ ; h k $ ; % : : f * ~ $ ; 4 * + ~ * C * * * ~ 2 : t ; l r 1 + * 0 : 0 * ~ k * & * t ~ ~ * 4 : 0 * 4 : l t t ~ i ~ 0 * ~ * % $ * * * * * ~ # * * . * * ~ *  

C * * * * * H E G  1 %  S E C T l I . ) N  3 - , . F I V E  S  IM I 'LE  .STP.IJCTUKE ROT,AT.I '7NS &IF REDUCED-.FACTOR,,q?A_TRIX., 
1113 7 3  I T R = 1 , 5  

C*****HEI; I I \  I : ) E T E R M l N A T  ION  1JF N O S T R T  A N D  . . . .  N O S T O P , ,  , , ., .. . .  ......... ... . .  .. .. . . . - .- - - - - - -. - - - 
t i ~  r'ii ( i h , 3 i 3 , 3 a 9 ( ; 3 , 6 4 ' ) ;  I T E '  

C * * * * * B E G I N  P A R T  1 - JlJOGEIVlENT C A C C U L A T I O N  O F  R C M A I N I N G - 5 O W S  . _ F ~ R . , I T - R L S - . l 2 ? _ . ~ . ~ - - - - _ ,  . - - . - -. -. . 
c L ~ A V E  i i v  A T  L E ~ S T  N O F A C T  KCIHS 
C . - - - . - - -. .. L E A V E  O U T - - A T -  L t A S T  TOP- TWO ROWS . . . . .  -- . -. - .. -. - - .. - - . -- .... - - . - - - 

C L E A V E  O U T  A L L  L O A O r N G S  A B O V E  + o 5 0  

C * * * * * B E G I N  S U H P A K T  ........................... 1 - C A L C U L A T I O N  OF LOWER C U T  FOR I T R o S  2 9 3  - - - - - . - - -  .._._ ................ ............. -_.-_-_-_ _._._._..---.--- -----.-----.-.---.--- 
C '  V A K E  LOWER C U T  A A O V f  4NY NEGATIVE L O A D I N G S  N U M E R I C A L L Y  L A R G E R  T H A N  

THE L A R G E S T  P O S I T I V E  ... L O A D I N G  .. .. c --- .................. -. - . -- - -- - -_ -- .- - -  - -- -- -. .. .. ..... . 

DO 40 I z l r N V A R 2  

39  N S T O P = J - 1  _ _ _ I . - _ _ _ _ _ _ . _ _ _ _ _ _  . ______  ......... _- .................. ._.-__-___.-._,-._ .... .......--.-....-...... 
40 C O N T I N U E  

C H A K E  LUWER C U T  FOK L O A D I N G S  BELOW - 0 2 0  I F  L O A D I N G  J U S T  BELOW C U T  I S  4 T  - . - -- - ... - . - .. ....... 
c LE'AST 'TW'ICE . A S . G R ' E A T  IMUE;~FR-ICAL~LY 1 A S  LOADINGS J ~ J S T  ABOVE CUT 

C * * * + * E N D  S U U P A R T  1 - C A L C U L A T I O N  OF LOWER C U T  FOR 1 T R . S  2 .3  - .--- --- - -.-. . - -. .- ............ ....... - .... ---.--- 
C ~ + * * ~ B E G ~ N " ' S - U H P ' A K T  2 - ' " 'CALXUCAT I-I,j& "QF"~PRE~IM' INAF~Y U P P E R  C U T  FOR I T R .  S  1 9  29 3 

4 4  UCI 4h I = 3 v N S T O P  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  ................. - .......... . . . . .  - . . . . . .  . . - 
J=NS?DP-(  1 - 3  1 

C M A K F  U P P E H  C U T  A U O V E  T H E  Z E R O  L O A D I N G  . - - - - - - - - -. - . - . . . . . . . . . .  - . . . . . . . . . . . . .  .- . .... - - .......... - . - ...... - . . . .  - .. 
IF( ssOii-~)IJ,Li'~ .LT;' o;-)-- GO TO 4k 

C L E A V E  I N  A T  L E A S T  N O F A C T  ROWS ---..-. I-F-(-( .-i-" sffi.@-. 
+ ) 

-f.o-- ........... . ....-... -----.-- 
N O F A C T )  GO TO 46 

C D O  N O T  M A K E  U P P E R  C U T  A B O V E  +.SO ... .... - ....... -. . . . . . . . . . . . . . . -  
~ ~ c s s o i i d t j , i S  .L'T. - 5 0 )  GO T O  - 45  

C - - -- . - . . . . .... .- .......... -- .... .- .... tvlAKC F I K S ' T  L O A D I N G  ( I N )  A S  P : I S T T I V F  A S  L A S T  L!:lAr?ING ( I N )  I S  N E G A T I V E  
45 IF-( S'S-ORD(J;'L ,LT.' A H S (  S S U R D ( N S ~ ~ P T L  J J"') G U '  Tl.1 66'  " 

N S T A H T = J  . - .- ............... -. .. . . . .  . . . . . . . .  - . ... -. - . . . . . . . . .  - . . . - . . . . . . . . . . . . .  -- . - - . -- .....-.. --- . - . . . .  - . - - 
GI3 T O  47- 

- - - - - - - - 46 - C g I J T  INLIE 

C*&&**END . S U ! ~ P A ~ C ~  Z - C 4 L C U L . A T I O l ; r  [IF P R E L I M I N A R Y  U P P E R  ClJT FOE . I T R . S  1 i 2 9 . 3  
C * * + * * B E G I N  SU!3PAI<T .3 - C I I L C U L A T I O N  i lF  F I N A L  U P P k R  C U T  FOR 1 T R . S  1 9 2 9 3  .- - -, - . - .' . . , . . - . 
c C A L C U L A T E '  O F  S & J A K ~ S  OF P ( ) ~ ~ : T ~ v E  "LOAD.IN-C;S . ' i ' ~ s i j + i - - A ~ ~  ~ E ' G A T ~ - v E ' ~ ~ ~ - ~ D ' I N G S - -  
C 

A ............... (SSQ-1 . . . . . . . . . .  RETWEEN LOWEK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CiJ'T A N D  P K E L I M I N A K Y  U P P E R  C U T  , ...... .- ..... - ...-... 
4 7  s ~ J ? ! P ~ s = o .  



- .- -. 
DI FF-SUMPOS-S tJWNEG . - . - .  - 

C f IN[) THE L A ~ ~ G F S T '  G A P  F O R  ' A L L  P ~ ~ S I T I V E  L O A D ~ N G S " ~ ~ T O P  2 - ' G ~ ~ j  = G A P M A X  

I F ( G A P M A X  .GT. L A P )  GO TO 5 0  - - - .- - - - , ~ .. 
(;~Fi.rAx= tikr - 

5 1  I F ( D 1 F F  - G T o  0.1 GO T O  53 -..--. . --.- -- .... .................. - . - - - . . - -- - - . . - - -. . - . --- -- - --. . - -- ---- - 
c I F  S S Q +  L E S S  T H A N  SS& G O -  UP' 'N-VA~-/-4"~-OAOINGS'-'ANI) L O ~ K  F O R  L A R G E S T  GAP 

5 2  CONTINUE ---..---.-. .- - ---. ----.-.-- -.--. -- -. .--- - ----- -- . ---- - .  -------.- -----.-- ----------- 
C I F  S S Q +  G R E A T E R  T H A N  SSQ- L O O K  FOR L A R G E S T  GAP. FROM N V A R / 8  L O A D I N G S  BELOW 
C P K E L I M I N 4 R V  C U T  U P  ........................ T O  N V A P / 6  L O A D I N G S  A H f l V F  ................. P R F L C M I N A R Y  C U T  
.-----.--------..-:u =-.... .... ..... 
5 3 N O D N = N V A R / 8  

N O S P = N S T A R T - N O O N  . ........................... 
I F  ( (NsrOP---Nill'SP+ij ;Lii F-A- i;'T-)- N-uSP&-N-sT Op-- N.O'F*ci+-i 

.- ........ 

N O U P = N V A K / 6  ---- - -- - 
NOS T-=.~S-.iAR.i'-Fj8"p-'- - . -' - '. --"-.- ' -- " .- - - -..-- -- -" --' -.- -*---. - '^^ -. .-'----, 

5 7  C O l J T I N l J E  
IF ~ ; A P ~ A x  'i-s ( ; K E A ~ C R  T H A N  Z * t i I S A P  T'HEN MAKE' CUT AT' G A P I I A X  - OTHERW1'SE. -  - 

C -- ....... M A K E  C U P  - A T  H I G A P  .... 
IF'(GAPYAX ,GT.  HIGAP) GAP) C;LI Ti) 5 8  

. . . . - - - .  

-. . -- - - - .- - - . N S T A K ' T =  IKOWt.11 . - -  . . . . . . 
G O -  T O  5 9  *. - 



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

5 8  N S T A R T - I R O W S T  . . . . . . . . . . . . . . . . . . . . .  . . . . .  - - -  .............. 
c M A K F  F J N A L  UPPEP. C U T  O F L U ~  +.50 

. . -- 5 9  IF-(SSIIH~(~\~START,L I .L'T. . 5 ~ ! )  G O  . ~ ~ . . . h i  - - - - . . - . - .. -. . - . . - . -- - - 
I = N S T A R T  

. .- bC l = T + 1  
I F ( S S C ! K O I I I L 1  .GE. e 5 0 )  GO T 0  60  

' P l S T A i ( T =  I . . . . .  . . . . . . . . . . . . . . . .  ........ . . . . . . . .  . . . . .  ...... -...--- 
d l  N U S T ~ < T ~  L = N S T A R T  

, ,  , 6 2  , Nl.lS1 OP( 1 )=NST015  . . . . . . . . . . . . . . . . . . .  - -. . . . .  -. . 

GO Ti). 79  
C * * * * * E N D  S U i 3 P A K T -  -2 - C4LCi.JL.dT I O N ,  (:IF F I N A L  I J P V E R  -.Cur- Fr!?.. I T5,r.&...1.21.T. . --- - - - . . - . - .. 
c * * * * * ' E ~ U  ' P A R T  1 - JUDGEPIEiVT C A L C U L A T I O N  ( IF K E M A l h J I N G  i iOWS F O R  I T R -  S  1 . 2 9  3 

C * * * * * B E G I N  P A R T  2 - C A L C .  O F  R E M A I N I N G  . . . . .  P,@WS U S I N G  ............. H I C U T ~ H L O C I J ' T  .................. FOR 1TR.S ......... 4 1 5  -- ..... . -. . - . .- - - -- --, 
6'3 ! ~ I c u T = . ~ ~ '  

- . . . . .  . . . .  . .  . &LOCUT=- . .30  . . - .  - .  . .......... 
GO T O  6 5  

6 4  J =  , ,  ... , . . .  : ... . - .... - - ............ - - . 
B L I I C U T = - .  20  

6 5  00 6'9 L=Lr.NEfPC_T ... ---.-- -------..- ,..----.-. 
DO 6 6  I=~*NvAF~ 

.......... .... ................. . .... , .-.~..!f.?sQH!~-~-*L.!-.-.!jZ t. !!.!CCJI.). Tr?. .T9!P_6 - 
N O S T R T ( L ) = I  ................. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  - .. .-..... ....... ......... 

6 6  
N O S T K T  ( L 1 = N V A R  - - -- - - - - . ... .-..... . .............. ,_ . ..__..___-- . ..-..-..----I..--. --.. 

67 NSTART=NOSF~~T ( L 

-- .- 00 6 4  I z N S T A R T  v N V 4 R .  . . . . . . .  .......................... ......... ..- - - - - . .... . . 
I - F ' ~ - S S ~ K ' ! ) (  I l~ 1 .G?. <COCU-T)' G O  TO 6 8  
N O S T O P ( L ) = I - 1  ............................. ... ... .... - .- -_ .... 
GO T O  69  

6 8  C O N T I N U E  .......................... ................................... - _  ____ . ........ .............. 
NOSTOP ( L ) =NV 9~ 

6 9  C O N T I N U E  ........ . .............. ....... - - - . .- - .- - - 
c*****END' P A R T  2 - C\LC;' OF R ' F M A . I N ~ N G - ' R ~ W S  US IN^ 'HICUT;BC~~UT 'FOR I T R - S  41 5 ' 

CIP****ENU L > E T E R H I N A T l O N  OF NUS 'TRT AN! . N O S I O Y  ........................... . - . - - - ..... 
C****+GCIN C A L C U L A T I ~ N ' - O F  - N O I N -  AND ' INROWS 

7 0  DU 7 1  L = l , N O F A C T  ..... ... . . . . . . . . .  . ... - . ........... . . . . . . .  -..-- ............................. .- 
N S ~ A ' K T = ' N O S T ' ~ : T  i t ' j  

-- - - . . . . .  I L S T I I P = ? ~ ( J S ' I O P  ( L  1  . . .  . . . . .  . . .  . .  , . . . . . . . . . . . . . . . . .  
NU IN( L 1 = N S T ~ ~ P - N S T A W  
I KNT=r3_ . . . . . . . . . . . . . . . . . . . . . .  -- -- .. -. ....... . . . . . . . . . . . . . .  - . .  -- .... - . . .  
00 7 1  I = N S T A R T ' ; N ? T ~ P  
I K N T = I < N T + l  -..-. .-- I .[.. ( * ) .... ( , , . , . . . . . . . . . . . .  .................... ........................ 

7 1 
C***+*END C A L C - U L A T  I O N  O F  N O l N  AND I N K O W S  -. - - . - - . . -. . . . . . .  . . . . . . . .  ........ . . . .- . - - 
c****IL~E~;I'N CALC 'ULAT ION c i ~  .RUM WEIGHTS 

DCI 7 2  I . = l r N ! l F A C T  . . . - 

N S T A R T = N O S T R T (  L 1 

- ..- - .- . - - - - NSTOQ-NCiSTOP ( L 1  .... . . . - 
iw' 7 2  I'=I\JSTAKT,NS'TOP' 

- - -. - .- . - . . - I K N T =  1NI)EX (. I !_L . . . . . . . . . . . . . . . . . . .  ....... . . .  . . . -. 
7 2  WF'IGI-ITI I K T J T ~ L  )=I. 

C * * * + * k N h  C A I - C U L A T I O N ' O F  RObJ h'f l G h T S  .................. . . . -. - -  . 
c + * * * * ~ ~ E G I N  i l ~ i  I O U E  R O T A T  I O N  

C A L L  i i C ) T A T E  [ F M A T ,  S S T K , 4 N 7 N V A l ?  ,N( jFACT rJf lTlJ,  J N K L I N S , L F :  I G H T ,  S S M A T l  . . . . . .  -. -- - . .- - - . ,- - .. -a . - . - -. . - . . . .  . . . .  . . . . . . .  
i s s o d o ,  r'i.~or;xT' ' ' 

C** *+ *ENU ! ~ f 3 L  I OUE R O T A T  I U N  - .......... , ... 
c****~+~~EI<I'IJ OUTPUT 

-- .. - - - - . , . . - . C A L L  OU 'TSEQ(  N D F A C T *  . . NL1STRT l N O S T O P )  . . . . . . . .  
C A L L  i ) i f i & i T ( ! i ~ O k ~ ~  I N I ~ E X ; ~ ~ ! ~ T I . ' . A ~ ~ N V A K  , N ~ F * C T ;  3 6 - , 3 - 6 ~ ~ 1  MPLE STRUCTUR-E 



- --- 1 R O T A T E D  WA'TK I X  r 1T.R 1 , , - . . . . .  
C*++*~$N-CI OUTPUT 

7 3  CONTINICE - .. . .  - . - ... . .- -. ... .- -- .- . -. . - .- ........... 
C*+***EN!.) S E C T I O N  3 - F I V E  S ' I ~ ' P L ~ ' ~ ~ S T ~ U C T U R E ~ K O T A T I O N S ~ ~ O F ~ R ~ ~ U C E O  F A C T O R  Y A T R I X  
C t ~ * ~ ~ 3 C * ~ . ~ ~ ~ C : t 9 * ~ 4 8 8 8 b S O ~ * Q : Q ( S ~ O * 4 t C C 6 4 ~ * 8 * 4 4 * * t * t 1 t O ~ 1 4 4 4 + * 4 * ( t O 6 4 : 4 * 4 * * ~ * t O ~ * 9 ~ 8 ~ *  . . . . . . . .  . ........... . . . .  . . . .  . . .  . . . . .  . - .  - - -. -. - - 

G O  ~3 150 
E N D  . . . .  . .  ............. - . . . . . . . . . .  " , .  . . . . . .  . . . . .  . . .- - , . 



- - . S.(JHi(<lUTI;\lE H i j T A T E ( F f 4 A T , ~ ~ S T R A N . , N V A l ~ r N _ c l F . A C T , . N O _ ! N ~ - I r ? _ R ~ O ~ S _ L W ~ ~ & H L r  
l S S M A T , S S G K C ) ,  1 N I ) E X  

C  . . - . - -- . -T!.IIS Si lBHOIJT lPJF 17Ei?FOHMS AN O R L I  O U F  R O T A T I l j N  fly THE-. . fACTi lR.  .MATR_IX. ,  ..FYATI.. 
C  A N I I  L E A V E S  T H E  r J U Y E H I C A L L Y  O R D E R E D  H O T 4 T E O  M A T R I X  I N  S S O R D  ( W E I G t - I T S  ! . I S E D )  
C . . . . .  D.'4AT = . . S U B S E T  W F A C T O R  M A T K I  X (COMPCSEf3 -  ~ !>F~-U~EMA~INIJ ( ;  -;I-NfiOWS.l, , ............... 
c W . ~ U N A T  = T P A N S P I : ~ S E  [ I F  ' ( ~ i :  IGHT * D M A T )  

-c . . . . .  . . . . . . .  .... .. E M A T  = W T R k A T  * i )MAT . .  - - - .- . . . .  ..... 
c I.JMAT = SULUTION TCJ THE EOIJATION~ E M A T - *  UMAT = SS~KAK 
C  -- -- - - SST-P.AN = N O K M A L  !;I. E D  CJMAT . .  . .  . - . . . . . .  . - 
C S S M A T  = F M A T  * S S T R A N  
C  S S l j R D  = N U M E K  I C A I - L Y  O K U E R E D  S S M A T  --- ..... --.-- . -.. -.--a -- ...... ........ 

DIMEN'S-~OFJ F M A T ( " ~ ~ o ' ;  ~ ~ ) - , S S T H A N (  1 4 r i 4 j ; " ~ 0 ' 1 N i ' l 4 j  r I N K O W S (  1 9 O r 1 4 )  r 

lWE_!?H_I 1 4 )  T S S i y n T (  100.*.14.! * SSgP_I?( lP~_rl14~.*~Nr)F,!!_I.Z0O_~.I4.~ + .  .- _ - - .- - 
D I M L N S J O N  O M A T (  l C C I  1 4 ) r W T K M A T (  1 4 T 1 0 0 ~ T E M A T ( 1 4 T 1 5 )  * U k l A T (  1 4 * 1 5 )  

1 W r K N A T ( J T  --.------ ............ I ) = W E I G H T (  ............. INROW -AL! * D M A T ( I r J )  --. ..... ----- 
C * M * * E N D  C A L C U L A T I O N  OF D M A T  A N D  W T K M A T  
C * * * * * f l E G I N - . C A L C I I L A T  I O N  q F  E_M,A-T ............................. .. . .. . ........ - ...........-..... - .  . - - .  - -- - .- .- -. -. --- 

DO 2 I = ~ , N L J F A C T  

C * * * * E N O  CALCULATION- 0.F- @AT.  - --- -- .- - -. - -, - - - -  - .  - 
C * * * * * B E G I N  C A L C U L A T  ICJN O F  S O L U T  I (.IN VECTO'R I U M A T  

S U M U 2 = S U Y U Z + U M 4 T (  I , N i J F A C T + 1 )  * * 2  - .. - ..7 . . . .  
SUMiJL=SL!RT (SllP.9IJ2 

-L.." . . . . . . .  1117 9 I = l . * I J O F A C T  
R S S T 2 P N (  I ,  L )=U~IAT('I ' ,NC'JF.~LT+~ ) / S U T ~ U Z  

C * * * * * E N l l  NI.JIZVAL I L A T I U N  ['IF U M A T  T O  G I V E  A PJEW S S I ' K A N  - - -- 
c * ' + * * ~ ~ E G I N  C A L C U L A T I l . ) l \ l  O F  S'SMAT 

.- .. - .... oo 9 r - 1  ,r\~?aq . . . . . . .  
SSMaic 1 ,L )=o.  



............ ......... ........ ........--.... ,- -.-- r);.?.. 9.. J =! ? !!!GF!vT,. - -." --- .-- ....... ...... ... -. -- 
9 S S M A T (  I I L I = S S M A T (  I , L ) + F ~ A T (  I ~ J ) * S S T K ' A N ~ J * L )  

C * * * . ? * € N u  C p L c U L A - T  l i I N ,  [IF. S S M A T  ....... -. - .... .- - . - ...................... .- -- ............ - .... - ........... 
' 10 CONTINUE 

C * * f  **END H O T  AT IO!\I . -- --- - . .  - - .................. 
C * * ; * * ~ \ ' E ~ I N  NIJMER ICAL O R D E R  I N ~  I ff  T H E  'S IMPLE" STRLJC ~ U R E  ' R O T A T E D  M A T R  I X  

C A L L  O R O E R (  5SHATrNVAR;N i l . fAC ,T  p SSORI.)? I N D E X ? ,  ....... - ---.- ..................... . - . . .  
C * * * * * E N O  N ~ J M E R  I G A L  0 9 0 E K I N ( ;  OF THF S I M P L E  S T R U C T U R E  K O T A T E D " M A T R I ~  

R E T U R N  . ... .- .. - . . . . . . - . . . . .  - . . . .  .- . - . . . . . . . . . . . . . . . . .  -. . . 

f NO 



.. .___ . . _ _  . . _ _ _. . . . _. _ _ _  . __- - . .. . . ._ _ . - . .- .-...----. . -...A . 

- --- >C!fiRQU,! !i'!E-JJj!bEf\-( AH!?AY ,.NV4P..*JOEPCT 7 ARRC!RP_?LNDEX! -..-: 
c THIS SUURTJLITINE A R R A I J G E S  THE M A T R I . X ~ A R R A V ,  'IN.L)ESCENDING NUMERICAL ORDER 

... . C A N L I  L E A V f S - .  THE [3KDEK.EQ, ?4.&TK! X,  15 A!RORD-.W I T H  T.HE QHDERED- IMDLCES .-!-N.-IND-CX-. 
DIEulEi \ lSIC)N A R i F A Y ( l 0 1 3 ~ 1 4 )  * A R R G R O (  1 0 0 ~ 1 4 1  I N D E X (  1 0 0 9 1 4 )  
L O G I C A L .  S W A P  -... ....... . -. . . -. * -. . , . - . . . _ ._  .._- _ .,.. ..-.... .. - .. . --^ ...- 1 

N V A R ~ = ~ ' V A R ~ ~  
. . 

DO 5 L . = l ? N i l F A C T  . . - . - - - - . . . . -. . . . . . - . , -. - , - - . . .. . -. - . .. . -- -. . - ---- - .- -- ------ 
00 1 I = l r N V A R  

1 E X  L? = - . . . . . . - . - . . - . . . -. ---- -. i- - . . - . . - -. - . - . . - . . - 
i A X ~ O R ~ I I ~ L ) = A K K A Y ( I , L J  
2 S W 4 P = . F A L S E .  ---- - . . -- ---. .. ...-. ... .----. - . . . - -. -.. ---.,..--. . . -.--- -- "--- -.-----------.-----,----- 

DO 4 "I '=~.NVARI 

I . F ( A R R O H O (  I ? L ) - A R R O R ? . ! r t I r _ . L ! )  3*4?-4 . .. - -- - ., .- . . -. -. .- . .- - . ..-A. . - - - . - . - . . - - . - . - . . 
3 . . S'TC)RE=ARROF(i.).( I L i . 

A R K O R D ( I e L ) = A R K O R D ( I + l p L ~  - -- - - . -- - - . .- - -. - - - -- - -- - - -- - . -. - - - ----- -- . .. - - -. - . - - .- - - -.- 
A R R O R O (  I + 1 9  L ) = S T O R E  
I S T O R E = I M D E X ' (  I ,L -- --.- ---" - -.--.-.- - -... --,---- ,---.. 
IN.DEX( I q L ) = I N D E X (  I + l q L )  . . 

I S T O R E  .- -. - - . . . I N D E X '  I :,??C.!-= ...... - - .-. -::.. . - - 
SWAP= .TRUE.  

4 C O N 1  I N U E  - .- -- -. -- . 
I F ( S W A P 1  GO TO 2 

5 C O N T  IWUE - -..-- -- , -.-. ..-.- - ." -...------ ..-- --.- . . -.-a,---.------- - - .---....-----..---..---.---.-.-----.-.,-..- 
R E T U R N  , . 

END -- -. .- - . - -. . . - . -- . -. - . - . -. .- - . -. - - - .- . - -. . . . - . ... . .- - .. -- . - --- - . - .- .- -. .- - -- - -- -- - -- - -. -- - . . - - -. - - -- - .- - - -. - .- 



- . . - - . . - . . - . . . . .  - - .  . -. . - . . - ,  - - -  

- . SiJt iSOUr INE O U T F A 2  ( T  I T L E ,  FCOHllr lvVCOMMrKKOWtKVCOLr KTCOL-fNI-TROT-vPJQR-~~,~---~~ --  
1 V A X C R D , 9 I N D 6 X ,  V T K A N v N O S T R T  t N O S T O P v  S S O R D r  I N D E X p  S S T R A N r  N V A R p N O F A C T )  

C  - --- - - -- -. . T ! i I S  SUL iL?UUT l idE  G'I3INTS .AI\_D PIJ IJCHES T.I-46- flUTPU.T FROM FACTIJR-.AJ~AC-YSI_S -_I! 
I N S 1  T I T L E (  1 4 )  vFCOMr?(  1 0 0 ) ~ V C O P l l M ( l O O )  pKKOW(  190)  , K V C O L (  1'4) 

. ,  
l K T C t I L (  14) r I \ j i ' iS f lT (  5GI vVARURD.( 1 O O p 1 4 )  p M I N D E X ! . l 0 ( ? ? 1 4 1  r V T K A N . (  14,,14-),r_- 

s , e - * - - , - - - - -  

7Ni !STfJT(  1 4 ) r N U S T O P (  ~ ~ ~ ~ ~ S S O K O ~ ~ I ~ O ~ ~ ~ ) ~ I N D E X (  l O O v 1 4 ) * S S T R 4 N ~ l 4 ~ 1 4 ~ ~  - 
-- .. . - - - . - 3 A S T (  6 0 )  . . . . . - . -. - . . - . . . - . . . - . - - - . . . - - . - . - . - - - . 

1)IIIIHLF: P R E C I S I O N  T I T L E  , A S 1  

C . $UDUBLE , V ? E C  I S I O N  I .- - .- . . -. - . . . . - - - - . .. . . . . - . . - . . - - . - . . - . - . . . . - .- . - -- . - - - . . - - . . - . . . .. - - - -- . - - 
D A T A  k S T / 6 0 * h t i * * * * * * /  

P R I N T  lQQ* ( A S T (  I ) 915.1 ?4_4!.? (!.!.TLE:!! )-?!=1rlA~!-r_LASTJl.!--r!-=l.*46L -._.---..--.------. - --- -- .- -- . . . - - . .- . - - -, - .- . - . . .- -.- . . . - . . . 
LOO F O R M A T (  1 H l / l H 7 / 1 H Z ~ 2 ~ 2 1 A 6 ~ A 5 / 1 X ~ / 2 6 X ~ A 6 ~ A 2 / / l X ~ 2 ~ 2 l A 6 ~ A 5 / l X ~ ~  

. . -. - - - . . - P Q I I \ ! T . 1 - C ! l - v . ! ~ , * K 4 ? - ~ ( I ) ? ~ C ( ! H N ( I ) r V C O M M ( E ) r I = 1 r N _ V A R _ )  
101 GORMAT ( 1 H 1 , 1 5 X r  1 3 H F A C T O R  M A T R I X *  5 x 9  1 3 H F A C T I l R  M A T H I  X r 5 X r  1 4 H V A R  I M A X  

1 M A T R  I X /  7 X r  3t+r?_OW ? 7X_r.LOM_EcL EC.T!ON~~XEL?I!COMMUNACI-TJS* C?X * 13HCO~M_UNA. . - - . - - - . - -  -- - - - . - - .- . - - - . - - - . - - - . . - 
Z L I T I E S / / / (  1101 1 1 3 p F 2 2 . H p F 1 9 m 8 )  1 

P R I N T  1 9 2 * ( L v K T C O L ( L )  * K V C O L ( L )  *L=1 *NOFACT.?-  -, ------.--- -- ..-.- - -  . - .. -. .. -..-. 
1 0 2  F O R M A T ' ( / / / ~ ~ X ~ ~ ~ H V A ! ~ I M A X  M A T R I X " C O L U ~ N  R E F L E C T T O N / / ~ ~ X ~ R H N E G A T I V E ,  

l l O X r D I 4 N E G A T I V F / 7 X t  4 I I C O L e  * 4 X ~ 1 4 H T R . A A N m  E L E M E N T r 6 X v  l I IHCOI , I IMN S i J W /  
~ ( I l O v I 1 3 ~ 1 1 8 ) )  

P R I N T  103r(I,NOKOT(I)pI=lrN1TROT) .- -- -- - - - - - - -- - -- --. - - - - - - - . - - - - - - . - - - . -. - - - - - - - - - - - . -- - -- - . - . - -. - . - - 
103 F O R M A T ( / / / 1 3 X * 1 9 H N U M B E R  OF'ROTATIONS/7X*4HITR.~5X*13HPER I T E R A T I O N  

I///( I l O r I 1 3 )  1 -------..-..--------- ,--- ..--- .------ - --.-~.- .-----...--.---..----.---.------.- ,.--.--- -- .- 
C A L L  O\JTMAT(  V A R O R D 9 M I N D E X r  V T R A N r  N V A R  7 N O F A C T p  2 4 r 2 4 H O R D E H E D  V A R I  MAX 

1 M A T R I X . 0 )  - - -  

CALL.  O U T S E Q (  N i l F A C T *  N O S T K ' T r N O S T C I P )  
C A L L  OUTMAT(SSORDpINDEXpSSTRANvNVAR,NOFACTr36r36HSPECIAL S I M P L E  

1 S T R U C T U R f  M A T K I  X 90 

P U N C H  1049 ( A S T (  I I= lr8?-~! !.,!..r_J 9 SS~-K*N_!-~.~J!.?_?_L!~~-E~~~~-?-~-Z~.~.NO__F~C!.! --.-.--.--- --.-."--.-..------..--- .- - " .  
104 F O R M A T (  4 A 6 p  3 2 H S P E C I A L  T R A N S F O R M A T I O N  M A T R l X r 4 A b /  ( I 2 2  9 19. F1.9.8) 1 

R E T U R N  -. .. --- -. -. . - - - .- - - - . - .- -. .- . - . . - . - -- -- - . - - -. -. - - -. - - - - - -- . - - - -. - -- --- 
E N D  

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



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

....... . ,.-.--. ... ...... .... -. ... --- ... -- ..--, .--- - .- ----- . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

s U t j K Q U T  I NC -!)!I T Y A T  (.ARRAY_ ~ . I N D E . ~ ~ ? i ? A N ~ . N V _ ~ R _ t ~ r ? ~ ~ . F ~ - ~ T ~ . . N C H A R S  ~L!.OC!ABJ-LTRL- - - . . -  ---. 

C T H I S  S U H R G l J T I N E  P H I M T S  T H E  O R D E R E D  ARRAY W ITt-1 i N D I C E S  A N D  . T H E  TRAN.  M A T R I X  
D I M E N S  ICJN A R R A Y (  1 D O r  1 4 )  I N D E X (  100,14) r T f ( A N _ ! 1 4 p 1 4 !  ,HOLLER.~~-OIL L - . .  . . . . . .  

~DIGII(S)VTSIGN( 1 4 1 1  I L 1 U T 1 3 ,  1 4 )  

- DCjUCLE P R E C I S I O N  , I T E R i I ) I G I T  ..... -.-- . ... .- ---- ....... ..... ...... 
C BITER 4hU D I G I T  M U S T  R E  I X U H L E  P R E C  ISION ' F ~ R  'THE I 'HY j69 

D A T A  PLUS,,T.!4IN,US/ 214 . i 2 H - .  /.- -. - - . - . . . . .  - ............ .... . . . . . . . .  - - . . - - - - - - - --- . -- -- -- - - - - . . - - . . - - 
D A T A  I T E K / G n (  I T I I N i ! / , l ) I G I T (  l ) / h H . = l )  / , D I ! ; I T ( 2 ) / 6 H . = 2 )  /l 

. l O i ( ; I T (  3)/6?.=3.) / t D I G I T ( 4 ) / b H . . = 4 )  D I G T /  / .... :.-- .- . - - . - - . - . - - -. 
C  N C H A H S  MUST t3F A ~ U L T I P L Y  OF 4 (  1HM 3 6 0 )  OR 6 (  I R M  7 0 9 0 1 7 0 4 0 1  

. . . .  ....... .. ... . ...... -----. .-- NW.FPS?F?CHA!Z ,C/5 . . . . . .  ..-- - .-.. -- -. -.. - - - - .--.- -.- - 
C  SNWOKDS=NCHAR S / h  

I F ( . I T R  .ELI. O )  . P E I N T  l Q O l  LHOLL.ER(  I ) , I= l tNW(?RRi )S )  .- -.. -, ....... - . .  -. . - . - - . - - . - - . - -. - - - . - - 
I F (  I T Y  .GT.  -0-j P R I N T  l C O l  ( H U L L E R (  I ) ,  J = l r ~ ~ ~ ~ ~ ~ )  * I T E R ; ~ ~ ~  GIT( ITR) 

100 F ~ R ~ A ~ ! . ~ H _ ~ , . Z E L ~ . . ~ _ * $ . )  .... - - - . - - - . . - . - . - 
C l G O  S F O R M A T (  l H l r 2 1 X ~ l Z A b )  

1 - - . . -  P!i!N T... .!G.!.r i.C?.C-?.l-?N!? F ACI.! .-.-. ... . . . . .  -.. .--.--.--..---_ 
101 F O R M A T (  / / 5 H  SEQ. p 1419)  

P R I N T  102 . ... ....-. . .- . -- .... - 
1 0 2  F O R M A T (  1 x 1  

00 7 I = l l N V A R  - - ... - - - - .. - .. -. - . - . - - - . - .. - ......... - - .. - . - - ..- . . . .  - - ...... - ... - .. -. - -... - .. - - . - . .  - - . .. -- .. -. - -- - -. 
00 6 J = l r N O F A C T  

... .. .. ELEM=C?. -.------.-.- ---- .......--.--..-- -.. .......--...--..-... -- --.. ..--- .-.- -.----- -..--.,-..-.---------..- ---.----.- - --.-. 
I F ( A R R A Y ( T T J ) )  2 1 4 9 3  

2 E~~~=nu_.s.u_~r!av!  - 1~:4.!7-=92.e5 L . -. -- .... - T S  I G N (  J ) = T W I N U S  
GO T O  5 -- -- - .- . . - - - - - -- - . - - -. - - . - -- - - - - - - -. . -- - .- - - - - -- - -- -- - - - - - - . - -- - -- - - - - . - - - .. -. - - . - - - - - - - . 

3 E L E H = A B S ( A R R A Y I  I 1  J )+.0035) 

T S I G N (  J ) = P L U S  4 ---- .....-.....-....-..--.-.. ........ -.-.--. ... - ---" --.- " --.-.-.--.-----.-.-----.- 
5 I O U T (  1 7  J ) = E L E M * l O .  

1 ! ! " ~ ( 2 r _ J . J ~ L - ~ : M * l C O - F L - ~ A T  ( TflUT!  1 ,-J? 1 * lo .  . - -- -- - -- - - . - ..... - - -- -........ - ..--. -. ...- -. .. - - ... . .  - 
I O U T ~ ~ ~ J ) = F L E H + ~ ~ ~ ~ ~ F L O A T ( I O U T ( ~ ~ J ~ ~ * ~ O O ~ ~ F & O A T ~ I O ~ ~ T ~ ~ ~ J ~ ~ ~ ~ O ~  

6 C O N T I N U E  -- - - ... -...... .- ...-....... - - ..-... .- .... -. .. -- . . .  
7 P R I N T  1 0 3 9  I,.( I IJC)EX( I 1 J I r T S I G N ( J ) , (  I O U T ( K r J ) i K = 1 , 3 ) p J = l . , N O F A C T )  

1 C 3  F O R Y A T ( l X i I 3 r 2 X i 1 4 ( 1 3 i  ..--.-.-. -.-.- ...-- .. l X t ! i 2 i 3 1 1 1  ......- ...-- .. ....--........--- -- ----,.---.-.----- .-.--.-.-.-- L -.-- 
P R I N T  104 

104 F O R M A T (  / / / 2 2 X 7  : ! ~ H T K A N S ~ I J K M ~ ~ T I O N  -- - .... ....... . -. . . . .  ................. - ... .... 
P R I N T  1 0 5 7  ( L  , I . = l ,N I IFACT 

1 ~ 5 -  ... F.@MAT !LL~H-.  RCJW - 1 %I 3 1 -- . - . . . . .  .. 
P R I N T  1 0 2  
30 13 I = l l N U F A C T  

,--- ---- .... ....... .... -..-. . .  . . . . . . . . . . . . . . . . .  . . . . . . .  . . -  -- 
DO 1 2  J = l q N O F A C T  
EL  E!l=O-. . -- -- .... - . - ....... - . . . . . . .  
I F  (TRAN~'I ,J)  1. 8;111),-9 

a . - . - -- . . -. . E L E h = A A S ( T K A N (  1 . J  1-.0005 . . . . . . .  . - - - - . . - - - - . - - - - - . . - 
TSICN(  J )=TMINI.IS 

-- - - (;U TO 11 .. .. . . . . . .  . . . . .  
9 

-- .. 
E ' L . E " I A A ~ S (  T K A N (  1 . 9 . ~  +.;)005)  

- - L!! ..... T S I G N (  J ) = P L U S  . . 
11 I C I ~ . I T (  I , J I = E L E M * ~ O .  

I O U T (  2 ,  J)=ELF?l*100. -FL! lAT(  I O I J T (  llJ) )*1C). . - . . . . . . - . . . .  . . . . . . . . . .  
I L I U T I ~ ~ J ) = E L C M ~ ~ ~ ~ ! I . - F L ~ ~ , I \ T ~  I O U T ( 1  , J )  ) * I O O . - F L ~ I A T (  I L I U T ( ~ ~ J )  ) * 1 0 .  

1 2  C O h T I N U E  .-- ----.- ........ . . . .  
1 3  P R I N T - ~ O ~ ~ I ,  ( T S I G N ( , I  I , [  1 0 U T ~ K , J ) l K = ~ ~ 3 ) ~ J = l , ~ d i ~ F A C T ~  

1 C h  F O R M A T (  I , X r - E 3 ~ 2 ~ X r 1 4 ( 4 X , A 2 , 3 1 1 )  I --- -- .....-- . . .  . . . . . . .  
R E T U R N  
E N D  - --. . -- -. ... -. . - - . - . - . . . . -  . . . . . . - . . . .  - .. - .. - . . . . . .  . . . . . . . . . . . . . . . .  - . . . . . .  - ....... 



S U R K ~ U T I . N ~ - ? U T S E Q . !  N~F4Cr*N!1STf ! l?-N~s-T.oP-) . -  . . . . . . -- . --_.--- .- . --7.  ..- - - - - - 
c liii s S(JBHOtJT I!'.IE P R I N T S  CllJT TH.E SFOIJENCE NUVilERS %E!YAIN ING I N  HY PEKPLANE 

- .. . .. . . . -P_E T i l H  N .. . . . . -. .- - ' -. -. . . . - - . . . - - . . . - . . - - - . . - . -. . - . . - -- - . - - - - .. - -- - - - . - -, - - - . . - - - . - . - - - - - 
END . 





- . -  -- c .  F A C T O R  A N A L . Y S I S  1 1  I 
c itrr s PRO~;RAM COYPIJTE s A SINGLE SIMPLE STRUCTURE '  M A T K I  x AND -A ~-cCs-~NE'-HATRIX 
C SPONSOR - Of?. C U R E T O N  . .. . . . . . - - - - . . . - - .- - 
C P R ~ C K A N M E R  - R I C H A H D  C. D U R F E E  
C T H I S  PROGRAM C U N S I S T S  UF TWO S E C T I O N S  ..- ---,- -.. - .. . , . M.jiLE. S..TH."C.TUHF- ( "8L  I""E ) .-H'OT*i.ION ..."i.'~EDUCi'D-.'~ACTdR' "i:x'-. .-. ' 
C 

C .- -- -... 2. - - C O S I N E  M A T R I X  FROM . S I M P L E  . ( vaR-i koi..E S T R U C T U R E  NijkB'E .g-. TRANSFOKMA-T.LON - V A T R f X  - . . . - -. . . - - 
c N V A R  = NUMB<% - G i . ' v A ~ - i ' ~ f j ' i ~ s  = R O W  NUMBER)' 

C N U F A C T  .. -- . - = .. NUMSER O F  F A C T O R S  I N  THE R E D U C E D -  F A C T O R  M A T R I X - - ,  -, .- _- .. -- 
c F M A T  = ~ ~ E D U C ~ D ~ - F A C T ~ R ' - M A ~ K I  x FROM FACTOR ANALYS'I s . I  
C S S M A T  = U N O R D E R E D  S I M P L E  S T R U C T U R E  R O T A T E D  M A T R I X  --.----- --.. --. -- --- -.-.- --.--...- .-.- --.----- ------ - - 
c ssoko' = ~ ~ U M ' € R ~ C - A I : - ~ Y - ~ ~ ~ ' F - ~ ~ ~ ~ ' : S I . ~ ~ ~ ~ ' - S ~ ~ ~ V C T U K &  R n T A T F n  M A T R I X  
C  -. . - -, - S S T K A N  - . - - . - . - = - . S I M P L E  - - S T R l J C T U R E  T R A N S F O R M A T I O N  M A T R I X  F R O M  F A C T O R  A N A L Y S I S  I I 
c I N D E X  = R ~ C J P . ~ ) E R E ~ ' V A R I - A B C E . ' % U M R E R S - & '  T H E ' o P . ' I ) E ~ E ~ ^ s - ~ M ? ~ < - s ~ u ~ ~ u R E " ~ ~ - ~ ' R ~ x -  
C N T J I N  = T(3TAt .  NUMBER. UF P.ClWS R E M A I N I N G  I N  H Y P E R P L A N E  FOR C A C l f  T h C T O R  -. -- -- - - - - - . - - -- .. - -- -- 
C INKCJWS = K%W"NGIBERS. .~F'?-Ac~%-~~A[~~N-Gs-R-EMA-INING I N  H Y P E R P L A N E  
C W E I G H T  = ROW N E I G H T S  F O R  E A C H  O F  T H E  I N R O W S  -.--.----..-.-..----.---------..- -----. .--. ----- --- .------- ---- -- ---. 
C C O S M A T  = M A T R I X  O F  C O S I N E S  OF ANGLES--BETWEEN R E F E A E N C F  V E C T O R S  
C T I T L E  = A L P H A N U M E R I C  T I T L E  1 D E N T I F I C A T I O N  

,- - . . - -- - - - - - - - . . - . - - - . - - - - . - - .. - - - - . .- - - - -- - - -- -- - - -. 
D I M E N S I O N  F M A T ~  100; i .4 . ) ; ' s~~A~(  1 0 O t 1 4 ) ~ ~ ~ ~ ~ ~ ~ l 0 0 ' ~ ~ ~ 4 ~ - ~ ~ ~ ~ ~ ~ ~ ( 1 4 ~ 1 4 l ~  

1 I N D E X (  1 0 0 ~ 1 4 ) t N O I N (  14) v I F i K O W S (  100914) r W E I G H T ( l O O v l 4 )  t T I T L E (  1 4 ) ~  - -. -- - - .- - - - . - - . - - . . - - - - - - - . - - . - -- . - .- .- -. - - - - -- - . - - - - . - - - . . - . -- - - - - - - - - . -. . -. -. - - -- - - - 
2 C O S M A T (  14.14) r O I S T (  14)  

DOUBLE PREC ISIUN TITLE -.------.-------------.--.-- ------.-- ---- -- ---. -.- 
C * * * * * B E G I N  I N P U T  

150 C A L L  I N F A 3 ( T I T L E ~ N V A K v N O F A C T ~ F M A T ~ S S T R A N ~ N O I N ~ I N R R M S ~ H E I G H T )  ------------- - .- - -- - -- 
C * * * * * E N D  I N D U T  

C** * * *HFGIN -- R O T A T E (  f lR l . lQ l .1F  -. - F M A T t  R n T 4 T ' I O N  -. -. 

SSTRANtNV.L\RrN-~jACr;N.61-N-~IN-d - O-H.s. ,WE.i ..&- "T-,-s-s.HA-ii 
1 S S O R D t  I N D E X )  --.----------.---.-..- -- --.-- . --.-- ....-.a-e.-- -,--. -----------,---- 

C** * * *END O B L I Q U E  R O T A T I O N  
C * * * * * B E G I N  C A L C U L A T I O N  OF C O S l N E  M A T R I X  ---.. - - -- - -. . - . - - - -- --.- -. . 

00 2 L = l . N O F A C T  

C * * * * * R E G I N  O U T P U T  - - - . . - . -- - - . . . - - - - . - . . . . 
a" r$A3( 'T ITLf t  , . .-. SSi)R'~,'[Fi'DEX;'S'STRhN;cTo-JM-*-'T;iU-V*R-rAIDFAZ.r)' - -. ----- .- -- " - -  

C*****END O U T P U T  
----------G-o -T-"- -'AD-..- - -- -- . . -.-- .-.. - .- .- .-.-. .,---.---,-- . .---.,---, - - - .  -., 



- .- . - -. -. - . . ~ S l I R R O U T I N E ,  ~ ~ F A ~ ( T I T L F ~ N V A K ~ N ~ F A C T , ~ M A T ~ ~ T _ K A N ~ N O ~ N ~ ~ N R O W S ~ W E I & _ H I )  
C  T H I S  SUBRO(JT1ME R E A D S  AiVU S U ' P P L I E S  A L L  I N P U T  N E E D E D  I N  F A C T O R  A N A L Y S I S  111 
C .- -- - -. - . . -. - - - S q O N S i l H  - ,  ,I)R. CUREYTON . ,- . - .  .... . - . .  - . - - - - - - - . - -, - .. .- - - - - 
C  P R I I G H A M M t k  - R I C t i A R D  C. DURFEF.' 
C  .- . T I T L E  = - A L y H A N U M E R I C - . T I , T L E  E I r J E N T I ~ . F I C C A A ~ I I ~ N  -.- ,- . -. - -  
c N V A R  = NUMBER OF V A R I A B L E S  ( V A R I A B L E  NUMBER = R O W  NUMBER) 
C  - -. .- - . - . -. . -- - N U F A C T  = N U M t I E R ,  OF FACTCIRS I N  THE,, R_EUUCED .FACTQR M A T R I X  -. .- - 
C  F M A T  = R E D U C E D  F A C T O R  M A T R I X  F R O M  F A C T O R  A N A L Y S I S  I 
C  - --- - . . - . - S S l ' R A N  . . .  = S I M P L E  STRUC'TUKE T R A N S F O R M A T  I O N  M A T R I  X- F R O M  , F A C T f l R  A-NBLY.S_I S-1.I 
c No iN  = T O T A L  NUMBER OF R O W S  REMAINING. IN HYPERPLANE FOR E A C H  FACTOR 
C  INP.OWS = ROW N U M B E R S  OF F A C T O R  L O A D I N G S  REMAININg.._I,N-.HYfgPLANE- .--.-.--,--. -- . ................ 
C  

I H.T = ,--G'- .ioE- E"'T--s FOR- -i * ,-, i H.E " * NR b'kl S'- '- 

C F O R M A T  - .  ...... Y E ! ! .  . . .  -- -. ......... .. L 
C  

C 3. F M A T  .. - F O R M A T (  1 0 2  1 ... ............................................................. 
C  4. S S T R A N  - F O R M A T ( 3 1 X r F 1 9 . 8 )  
c 5. R E M A I N  C A R D  - F O R M A T (  F R E E  F O R M A T  E X P L A I N E D  R E L O U  1 . -- - ..... -- ................................................. , .......... , ...... - ... - ...... -. .. - .......... - 
c DELETE C A R D  - F O R M A T (  FREE F O R M A T  EXPLAINED BELOU 
c ---- W E I G H T  C A R D  - F O R M A T ( F R E E  . F O R M A T  ...... E X P L A I N E D  B E L O W )  ............ - ------.---.------ ------, -- 
C F I N I S H  C A R D  - F O K # A T ( F R E E  F O R M A T  E X P L A I N E O B E T O W ~ -  

. ........ ... ...... .....- .................................... ... ..- .... L - -  - - .- - - -- -- 
C ' A N  E X A M P L E  R E M A I N  CARD'-MIGHT LOOK L I K E  - 
C -- .. - - - - - - -- .- - -- -. - - - - .- -- c---- R E M A I N  3 11 **** 1 2  10 7 1 5  16 1 8  4 9 20 5 

C .. --- ... -..-.----.. . .- - . .- .... ---- -- 
C  WT~FRX'-~HE'%~F?O~~R-~~AIN--I'~~COZUMN s 1-6 I N D I C A T E S  T H A T  T H 1  S  C A R D  C O N T A I N S  

C - - - -. 11 . - - -- - V A R I A B L E  - - - - - - . N U M B E R S  - - - -. - - - - - - - ( l r 2 r l O r  - - - . -- - . -. - - - -- ~ ~ ~ ? - ? - . ! ~ ~ ~ V ~ ~ _ ? ~ - ? _ O . ~ ~ ) . . - W H I C H - ~ ~ E  . - - . TO R E M A I N - -  
C  I N  THE H Y P E R P L A N E  D U R I N G  T H E  R O T A T I O N  ON F A C T O R  3. 

C  - - ..... A N  - .--... E X A M P L E  - ........ -'?EL E_TE -CAR"  . .MIGHT L O O X  C!-K.E- -. .. - -  --- -- .. ........ -- 
C  
c---- D E L E T E  3 9 ***** 3  6 11 13 1 2  8 14 1 7  19 

. .  - - . - I -  -. -....... ----- ^ .----_.-.---- ..... -. .-............ ...-..- _._______.______ 
C  
C  WHERE T H E  WORD D E L E T E  I N  C O L U M N S  1-6 I N D I C A T E S  T H A T  T H I S  C A R D  C O N T A I N S  - .... - .......... ....-........ .- .... - 
C  9 . V A K I ~ L E  NIJMBERS ' ( '3;69 1 1 9  129 1 2 ; 8 ~ 1 4 ' r  ~ ~ ~ ~ ~ ~ ' ) - W H I C H ' ~ A R E - ' R " ~ O ~  -BE- O ~ ~ E T E D  
C ...... F R O Y  T H E  HYPER.PLANE D U R I N G  THE R O T A T I O N  ON F A C T O R  3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C A N  i x d f l 6 ~ E  -WE I C ~ T ' - C - A ~ ~ ~  M ~ G H T  LCJLJK' LIKE 

L ............ 
c WHEP.E THE WORD WEIGHT IN COLUMNS 1-6 INDICATES'THA.T  'THIS CARD C'ONT~I.NS-- 
C . - -- - . - . . 4 V A R I A I 3 L E  N U M R E K S  ( 1 ~ 1 0 r 1 5 r 5 )  W H I C H  A R E  TO BE W E I G H T E D  W I T H  T H E I R  
C K E S P E C T I V E  ~ E I G I ~ T S ( - ~ . ~ ~  1.5(3.i;4.0) -DURING T H E  R ~ ' T A T I O N  ' O N  F A C T O R  '3.- 
C - -. - , .. - . . , . . Ah E X A M P L E  . . . . . . . .  F I N I S H  C A R O  . SHUULO . . . . . . . . . . .  L O O K  L I K E  .=.,. .............. ...........,--.....-..-,.....-.- 
C  
c---- 

-- - . . . . . . . .  F I N  iSH . . .  - - . . 
C 

. -  . - .- . - 

C  - . - . - . - - . WHERE T H E  WOKO F I N I S H  I N  C O L U M N S  . . 1-6 I N D I C A T E S  . . . . . . . . . . . .  T H A T  T H I S  C A R D  I S  
c THE L A S T  . D A T A  CARD,  

. - 
C * + * * t f  *** - - .. - - - . - . , , , . 
e ALL i )ATA CIN T ' t i ~ s E  FOUR T Y P E S  O F  C A R D S  M A Y  B E  F R E E  "FURH"I\S -LONG'-AS " B L ~ N K S ~  - 

.. C . . . .  -- OK A S l E K I S K S  A R E  P L A C E D  B E T W E E N  T H E  NUMBERS,  T H E  O N L Y  E X C E P T I O N  I N V O L V E S  
4 ............... ........ 

C  COLIJMIdS 1-6 WH.ICH M U S T  C O N T A I N  ONE OF THE.FOUR -GIVEN W U R D S .  A L S O  T I i E  
C F A C T U K .  N l I Y l j E H  MUST OCCUR F I H S T  F O L L O W E D  BY THE T O T A L  NUMBER O F  V A R I A B L E S  - -............... T O  R E A D  TIii ':iST ER.i SK .A-K E- 'l;l.o-T- ATt j kY  - M A Y  -'-Bi --U-SED..-~OR'--C-L'ARrii +.;--..- 
C  



.... ..... . . . . . .  . - , . . . *  - , .. - - . - 

C ...... - A N Y  C I ~ ~ P . A G  T E R  IN COLIJMNS.-.ZZ~O WH_ICH -IS- NO-r. _A.,.I)!.GIL?. DEG!-WC-.POICI_~. . . . .  ........ 
C B L A N K  OR A S T E R  I S K  W I L L  G I V t  U N P R E D I  C T A B L F  R E S U L T S .  N O T E  A L S O  T H A T  WHEN 

c . . unvi  EIGHTS ARE USEI?  T H E  D E C I M A L  P.01-NT .MU_ST .DOE .INCLUDED_--IN.-?H.EbJEIGHTS~ 
c I F  4 L L  THE D A T A  FUR 4 G I V E N  FAC'TOR C A N N O T  B E  P L A C E D  O N  ONE C A R D  T H E N  
C - .- - THE D A T A  -14A.Y HE COlJT . INUED I N ,  C O L U M N S  ,l-e!I O F  T H E  N E X T  CARD, OF COU-I7%--- , 

C A S I N G L E  NUMBER S H O U L D  N O T  B E  S P L I T  B E T W E E N  TWO CARDS, N O T E  I N  T H E  
c E X L g P L  t A B O V E  T14PT. -THC. .REMP.!N c-C\K.D-*ND. @E!-ETE-&AR.D -!!!_THY. Rf?!C.T-.-I_!! -..--..--, 

C THE S A M E  H D T A T l O N  FOR A  20  V A R I A B L E  PROBLEM, T H U S  I T  WOULD BE P R E F E R A B L E  

-- .- -- C T O  U S E  T t i E  I I E L E T E  ,CARQ . S I N C E  FE-YEP. V A R I A B L E  NU_MBER_S- W O " L D . , ~ E D  ,T_O_-ll. 
c PUNCI1ED. 
C * * * * t * S t *  . . .  - . . . -  - ..... - ............. - 

DI'M~NSII'~N TITLEI  1 4 )  , ' FMAT~  160; ~ ~ ) ; S S T R A N (  1 4 ; l ~ ~ ; ~ - d ~ ( l 4 ~ ; -  
l I N K O W S (  1 0 0 v 1 4 ) , r W E I G H T (  100914) ~ i M P ( j E ( 8 0 )  .KW,ORD(4)9 I TEMP4  100) --. -- ............. ... ... . . - - .- .-.,-.. .-.-- - -..- ---.-.- .... 

DUUBL;~' ~ f l  E C  I s I ~ N " ' T ' T T ~ E  
-. -- - . - -. . - PATA , K W J R ! 3 / 4 v H E M A r  4HOE_L>2%HWf I C r _ 4 t i F I N I /  . - ... - .. - ... - ... - ... - ..... - .. - - .. - . - 

C $ D A T A  K W I J R L ~ / ~ H R E M A I N ~ ~ H O E L E T E ~  ~ H W E I ' G ~ ~ ~ - , ~ H F  INISH~-'- 
D A T A  -. .. I M A G E / R 3 * 4 H  -- / ....... - -- - -- 

C $ D A T A  I M A G E / ~ O * ~ ~ ~  / 
R E A D  100 9 ( 11 T L E  ( 1 1 9 I ~ l r  !5.? .--_--.----.-.- _---.- - - - - - - - - - - - - - - - - - - . - - - - . . - - - - - -  - - - - . -. . - . - . - . - - . . - - . - . 

1 oo FORMAT ( 1 3 ~ 6  ,AZ'~- ' - - ' - '  
R E A D  ~ O L ~ N V A R T N O F A C T  --- 

101 F O R M A T ( Z I 4 )  
DO 1 L = l , N O F A C T  - 

1 R E A D  ~ ~ ~ ~ L D U M T ( F M A T ( I ~ L ) T I = ~ ~ N V A R )  
102 F O R M A T ( 2 X ~ I 3 ~ 3 X ~ 6 F 1 2 . 8 / ( 8 X ~ b F l Z o 8 ) )  

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

R E A D  103~((SSTRAN(I,J)~J=1tNOFACT)~I=lpNOFACT) 
103 F O R M A T (  3 1 X r F 1 9 . 8 )  

- -- c*****BEGIN - - - . - - - .. REMAIr\ i ' ; i>-~-~-fT-~r-~-E-, -~~~r'F-~'N-i 's-~--~j iR-D -- -. ...... 
fQP'"-j--"--.-'- - - - - - - - . . - . - - -- . - - - -- - 

nrl z I..; i , NOFACT 
- 

--- 
N O I N ( L  I=1 
I N R O W S I l t L ) = l  ------.----.---- --- --.-. - . ---- -.------.--.- ---------.- -.--.----.----.-.-.--.-- ---.---.- 
00 2 I = l , N V A R  

. 2 - - . -- . - . .......... ... 1 J E I G H T l  l * L  '=l_t- - 

3 Q E A O  1 0 4 r K T Y P f 9 ( I M A G E ( I ) T I = 7 ~ R O )  

- _ J - O E .  ..... .FOR!!!.!_( 46? 2 X  ! 7 4 A 1 . ?  - . .  -. . --- . . . . . . . . . . . . .  -- .- . .  -- -- - 
C 1 G 4  $F.OHMAT ( A 6 9  7 4 A 1 )  

I P O I N T = 7  -------.-.-.-- . . . . .  . . . . . . . .  . , . - - . - - . ,  .-,---------.-- 
DO 4 1 = I v 4  

- I F t K T Y P E  .... -- ,NE. . . . . .  K W O R D ( 1 ) )  .- . . . . . . . . . . .  GO T O  4 .... . _ . . .  .. 
GO TO ( 5 , 7 r l l r 1 3 ) ,  I 

4 C O N T I N U E . -  -- - - - - -- . -. - - . . - snboNE( - . 
kT-y.P;Ci';-r MAG. i' 

- . -  - - 

R E T l J R N  ---- ---- - - - - . .- 
C*****R EG IN EM* I c;ARD '-&N-A .i'..-- s..r J"- 

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

5 ----- - CALL G E T N i i (  I P n I N T ,  IMAGE,NFACT,OI IMMY - .  
CALL  G E T N O (  ~ P O ~ N T .  I FIAGE r ~ ~ I T E M T O ~ M M Y )  ' " - " 
N U I N (  N F A C T  ) = N l I I T f M  - - . . - . - - . - . -. . . . . . . . .  
D O  6' I = ~ , N ~ I T E M  

6 
--w. 

C A L L  G E T N l l (  I P I I I N T ,  I I Y A G E v  I l \ jROWS(  I r N F A C T )  ,DUMMY) ..-........ . . .  ... . - . . . . .  . - -  . . . . . . . . .  - ----. . . . . . . . . . .  
G O  1 0 -  3 

C * + * 4 * E N D  K E P I A I N  C A R D  A N A L Y S I S  - -- - . - . - -. . -. ... - ... . . . . . .  . . . . . . . . . . . . . .  - . - - . 
C*****REGIN" ~ E L E T E  C A R D  A N A L Y S T S  

7 --- -- - . C A L L  G E T N O (  I P O I N T r  I M A G E  , N F A C T p D U M M Y  1 - .  . . - . -- . . 
~ & L L  '~ETNII( IP'OINT~ I M A G E T N O I T E M , D U M W Y ' )  
N U I N ( N F A C T  ) = N V A R - N U I T E M  --.---- .- -. . . . . - .  . . . . . . . . .  . . . . . . . . . . . . . .  .. 
00 8 l = l r N R I T F q  

- 
H --- -. - - . - . - C A L L  G t T N D (  . I P O I N T T  I M A G E ?  . I T E M P L  I) TDU14MY) . , .-.. . . . . . . . . . . . . . .  

I K N T = O  
D O  10 I y ! ! N V A K  - - - - . - - . . - .. - . . - - . - . -- . - ....... ...... -. ... . . . . . .  
~ r i  9 K=I,NOITEM- 

- . - 



. .. .g. .. . I T E M f ' ( K 1  . * E ( 3 .  - 1 . )  GC) .I!? .. . .,, . .  - - .., ., . . ... 
I K N T =  I K N T + l  
IyKllinlS( I K N b N F A C T  ) . = I  .. . .. . __ . _ _ _  . . _ __ _ _ 

1 0 .  C c i N T I N O E  
. G I ;  T O  3 - -. . - . - . . - - - . - _ .. _ _ _ _  ._ . _ _ _ _  _ _ ._._ .. _ . . _ - -  - -. - - 

C * + ~ - * ~ E N ! I  D E L E T E  C'AHD A N A L Y S I S  - 

C * * * * * U E G I r . J  i J E I G H T  C ; ? R Q - P N A L Y S I S , .  . ,.,. - . .. - A - . - .  .. _ ._, . _. _ _  . __. ".._ 
1"i C A L L  GETN;I~ I P O I I \ ~ T ,  I M A G E , N F A C T , D U M M Y )  

. CALL G E T N O (  I P O I N T ?  I-FAC,! ,NC! ITEMr i3UMMY 1 . . - . . . - - .- . - - . - . - . -. -. - - . . . -. . -. , . . - - . - . 
DO 1 2  I = l , N O I T E M  

.- .- - - -. .. - C.A,LL G E T N ( I (  1.Pi)I Y T 9 . I  yAGEr'rJRJIWJ C)UMMY !- - . .- . - .- .- . . - - - - . . - - - - -. . - - - -. . - - - - .- . . . . . - . . -. . . - - . 

1 2  CALL G E T N O ( I P O I N T ~ I M A G E , I U U M M Y ~ W E I G H T ~ N R O W ~ N F A C T ) )  

-----. :,-. ., G!?. .LO 3 .  . - _ .  _ _  _ _. _( _ . .  _ . _ _ _  . -  ^ 

~*****END w E IGHT CAR'D A N A L ~ ~ ~ ~  

C** * * *BEGIN  F I N I S H  CARD.AN_A!-YSIS-- --  _ -  .. - , . - :  ----: - - -- _ - - -. - - - . - .- . . . - . - -. - - . . . - . - 
1 3  R E T U R N  

C*****'EPJD F I N  f SH C A R D  ANALYS!_$--- .- --- - --- . - - .- - -- - - - - --- - - . . . - - - - . 
C * m * * E N D  REMAIN~DELETE,WEIGHT*FINISH CARD INPUT 

E N D  -_ ---I_.I .---__ _ .. . ---.  . _ _ _ _  _.__ --_-. ____ . __- -__ _ . _ _ ^  -- _._--Î  ._..-------_---_----I.--.- 



2 NUMKNT=I) - "  - . . . -  
I POMER-'-1 

3 -- -- ---- -- OR .EQ. MSTERI I GO TO 9 1 F ( KH*K_.-,EQ =..-MLANK.!.- 2 (_KH*.?--- ---- -.- ......... --..---.----.,. ... - -..--.,.- ---.-----. - - . - - - - -  
I F ~ K H A ~ ~  ,NES MECPT-I GO TO 5 

- IF(LqP_WwI':Pp,E-&. ._!,XI_) !-.GC]-.._!V2!. -- - 
CALL 8ADONE(4HZDEC*IMAGE) 
GO TO 11 ......._............_._......._...........__...._ ..... .. . - _- .... 

4 IPOWER=NUMKNT+l 
I P O I N T = I P U I N T + l  __ __-_ --... ----. ....... ..- . . I . _ _ - _ _ _ - . . _ _ - - - _ . _ - - - - _ _ _ I I _ _ _ _ _ _ _ _  

I F ( 1 P Q I N T  .GT. 801 GO TO 9 
KHAH=IMAGE( I P O I N T  ) ............ 

*- -. - . -- - - - . - - - - . - -. -- - - - - - - - . -. . , .. .. - ............ - , .. - . .- .. - ..... -. -. 
5 I F ( K H 4 R  .NE. MIGITS( 10) 1 ' G O - i n  6 

NUMKNT=NllMKNTt 1, _ _ ........... .... 
NUMBER( NUMKNT) =O 

7 CONT INlJE - -- - -- . - - - -- , .. -. - - - . . .. - . . ......... -- ... - -..------..---.--..- -.--------.--.- ..-,.----------- --.-- 
CALL ~ A D O N E ~ - ~ H ~ ~ ' ~ ,  ~ M A G ~ ' )  

- .-- - - -- - - MUC T= 1 . . . .  . . . . . . .  .- ........ . . .  .-* .*.-. . a . o -  - -  - =.>---a .-. . . . . . .  
I'UP=MUMKNT+ i 

NVAL=NUMREK ( I IJP )*YULT+NVAL . . . . . .  . . - . - . , - - . - .  - -, -. .. - .. - . - . . . - . . - - - ., 
i'o ' ~ i ~ i i ^ ' = M i l ~ ' r * l o  

- . -- . .- - - - - - -. I F (  IPOWEK .EQ. ( - 1 )  1 GO TO 11 
. . . . . . .  - - 

pd~o=ld*si NUMKNT- IPOWEW 1 

. - . - . , - - . - FNVAL=NVAL . . - - .- . . - . - 
WT=FNVAL /PROD 

11 -,di-T-uR I P O I N T =  k.-.. .. I P O I N T + l  * .  . .  - .  -. . . . .  - - 

E N D  - -. . .- .... - 



Sili?;7!:)UTINE, I N C R E M ( ,  IPOINT, IM.AGEj !  . , . - . . . . . . .  . - .. - . . - ... - ... .- -. - .. ..- .. -- . - -- -- -- .. - ... - -. - - - ...... ... 

C . T H I S  Si.JF31IOUT I N €  I i U C K E M E N T S  . ' I P n I N T  A N D , ' K E A D . S  N E X T .  CARD IF NECESSARY 
i11r4c-r.;s ti)? I IYAG<(,-~o!. , , ,  . . . . . .  . . . . . . . .  .... . .  . . .  . .  .. . . - .... - . - .... -. .... . - -  . - - - - - - - - .- -- - 
IF( I P U I M T  .LT .  H C )  GO TO 1 



RE.Tt.IRN , . . . . . . . . . . . . . . . . . . . .  - - -- . . . . . .  - ............-.. .- ..... - .. - -- - - ..... .. - .... -. ...... . 
END 



... . - . S U t i R u U r  I N E  K L l T A T E j  FHpT.,  SSTHAN,NVPRpNQFACT,NOIN, IN?_OL!St)JE.!GHTt7_ 
l S S i \ I A T ,  S S U R D ,  INDEX 1 

.- c ...... T H I S  Sil!iK111JT INF, PEhFUT(MS - A N  O P L L C I J E  R . O T A T I 0 . N  U N .  .?.HE. .F~T_Ofi-_M-ALtLX.t-_.F_M?.L.~-. . 
C AN0 L E A V E S  7HE N U M E R I C A L L Y  O R D E R E D  R O T A T E D  M A T R I X  I N  S S O K D  ( W E I G H T S  USEf l )  
C  D M A T  = SI.JHSET L ~ F  , F P C T O R  M A T R I  X . .  (C(1MPOSED. , Q f ~ - ~ E N A ~ N I ~ ~ ~ - ~ N N R O W S )  , .--- - - .. -. - ...... - . . .  .- . . . . . . . .  
C  N T R Y A T  = ~ % . 4 i . 1 3 ~ ~ 1 ~ ~ ' 1 3 ~  (.~F.IGHT * D M A T )  
C  -. -- . . . . . . . .  6 M A T  , = rdTF.,lclAT * U M A T  - - -- - . - -- - -- - -. -- - - -- - . -- - - .- 
c U M A T  .= SOLUTIIJN ~ t i  T H E  EQUATION, E M A T . - &  UMAT = S S T R A N  

. . . . . . .  C  SST3.A.N =, N O R M A L  I Z E D ,  U M A T - .  -- -. -- - - . -- - 
C  S S M A T  = F M A T  * S S T R A N  

c S S O K D  = N U M E ! I I C A L L Y  ORDEREL1 S S M A T  .............. .................. - .- - --. . -. . - . - . . - . - . . --.- -,... 
DIMENS'I~N' F M ' A T ~ I O ~ ; ~ ~ )  ; 3 s ~ d ~ ' f i ' i . i 4 ,  i4 i ;~O'I-~( i '4) ' , '1 ~ r i d ~ ~ (  l o o ,  14). 

1 w E  I G H T (  1 ' JOr -14 )  * S S ! ! A T ( - ~ O ~ _ V . ~ ~ )  7 S~~?O!_10Qr14. )* I -~?.KX(  100.?-1_4.!, .- . - - . . -- - . .- . - - . . - . . 
DIMENSION L ) i 4 A T ( l O 0 ~ l 4 ) r ~ ~ ~ ~ ~ ~ ( 1 4 ~ 1 ~ ~ ) ~ ~ ~ ~ ~ ( 1 4 ~ ~ 5 ' i ; ~ ~ ~ ~ ( 1 4 r 1 5 )  

C * * * * * S T A H T  ........ R O T A T I O N  ................ - .. - ........... 
00 1 C  L = l , N O F A C T  
N I N = N O I N ( L  1 - - . . -  _ _ _ _ - _ _ . _ . _ -  -I__._-.._ ---.-- .... -..---. . .____--..---------.-- -I-.---- 

C * * * * * B € G I  N C A L C U L A T  I D N  OF D M A T  A N D  W T R M A T  

-. _.oo.-r-.I-=-l-r-N_!N ..... - ..... ... -- - ........... -- ... ..- 
I N R f l W = I N H L > W S (  I ,L )  
DO 1 J = l p N O F A C T  _ ___ _ _ _ _  __ __ 
D M A T ( I I J ) = F M A T ( I N R O W , J )  

- 1 - -  - .  W T R M A T ( J , I ) = W E I G H T ( I N R O W , L ~ 4 D M A T ( I ~ J )  -- - . -  -- -. -.- ----, -. . -- - - - - .  - - - -  --. -.- - - . -_ --- 
C*****END C A L C U L A T I O N  O F  D H A T  A N D  W T R M A T  

C *  ****B EGIN-LALCU_LA_LIONAF-EM.AI_--- ........ .- 
D O  2 I = l , N O F A C T  - 
00 2 J= 1 tNOF_n_cL 
E M A T (  I, J )=O. 
D O  2 K = l , N I N  .......................................... _ I _ _ - _ . _ _ _ _ _ _ _ _ _  -_ ... . ........ ........--..- --------.--.----.-.---- 

2 E M ~ T ( I ~ J I = E M A T ( I ~ J ) + U T R M A T ( I , K ) * D ~ ~ A T ( K , J )  
C * a * * * E N D  C A L C U L A T I O N  O F  ?EAT- _-- - -, -- - - - - - - -- - - - -. . - - - . -- - -- -- - -- - - - - -. - - - - -- -. 

C+****BEGIN C A L C ~ J L A T  ION OF SOLUTION VECTORS-..U~IAT 
no 3 I=-1,NIIEAC.T . . ... - - - - - . - - - . . - . . - . . - -.. . . . . . . . . . . . . . . .  . . . .  . ... ... .... . . - - - - -. - - - - -. - 
U M A T (  I  NOF FACT+^ I = s s ~ N ( - ~ ~ L ' ) ~  - 

00 3 J = l , N C I F A C T  ._ ...................... _ . ....... - ............. .___._._.-_____-.II-. .... ---.-I. 

3 U M A T (  I t J ) = E H A T (  1 . J )  

............................ ............. .. .......... -. - - - .. . . . . . . .  ... .... . . !1 :.NOFAI.T+I- - -. - -- -. -- - - - 
D Q  6 K= ~ T N O F A C T  

.... Y l = K + _ L _  - - __ -  . . -- --- . - ............ - ... - ... -. . - - .. - ............ - ... - .... - - . - - --- - - - ..... -- - - -- . - 
DO 4 J = K L , N I  

4 U M A T ( K ,  J ) = U M A T ( K ,  J ! / U M A T ( K * K )  -----.--..-----. .. , -.........-... -. ....... ........ ..... ...................... ---..---.----..--.--..--7.------- .. 
00 h I = l , N [ J F A C T  
I F t I  .E13. K ) -  GO TI) 6 - -- - - - . . . . . . .  . . . . . . . .  . . . . . - . . .  . .. . ....... - - - ......-............-. 
00 5 J = K l . N I  

5 . -- - - - .. . . i J M A T (  I , J ) = U M A T (  I, J ) - U M A T I  I , K ) * U M d T ( K , J )  . . . . . .  . . .  - . . . . . . . . . . . . . .  
6 CONT I NUE 

C**+**ENIJ  C A L C ~ I L A T  ION OF SIJLUT ION V E C T O R ,  U H A T  ................. ..... - - - . . -. . . ............. =. 

c * * * * * B E G ~ ~  rJi)x~-$i IZ A T  I ON (IF UMA.T ~b GI'VE . ' A ' - N E W ~ S S T R A N  
S U M U 2 = I l .  .................................................... ......... .. . ...... - .... -- - .......... - ...... - - - ..- - .- ....--.. - . - .... .. 
00 7 I = l , N Q F A f . T  

7 S U M L l 2 = S U M U ? + U M A T (  I, N I ~ F A C . T + I  * *2  . . . . . . . . . . . . . . . . . . . . . . .  -- . . . .  - .. 
- S ( J M U 2 = S ( J R T (  S11MlJ2 ) 

UO t.3 I = l , N u F A C T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............. 
R $ ' s T ~ ' A N (  'r , L  I=U'I;~AT( I ,NOFACT+ I  ) / S U M U ~  

C**** * tNI ' )  - - . . . .  - - NIJ I IMAL I  Z A T I I . l N  O F .  U M A T  T O  G I V E  A NEW S S T R A N  . .  ...... - .  - -- 
C * * * * * S E G I N  C A L C U L A T  ION-.~IF S S M A T  

DO 9 I= 1 * N V " f 5 .  ........ - -  ..-......................... .................... --- ... .. - ....... - .- -.- - . ........... 
S S M A T (  I , L ) = O .  



. . 
- ........-. .. .............. C* *F-*.+END r!-U.T A T  I [!M .......... . . . . . . . . . . . . .  - -- ....... 

C** * * *BF :G lN  N O t l E ; I I C i \ L  U K D E ~ ~ I N ( ; - ~ ~ F  THE S I M P L E  STRUCTURE R O r A T E D  M A T R I X  

C A L L  OKPF,R!  SSf?47r N_!!?Pr NOLA-C !xsSOROt..IMDEX_! . .... ...----.-I.----..---- ...... 
C * * * * * E [ " ~  ~ ~ U M E H I C ~ L  S I R O E K I N G  OF THE S I M P L E  STRUCTURE R O T A T E D  M A T R I X  



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

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

. . . .  ........... .... . --. S,UHRl\UT I N E  O i i D f  K ( A R R A Y  9 NVA3 rN(j,F~h&.T:iA.R.!?QRDr 1,NC)EX.I. , _------. :.:.:: 
C '  - T H I S  Si)BRI:.!IJT I N f .  A R R A N G E S  T H E  M A T R I  X, A f iP .AY I N  D E S C E N D I N G  N U M E K I  C A L  O R O F R  
C  AND, LEAVE5 Tt1E ClK!)ERti), M A T R  I X .  I N  - A K R Q R D  W I T H  Ti-(E .QRDERf!!.)- j.ND!CC$-j-M-_INDE-X- - - . -- . - .- . . - - - 

I )1Mt7. i \ lSIO~. l  A S R A Y (  L r ? i l , 1 ~ t ) , A R R U R D (  1 0 0 , 1 4 ) , T N ~ E X ( 1 0 0 ~ 1 4 )  

. . . . . . . . . . - . .  ...... . . . . . . . . . . . .  ..-... ................ --.- -. ......... L!.JG I C ? L  S'rJAP _.^__  _ - -  
N V A R  l = N V A H -  1 

. . - . - -- - . . L)y .5 L = ' l  , N i l F A C T  . . .  - . , . . - . . . - - . - -. .- - . . - .- - . -- . .- . - - - . 

D O  1 T = l * h V A K  

rrjpt:x,c r , L I.= I . . . . . . . . .  ............... - - ..... -- - - -. .. - ... - - - - . -- .- - . . - . 
1 ARKCIRD( I,L)=ARRAY'( I ,L )  
2 SWAP=.FALSE,  . . . . . . . . . . . . . . . . . . . . . . . ._.._..._...  -- -- ,- .- - . . ...................... ... . ..... --- ---.. ----- 

D O  4 I = ~ ~ N V A R ' ~  

. . . . . . . . . . . . . . .  I._F.i.4RP?R.D(.,!~I.!.:*?F_!.1RD(.I.+ 1.*L ! . 3 *  49 4 - ................. - .. - . .- .... 
3 S T O H E = A R R O R D (  I , L )  

----- A R R O R D (  - - --- - - . - -. - I-!-!.?-:!!.RPi7R!Z!-!_+ LLC) :-,, - ........................ . . . . . . . . . . . . .  
A R R Q R D (  1 + 1  * L  ) = S T O K E  

' I . S T O K E =  I M D E X  ( I3.L ) .-......-... .....-..... . ..-. - .-------.-.. --.--- .-.." ... .--.--.-- ....... 
I N D E X (  I l L ) = I N D E X l  I + l t L )  
I N D E X (  I + l ; L ) = I S r O R E  __ _ -. - - 

SWAP= .TRUE.  . . 

4 C O N 1  I N U E  ........._..... . . . _ . _ _ . _ _ . . _ . . . . . . . . . . . . . _ . . . _ . . I _ . . . _ _  .... .....-. 
I F ( S W A P 1  GO T O  2 

- 5 C O N 1  I N U E  . ... ._ ____._.__ __- -..-- - __ -_____).-... _---- 
R E T U R N  
E N D  . . __ _ - .  _ . - ......... 

1 



- . - - . .- . " -- - - .. .. .- 

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

- . .  . . sUl'rt111ilT  IN^ (.!UTFA:.$(.l 1 , T L E r  S_S9RDr I N D f  X ,  S.STRAN-tCOSMAJ.,NVA-R, _NQ!?.ACI!. - 
c T H I S  SUHROU.1 I N E  P R I N T S  AND P U N C H E S  T H E  O U T P U T  FROM F A C T O R  A N A L Y S I S  I 1 1  

- . . - . - - - . . . . Q I ! Y E j \ S l ~ I N  l ' I T L E (  14J-,SSO.YD! 1!: !0p 1 4 1 ,  I N D E X (  100,1.4.1 r S . 5 T K A N ( - 1 . 4 ~ . 1 4 ! . ~  
l C S S M A T (  1 4 , 1 4 1  , 4 S ' T ( t j C ) )  , T S I G N (  l / i ) ~ I O u T ( 3 ~ 1 4 )  

.- . . IIOIJBLE PKEC I S l U N  T I - T L E I A S T  , . -- . . - . - . - . . .. , - . .. . .-. .-... ...-- .- -.-.. 
C  f i . ) ~ l l l i ~ ~  P ~ C C  I SION T I T L E  

- . .. . O.AT? A S T / b C * ( > H * * * * * * /  .. , . - . . . . . . . . . . . . . - . . -- -. . -. - -- -- -- - - - .- 
D A T A  P L U S , T M I ! \ I U S I O N E / ~ ~ ~  . r 2 H - . p 2 ~ 1 . /  

- - - -. - - - -. - P_p.INT 190, ( A S ? (  I ) r . I = l  *44 . ) . r  ( T I T L E (  1 1 . ~ 1  =lt1.6!.?Ip.STl ! )  r I = _ l  ~44-!.. 
~ ~ C - " F U R M A T (  1 H 1 / l H 7 / 1 H Z r  2 (  2 1 4 i > ~ b 5 / 1 ~ ) / 2 6 ~ ~ 1 3 A b ~ A 2 / / l X p Z (  2 . 1 A 6 , A 5 / l X )  I 

C A L L  . O U  TMAT! SS.l jRD* 1NI)EX Y;STP?N,.NVAP_~NOFAC~.*-?~T.~~HSL*PLE STftU!*-"RE -_---.-__ -,- .- 
1 R ~ T ~ T E D  M A T R I X  P O )  

P R I N T  101- - - - .- . - .- . :* : . a = 3 -  ,-3 . c=: . z... 3- .. ..--...>-8 .:-.so.-- .- - e..-----.--., .----*-, 

i o i  FLIRM'AT( / / / 2 ' 2 x  . i b ~ c r j ' s ~  NE MATRI X I  

- -. - - - - P R I N T  102 _r..!C.* I;= !.!.NOF.?_CT. )--. - -  .- - .  -. ' i. 
102 F O ~ M A T ( / / S H  ROW , 1 4 1 9 )  

P R I N T  1 0 3  - ,- " -  --. . -. 
103 F O R M A T  ( 1 X  

00 6 I = l p N U F A C T  -- . 

D O  5 J= 1, N U F A C T  
ELEM=O.  . - - - -- - .- - . . . -- - - - - . -. - - - - . . - .- - . - - - - -- - - - - . -. . .. - .. . -- - -- 
I F ( C O S M A T (  1 . J )  1  1 ~ 3 ~ 2  

0 0 0 5  1 .-- F_LL!!A.ESL CO??!! !- E rL! I I-- --. - ..- . - . .. .- -. .- ---------.-- - - . - - -  
T S I G N (  J ) = T M I N U S  
GO T O  4 - - --- - . . - . . - - . . - . --. - - - -. - - -. - . - - - . - - - - - - . - .- -- - 

2 E L E N = A B S ( C O S M A T ( I ~ J ) + - O O O T ~ - - . -  - 
-- 3 T  S I GN(JLz_p-L.LJ_S_.- ---,- -- - 

4 I F t E L E M  *GE.  1.0) E L E M = * 9 9 9  
I U U T ( l , , J ) = E L E M * l O .  ---- Io"r - . - ( *, --- ) =ELEM* - - -* - -. O O  .- -- .-f:LO-&-j -. . . - -. - (--IO-"-T(-l.',.ij ) * 16-..----.- -- -' --..--------. ----- ' -.-- .---- 

E! Kur!_?.?.dl-= ELEM?L!?!?.c.!F.L?.Pfi_I_O UT(1-? JL!-P_IUO?IZF~-~~..I~!_O_I!~~.?__~_?I)~~~.~~~.~ 
5 C O N T  I N'JE 

-- - . - - -- - - - - T S I G N ( I L = P N E  -. - - - - -  - : . - -  
r o u ~ i i ,  I I=C 
I O U T (  2 9  I )GO - --- Io"~($';-I-i - ..=c!. . . . ' ---.,-- 

6 P R I N T  104r~Ip(TSIGM(J1r(IOUT(KrJ)~K=lr3)tJ=l~NOFACT) -- - -. - - . . . - - - -. . .. . - 
104 F U K M A T ( ' ~ X ~ I ~ ~ L X ~ ' ~ ~ ( ~ X ~ ~ ~ ; ' ~ I ~ ~ ) )  

~ I = ~ ~ ~ C ) ~ ( ( I ~ J ~ S S T R A N ( I T J ) ~ J = ~ ~ N O F A C T ~ ~ ~ = ~ ~ N O F A C T  -----.PiL'!' C" - - 10_5_r (3 ST. I -I_). - . .- -. -. . . - . - . - . - . -- . . -. . . - - -. -- . - - . . . - . .. -. . -. - -, -- - 
1 )  
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