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An Algorithm and FORTRAN-IV Program for Large-Scale 
Q-Mode Factor Analysis and Calculation of Factor Scores' 

J.  E.  K l o v a n  ~ and J.  Imbrie  3 

An algorithm and FORTRAN-IV comptaer program. CABFAC, )tOl" Q-mode factor analysis is described. The 
program will accept up to t5(X) items and 50 variables on a moderate-size compttter. KEY WORDS : factor 
analysis, principal components analysis. 

INTRODUCTION 

Q-mode factor analysis is a multivariate procedure useful for studying relationships 
among items. The technique has been recently applied to geologic problems (Imbrie 
and Vail Andel, 1964: Harbaugh and Demirmen, 1964; Klovan, 1966) and programs 
for its implementation are readily available (Manson and lmbrie, 1964; Klovan, 1968; 
Ondrick and Srivastava, 1970; lmbrie and Kipp, 1970). Because the method usually 
involves the computat ion of an N × N similarity matrix (where N equals the number 
of items in the study) and N is, in most studies, usually large, these programs can only 
be run on large computers. A practical limit of 200 items is usually encountered even 
on large machines. 

The present program, CABFAC, Calgary and Brown Factor  Analysis, is designed 
to accommodate  up to 1500 items on a moderate-sized computer,  such as an IBM 
360150. This is made possible by making use of  certain properties of  the matrices used 
in the analysis; rather than factoring an N ×  N matrix of  similarity coefficients an 
n × n matrix of  cross products is factored, where n is the number of  variables used. 

DEFINITION OF MATRICES 

The following notation will be used: 

X is the N × n raw-data matrix, where N is the number of items (rows) and n is 
the number of variables (columns). 

D is an N× N diagonal matrix containing the row-sum squares of  X. 

Manuscript received 26 August 1970. 
-" Department of Geology, The University of Calgary (Canada). 
3 Department of Geological Sciences, Brown University (USA). 

61 



62 J. E. Klovan and J. lmbrie 

W = D ~/2X is the row-normalized data matrix, that is, each item in W has unit 
vector length. 

S = W W '  is the N x N cosine-theta matrix, that is, the degree of  proport ional  
similarity between each pair of  items, 

P = W' W is the n x n matrix of  cross products among the n variables. 
A is the diagonal matrix of  nonzero eigenvalues of  S. 
U is the columnwise orthonormal matrix of  eigenvectors associated with A. 
Q is the principal factor-loadings matrix. 
F~ is the principal factor-score matrix, colunmwise-orthonormal .  
Fp, is the scaled, principal factor-score matrix• 
V is the varimax factor-loadings matrix. 
F,. is tile varimax factor-score matrix. 
F,, is the scaled, varimax factor-score matrix• 

P R O C E D U R E  

The usual solution to a Q-mode factor analysis consists of tile following steps: 

(1) W = QFp', the basic factor equation (Harman,  1967). 
(2) W W '  = S, the cosine-theta matrix ( lmbrie and Purdy, 1962). 

Q, tile factor matrix associated with S, is computed such that:  

(3) QQ'  = S, conditional on: 
(4) Q ' Q  = A, and 
(s) F . ' F .  = S. 

I t  is also true that:  

(6) U ' S U  = .\,  and it follows that:  
(7) Q = U.\ --~. 

The factor score matrix may be found from: 

W =  QFp' and O ' W  = AFt ' .  
(8) Fp = W'QA '. 

The procedure followed in CABFAC takes advantage of  certain properties of  these 
matrices to achieve tile same results but with less stringent storage requirenlents. The 
steps in this procedure are: 

(9) W' W = P, the n × ,7 cross-products matrix. 

We also define: 

= * t (10) t / 'pLi  A, where U and • are tile eigenvectors and eigenvalues associated 

with P, that is, P = UAU' .  

Here, note the order of P is equal to the mimber of  columns of  X, whereas the 
order of  S is equal to the number of  rows of  X. 
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It is known from matrix theory that the nonzero elements of.~, which are the eigen- 
values of W ' W ,  are equal to the nonzero elements of A, the eigenvalues of W W ' .  

Thus: 

Because ~J is orthonormal we may write the equation in step(2) as S = W W '  = W~J[J' W '  

or 
(12) S = WU(Wt))'. 

Because of (I 1 ) we may write .\ = L/'PU or .\ = U' W' WU 0, 

(13) . \  = (Wb) 'WLL 

Comparing (3) with (12) and (4) with (13) we see: 

(14) QQ" = S = WU(W/.~)' and 

(]5) Q ' Q  = .\ = ( W U ) ' W U .  

We may therefore write: 

(16) Q = Wt~L 

Tile principal factor-score matrix becomes F, = 14/'QA -~ = W'Wt~/A ~ = PU.\-~ 

= b .  

Thus, instead of having to store and diagonalize the N x N matrix S, we can achieve 
the same results by diagonalizing the n x n  matrix P and perform simple matrix 
multiplication to arrive at the desired matrix Q. 

FACTOR S C O R E S  P R O C E D U R E  

As noted above in (17), the factor scores, which are an estimate of the "composition" 
of the factors, are obtained directly by the procedure outlined here. Because the size 
of the numbers obtained in F, is in part a reflection of the number of variables used in 
the analysis, the present program, in addition to the factor scores above, adjusts, or 
scales, the factor scores by multiplying each of them by the square root of tile number 
of variables. The resulting matrix F,., makes possible the comparison of tilctor scores 
between studies in which different numbers of variables have been used. If all variables 
in a study are equally important in a factor, then each scaled score equals unity. The 
minimum absolute value a factor score can attain is zero, indicating that a variable 
contributes nothing to a factor. The maximum possible absolute value, occurring 
when other variables have zero scores, is ~" n. 

R O T A T I O N A L  P R O C E D U R E  

The principal factor matrix is rotated to satisfy the varimax criterion using the well- 
known method of Kaiser (1958). 

Varimax factor scores are obtained from the expression: 

(18) F, ,  = For  
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where T is the varimax transformation matrix and F,, is the varimax factor-score 
matrix. The scaled, varimax factor scores F,,., also are computed, as is the varimax 
factor-loadings matrix V. 

EXTENSION OF A FACTOR ANALYSIS TO ANOTHER DATA SET 

After performing a factor analysis on one set of  data from a universe of inquiry there 
are occasions when it is desirable or necessary to extend these results directly to another 
data set from the same universe without the usual algebraic manipulation. After 
factoring foraminiferal data obtained from samples widely distributed over the Atlantic 
sea bottom, for example, lmbrie and Kipp (1970) wished to describe fossil assemblages 
from one deep-sea core in terms of the varimax factors gained from the sea-bottom 
study. Because the same species occur in both sets of  data this objective is possible, 
using the procedure described below and options available in CABFAC. The results 
achieved are, in this example, considerably different than would be achieved by factor- 
ing directly the fossil assemblages from each core. The sea-bottom factors describe 
the fauna in terms of  ecologic variation patterns characteristic of  the entire Atlantic 
ocean, whereas factors obtained by the usual analysis of the core data would describe 
the faunal variations in terms of  ecologic changes occurring at one particular site and 
representing a much narrower range of  variation. By extending the sea-bottom factors 
to the core samples it is possible to interpret the factor analysis of the fossil record 
directly in terms of the modern ocean. 

Consider a factor analysis of  a set of data X in terms of  the varimax solution: 

wx= K~F,.' 
where W.~ is the normalized data matrix corresponding to X, and Vx is the correspond- 
ing varimax Ioadings matrix. Because F,,' is columnwise orthonormal, we can solve the 
equation for I t  by writing 

v,.= W~F,, 
and view F,. as an operator analyzing any normalized data matrix into varimax 
components by postmultiplication. Thus, given another set of data Y from the same 
universe of inquiry, and a corresponding normalized data matrix W,., we can resolve 
it into the original varimax components by postmultiplication : 

V,.= H~.F,. 
Options in CABFAC provide punched output for F,. and H~.. Thus, given F,, from a data 
set X, one can factor data set Y simply by obtaining H~, and performing the appro- 
priate matrix multiplication. 

P R O G R A M  DESCRIPTION 

This program has been designed with four objectives in mind: (1) solution of large 
data matrices: (2) minimizing the size of  core requirements; (3) ease of  use; and (4) 
maximizing the useful output. 
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As presented here the program will handle a maximum of  t500 items (rows of  
data matrix) and 50 variables (coIumns). It will extract a maximum of  10 factors. These 
restrictions can be expanded by changing the appropria te  DiMENSiON statements. 

To ensure ease of use, the control cards required to run the program have been 
kept simple. The penalty for this is that only a few options are included. It is felt that 
individual users may want to add their own options for their part icular needs. 

The program is designed to do multiple jobs;  several sets of  data may be stacked 
for one machine pass. 

In many studies it is not possible to specify in advance the optimum number of  
factors. Our program overcomes this problem as follows. First,  the user decides how 
much of the total information, in terms of  sums of  squares, he wants to retain. In 
situations where little is known about the data it is suggested that one should be 
generous and ask for 99 percent. The program will extract and rotate the number of  
factors necessary to account for this percentage or a maximum of  10 factors, whichever 
occurs first, it also will ignore any factors whose eigenvalue falls below 0.000I. 

Determining the number of  factors in this manner does not, however, insure 
that all of  them will be useful when rotated. In order to avoid several reruns, the follow- 
ing rotational procedure has been adopted. First, all the factors extracted according 
to the above criterion are rotated. Then, the least significant factor is deleted and the 
rotation is done again. This process continues until two factors have been rotated, or 
until less than 75 percent of the total information remains. In this manner the user can 
see all possible varimax rotations after one pass and select the appropriate  one. Factor  
scores also are computed for each set of  rotated factors. Whenever three or two factors 
are rotated, the varimax matrix is recalculated and printed in row-normalized form 
so that each row adds up to 1,0. This is for convenience in plotting on a triangular 
diagram. 

If the user knows the number of  factors to be rotated prior to the run, he may 
specify this number on the control  card and only one varimax matrix and associated 
factor scores will be calculated. 

P R O G R A M  INPUT 

Control Card 1 

Columns 1-2- - the  number of separate jobs to be run. For  each job,  control cards 2-6 
are necessary and precede each data deck. 

Control Card 2 

Columns 1-80--alphanumeric  title of  the job.  

Control Card 3 

Columns l - 2 - - N V - - t h e  number of  variables (columns) of  the data  matrix (maximum 
of  50). 

Cohimns 3 - 6 - - N S - - t h e  number of  items (rows) of  the data matrix (maximum of  
1500). 

E 
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Columns 7 - 1 1 - - Q U I T - - t h e  stopping criterion, that is, the total percent of  
information (sums of  squares) to be explained by the factors. For  example, 99.9 
(a decimal point must be punched) means that factors are to be extracted until they 
account for 99.9 percent of  the information in tile data matrix. 

Columns 1 2 - 1 3 - - N R O T - - t h e  number of  factors to be rotated in the varimax 
rotation (maximum of  10). If this is left blank the number rotated is taken to be that 
number required to give the percent information required as specified by QUIT.  Then 
the last factor is deleted and the rotation is repeated. Tiffs process continues until only 
two factors are rotated. 

Column 1A. I P U N - - a  one causes the row-normalized data  matrix, the principal 
factor matrix, and the unscaled, principal factor scores to be punched. If N R O T  and 
IPUN are both nonzero, the desired varimax factor matrix and associated scores 
also will be punched. 

Column 1 5 - - 1 T R A N S - - a  blank or  zero results in factoring of  the data  as read 
in; a one transforms each variable to a percent of  its maximum value; a two trans- 
forms each variable to a percent of its range. 

Control Cards 4 and 5 

Input data format cards. Their form is discussed in the following section. If  all the 
necessary information call be placed on one card, a second blank card must follow. 

DATA C A R D S  

The data matrix should be punched rowwise, that is, variables for each item are 
contained on one or more cards. 

Tile first 12 columns of  the first data card for each item are reserved for alpha- 
numeric identification of  the item. Thus, the input format card should always begin with 
3A4. For  example, if 15 variables (columns) are present in the data matrix, data 
cards might be punched up as follows. 

The first 12 columns of the data card would contain the name of  the item, the 
first six variables might take up tile rest of  the card in fields of  10 digits, and the re- 
maining nine variables might be on a second card in fields of  eight digits. The format 
statement to be punched on C A R D  4-5 would be (3A4,6FI0.3/9F8.2). 

M A C H I N E  R E Q U I R E M E N T S  

The version presented here runs successfully on an IBM 360/50. It uses approximately 
170 k bytes of  memory. 

The card reader, printer, and punch have been assigned variable names. The 
numeric values of  these units may be changed in the first few cards of  the main program. 

In addition, two scratch tapes or working areas on disc are required. Again, these 
are assigned variable names and may be changed to suit a particular system. 
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A C K N O W L E D G M E N T S  

Discuss ions  with Dr.  V. M a n s o n  o f  the  New Y o r k  M u s e u m  of  N a t u r a l  His to ry  and  
F. E. Steidler,  Esso Resea rch  and  Eng inee r ing  Co. ,  c o n t r i b u t e d  m u c h  to the  deve lop-  

men t  of  the  a l g o r i t h m  presen ted  here. Design and  tes t ing  o f  the p r o g r a m  was d o n e  at  
The  Univers i ty  o f  Ca lgary  with the  s u p p o r t  o f  a N a t i o n a l  Resea rch  Counc i l  o f  C a n a d a  

g r a n t  to  the  sen ior  au t ho r .  A d d i t i o n a l  tes t ing  a n d  d e v e l o p m e n t  o f  the  fac to r -ex tens ion  
p rocedure  were car r ied  ou t  at  B r o w n  Univers i ty  by the  j u n i o r  a u t h o r ;  the  research was 

s u p p o r t e d  by N a t i o n a l  Science F o u n d a t i o n  G r a n t s  N S F - G P - 4 9 9 4 ,  N S F - G A - 1 3 0 3 ,  

and  N S F - G A - 1 4 8 5 3 .  
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A P P E N D I X  

Listing of  CABFAC in ~ORTRAN-W 

C CAB~AC 
C O-MODE FACTOR ANALYS~S USING DUALITY CONCEPT 
C J . ~ .  KLOVAN 
C OEP T OF GEOLOGY 
C UNIVERSITY OF CALGARY 
C P~VISED ~ERSICN JULY 10.!97C 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C CONTROL CARD BET-UP 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C ~ IRST CARD COLS I -2  : THE NUMBER CF JOBS TC RE RUN 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C ~DR EACH JOE THE FCLLOWING CChTRCL C~ROS PRECEEC E~TA ~ECK CE B~CH J~B. 
C 
C CONTROL CARD ! :  
C 
C COLS I - ec ANY JC p TITLE 
C 
r CONTOOL CARO 2: 
C 
C COLS I - 2 : NW : NUMBER CF VARIABLES (~AX. OF 50 ) 
C COLS 3 - ~ : NS = THE ~UMBE~ 0~ SAMPLE POINTS (~AX OFI500 % 
C C O L S  7 - !1 : OUI T : STOPPING CRITEQION - CUmULaTIVE % SUMS 0 ~ 
C S~UARES TO ~E EXPLAINF~ 
C COLS 12  - 15 = NRCT : NURSER CF FACTCRS TQ BE RETATED 
C COL i~  : IPUN : ! IF NORPALIZED DATA. FACTC Q LCA~INGS AND 
C SCOO~S TO EE PU~CHEO. 
C COL l ~  = I T = A N S  = O FOR RAW CATA 
C = I FOR I ~AXIVUV TRANSFORMATION 
C : 2 FOR ~ RANGE TRANK~OP~TION 
C 
C 
C CONTROL CARDS 3 & ~ INPUT FORPAT STATEMENT 
C 

THE FIRST 12 CNARACTERS CK THE DATA CARD ARE RESERVED FOR IDENT, 
i 

r STATEMENT N E . 3  READS IN THE DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DIMENSION =( IECO,IC| ,  NA~E(1500,3), CC~(1500) 
DI~ENSION X(SO),R(50.5DI. A(50,50) .FS(50,10|  
DIMENSION Q(IC) ,  VAR(IO). XX(IO), T(IO,IO) 
DIMENSION ~ITLE(2C), FMT(3E) 
=QUIVALENCE ( P ( I o l ) . F ( ! , I ) } , ( A ( I , I | , F ( I , 6 ) )  
C~MON KT1.KT2.KT3,KT4.KT5 

C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C KTI = CARD ~EADER 
C KT2 = CAR~ PUNC~ 
C KT?= PRINTER 
C RT~ ~ KT~ : ~CRATCH TAPES 
C 

KTI = 5 
KT? = 

KT~ = g 
KT5 = B 
P F A D ( K ~ I , I C S O )  NJCBS 

1050  F O R M A T ( 1 2 )  
2000 NJ~BS : NJCB~ -! 

IF(NJOBS) 36,2001,20CI 
2OO! REWIND KT4 

R~WINO KTE 
PEAOIKTI,I02C! TITL= 

I0?0 ~ORNAT(2OA4! 
I007 ~OR~AT(IHI.2OA4,/ / / )  

W~ITE(KT~,IO07! TITLE 
REAO(KTI,IOOO)NV,NS,QUIT,NRET,IPUN,ITRAkS 

]DUO cOPMAT(12,14,F5.C.12,211) 
R~AO(KTI.~DOI) FMT 

I001 ~OR~AT(!BA4/1EA4! 
WOITE(KT~.IOCE| NV,NS 

I009 FOR~T(~HC,'NL~ER CF VARIABLES = ' , 1 3 , 4 X , '  NUMBER OF SAMPLES = ' ,  
1 14| 
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3 

C 

4 2  
43 
44 
41 

C 
C 
C 
C 
C 
C 

5 

C 
C 
C 

7 

1051 

C 
C 

9 
2 

C 
C 
C 

TRACE = C. 
SN=NS 
VN=NV 
SSN = SQR~|SN) 
SVN = SORT (Vk) 

Ic( ITRANS. GE.I )  CALL TRANSIFMT,KAME,X.A,NV,NS,ITRANSI 

~ T i T T T - ; - ~ T ~ E E - R ~ $  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A ( 2 , . I  : VARIABLE STD. DEVS. 
A I ? , , I  = VARIARLE MIKIMU~S 
A ( 4 . . )  : VARIABLE YAXIMU~S 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

00 I J=I*NV 
A l l , J )  = O. 
A ( 2 , J }  = C° 
A ( 4 , J ) =  - I . O E 3 0  
A ( 3 , J )  = I.OE~C 

DO-~-T;T;R~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R ( I , J )  = C. 

BEGIN PEAD IN LOOP AND CCNPtTATICN CF [ASIC STATS. 

90 2 K=I,NS 
COMIKI = C. 
SAMSSQ:C.C 
I~ ( ITRANS)~ ,3 ,A  
REAOIKTI,FMT I (NAME(K ,J I , J  = 1 , 3 ) , { X ( 1 ) , I  = I ,KV)  
GO TO 
PEAD(KT5} (NAME(K,J I ,J  = ! , 3 I t ( X ( T ) , I  = I ,NV I  

CONTINU~ 
DO 5 J = I,NV 

A ( I , J I  = A I I , J )  ÷X(J l  
A ( 2 , J I  = A ( 2 , J |  + X ( J ) * * 2  
I = { X ( J )  - A ( 3 , J I I  42 ,43 ,43  

A I 3 , J I  = X ( J I  
I F ( X I J )  - A ( 4 , J ) )  4 1 ~ 4 1 , 6 6  
A ( 4 , J )  = X ( J )  
CONTINUE 

80 
i010 FORHAT{ / / / '  GENERAL STATISTICS FOR RAW D A T A ' , / / /  

IIUH VARIABLE 19X BHSTANDARIJ ?X 7HNIIWIHUV, ~X 7HNAXIMUM/gH 
2R 6X 7HAVERAGE 7X 9HDEVIAf I (>N 7X 5HVALUE IOX 5HVALUE / / )  

GU TU 82 
81 W R ] T E I K T 3 , T U 0 7 )  T I T L E  

WRITEIRT3,1OII I 
IOll FURI',AT(///' GENERAL STATISTICS FOR TRANSFORMEO OATA',/// 

11OH V.~RtABLE 19X 8HSTANDARU 7X 7HNININU~,~ £X 7HMAXINUN/gH 
2R bX 7HAVERAGE 7X 9HDEV1ATII~N 7~ 5HVALUE fOX 5HVALU~ / / )  

COMpI.TING 'VECTOR LENGTHS 

SAMSSQ= ~AMSSC ÷ X ( J ) ' ~  x ( J I  
COM(K) = SQRT(SAHSSQ) 
SM4S-~Q : SQRT(SA~SSC) 

;~&~XC7 Z~-TH ~-gXTX-X~,S-~uTr-TT-~TCK T ;, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

130 "/ J= I ,NV 
X IJ I  = X|J)/SAMSSQ 
WR I I .  ~ ( KT4 ) ( X(J) ,J=1 ,NV I 
FORMAT( 3A4,6FIO. 4 / (  8FI0.41 I 
IF ( IPUN.GE. I )WRITE(KT2 t lO51 I (NAME(K ,J I , J  = 1 , 3 ) , ( X ( I ) , I  = I ,NV I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L.~)] F~ljl ~ F'~jZqjI)L) L.()• ] iq l  I I& ; I A I  ~ , ] X  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OO 9 I:).~lqV 
DO 9 J=I ,NV 
R I I , J I =  R I I , J ) +  X ( 1 ) * X ( J )  
CONT INUE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REW INO KT4 
REWIND KTb 

IF( IT RA.qS)RO,80,81 
WRITE(KT3,1010) 

NUM'5 E 

NUI'I8 E 
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C 
82 DO 10  I = I , N V  

OO 16 J = I ,NV 
16 R t J I } ) =  R I I , J )  

C 
A ( [ t l )  = A I I , I ) / S N  
A ( 2 , 1 I  = SQRT(,%{2tII ISN - ~ ( L , [ l = * 2 )  
WRITEIKT3,tC05} [ , A I I , I I , A ( 2 ) I ) ,  A I 3 , I ) , A ( 4 , 1 I  

1005 FORMAT(17,~F15.4) 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

C 
lO TRACE = TRACE + R ( I , I  I 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C CALL THE EIGENVALUE oOUII~E 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CALL HDIAG ( R , ' ~ V , I , A , I , X |  
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C R I I , I )  CONTAINS IHE EIGE,~]VALUES 
C A CONTAINS IHE EIG£NVEC[[~RS 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C NOW DETERMINE THE RIGHT NU~I~ER ,3F EICJc:~VALUZ~ 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

WRITE(KT3,1SI 
15 FORMAT(IHO, *~'~J. EI~;ENVALUE CUt4 .  V A P , . ' * / I )  

EVSUM = O. 
DO I I  I = [~NV  

NF = I 
EVSUM = EVSUH~ ( R I I , I i  ~IRO. / TEACE} 
WR|TEIKT~, 1 4 I I , R I I  , I I ,  ~ VS~'4 

L4 FLIRMAIIIH ,12~2XuFIL1.6 , I X ,  E l . 2 )  
I F INF - IO )  lB ,L3~13  

| 8  IF (R I I , I )  - 0 ,C0dL )  | ~ , 12 ,12  
12 IRIEVSLIH-  QUI~) 11 ,13 , I 3  
1 [  CUNr  INUE  

C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

C TRANSFER EIGENVECIORS TO FS; EIGEZ;VXLUES TU Q 
C 

13  DO 50  J = I,;~F 
QIJ )  = R (J , J )  

DO 50  I = i ~NV 
50 F S I I , J )  = A I ~ , J I  

WRI TEIKT3,ICL1/} TIFLE 
HRITE IKT3 ,1012 )  ( J , J  = l ,r~F) 

1012 FLIRMAI(IHI), ~ P'~I~ICIPAL FACTOR L )~ , I ' ; , ~  ' , / / , t , < ,  
[ ' CCMM.' , I O w | O l ~ , / )  

C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C BEGIN MAJLIR L( ~P 6'~'I~UTING THE ~b'I:ICIP,%L l.~, ' I , l~ :~1.~1~ 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

DO l q  I = I ~ F  
19 VARI I )  = O. 

~ 0  20 K= I , ' ~S  
RLAOI RT~} ¢ X( ! ) , [ = l  ~NV}  
O0 2 ~  J : I ,N  = 

DO 24 {:I,NV 
24 F I K , J )  = X ( 1 ) : F S ( | , J )  ÷FI6, ,J I  

COMAL = O. 
O 0  2 5  J : I,'~E 

COMAL : CC'4AL + F { K , J ) ~  F I K , J )  
2 5  VAR(J) = VAi~IJ) ¢ F(K , , I )  ~ F (K , J I  

C 
WRIIE(K~5) ( F { K , [ ) ,  I = I , N F )  
I . R I T E i ~ T 3 , 1 0 O I I ( ~ A V E ( ~ , J ) ,  J :  I , ~ ) , : ~ ] : 4 A L , t F { ~ , [ { ,  I : l , ' i  r ) 

1003 RORMAI(IH ,2,A',,IIFB,~,:' 
IF I  IPUN}ZO,20, ~1 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
21 WRITEIKT~,IO0",) ( ' ~ A ' ~ { ~ , J ) ,  J = l , ~ { , { F  ( E , I I ,  { - I , ' , ~ )  

I L l 04  FORMAl( 3A(++ iOl { , .3)  
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20  CLINT INUE 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C EXPRESS COL S,J'4S LIF S)UA~ES AS A ~ ;'{(~ TLITAI. ~{I~. ' , ' :  ~;IJ~,~: ,. 
C 

DO 2b I = | ,NF 
26 VAR(1) = VAR(I)ITRACE * iL10. 
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X( l |  = VARIII 
DO 2 T  J = 2vNF  
K = J - I  

27 X lJ )  = XIEI + VARIJI 
WRIIEIKT]~[OlS) (VARI I I ,  I = h N F )  

1 0 1 5  FORMATIIHOI°VARIANCE ~8X~IOFB.2) 
WRITEIKT3~|O[b} I X I I I ~  [ = l tNF)  

1016 FORNAT(|M ~'CUM. VARIANCE t~[OF8-2) 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C COMPUTE PRINCIPAL FACTOR SCORES 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

WRITEIKT3tL~07! TITLE 
WRITE(KT3,tO30)(J~J=LINF) 

TO30 FORNATIIHO~ * PRINCIPAL FACTOR SCORE HATRIX I , 
I / I t l L X , ' V A R . ' ,  5Xw [ 0 I B , / I I  

C COMPUTE VARIMAX F. SCORE MATRIX 
DO 5L I = [,NV 

5l  WRIIEIKT3tL031) I , ( F S I I ~ J ) t J  = I ,NF) 
1031  FORMAT(IH , tZ~pl216X, ~0FB*~) 

C 
C COMPUTE SCALEO PRINCIPAL FACTOR SCO~E ~ATRIX 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

WRITE I K T } , I C C / )  TITLE 
WRITEIKT3,1032) I J t J  = LtNF) 

1032 FORMAT(IHO, ' SCALED PRINCIPAL FACTOR SCORE ~ATRIX', 
i / / ~ I X ~ V A R .  ' , 5X~ l O l S , I / )  

DD 55  I = [,NV 
O0 56  J = [ t ~E  

5b  XX IJ I  = FSII~J) = SVH 
IFt lPUNI 55,55,57 

57 WRITE(KT2,[03~I I,IFSiI~JI~J = I~NF} 
1 0 3 3  FORMAT(I2, 8×,IOF7.~) 

55 WRITEIKT3~103[I [ , IX× I  J) ,  J = I~IIF} 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

NFF= NF 
IFINR(1T.GE.~) NF= NROT 

38 CONT INUE  
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C CALL VARI~AX RDTAr ICN  PROCEDU~E 
C 

CALL VARMAXINF,'¢S,rlV,IITLE,F, T~COH,NA~EtN~JT~IPU:I) 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C COMPUTE VARI~AX F~CTOR SCORE ~&T~ Ix  

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

62  WRITE(RT3,IOC/} T IT1  ~ 
WRITEIKT3,|O~II I J *  J = I~NF) 

IDOL FUR~ATI~HO, ~ VA~IMAX FACT£}R SC~RE ~ATRIX't 
i II~[IX,'VAR.', 5X, [018~//) 

0 0  69 g = I,NV 
DO 68  I = I,NF 
X X l l )  =0. 
O0 68 J = 1 ,NF  

68  XXI I )  = FSIK~J)~TIJ~II  ~ XX(I) 
C 
C COMPUTE SEALED VARI~AX FACTUP SCO~E HATPIX 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

DO 67  J = I , ~F  
67  A (K , J I  = XX IJ )  * SVN 

PUNCH VARIMAX FACTOR SC~RE MATRIX IF NEEDED 
| F I IPUNI  O9 ,69 ,71  
IF (NROT]bg ,69~72  
WRITEIKT2~IO~] ~* I X ~ i J } ,  J = [ , : i F )  
WRITE(RT3,103[) ~, IXXIJ) ,  J = I ~ N F I  

C 
C 

7[ 
72 
69 

C 
C 
C 
C 
C 

WR|TE  SCALEO VA~ I~A~  FACTOR SC~F  ~T~ iX  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W R I T ~ I K T ) t t D C T |  T ITLE  
WRITE IKT31 [0421  I J  , J  = I , ~F )  

~062  FORMATI iHO, 'SCALEO VA~E'4AX FACTOI {  SC~S  ~ 
1 / / , [ | X , ' V A R , ' ,  5X ,  I O I B ~ I / }  

DO 70  I = l , ~V  
70  W R I T F I K T 3 t I C 3 [ }  I t l A I I ~J )~  J = [ ~NP I  

C 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

71 
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C CHECK TO SEE IF ADDITIONAL ROTATIONS ARE REQUIRED 
C 

I F ( N R O F . G E . I I  GO TO 2 0 0 0  
NF = N F  - i 
IF(N~ -2) 35,30,30 

30 I F ( X I N F )  - 75.) 35,31,31 
31 REWIND KT5 

00  37 K = I,NS 
37 READIKT5) (F(K,I), I = I,NFFI 

GO TO 3 8  
c - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3 5  GO TO 2 0 0 0  
36 W R I T E ( K T 3 , 1 0 4 3 )  

1043  kORblAT( IH0~.  ' NORMAL END OF J O B ' )  
STOP 
END 

SUBROUT INE TRANS (FMT,NAME,X,A,NV,NS, ITRANS ) 
D I M E N S I U N  F N T ( 3 6 ) ~  N A N E I 1 5 U U ~ 3 ) , X I b O I , A ( 5 0 ~ , 5 0 )  
C Ol4t.lON KTI,KT2,KT3vKT4,KT5 

SN = NS 
00  1 J = I , N V  
AII,J) = O. 
A(Z,J) = 0. 
A(3,J) I.OE30 

i AI4,J): -I.OE30 
DO 2 K = I , N S  

3 R E A b ( K T I , F N T  ) ( N A f 4 E ( K , J ) , J  = I ~ 3 ) ~ ( X ( t ) , I  = I , N V )  
WRITE(Y-.T4I  I N A N E I K ~ , J I , J  = I ~ , 3 ) * ( X ( I I , I  = I . N V )  
DU 5 J=ItNV 
AII,J) = A(I,J) +X{J) 
A(2,J) = A(2,JI + X(J)m*2 
IF(X{J) -AI3,J)) 42,63T43 

42 A ( 3 , J }  = X ( J )  
4 3  IFIXIJ} -A(4,J))  41,41,44 
44 A(4~J) = X(J) 
%), CONTINUE 

5 CONf INUE 
2 CONT INUE 

WRITE(KT3,1010) 
lOIO FORMAT(///' GENFRAL STATISTICS FOB ~t,~IRANSFORNEO OAT;\',/// 

IIOH V a R I A B L F  l g X  ~HSTAN[~ARI., 7X 7Hi.~INIMUM 8X ~'H/'lAXtFikl;,I/t2ii 
2R &X 7NAVERAGk 7X 9 H D E V I A T I { N  7x  5HVALUE 10X 5HVALUE / / )  
DO i0 l : 1 , N V  
A(I,I) = A(I,I)/SN 
A ( 2 , I )  = S C ) R T I A ( 2 , I )  /%N -A ( ) , I ) ' , ' - - ' : ~2 )  

10 NRITEI~,T3,]`O()5) I~A(I,I),A(/,I), A(3,1),A(4,1) 
1005 F O R M A T ( 1 7 , 4 F 1 5 . 4 )  

REWIND Kl '4  
00 2 0  K = I,NS 
R E A O I K T 4 ) '  ( N A N E ( K , J ) , J  = 1 , 3 ) , ( X ( i ) , I  -~ 1 , N V )  
IF ( ]TaANS - i )  2 5 , 2 5 , 3 0  

25 r)o 2 6 = I  ~ I ,~IVA( 
26 Xil X . I .  4 , I )  

GO TO 2o 
30 DO 31 I = I,NV 
31 X(1) = IX(I) - A(3,1))/(A(4,1)- A(3,I)) 
20 k r R I T E ( K T 5 I  ( N A b ! E ( K , J ) , J  = 1 , 3 ) , ( X ( I ) , I  = I , N V )  

REWIND KT6 
REW I~tL) KT5 
I F ( I I ' k # , N S  - i) 50,50,51 

50 WRIT EIKT3,1050) 
1050 FORMAT( ] `HU, 'VAP.  IABLES TRANSFORMED TO ~ OF btAXtI4Ut,~ VALUE I i / / )  

6 0  t '0 52 
51 hklrEiKl 3,]`051) 

1 0 5 1  F U R M A i ( I N O ~  ' V A R I A B L E S  TRAI, SFORt,IkO I'O "K OF [ H E I R  R ~ l , ) { , t ' , / / )  
52 CONT ll'JOk ' 

RE[ 11 RI.~ 
ENO 

i':Ut,~B k 

SUBROU[ INE H O | A G I R  t M , L T S S ~ N R , X )  

!CALL hONIP~, 5U,M,R,F,SS,×,U/,US,U4) 
DO 50 J : I * M  
SM:O.O 
DO 30 I = I , I 4  
SM=SN+SS( I ,J) 

30 CONTINUE 
iF I SM140~50~50 

40 00  6 0  I = I , M  
60  S S ( I , J ) = - S S ( I , J )  
50 CONTINUE 

I)O i0 I = I , M  
I(~ R ~ I , I ) = E ( I )  

REFURN 
END 
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5UBROU[  [hie HOW(LP,NM,14,R,t~,V,A,II,WI,W2) 

5 T , ~ E ~ T G f i - ~ T ~ o ~ T T C T ~ G T T ~ T ~ G G T T : T ~ G T T ; T G T T ( ~ T ; G T T S Z ~ C T  . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I F ( L P - I ) 2 0 , I 4 , z t  
4- CALL T R I D I ( L P , N M , R , A , B , N I , W 2 )  

CALL t: l GV/~L ( L P , N H , 1 4 , E , A  , B , H  I , W2 ) 
I F ( M ) 5 , 9 , b  

5 K= | A b S ( d )  
J = l  
DO ? | = t , K  
CALL E I(DVEC ( L P  ~lx!M,}< , n , ~ .  t- { I ) ,V  ( J )  ,W ] ,~-2 ) 

? J= J+I,!H 
9 NNI=NN+ I 

J J=N+'+! 
L P 2 = L  P¢~[4 
t;O I Z  I = 2 , L P 2 , N H 1  
K = I  
DO t O  J = J J . L P 2 , N i < 4  
R ( K ) = R ( J )  

I 0  K=K+I  
12 J J= JJ+~'M [ 

G(.) TtJ 2£) 
14 E ( I ) = R ( I )  

V l t } = I . O  
A{ I ) = R ' ( 1 )  
B ( I ) = O . O  

20 RI:T UP,14 
END 

SUItROUT |NE T R | O I  ( L P I N M , R  , A , ~  , W , O )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D I M E N S I O N  R ( 2 5 0 0 )  , A [  5 0 )  , I $ (5 (~ )  ,1". ' (50) ,C ) (b ( ) )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L P I = L P - I  
L P 2 = L P I  ::~r,} I.' + L P 
L P P = L  P~L-NM 
N M I = N H + I  
L=O 
OO 10 I = I , L t > Z , N I 4 ]  
L=L+ |  

10 A(L )= I< (  I ) 
BI  l | = O . O  
] F ( LP-Z)'vS~ ,05,~ ] 5 

15 KK=O 
I)0 bO K = 2 + L P 1  
K L = K K + K  
K V = K K + L P  
K J : K +  [ 
SI.IH= O ,O 
DO 20 J = K L , K V  

20 SUt4=SUr4+R ( J ) ~ ; ~ 2  
S= S(,)RI (SUf,;) 
B(K)=  3 I G N I S , - R  (KL)  ] 
S = I . U / S  
W ( K ) =  51,)RT( A h S ( K ( i ~ L ) ) : ; : S + I . O )  
X= S I G N ( S / ~ ' J ( K )  , R ( K L )  ) 
R ( K L ) m ~ { K )  
DO 30 I = K J , L P  
J J= 1 +KK 
Vii I ) =x~'4< {JJ  ) 

30 R ( J J ) = W I I  )" 
DO 35 J=K,LP 
JJ=J+1  
Q ( J ) = O o O  
L = K K + J  
DO 33 ]=K,J 
L=L+NN 

33 O ( J )  = 0 (  J )+R [ L  ):;:W ( I ) 
I F{ J J - L P  ) 34,3 z, ,36 

3z~ DO 35 ]=JJ,LP 
L = L + I  

35 O ( J } = Q ( J ) + k ( L ) ~ W ( I )  
36 X=O.O 

DO 4 0  J : K , L P  
40  X = X + N ( J ) 4 ~ Q ( j )  

X = O .  5 ';'X 
O0 45 I=K,LP 

45 O( ] ) : X,~,i ( I )-(.~ ( I ) 
LL=KK 
KK=KK+NM 
DO 50 I = K , L P  
L L = L L + N / 4  
00 50 J=I,LP 
L=LL+J 

50 R ( L ) = R ( L ) + ( J ( I  )~',~W(J)+QIJ)::-W(1) 
L = I  
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X=A( [ ) 
,~( I ) ={ '~(L) 
k ( L ) = X  

,~11 L= L + F'JI4 [ 
t~h P ' ( LP )  =K (LP I " )  
V ~y RETUmi4 

Eh(I  

6 

C P, 

i0 

104 

105 

[ u 6  
C I,,7 

t o /  
C I t "  

lL(1 
C 

i12 

lib 

114 
115 

116 
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StJF".I- I)LI f ] L}! E IGVA L (L  P ,  Nl'q ,r . ; ,  E ,  A ,  B ,  F ,'.1 ) 

O I I.ii-i.;S I ur,! E ( S u )  , A( 50 ) , ~  ( 5 U )  ,F  ('>C)) , W ( 5 0 )  

~, I ] -  A b 3 ( A ( l ) ) 
I)O b ] = Z , L P  
[-[1= rtlJ+ / .U 

5 BiJ A i . l t x x l ( r . q> ,  n b S ( A ( I ) ) + B ( I ) : ; : = : : 2 )  
Dq) 6 I = I , L ~ "  
A( I )=.q(  I ) / i q ~  
~(  I ) = ~ (  ! ) / L '  ) 
N( [)=i.O 
l ( 1 ) = - [ . u  
I ) t )  bU  K= I , L~J 
I F ( ( ; ' ! ( i t . ] - { : ( i < ) ) / A f . I A X I (  A [ { S ( W ( K ) ) ,  AF~S(I ( K ) ) , I . O [ ~ - 9 ) - I . ( I E - 7 ) : , O , S I , , l l )  
I F ( ( I I ( K ) - E ( K ) ) / A / . ; A X I (  A L ~ S ( W ( K ) ) ,  A b S ( E ( K ) ) , I . O E - 7 ) - I . O t - - 5 ) 5 0 , ! ~ I , [ ( )  
X = ( ; J ( ~ t ) ~ E ( ~ )  ) :::t). 5 
I S 2 = l  
F( I ) = . 4 (  I ) - X  
Ii-( F( 11 ) tuZ,104,lO4 

102 i ~ql=-i 
N= H 
G(~ I,1 105 
I S I = i  

N= 1 
i ) t )  1 2 ( ;  I = 2 . , L P  
IF( :;( ] ) ) 1¢)6, It3, iO6 
I ~ ( 6 1  i-i )) I07,114,I07 
IF( ni~5(~(l-l))+ AhS(F(.I-2))-I.OE-15)IIO,II2,112 
I F (  ~ . r ~ b ( F ( I - ] ) ) - I  I : f < S ( F ( I - Z ) ) - [ . U E - 7  ) ] . ) . O , i [ 2 , [ [ i  
F ( I - L )  =~ ( 1 - 1  ):: : [  . ( ! i~[  5 
F( [ - [ ) = F (  I -  [ ) : : ; l  . O h 7  
f - ( I - : ' ) - F (  I - 2  ):: : [  . O F t 5  
F ( I - z  ) =F ( I - 2  ) ; : :1 .01-7  
F( I ) =( A( I ) - X  )~:q: ( I - I -  ) - B (  I ) :::::Q:::F ( I - Z )  
GiJ T¢~ 115 
F( I )= (  11(1 ) - X  ) ' ; : I  S IG?'{( 1 ,  I S t )  
( ; t l  [{I l i b  
F ( I ) = ( A ( [ ) - X ) : : : , ' : ( [ - ] . ) -  S ] G N ( ? . ( I ) ' : : : : ' 2 ,  F L O A T ( I S 2 ) )  
152= Lb}. 
IF( I-(l) } tl~, 1 | 7, ii0 
FISI= FL,m[({b[) 
F I S I : (  F I", 1 ::::;:2 +O.  1 ) / F I S 1 
I S I = I F i X (  ( S I G N [ F I S I , I - ( I ) ) ) )  
I f=( I bZ+ I%1 ) 1 1 7 , 1 2 0 , 1 1 7  

117 N=rq+ [ 
[ 2 0  CI);{I" II'JtJb 

H = L P - r l  
I F ( H - K )  2U ,IZ,12 

12 hi) ib J=K,[I 
15 W ( J ) = X  
Zt) b ! = i l +  [ 

I F( LP-~'~)8,24924 
24 [,I} Zo J=U,LP 

IF( X-t(J) )B,8,26 
26 I-( . I ) = X  

G(I I" U 
5(1 COhT l , 'IUI: 

lIE) Otl I=I,LP 
A (  ] ) = A (  I ) : :q'u) 
L~( I ) =t~,( I ) : : ; b l l  

60 F( I )= (~ . i  ( I ) + t ~ (  I ) ) : : :BD:: :O.5 
J = L P  
K = I  
DO 7(J I=I,LP 
I F (  , ~ t ~ S ( F ( K ) ) -  A B S ( F ( J ) ) ) 6 3 , 6 3 ,  65 

63 E ( I ) = F ( J )  
J = J - i  
GO T 0 7U 

65 E ( 1 ) = F ( K )  
K=K+] .  

7() C I iNr  I NUE 
I F (  [ 5 [ GN ( t ,i'% ) ) 75 , 8 0 ~ , 8 0  

7'4 l ~ l  77 I=[,LP 
I I  F ( [ ) - ~ - ( i )  

J : L P  
I}f) 7V I=L,LP 
~ (  I ) = F l , l l  



An Algorithm and FORTRAN-IV Program for Large-Scale Q-Mode Factor Analysis 75 

79 J = J - 1  
8 0  CUNT I N U E  

RET URN 
END 

SUBROU i" [I~;E E ] GVEC (L  P , N M , R ,  A ,  B ,  E , V ,  P ~,Q) 
C 

D I M E N S I O N  R ( 2 5 0 0 ) , V ( 2 5 0 0 )  , A ( 5 0 )  , B ( 5 0 )  , P ( 5 0 )  , O ( 5 0 )  
C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X=A( 1 ) - E  
Y=P,( 2 ) 
L P I = L P - ] -  
DO I0 I = I , L P I  
I F (  A t S S ( X ) -  A O S ( B ( I + I ) ) ) 4 t 6 , 8  

4 P( I ) = 1 4 ( l + I )  
O( I ) = A (  I+l ) - E  
V(  I ) = t ' ~ ( I + 2 )  
Z = - X / P (  I ) 
X= Z:,q.)( I ) + Y  
I F (  LPI-I )5, i0~5 

5 Y=Z:: :V(  I ) 
GO T()  tO 

6 I F ( X ) 8 , 7 , 8  
7 X=I.OE-IO 
P. P ( l ) = X  

O( I )=Y 
V( I ) = O . 0  
X=A( I+ I ) -  (b ( I + i  ) /X:::Y+E) 
Y = B ( I + 2 )  

I0 C O N T I N U E  
20  ] F ( X ) 2 1 , 2 8 , 2 1  
21 V ( L P ) = I . O / X  
22  I = L P [  

V(  I ) =( t . O - 0 (  I ):::V ( L P ) ) / P  ( I )  
X=V( L P ) :;::;:2+ V ( I ) :::::: 2 

25 I = I - I  
I F (  I ) 26 , ' ~ ! I ,  26 

26 V ( 1 ) = ( I . O - ( O ( I . ) : : : V ( I + I ) + V ( I ) : : ~ V ( I + 2 ) ) ) / P ( 1 )  
X = X + V  ( 1 ) :;::;:2 
GO [O 25 

28 V ( L P ) = I . O E I O  
GO [0 22  

30 X= SORt (X)  
DO 31 I = I , L P  

31 V ( 1 ) = V ( l } / X  
J=  L F' l : : :Nrl-NN 
K = L P  
ON r o  42 

]52 K = K - I  
J=J-NM 
Y=O .0  
DO 35  I=K,LP 
L=J+ I 

35 Y=Y+V(1)~=R(L} 
DO 40  I = K , L P  
L= J+  [ 

4 0  V(  I ) = V (  I )-Y~';R ( L )  
42  I F ( J ) 3 2 , 4 4 , 3 2  
44  R ET U[<I'; 

END 

SUL~N@U/ ]i '}F V A R N A X ( H A X F t M A X ' [  , i ' 4VyT ITLE ,FTT~ ,CQN~I , !ANE~r4R.  0T~ ]PL IN)  
C 
C V A R f i . ; A X  ; I I ~ { R I X  ROFAT ION 
C 

DI I . IE i !S  i();,I F ( I S O ( ) ,  I ( . ) ) , C O H ( 1 5 O O ) ~ , V A R ( 1 U )  7CU[. ' , ( I (3)  , I i i L E ! ( ~ , .  ), 
1 I ' J A I ' I E ( 1 5 ( ) 0 t 3 )  

I) i I'ILZlIS 1!} j . ] ' ( l O l l ( ) )  
C 
C NAXT = NO. OF SA~41"~Li!S, [ iS = I , ]0.  OF VARIA}~LES,F~A;<F  = i , J ' .~q  I-~t( I t , , S  
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 

C(')P,r.iC)~',~ KTI ,KT2 ,KF3,KT/I ,KF5 
1 FC)f-U,1A]( Z 14 ) 
2 FORN~FI ( q X  l~ )F7 . /+  ) 

DO ~O1 I = I , F : A X F  
DO UOl J= i , .ll\;'h: 
I F ( I - J )  8 0 3  ,'.4U2 ,BOB 

8 0 2  T ( I , J ) =  l.u 
GC) I I) :4Or 

£03 T ( I , , I )  = U.U 
~ O l  C('i~i I~:UL: 

EHS = U.06993 
I~0 I)O lq3 N = l, t.IAXT 

C~H~(I,4) = 0,0 
DL) I{~2 i'l = i, HAXF 

102 COH(N) = CON(N) + F(N~,,'I) :;: b ( ,1 ,m)  
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C O N ( N )  = SORT ( C O I 4 ( N )  ) 
DO I 0 3  F~ = L ,  HAXF  

! 0 3  F ( N , M )  = F ( N T M ) / C O M ( N )  
L = NAXF  - 1 

].O4 NOROT = 0 
DO 123  M = 1 ,  L 
K = 14 + t 
DO 123 NONE = . K ,  MAXF 
A = 0.0 
8 = U . O  
C = 0.0 
l) = O.O 
DO 1 0 5  N = 1~- MAXT 
tJ = F(NtN)=.~3;c2 -F (N~ I . ' IONE)  ::::'.:2 
V = F ( N , M )  #" F(N, t ' ,ONE) , ' : ;  2 .  
A = A + U 
B = 5 + V 
C = C + U * *  2 - V ~'.':: 2 

105 O = o + U # V X= 2.0 
R = hAXT 
ONUN = O - 2 .0  ~'; A :'.: B / K 
OOEiq = C - (A  "::~: 2 - [" ;::::: 2 )  / R 
] F ( A b S ( ( , I N U M )  + A B S ( O D E N ) )  1 ~ 0 v 1 2 0 , 1 0 ~  

100  I F ( A b S { O N U I ~ )  - A B S ( O { J E N ) )  1 { , 7 , 1 1 4 , 1 1 1  
107 R = ABS( (J ,~UIg /ODEH)  

IF(R - EPS) 109,108,108 
108 CS4TH = COS(ATAN(R)) 

SNGTH = SIN(AFAN(R)) 
GO TN 115 

109 IF(OOEN) 110.120,120 
l l O  SNPHI = . 7 0 7 1 0 6 7 8  

CSPH[ = SNPHI 
('~0 TU 121 

Ill R = AL tS (OOI -N /ONth . t )  
I F ( R  - t P S )  113,112,112 

if2 SFI4TH = I.U/ SC'RT(I.0 + R ~'~'.: 2) 
CSqTFi S.,J4TH :;: P, 
GO TO lib 

If3 CS4TH = O.U 
SN4FH = 1.0 
GO TO ).15 

i14 CS4TH = .70710678 
SNGTN = CS4TH 

115 R = SIJRT((I.O + C S 4 T H )  "~ 0.~) 
CSTH : SORT((I.O + R) * 0.5) 
Si,,LrH = ::,lq,'Cl'H/(4.0 ::: CSIH ~;: K) 
IF(ODhN) 116,117, tl'/ 

116 CSPHI  = . ' / O 7 1 ( } 6 7 £  :;: (C S f H + S N r H )  
SI,iPN I = . 7 0 7 1 0 6 7 £ : : :  { CST H - S N [  H)  
GO [O  118 

117 C S P H [  = CSTH 
Si, rPHl = S~'4TH 

118 I I" ( (Ol~ tll', ) 119,121,121 
119 SNPHI = - SNPF'.I 

GO TO 121  
120 NOROT = NOROT + 1 

GO T(.) 123o 
121 00 123 I ~ '=  l, NAXT 

R = F ( N , h i )  ,',, CSPHI  + F ( N , i ' , U i : E )  ';~ S N P H I  
F(N,P1UI~IL) = I=(,\tTl,-()r, lE )  :',: CSP~',I - F ( N ~ I ' I )  ~ SNPFII 

F(Nt i4 )=  l< 
I F ( N - H A X F  ) tO/~ ~,BOfl, 123 

8 0 4  TP = T ( O , , ~ )  
T ( N ~ I 4 ) =  [ P  :;: CSPHI  + T ( N , P . O ; ' 6 )  ::: Sr4PHI 
T(N, FIUNE) = -TP ::: SNPHI + T(N,~,(),,JE) ';: CSPHI 

1230 CofqT INUF: 
123 CUNT I i'4U E 

IF(Iq(JRUI" -(,,tAXI: ::: L ) I : ' )  IOZ~,lZ4,LOG 

D() 127 , NAXI- 
127 F(N,h) = F ( N , I ' I )  ~;: [~(li,,(r,t) 
125 COb(N) = C(II.I(N) ~::X: 2 

WRITI-(KT3,60) TITLE 
60 FORf.~AT(IHI, 2.0A4~///) 

NRIFE(KTB,BU) 
30 FOI~I4AT(Z2HUVARIP, AX FACTOR t,,arRlx //) 

NRIT6(K[3,40) (JIJ = I,PIAX~) 
40 FORt4A[(IH(J,Z2X,'CO!,II,I.',4X,IU([5,4X),/ ) 

O0 126 ~ = I~ MAXT 
C 
C PUNCH VARIMAX FACTOR MATRIX IF N~:EI)EU 

I F ( N R U T )  ] . 2 6 , 1 2 6 ~ 6 3  
6 3  I F ( I P L J N )  126~126,64( 
64  WRI'[E(KT2,IO04) IqAME(N,JV),JK=I,3; , 

1oO4 F O R N A T ( 3 A 4 , I O F 6 . 3 )  
126 W R | T E ( R T 3 , 2 0 )  N , ( N A N E ( N , J K ) , J K = I ~ 3 ) ~ C J , ~ , ( N ) ~ ( F ( N ~ i 4 ) ~ # ' , = I ~ I A X F )  

20 F[)R;,IAF(~H ,15,2X~3A4,11Fg.~) 
DO 200 = I~I.IAXF 

( F ( ~ ; ~ , )  ~.I = I~ , I !~XF 
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2(;0 CUf'i(l) = U. 
FN = ~,~XT 

I)U 2Ul [j = I,r.,AXF 
~)I~ 2()J. , h,A ~<T 

2(If V l d ~ [ I )  = V A R ( ] )  + F ( J , I )  ~" F ( J ~ l )  
I)() 500 I = I ,~AXF ~ 

h(K) VAR( ] }  = (VA IL (1 ) /  Fi~) ::: I()U. 
CHl'i(1) = VAP,(1) 
I)(~ 2()L I = 2 ,  I'IAXh 

2()? CU,,I(]) = CU I . I ( I - I )  + VAR(1) 
NRITE(KT3 ,502 )  ( V A R ( 1 ) ,  I = I ,~,AXF) 

5[)2 FORMAT( ).H(},IgX,HHVARIANCF.,3X , I ( ) [ F I . 3 ~ Z X )  ) 
I ' ~ R I [ F ~ { K [ 3 , 5 0 3 ) ( C H ~ ( 1 ) ,  ! = ).,r.JAXF) 

5(}3 FORhAT(!HU,19X,BHCUri .  V A F I , 3 X ~ I ( ) I F T . % 2 X ) )  
IF((qAXH - 3) 6U0~600~601 

6OO F I R I T E ( K T 3 ~ h ( 1 ) ( T I T L I ~ [ | } ,  i = 171b) 
L'JR I T L (KT'~,602)  

602 FOP, MAT( I H O , '  NORMALIZE[~ VA~I,'~AX F~CTOR COhP()NENTS t ) 
W R I f E ( K I ' 3 , 4 0 ) ( j , j  = I , ( -AXh)  
DO 6u3 f'! = I, I'~AXT 
I)0 003 ,-~ = I,t-~AXF 

S = F( , - I , . i )  
F(Nypd = (F(b!~M) X: F(N~-I) ) /CO(. i (N} 

I F ( S )  60 :,, h03,6()3 
6()5 F(;~,I;L) = -F(NyM) 
603 CONI ] ~,ib~i 

{'JO 6b x, ,.~ = I~FIAX'F 
bOG WRITE(KF'~TZ0) N ~ ( N A N E ( N ~ J K ) , J K = I ~ 3 ) ~ C U i ~ q N } ~ [ F ( I ~ ) ~ ! . : I ~ - ! A X P I  
6 0 1  CONi"  I~IUE 
I00  R E T I.~b~, H 

END 


