ADDENDUM TO:

"The JRP Statistical Programs for High Speed Digital Computers",
September, 1961,

The missing data programs have been written to accept e uniform
format throughout the data matrix. If variable format from deck to deck

or within a deck is desired, the following changes in the programs should

be made:

MSTD;

DIMENSION.++vo0s0se..,FORM(13),D(200)
1 READ INPUT TAPE 7,2, N, LY, NTOTAL
2 FORMAT(3I6)
9 FORMAT(13A6) | |
READ INPUT TAPE 7,PORM, (B(I),I=1,N)
1=IB+1
IF(R(I)-D(L)) 25,k0,25
25 SuM(IB)=SuM(IB)+R(I)

I

DIMENSION:saesssseess,Z(22000);D(200)
b - e o=
1 READ INPUT TAFE T,2,N,LY, NTOTAL,NONE,NTWO,CARDS
2 FORMAT(516,F2.0)
9 FORMAT(13A6)
READ INPUT TAPE 7,FORM, (D(I),I=1,N)
1=IB+1 |
5F(-RZI§-D(L) ) 125,40,25
25 5uM(IB =SUM(IB)+R(15
Ir(suM(IB)-D(I)) 84,88
8l IF§SQ(IC)-D(I;; 86,88, 8
86 IF(R(IE)-D(I)) 90,88,90

84
6

In sbove two programs D(200) means that a meximm of 200
varisbles can be used. This number may be changed if desired, e.g.,
-D(100) or D(300).
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MIA,AJA, and AIB

DIMENSION«sseessesess, FORM(13),D(190)
(Note: D(200) in AIA and AIB)
1 READ INPUT TAFE 7,2,N,LY,IX
2 FORMAT(3I6)
8 FORMAT(13A6)
READ INPUT TAPE T,FORM,(D(I),I=1,N)
DO 32 LA=1,IX
IP(A(I,K)-D(I)) 17,20,17
(Note: the format for a particulsr veriable cannot be
varied from group to group)

DIMENSIONe s« o veeasses, FORM(13),D(100)
1 READ INPUT TAFE 7,2,N,NFIRST,NLAST,NEND, COUNT, TVALUE, CARD
2 FORVAT(LI6,T76.0,F:.2,72.0)
3 FORMAT(13A6)
READ INPUT TAPE T,FORM,(D(I),I=1,N)
LG=(JUMP/MFIRST)
36 - - - - |
IF(A&I,K_}-D%I;) 38,42,38
38 IP(A(L,K)-D(L)) 4o,42,40

RIB

Or——

DIMENSIONeseeeassesss, FORM(13),D(200)
1 READ INPUT TAFE 7,2, N; NBEGIN,NEND, LY, COUNT, TVALUE, CARD

The o{.her changes are the seme as for RIA.
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CONTROL AND FORMAT CARDS

The control cards are prepared as indicated in the book. "D" in

control card #1 is not punched.

The format statement card is punched according to instructions
given on pages 13 - 1k,

Immediately following the format statement card "missing data
statement cards" have to be added (the mmber of cards has to corre~
spond to the number of deta cards per subject)., These cards are punched
in the same format and columns as the data cai'ds, giving the numbers

(eegs, +8888 or +77T) used to identify missing data.

NEM: Jow
#6T0
March 13, 1962
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I. INTRODUCTION

The statistical computer programs introduced in this publication were written
Lfor the large scale statistical analyses performed at the Schizophrenia and
Psychopharmacology Joint Research Project. The need ior programs capable or
handling several hundred variables at one time has grown considerably as more and
more research establishments have become involved in multidisciplinary studies.
The authors, thereiore, have undertaken to make this group of programs, that
could be regarded as being of general interest, as flexible as possible. The
computer used by the Project is the IBM 704 at The University of Michigan.
However, as indicated beldw in Section II, these programs, being general, can
be used on any IBM 7O+ or 709 computer.

All programs, except matrix problems, are divided into two categories

1. Missing data programs

2. No missing data programs
for efficiency in performance and for accomplishment of some optional features
discussed elsewhere in this publication.

The machine language used is FORTRAN. Test problems are provided in the
appendices to aid-users who are not familiar with this language. In case
additional information is needed the authors will be glad to furnish it. The
address is: Joint Research Project, Box A, Ypsilanti, Michigan; telephone:

HUnter 26404.






II. GENERAL COMMENTS

The input sub-routine reads in the FORMAT of the data cards. The
programs therefore are capable of handling data with any FORMAT.
Exceptions are the R-Completion, Inversion, and Varimax programs

which require a new format statement card in the Fortran deck if

format change is desired.

The results are printed out to 3-decimal place accuracy. During
computation the words are rounded to the eighth decimal place. The
results can be printed out to more places if desired.

The changes that are likely to occur in using these programs elsewhere,
either on the IBM TO4 or the T0Y, are expected to be very slight. In
addition to possible changes in callling sequence for sub-routines and
in dimension cards, the tape numbers assigned to the different sections
of the programs may call for changes. For example, tape 6 is exclusively
designated as an output tape on The University of Michigan IBM TO4
Computer, and cannot therefore be used as a scratch tape. It is only
necessary to change the tape numbers, or set the control dials on the
tape units accordingly.

Running time estimates are provided wherever possible. In &eneral,
running-time will be much more affected by number of variables than

by number of observations. So far, the relation between number of
variables and number of observations with respect to running time

has not been calculated. Any information on actual running times



will be appreciated. All time estimates given are for the IBM TOk

(8K).

Arrangement and order of punched cards is indicated below. See Fig. L
Appendix E.

a. Control cards

b. Format card

Data deck

(@]

d. Job number card
Several Jjobs can be processed at one loading of a program.

The format for missing data entry in the control cards of all missing

data programs is F6.3 which means sign (+ or -), 4 digits to the left
and 3 digits to the right of the decimal point. This is the maximum
number of significant digits which can be used, if the decimal point
is not punched. Any number not used as actual data can be punched to

indicate missing data. For example if the data format is

a. FO0.3, missing data will be punched in the control card +9999999,

or +850888888, etc.

b. Fu4.2, the control card would read +0009490, or +0007(70, etc.

In the data cards missing data would be punched correspondingly

+Uyy9yyY, or +8888883, ete. in the case of F8.3. 1In the case of Fki.2
the entry would be +yYvy, or +777, etc.

When a data format smaller than F8.3 is used the number indicating
missing data entry may not exactly correspond to an octal number. In

this case it is advisable to punch the exact number for the missing

L



data entry in the control card including the decimal point. For example

F5.2 data entry +xxxx (e.g. + 03560)
missing data entry +999y
or +6888
ete.
control card +099.990
or +00606. 880
etc.

. Test data for vy variables and 56 observations are given in appendix K.
This information may be used when compiling the programs and to check
the out-put. Sample answers are also provided in appendix K.

9. Included in the references are Anderson (1) and Rao (13). These
publications have not been referred to anywhere in the text, although

consulted for formulas and matrix theory.

Disclaimer

Although all programs and the special features incorporated in them have been
tested by the authors, no warranty, express or implied, is made by the authors as
to the accuracy and functioning of the programs and related program material and
no responsibility is assumed by the authors in connecticn therewith.

The authors would appreciate notification of possible discrepancies found

by the users of these programs.

Note

The users of the programs are urged to inquire at their respective computing

centers about special symbols required in program or other cards (for example control



cards), IBM card columns where to start punching the cards, special cards (for
instance an END card) to be included in the program deck, calling sequence for

sub-routines, etc.



ITI. SELF-ADJUSTING MEANS AND STANDARD DEVIATIONS PROGRAM

A. DESCRIPTION OF THE PROGRAM

1.

The program is classified into two categories

a. MSTD1A (missing data)

b. MSTD2A (no-missing data)
Program print-out (see Appendix A)
Specilal code built into program

To avoid stoppage due to any unforeseen circumstances, the following
feature is incorporated. Whenever the variance is exactly zero the

program prints out

+999. 999

Ox

X = +999.99y

i

B. SPECIAL FEATURES

The input sub-routine reads in the FORMAT of the data cards. The

program therefore is capable of handling data with any FORMAT.

The program has been so designed that it can be used efficiently for

various sizes of matrices. One compilation of the program is sufficient,

because the program adjusts the storage space available for data

depending on the number of variables included.

Once a matrix of data has been punched on cards, the program can,

without rearrangement of the matrix, do calculations on



a. The full matrix

b. One or more specified variables

c. One or more sequences of variables

The program can be made to skip calculations on variables which are not
to be included. This feature will thus save card sorting and computing

time.

C. DISCUSSION

1. Mean:
N
in
Y = i=1
N
2. Standard deviation
_ N N
[Zxs® - (Xx5)2)
5o = /i1 i=1 j
* oy N N(N-1) /

In the case of the missing data program, N, ZX, 2X2 refer only to
observations present. The particular calculation loop is skipped

whenever missing data are detected by the program.

D. LIMITATIONS

Program MAXIMUM NUMBER OF VARIABLES ON
Category AN 8k MEMORY A 32k MEMORY
MSTD 1A 1400 * 5000 *
MSTD 2A 1400 * 5000 *

¥These are estimates



If the data matrix is very large, say, several hundred variables, it would
be advisable to divide it into two or three smaller matrices, and run the
jobs on one loading. This can be done because the variables are not
interdependent, and it will reduce running time appreciably. As to the
number of observations on each variable the storage capacity of the tape

unit is the only limiting Tactor.

E. RUNNING TIME ESTIMATES
The compilation time is approximately five minutes. Computing time per
(i and o) is approximately 1 to 3 seconds, depending on number of variables
and observations. For example, a matrix of 200 variables and 500 observa-

tions requires closé to 3 seconds per (i and o).

F. TEST PROBLEMS

The test problems have been designed so that they cover possible occurences,
and they are itemized for categories of programs discussed above (MSTD1A,

MSTD2A). See examples in Appendix A.

G. OUTPUT

Print-out: Variable no., o, i, N (reduced)



Appendix A

1. ARRANGEMENT OF CARDS (see Appendix E under inter-correlation programs )
a. Using fortran deck. See Fig. L.

b. Using binary deck. See Fig. k4.

2. EXAMPLE PROBLEMS
Means and standard deviations missing data program (MSTD 1A) and

Means and standard deviations no-missing data program (MSTD 24)

Example* Number of Number of
variables observations*¥
A | 280 36y
B 185 206
C 96 100
D 31 100
*See Fig. 1

**The number of observations could be very much larger, say
2,000
Missing data are also to be counted as observations, although
during computation the program omits counting missing data.
%. DIMENSION CARDS FOR THE FORTRAN DECK
The program has been written so that there is no need to compile for

different dimensions. However, new dimension cards have to be punched

in case of a 32k memory.

10



L, NSTORE = *%%% CARD: (¥¥¥¥ refers to number of digits punched. It
means that the core storage available for data is a four digit number
on an 8k memory.)
See program print-out in this appendix. A new card 1s required only if
a new compilation is made. This would be the total storage space available
for data. The dimension cards and the NSTORE = *¥*¥¥ card have been set

for an 8k memory in the program print-out.

5. CONTROL CARDS
Means and standard deviations missing data program (MSTD 1A) and
Means and standard deviations no-missing data program (MSTD 2A4)

a. Control card no. 1:

IBM CARD COLUMNS

Example 1-6 7-12 13-19 19-26
N LY NTOTAL D
A +00280 +00001 +0036Y +0009999 (or +009.95Y)
B +00185 +00001 +002 06 +0009999 (or +009.999)
C +00096 +00002 +00200  +0009999 (or +009.999)
D +00031 +0000% +00100 +0009999 (or +009.999)
Note: 1. ©See Fig. 1.

2. D refers to missing data entry on cards.

3. Columns 19-26 entry can be left blank in the case of no
missing data program.

L, Note the entries for LY. See corresponding sketches in

Fig. 1 and also control cards 2 and 3.

11



5.

Control card no.

N = total number of variables in the punched matrix

LY

number of sequences of variables (including the case

of single variables) to be calculated

NTOTAL = total number of observations (including missing

data)

The missing data entry in the example is given for dats

format F5.3.

2

IBM CARD COLUMN

prampie 1% T 7=y 10-12  13=1...05-(2
A 001 Blank
B 025 Blank
C 018 040 Blank
D 003 018 026 Blank
Note: 1. $See Fig. 1
2. The starting point in the matrix is indicated on this

card.

Also note, in example D, LY has an entry % in control

card no. 1.

are indicated on control card no.

12

Correspondingly three starting variables

2.



c. Control card no. 3%

IBM CARD COLUMN

Example
1-3 L-6 7-9 10-12 13-15...69-T2
A 280 Blank
B 179 Blank
C 018 080 Blank
D 00% 018 026 Blank

Note: 1. See Fig. 1
2. The last variable to be computed is indicated on this
card.
3. The program is designed for a maximum value of LY = 24.
However, the program can be compiled for a larger value
of LY. The desired number has to be entered in the

dimension card before compilation.

6. FORMAT STATEMENT
The sub-routine reads in the format of the data cards as input-data.
This makes it possible to handle data of different formats.
Example 1. OF8.3: i.e., there are 9 variables punched on each card,
each variable occupying 8 columns including sign. The decimal point is
not punched in the data cards, and no space is left blank for it. (If
the decimal point is punched, it overrides the format statement.) There
are 4 digits to the left, and 3 to the right of the decimal point

(e.g. +0471.535, or +1263.000, or -0000.350).

13



Example 2. 306F2.0: 36 variables per card, data consists of: sign,
1 digit, no decimal; 24F3.0: 24 variables per card: sign, 2 digits,

no decimal. Thus the format card contains starting from column 1:

9F8.3 or 56F2.0, etc. depending on the format of the data cards. Note:
the decimal point has to be punched in the format statement card.
Example 3. Format change from card to card and columns not to be read
in. If the format card, for example, is punched the following way
starting in column 1:
10X,30F2.0/15FL.1/9F%.0,5X, 9F3.0
it means that there are three successive data cards per subject, card 1
containing 30 variables of format * X, card 2 containing 15 variables of
format * XXX, card 3 containing 9 + 9 = 18 variables of format + XX. 10X
and 5X indicate number and position of columns to be skipped. Thus the
computer is "told" to read in the data cards as follows:
Data card 1. Do not read first ten columns. Read 30 variables, each
occupying two columns (e.g. +5 or +0).
Data card 2. Read 15 variables, each occupying four columns (e.g. -03.k
or + 12.4). The decimal point is not punched.
Data card 3. Read 9 variables, each occupying three columns (e.g. + 26
or - 09). Do not read next five columns. Read 9 variables,

each occupying three columns (e.g. - 11, or +07).

(. DATA CARDS

The observed values on the variables punched in the card for one subject

have to be punched in the same columns for each successive subject. The

14



cards completed for all subjects form a deck which should also be
identified by a deck number, usually punched in the last two or three
columns. The subjects should also be identified by number, punched usually
to the left of the deck number. A good practice is to reserve column
numbers 73 - 80 for identification. If there are variables to fill another,
a third, etc., card per subject, a second, third, etc. deck is punched.

The format for the missing data program should be the same in all decks.
This can be arranged by properly spacing the observed data. This arrange-
ment will provide for identical missing data entries in all decks. How-
ever, in the no-missing data program, variable format is permissible.
Columns which are not used may be left blank. Very often the last deck does
not contain the same number of variables as the other decks, depending on
total number of variables. If the same format is stated (see format card)
for all decks, e.g., 9F8.3% which means 9 variables per card punched with
fixed decimal point between the third and fourth digit from the right, the

control card will prevent the computer from reading beyond the last

variable, say only 4, in the last deck. The data cards have to be sorted
so that cards from deck 1, 2, %, etc., for the first subject, are followed
by cards from deck 1, 2, 3, etc., for the second subject, etc. The
computer thus reads all variables for subject one, then subject two, etc.
In other words, the cards have been sorted in matrix form, variables
horizontally, and subjects (observations) vertically.

Note that number of observations has to be the same for all variables in

15



8.

the input cards. If this number varies, for instance in the case of several
groups of observations, there are two ways to proceed:
a. Arrange the data cards into two or more matrices, and run them

as separate Jobs on one loading.
b. Punch '"missing data'" to "fill up" those variables which have fewer

observations. Blank words in the data cards will be read as zero

values by the computer.

JOB NUMBER CARD

This is the last card of the entire input. Punch any numerical code
(e.g. job sequence number) in the first 10 columns of the card. (Example:
+000006121, or +000000025). This number will print on top of the output

and means that all cards in the analysis have been read into the computer.

16
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#*COMPILE FORTRANSPRINT SAPsPUNCH OBJECTsEXECUTE +DUMP MSTD1A0Q
DIMENSION SUM(5850)95Q(5850) sCOUNT(5850)9R(5850) sNX{585Q0)sNY(5850)
EQUIVALENCE (RsSUM) s (ReCOUNT) 9 (ReSQ) s (RsNX)s (ReNY)
READ INPUT TAPE Ts29NsLYsNTOTALSD
2 FORMAT(3169F843)
NSTORE=5850
Ki=2
IA=LY
IB=1A+LY
READ INPUT TAPE T793s(NX{(I)sI=1s1A)
3 FORMAT(2413)
L=1A+1
READ INPUT TAPE 7939 (NY(I)sI=L»IB)
N1=0
DO 5 LA=1l)yLY
IA=1A+1
5 N1=N1+NY{IA)=-NX(LA)+1
IA=LY
Ic=18+N1
10=1C+N1
IE=ID+N1
IF=NSTORE~IE
MFIRST=IF/N
M1=MFIRST
M=IE+N
L=1E+1
LG=NTOTAL/MFIRST
MLAST=MFIRST*LG
IF (NTOTAL=MLAST) 7697
6 MLAST=MFIRST
Go TO 8
7 LG=LG+1
MULAST=NTOTAL-MLAST
8 CALL INPUT
READ INPUT TAPE Ts9s(R(I)sI=LosM)
9 FORMAT(
1 )
L=IB+1
DO 14 J=L»yIE
14 COUNT(J)=040
DO 40 J=1HLG
TA=LY
IB=1A+LY
Ic=1B8+N1
ID=1C+N1
IF (LG=J) 15915916
15 M1=MLAST
16 DO 20 KA=K1lsMl
K=M
K=K+1
M=M+N
READ INPUT TAPE Ts9s(R(I)9sI=KeM)
20 CONTINUE
Ki=1
M=1E
DO 40 LA=1»sLY
IA=1A+1
MA=NX(LA)
MB=NY( IA)

-

18



DO 40 L=MAsMB
[=IE-N+L
IR=IB+1
Ic=1C+1
ID=1D+1
DO 40 KA=1sM1
I=I+N
IF (R{I)=-D) 25940925
25 SUM(IB)=SUM(IB)+R(])
SQIIC)=SQUICY+R (I )®%?
COUNT(ID)=COUNTI(ID)+1.
40 CONTINUE
READ INPUT TAPE T7s4lylA
41 FORMATI(I10)
WRITE QUTPUT TAPE 6942,1A
42 FORMAT(44H1 MEAN AND SIGMA PROGRAM
IA=LY
IB=TA+LY
ICc=1B+N1
ID=1C+N1
=29
DO 70 LA=1sLY
IA=TA+1
MA=NX(LA)
MB=NY{TIA)
DO 70 L=MAsMB
IR=18B+1
IC=IC+1
ID=1D+1
CA={COUNT(ID)*(COUNT(ID)=14))
CB=({COUNT(ID)*SQUIC))=(SUM(IB)*%2)
IF (CB) 45945456
45 SQ{IC)=+9994999
IF (COUNT(ID)) 50950454
50 SUM(IB)=+999,999
GO TO 58
54 SUM((IB)=SUM(IB)/COUNT(ID)
GO TO 58
56 SQUIC)=(SQRT(CB/CA))
SUM{IB)=SUM(IB)/COUNT(ID)
58 I=I+1
IF (I=-30) 65960470
60 WRITE OUTPUT TAPE 661
61 FORMAT(64H1 VARIABLE STANDARD
1 NUMBER)
I1=0

JOB NUMBER

DEVIATION

65 WRITE OUTPUT TAPE 63669L9SQ(IC)»SUM(IB)9COUNT(ID)

66 FORMAT(1HOI149F19639F20e39F940)
70 CONTINUE
GO TO 1
*¥ASSEMBLEsPUNCH OBUJECT
REM INPUT
ORG O
PGM
PZE ENDsOs1l
PZE
BCD 1INPUT
PZE ENT

19

110

MEAN



ERROR
ENT

CPY
D=12

REM
ORG
REL
BCD
RTD
CLA
STA
SXD
LXA
cPY
TXI
TSX
TSX
TXL
LXD
TRA
PZE
BSS
SYN
END

0

1ERROR
-

Te4

CcPY
AX1ls1l
A=1y1
*3%g ]
#+39191
ERROR 4
ERROR ¢4
CPYslsl2
AX1s1l
1+4

1

1

*

20



#COMPILE FORTRANSPRINT SAPyPUNCH OBJECTSEXECUTE sDUMP

N =

12

15
16

20

DIMENSION SUM(5875)9SQ(5875)sR(5875)sNX(5875)sNY(5875)
EQUIVALENCE (Rs»SUM)s(RsSQ) 9 (RsNX)e(RoNY)
READ INPUT TAPE T»2sNsLYsNTOTAL
FORMAT(316)
NSTORE=5875
COUNT=NTOTAL
K1=2
IA=LY
Is=IA+LY
READ INPUT TAPE Ts3s(NX{I)sI=1sIA)
FORMAT(2&413)
L=IA+1
READ INPUT TAPE T939(NY(I)seI=L»sIB)
N1=0
DO 5 LA=1sLY
IA=1A+]
N1=N1+NY(IA)-NX(LA)+1
IA=LY
1¢=1B+N1
IE=IC+N1
IF=NSTORE~IE
MFIRST=IF/N
M1=MFIRST
M=I1E+N
L=IE+1 .
LG=NTOTAL/MFIRST
MLAST=MFIRST*LG
IF (NTOTAL=MLAST) 79697
MULAST=MFIRST
Go TO 8
LG=LG+1
MLAST=NTOTAL~-MLAST
CALL INPUT
READ INPUT TAPE T73s9s{R(1)sI=LsM)
FORMAT(
)
L=18+1
DO 12 J=L»sIE
SQ(J)=060
DO 40 J=19LG
TA=LY
Is=TA+LY
Ic=1B8+N1
IF (LG=J) 15915916
M1=MLAST
DO 20 KA=K1lyM1
K=M
K=K+1
M=M+N
READ INPUT TAPE T7999{(R(1)sI=KsM)
CONTINUE
K1=1
M=1E
D0 40 LA=1lsLY
IAsIA+]
MA=NX(LA)
MB=NY(IA)
DO 40 L=MAsMB

2l

MSTD2A0



I=1E-N+L
Ig=1B+1
Ic=1C+1
DO 40 KA=1lsM1
I=1+N
25 SUM(1B)=SUM(IB)+RI(1)
SQUIC)=SQIIC)Y+R(])#%2
40 CONTINUE
READ INPUT TAPE Tab4lsIA
41 FORMAT(I10)
WRITE OUTPUT TAPE 6942y1A
42 FORMAT(44H1 MEAN AND SIGMA PROGRAM  JOB NUMBER 110 )
TA=LY
IR=TA+LY
ICc=1B8+N1
[=29
CA=(COUNT* (COUNT=14))
DO 70 LA=1lsLY
IA=1A+1
MA=NX({LA)
MB=NY(IA)
DO 70 L=MAIMB
IB=1B8+1
Ic=1C+1
CR={COUNT*SQ(IC))=(SUM(IB)**2)
IF (CB) 45445456
45 SQEIC)=+9994999
SUM(IB)=SUM(IB) /COUNT
GO TO 58
56 SQ{IC)Y=(SQRT(CB/CA))
SUM(IB)=SUM(IB)/COUNT
58 I=I+1
IF (1=-30) 6596070
60 WRITE QUTPUT TAPE €961
61 FORMAT(64H1 VARIABLE STANDARD DEVIATION MEAN
1 NUMBER)
1=0
65 WRITE QUTPUT TAPE 6s669LsSQIC)sSUM(IB) »COUNT
66 FORMAT{1HOI149F19e39F20e39F940)
70 CONTINUE
Go TO 1
*ASSEMBLEYPUNCH OBJECT
REM INPUT
ORG O
PGM
PZE END#O»s1
PZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
STA CPY
SXD AX1sl
LXA A=1s1
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cpPyY
D=12

CPY
TXI
TSX
TSX
TXL
LXD
TRA
PZE
BSS
SYN
END

%%yl
*¥+349191
ERROR 94
ERROR s4
CPYslsl2
AX1s1l
14

1

1
*
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IV. SELF-ADJUSTING STANDARD SCORES ('z') PROGRAM

A. DESCRIPTION OF THE PROGRAM
1. The program is classified into two categories.
a. Z 1A (missing data)
b. Z 2A (no-missing data)
2. Program print-out (See Appendix B)
3. Special codes built into the program
To avold stoppage due to any unforeseen circumstances, the following
features are incorporated.
a. Whenever the variance is exactly zero the program prints out
zx = +9.999
b. Whenever the program detects a missing observation, the program
prints out for that particular observation

z = +9.999

B. GSPECIAL FEATURES

See means and standard deviations programs.

C. DISCUSSION

1. Mean
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2. Standard deviation

x T J \\ N(N-l). //

3. 'z' Score

Note: 1in the case of the missing data program N, ZX, X2 refer only
to observations present. The particular calculation loop is skipped

whenever miésing data are detected by the program.

D. LIMITATIONS

Program MAXIMUM NUMBER COF VARTIABLES ON
Category an 8k memory a 32k memory
Z 1A 1200% L500%
Z 2A 1200% 4500%

*These are estimates.
If the data matrix is very large, say, several hundred variables, it would
be advisable to divide it into two or three smaller matrices, and run the
Jjobs on one loading. This can be done because the variables are not
interdependent, and it will reduce running time appreciably. As to the
number of observations on each variable the storage capacity of the tape

unit is the only limiting factor.
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E. RUNNING TIME ESTIMATES
The compilation time is approximately five minutes. Computation time per
z is .0l to .03 seconds. For example a matrix of 200 variables and 300

observations requires .027 seconds per z.

F. TEST PROBLEMS
The test problems have been designed so that they cover possible occurrences,

and they are itemized for categories of programs discussed above (Z1A, Z2A).

G. OUTPUT
1. Print-out: wvariable no., o, i, N (reduced), and cards: zjij with deck
and observation.identification, or
2. Print-out: variable no., o, X, N (reduced), and z;j with deck and

observation identification.
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Appendix B

1. ARRANGEMENT OF CARDS

(See Appendix E under intercorrelation programs)

a. Using Fortran deck (Fig. &)

b. Using binary deck (Fig. &)

2. EXAMPLE PROBLEMS

Standard Scores missing data program (Z 1A) and

Standard Scores no-missing data program (Z 2A)

NUMBER OF NUMBER OF OBSERV. DECK CARD PRINT
Example  VARIABLES  OBSERVATIONS NO. NO. QUTPUT ouT
A 280 30y 001 D01 yes no
B 1Y 200 101 G2l no yes
C 96 200 201 1CL yes no
D 31 100 050 010 no yes
Note: a. The number of observations could be very much larger, say
2000. Missing data are also to be counted as observations,
although during computation the program omits counting
missing data.
b. See Fig. 2.



3.

L.

5.

DIMENSTION CARD FOR THE FORTRAN DECK
The programs have been written so that there is no need to compile for
different dimensions. However, new dimension cards have to be punched

in case of a 32k memory.

NSTORE = *¥¥¥ CARD
See program print out. A new card is required only if a new compilation
is made. This would be the total storage space available for data. The
dimension cards and the NSTORE = *¥** card have been set for an 8k memory

in the program print-out.

CONTROL CARDS
Standard Scores missing data program (Z 1A) and
Standard Scores no-missing data program (Z 2A)

a. Control card no, 1

IBM CARD COLUMNS

Example 1-6 7-12 15-18 1y-24 25-30 $1-32 33.40
N LY NTOTAL NONE NTWO CARD D
A +00280  +00001  +00%369  +00001  +00001 +1 +000yYyy
B +0018y  +00001 400200  +00101  +00CRL -1 +000y+9Y
C +00090 +00002 +00200 +00201 +0C10L +1 +O0Uy Yy
D +00031 +00003 +00100 +00020 +00010 -1 +0009yYyY

Note: NONE refers to row identification of the input matrix (subject
or observation number).

NTWO refers to deck identification of the input matrix.
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In example A observation no. 1, 2,... 30y 1s punched in columns

75-77, and deck no. 1, 2,..,n in columns 76-80 of the output cards.

fu example B observation numbers will start with 1Q1, and decs

numbers with Z1. 'The increment is always = 1.

b. Control card no. 2

IBM CARD COLUMNS

Example 1-3 Lot T-9 10-12 13-19...09-T2
A 001 Blank
B 02! Blank
C 0138 O40 Blank
D 003 018 26 Blank
Note: 1. See Fig. 2
2. BSee Note 2 under means and standard deviations
program, comtrol card no. 1.
3. See Note 3 under means and standard deviatiocn
program, control card no. 1.
4. Note the entries for LY. See corresponding sketches
in Fig. 2, and also control cards 2 and 3.
2. DBee Note 5 under means and standard aeviations

program, control card no. 1.

+ 1 entry in columns 31-3%2 calls for card out-put
(see IV. G. 1)

- 1 entry in columns 31-32 calls for print-out

(see IV. G. 2)
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¢. Control card no. 3

IBM CARD COLUMNS

Example

1-3 L-6 7-9 10-12 1%3-15...69-T2
A 280 Blank
B 17y Blank
C 018 080 Blank
D 003 018 026 Blank

. Note: 1. See Fig. 2
2. The last variable to be computed is indicated

on this card.

6. FORMAT CARD

See format card under means and standard deviations program.

7. DATA CARDS

See data cards under means and standard deviations program.

8. JOB NUMBER CARD

See job number card under means and standard deviations program.
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OBSERVATIONS

OBSERVATIONS

369

200

VARIABLES

X's , 0's ,AND 2's

FOR ALL VARIABLES

VARIABLES
. 40 80...96

[
@

_

X's ,0' ,AND 2's

FOR VARIABLE 18 AND 40 THRU 80

OBSERVATIONS

206

OBSERVATIONS

100

FIG. 2

32

VARIABLES
2,....25%. ... .......179...185

%

X's , 0's ,AND 2z’'s

FOR SHADED SECTION ONLY

VARIABLES
12,3, e 8.....26...3l

X's ,0's, AND z’'s

FOR VARIABLES 3, 18 , AND 26 ONLY



#COMPILE FORTRANSPRINT SAPsPUNCH OBJECTEXECUTE »DUMP Z1A00000
DIMENSION SUM(5325)95Q(5325)sCOUNT(5325)9R(5325) sNX(5325)sNY(5325)

152(5325)
EQUIVALENCE (RsSUM)»{(ReCOUNT) s(RsSQ) s{RaNX)s(RsNY )y (RsZ)

1 READ INPUT TAPE T92sNsLYINTOTALINONE sNTWOsCARDSHD
2 FORMAT(5169F2¢09F843)
NSTCRE=5325
REWIND 2
K1=2
NPERC=9
IA=LY
Ig=TA+LY
READ INPUT TAPE Te3s(NX{I)sI=1sIA)
3 FORMAT(2413/)
L=IA+1
READ INPUT TAPE Ts3s(NY{I)sI=L»IB)
N1=0
DO 5 LA=1lsLY
IA=1A+1
5 N1=N1+NY{IA)=NX(LA}+1
IA=LY
1c=1B+N1
ID=IC+N1
IE=1D+N1
IF=NSTORE-IE
MFIRST=IF/N
M1=MFIRST
LB=N*¥M1+I1E
M=+E+N
L=IE+1
LG=NTOTAL/MFIRST
MLAST=MFIRST*LG
IF (NTOTAL=MLAST) T9647
6 MLAST=MFIRST
Go TO 8
7 LG=LG+1
MLAST=NTOTAL-MLAST
8 CALL INPUT
READ INPUT TAPE Ts99(R(I)sI=LosM)
9 FORMAT({
1 )
L=1B+1
DO 14 J=L»lE
14 COUNT(J)=060
DO 40 J=1yLG
IA=LY
IB=IA+LY
IC=1B+N1
1D=1C+N1
IF (LG=J) 15415416
15 M1=MLAST
LB=N#M1+IE
16 DO 20 KA=K1lsM1
K=M
K=K+1
M=M+N
READ INPUT TAPE 7999(R(1I)sI=KsM)
20 CONTINUE
K1=1

33



25

40

41

42

45
50
54
56
58

60
61

65 WRITE OUTPUT TAPE 69669sLsSQ(IC)»SUM(IB)9sCOUNT(ID)

M=1E

L1=1E+1

WRITE TAPE 2s(R(I}sI=L1sLB)
DO 40 LA=1slLY

IA=1A+1

MA=NX(LA)

MB=NY(IA)

DO 40 L=MAsMB

I=IE=N+L

Ig=1B+1

Ic=1C+1

ID=1D+1

DO 40 KA=1sM1

I=1+N

IF (R{I)=D) 254404925

SUM({ IB)=SUM(IB)+R(I)
SQIIC)=SQICI+R(I)%%2
COUNT(ID)=COUNT(ID)+1,
CONTINUE

IA=LY

IB=TA+LY

ICc=1IB+N1

I1D=1C+N1

END FILE 2

REWIND 2

L=1E+NPERC

1=29

READ INPUT TAPE T7Ts41lsMA
FORMAT(110)

WRITE OUTPUT TAPE 69429MA
FORMAT{40H1 Z PROGRAM JOB NUMBER
DO 70 LA=1lsLY

IA=TA+1

MA=NX(LA)

MB=NY(1A)

DO 70 L=MAsMB

Ip=1B+1

1¢C=IC+1

ID=1D+1
CA=({COUNT(ID)*(COUNT(ID)=1e))
CR=(COUNT(ID)*SQUIC))=~(SUM(IB)*%2)
IF (CB) 45945956
SQ(IC)y=D

IF (COUNT(ID)) 50950954
sSyM(1IB) =D

GO TO 58
SUM(IB)=SUM(IB)/COUNT(ID)
GO TO 58
SQUIC)=(SQRT(CB/CA))
SUM(1IB)=SUM(IB)/COUNT(ID)
I=1+1

IF (I-30) 65960970

WRITE OQUTPUT TAPE 6161

FORMAT (64H1 VARIABLE STANDARD DEVIATION

NUMBER)
1=0

66 FORMAT(1HOI149F19¢39F20439F940)

3L
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70

75

78

80
82

83

84
86
88

S0
95

CONTINUE

M1=MFIRST

IAsLY

IB=TA+LY
1IE=IB+(3%N1)
M=N#M1+IE

L1=1E+1

N2=NONE-1

DO 140 J=1sLG

IA=LY

IF (LG=J) 75975978
M1=MLAST

IB=1A+LY
IE=IB+(3%#N1)
M=N*¥M1+IE

READ TAPE 2s(R(I)eI=L1yM)
DO 140 LA=1,LY
IA=IA+1

MA=NX(LA)

MB=NY{ IA)
MC=MB=-MA+1
LX=MC/NPERC
LZ=NPERC*LX

IF (LZ-MC) 82580982
LZ=NPERC

Go TO 83

Lx=LX+1

LZ=MC=LZ

16==N

DO 95 K=1sM1
Ip=2#LY

Ic=1B+N1

ID=IC+N1

I1G=IG+N

1D=1D+16G

DO 95 I=MAsMB
IE=ID+I

IE=IE+N

IB=IB+1

Ic=1C+1

IF (SUM(IB)=D) 84+88484
IF (SQ(IC)=D) 86988986
IF (R(IEY~D) 90988990
2(1EY=+94999

GO TO 95
Z(IEY=(R(IE)=-SUM(IB))/SQ(IC)
CONTINUE

Ig=2%LY
IC=IB+(2%N1)

16=-N

DO 130 K=1sM1
N3=NTWO-1

IG=IG+N

10=1C+IG

IE=1D+MA~-1

IE=IE+N

LE=IE

LC=NPERC
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100 N2=N2+1
DO 120 LB=1sLX
N3=N3+1
IF (LX~LB) 10551054110
105 Lc=LZ
110 L=LE+1
LE=LE+LC
IF (CARDS) 11351209115
113 WRITE OUTPUT TAPE 631149sN2sN3s{(Z(KA)sKA=LHLE)
114 FORMAT((1HOIG6s1399F12431))
Go TO 120
115 PUNCH 1199(Z(KA)sKA=LsLE)sN2yN3
119 FORMAT((9F8e3)s15913)
120 CONTINUE
130 CONTINUE
140 CONTINUE
REWIND 2
Go 70 1
#ASSEMBLEsPUNCH OBJUECT
REM INPUT
ORG O
PGM
PZE END»O»s1l
PZE
BCD 1INPUT.
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
STA CPY
SXD AX1lel
LXA A=1s1
CPY CPY *i#,]
D=12 TXI *+39191
TSX ERRORs4
TSX ERROR4
TXL CPYslsl2

LXD AX1»s1l
TRA 14
A=1 PZE 1
AX1 BSS 1
END SYN *
END
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#COMPILE + JRTRANSPRINT SAPsPUNCH OBJECT»EXECUTE sDUMP

-—

6
7
8

9

14

15

16

20

Z2A00000

DIMENSION SUM(5400)sSQ(5400)sR(5400)sNX(5400)sNY{5400)+Z(5400)

EQUIVALENCE (RsSUM)s(RsSQ) s (RoONX)s{RsNy)s(RsZ)
READ INPUT TAPE T7s2sNsLYSNTOTALINONE sNTWO9sCARDS

FORMAT(5169F240)
COUNT=NTOTAL
NSTORE=5400
REWIND 2

K1=2

NPERC=9

IA=LY

Ig=IA+LY

READ INPUT TAPE Ts3s(NX(I)sl=1sIA)

FORMAT(2413)
Le2IA+]

READ INPUT TAPE Ts3s(NY(I)sI=L»1B)

N1=0

DO 5 LA=1lsLY

1A=1A+1
N1=N1+NY{IA)=NX(LA}+1
TA=LY

I¢c=IB+Nl

IEalC+Nl

IF=NSTORE~IE
MFIRST=IF/N

M1=MFIRST

LB=N®*M1+1E

M= IE+N

L=JE+1
LGENTOTAL/MFIRST
MULAST=MFIRSTH#LG

IF (NTOTAL=MLAST) 7697
MLAST=MFIRST

GO TO 8

LG=LG+1
MLAST=NTOTAL=-MLAST
CALL INPUT

READ INPUT TAPE Ts99(R(I)sI=LoM)

FORMAT(

L=1B+1

DO 14 J=L»lIE
SUM(J) =060

DO 40 J=1lylG

IA=LY

IB=1A+LY

Ic=1B+N1

IF (LG=J) 15515916
M1=MLAST
LB=N®M1+1E

DO 20 KA=K1lsM1

K=M

K=K+l

MaM+N

READ INPUT TAPE T799e{R(I)sInKoM)
CONTINUE

Kl=1

M= IE

L1=1E+1

)
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WRITE TAPE 2s{(R(I)sl=L1sLB)
DO 40 LA=1sLY
IA=1A+1
MA=NX(LA)
MB=NY( IA)
DO 40 L=MAsMB
I=1E=-N+L
I8=IB+1
IC=1C+1
DO 40 KA=1lyMl
I=1+N
25 SUM(IB)=SUM(IB)+R(I)
SQEIC)=SQUICI+R(I)**2
40 CONTINUE
IA=LY
Ig=1A+LY
IC=1B+N1
END FILE 2
REWIND 2
L=1E+NPERC
1=29
READ INPUT TAPE T7s41loMA
41 FORMAT(I10)
WRITE OQUTPUT TAPE 61942,MA
42 FORMAT(40H1 Z PROGRAM JOB NUMBER
CA=(COUNT*(COUNT~1e1})
DO 70 LA=1lsLY
TA=lA+1
MA=NX(LA)
MB=NY(IA)
DO 70 L=MAsMB
Ig=18+1
IC=1C+1
CB=(COUNT*SQ(IC))=(SUM(IB)*%2)
IF (CB) 45445456
45 SQ(IC)=+94999
SUM(1IB)=SUM(IB)/COUNT
GO TO 58
56 SQUICY=(SQRT(CB/CA}))
SUM(IB)=SUM{IB)/COUNT
58 I=I+1
IF (1-30) 65960970
60 WRITE OUTPUT TAPE 61961
61 FORMAT(64H1 VARIABLE STANDARD DEVIATION
1 NUMBER)
I1=0
65 WRITE OUTPUT TAPE 69669LsSQ(IC) sSUM(IB) 9COUNT
66 FORMAT{(1HOI145F19e39F20e39F940)
70 CONTINUE
M1=MFIRST
IA=LY
IB=TA+LY
IE=1B+(2%#N1)
M=N*M1+1E
Li=1E+1
N2=NONE-1
DO 140 J=19LG
IA=LY
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15

78

80
82

83

88

90
g5

100

105
110

113
114

115
119

IF (LG=~J) 7575978
M1=MLAST

IB=1A+LY

Ie=IB+(2#N1)

M=N®*M1+I1E

READ TAPE 2s(R(I)sI=L1sM)
DO 140 LA=1sLY

IA=1A+1

MA=NX(LA)

MB=NY(IA)

MC=MB-MA+1

Lx=MC/NPERC

LZ=NPERC*LX

1F (LZ=MC) 82980982
LZ=NPERC

GO TO 83

LX=LX+1

LZ=MC~-LZ

1G=~N

DO 95 K=1sM1

Ig=2*LY

IC=1IB+N1

I1G=IG+N

1D=1C+16

DO 95 I=MAsMB

IE=ID+I

IE=1E+N

IB=1B+1

Ic=1C+1

IF (SQUIC)=94999) 90,88+90
Z{IE)=+94999

GO TO 95
Z(IE)={(R(IE)=-SUM(IB))/SQ(IC)
CONTINUE

IR=2%LY

Ic=18+N1

IG==N

DO 130 K=1sM1

N3=NTWO-1

IG=1G+N

IpaiC+IG

IE=1D+MA~1

IE=1E+N

LE=IE

LC=NPERC

N2=N2+1

DO 120 LB=1lyLX

N3=N3+1

IF (LX=LB) 10591055110
Lc=LZ

L=LE+1

LE=LE+LC

IF (CARDS) 11341209115
WRITE OUTPUT TAPE 631149N2sN3s(Z(KA)sKA=LLE)
FORMAT((1HOI691399F1243))
Go TO 120

PUNCH 119s(Z(KA)sKA=LsLE)sN2sN3
FORMAT((9F8e3)s15513)
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120 CONTINUE
130 CONTINUE
140 CONTINUE
REWIND 2
Go TO 1
*ASSEMBLEsPUNCH OBJECT
REM INPUT
ORG O
PGM
PZE END»sOs1l
PZE
BCD 1INPUT
pZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
STA CPY
SXD AX1lsl
LXA A=1s1
CPY CPY ¥#¥,]
D=12 TXI *+351s1l
TSX ERRORs4
TSX ERROR4
TXL CPYslsl2

LXD AX1lsl
TRA 194
A=1 pZE 1
AX1 BSS 1
END SYN %
END



V. PROGRAMS FOR TESTING SIGNIFICANCE OF DIFFERENCE IN MEAN VALUES

1. t-Test Program

A. DESCRIPTION OF THE PROGRAM
1. 'The program is classified into two categories
a. M 1A (missing data)
b. M 2A (no-missing data)
2. Program print-out (see Appendix C)
4. Special code built into the program
Whenever the variance of a variable for either one or both of the

groups considered is exactly zero the program prints t = +9.999

B. SPECIAL FEATURES
1. The input sub-routine reads in the FORMAT of the data cards.
2. The program can be used to calculate 't' on either all variables
or on selected groups of variables in a punched matrix of cards.
See Fig. 3.

3. The program has been designed to compute 't' values as follows:
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't' VAIUES ON EACH VARIABLE FOR GROUPS

1-2%

1-3 2-3

1-4 2=k 3-L

1-5 2-5 5-5 b-5

1-6 2-6 3-6 L-6 5-6

1-k 2-k 3-k h-k 5-k...(k-1)-k

Thus at one loading of the program 't' values are computed on all
the different combinations of groups taken two at a time (S).

*1-2 means group 1l versus group 2.

C. DISCUSSION

1. Mean

gx g =1,2,...k groups
_ g
Xj = 1= N = number of observations in the
N group
2. Standard deviation
2— ..2
N XX ; (leJ)
oy = i=1
N(N-1)

Uz



Student's t (uncorrelated groups)

X, - X,
t = S S i,j = any two groups
g.2 + 0.2
1 d
o i)
D. LIMITATIONS
Program

MAXIMUM NUMBER OF VARIABLES

Category 8k memory 32k memory
M 1A 800* 3000%
M 2A 800* 3000%

* These are estimates.

E. RUNNING TIME ESTIMATES

The compilation time is approximately five minutes. Actual computing time

for M 1A per t is .2 to .5 seconds, depending on number of variables and

observations. The M 2A program is about 2 to 3 times faster.

F. TEST PROBLEMS

Test problems have been designed so that they cover possible occurrences,

and they are itemized for the categories of programs discussed above.

See examples in Appendix C.

G. OUTPUT

Printout:

Group 1; Group J; variable no.; Ny, Xi’ o Nj, ij, o3, ©, df.
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Appendix C

1. ARRANGEMENT OF CARDS
(See Appendix E under inter-correlation programs )
a. Using fortran deck (see Fig. 4)

b. Using binary deck (see Fig. 4)

2. EXAMPLE PROBLEMS
t-test missing data program (M 1A) and

t-test no-missing data program (M 2A)

NUMBER OF OBSERVATIONS NUMBER OF
Example IN THE GROUPS¥ VARTABLES
) 3 L 5
A 50 100 25 80 68 280
B 80 90 100 25 Lo 185
C 60 Ip) 52 68 32 96
D 25 23 32 Lo 28 3]

* The groups can be identified in the data cards by punching
a group number in, for example, columns 73-T4 (01, 02, etc.).

The number of groups can vary from 2 to k.

5. DIMENSION CARDS FOR THE FORTRAN DECK
The user is advised to follow through the steps described under inter-
correlation programs, where the dimension cards are discussed in detail.

The procedure to be follwed here is approximately the same.
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L, MFIRST = *%* or ** CARD. (Asterisks indicate number of digits punched.)

For discussion on MFIRST = *¥¥ or *¥ Card, see inter-correlation program.

5. CONTROL CARDS
t-test missing data program (M 1A) and
t-test no-missing data program (M 2A)

a. Control card no. 1

IBM CARD COLUMN

Example N LY LX D
1-6 7-12 1%3-18 19-26

A +00280 +00001 +00005 +0009999

B +00185 +00001 +00005 +0009999

C +00096 +00002 +00005 +0009999

D +00031 +00003 +00005 +0009999

Note: 1. BSee Fig. 3.
2. See control cards, note 2, means and standard
deviations program.
3. Note entries for LY. See corresponding sketches in Fig. 3,
and also control cards 2 and 3. LX = Number of groups.
4. Columns 19-26 entry can be left blank in the case of no-missing

data programs.
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b. Control card no. 2

IBM CARD COLUMN

Example 1 I4 7-9 10-12...69-72
A 001
B 25
C 018 040
D 00% 018 06

Note: 1. See Fig. 3
2. The starting point in the matrix is indicated on this card.
Also note, 1n example D, LY has an entry 3 in control
card 1. Correspondingly three starting variables are
indicated on control card 2. In example C, LY = 2.

c. Control card no. 3

IBM CARD COLUMN

Example 13 A 7-9 10-12...69-72
A 280
B 179
C 018 080
5 00% 018 026

Note: 1. BSee Fig. 3
2. The last variable to be computed is indicated on this
card.
3. The program is designed for a value LY = 24. However
the program can be compiled for a larger value of LY.

The desired number has to be entered in the dimension
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6.

1.

8.

card before compilation.

d. Control card no. 4
Example IBM CARD COLUMN
1-3% L-6 -9 10-12 13%-15 16-18...69-72
A 050 100 025 080 068
B 080 090 100 025 O40
c 060 075 052 048 032
D 025 023 0%2 oko 8

Note: Punch number of observations in each group. Missing data,

if any, are also to be counted as observations, although

missing data are skipped during coumputation.

FORMAT STATEMENT

See Appendix A under means and standard-deviations program.

DATA CARDS

See Appendix A under means and standard-deviations program.

JOB NUMBER CARD

See Appendix A under means and standard-deviations program.
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OBSERVATIONS

OBSERVATIONS

_®...._8...

@®
=

68

32

VARIABLES VARIABLES

Iy 2y e e e e 280 h2,....25. 179...185
!
: B

GROUP - | - | 6ROUP- I
80
[

GROUP - 2 w . | GROUP-2
z .
o 90
!
<>t .

GROUP - 3 @ | GROUP-3
@ 100
°
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*COMPILE FORTRANSPRINT SAPsPUNCH OBJECTsEXECUTE »DUMP

N

17

20

M1A20022

DIMENSION A(Z00U922)9SUM(200) s SQUARE (200)9COUNTI(200) ¢NX(25)9NY(25))
IXMEAN(200) oDEVNY (200) 9 YMEAN(2U0) s DEVNX(200) 9L C(200) ¢yMLAST(200)

EQUIVALENCE (DEVNXsSQUARE) s (DEVNYsLC) 9 {MLAST » YMEAN)

READ INPUT TAPE T792sNseLYsLXsD
FORMAT(31€6sF843)

REVIND 3

REWIND &

MFIRST=22

M1=MFIRST

READ INPUT TAPE 793 (NX{I)sI=1yLY)
FORMAT (2413)

READ INPUT TAPE T793e(NY(I)sI=1sLY)

READ INPUT TAPE T4 s (COUNT(I)sI=1sLX)

FORMAT(24F340)

950 7 I=1sLX

J=COUNTI(I)
LC(IV=(J/MFIRST)
MLAST(I)=(MFIRST*LCI(I))
IF (J=MLASTI(I)) 69596
MLAST(I)}=MFIRST

Go TO 7

Lc{I)=LC(I)+]1
MLAST(I)=J=MLAST(I)
CONTINUE

K=1

CALL INPUT

READ INPUT TAPE 7989 (A(I1eK)sI=1sN)
FORMAT (

1 )

K1=2
DO 32 LA=1sLX
M1=MFIRST
LG=LC(LA)

00 9 J=1»sN
SUM(J) =040
SQUARE (J)

COUNT(J)
CONTINUE

DO 20 J=19LG

IF (LG=J) 1041011

M1=MLAST(LA)

DO 12 K=K1sMl

READ INPUT TAPE 7989 (A(IsK)sI=1sN)
CONTINUE

Ki1=1

DO 20 L=1sLY

NFIRST=NX{L)

NLAST=NY (L)

DO 20 I=NFIRSTsNLAST

O 20 K=1sM1

IF (A(TeK)=D) 17920917
SUMIT)I=SUM(T)+A(T9K)

SQUARE (T )=SQUARE(I )+ (A(IeK)®%2)
COUNT(I)=COUNT(I)+1e

CONTINUE

D0 32 L=1sLY

NFIRST=NX{L)

NLAST=NY (L)

=040
060
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22

25
26

217

32

33

34

35

36

38

39

40

41

DO 30 I=NFIRSTsNLAST
CR=(COUNT(I)*SQUARE(I))=(SUM(1)#%2)
CA=COUNT(I)*(COQUNT(I)=14)

IF (CA) 22422425

XMEAN (1)=9994999

DEVNX(1}=040

IF (CB) 26926427

XMEAN(1)=9994999

DEVNX(I)=040

Ge TO 30

DEVNX(1)=SQRT(CB/CA)

XMEAN (I)=SUM (1)} / COUNT (1)
CONTINUE

WRITE TAPE 34 ((DEVNX(I)sXMEAN(I)sCOUNT(I))sI=NFIRST4NLAST)
WRITE TAPE 49 ( (DEVNX{I)sXMEAN(I)sCOUNT(I))sI=NFIRSTSNLAST)
CONTINUE

END FILE 3

END FILE 4

REWIND 3

REWIND 4

READ INPUT TAPE 7s334LA

FORMATI(I19)

WRITE OUTPUT TAPE 63344LA
FORMAT(38HO MEAN AND TEE PROGRAM JOB NUMBER 110 )
LA=LX-1

DO 70 JU=1lslLA

DO 35 L=1sLY

NFIRST=NX(L)

NLAST=NY (L)

READ TAPE 39 ( (DEVNX(I}sXMEAN(I)sCOUNT(I1))sI=NFIRSTHNLAST)
CONTINUE

DO 65 K=1sLX

CO 36 L=1sLY

NFIRST=NX(L)

NLAST=NY (L)

READ TAPE 49 ((DEVNY(I)sYMEAN(I)»SUM(I))9I=NFIRSTsNLAST)
CONTINUE

IF (K=J) 65465938

SKIP=29.

DO 60 L=1lslLY

NFIRST=NX(L)

NLAST=NY (L)

DO 60 I=NFIRSTsNLAST

IF (DEVNX(IY) 39939941

DEVNX (1)=999,999

TEE=999,999

IF (DEVNY(I))40+40s44

DEVNY (1) = 999,999

TEE=9994999

GO TO 44

IF (DEVNY(I)) 4Us40943

43 TEE=(XMEAN(I)=YMEAN(I})/{SQRT((DEVNX(I)*%2/COUNT(I))+(DEVNY (I)*%2/

44

45
46
48

1SuM(iI))))

DF=(COUNT(I)+SUM(I))}=2.

SKIP=SKIP+1.

[F (30e~SKIP) 509461950

WRITE OUTPUT TAPE 6148

FORMAT(95H1 GROUPS VARIABLE N-~TOTAL MEAN SIGMA

50

N=TOTA



1L MEAN SIGMA TEE DF )
SKIP=040
50 WRITE QUTPUT TAPE 69559J9Ke I sCOUNT(I)eXMEANCI)9DEVNX(I)
ISUMIT) s YMEAN{I) sDEVNY(I)eTEEDF
55 FORMAT(1HCIS 914 9164F10eU92(F1lle3)sF6e043(F1lle3)sFl0e0)
€0 CONTINUE
65 CONTINUE
REWIND 4
70 CONTINUE
REWIND 2
Go 10 1
*#ASSEMBLE s PUNCH OBJUECT
REM INPUT
ORG U
PGM
PZE END90O»s1l
PZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
STA CPY
SXD AX1ls1l
LXA A=1y1
cPY CPY %%,
D=12 TXI *+391»1
TSX ERROR4
TSX ERRORs4
TXL CPYslsl2

LXD AX1s1
TRA 194
A=1 PZE 1
AX1 8SS 1
END SYN *
END
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#*COMPILE FORTRANSPRINT SAPsPUNCH OBJECTSEXECUTE sDUMP M2A1204
DIMENSION A(120940)sSUM(120) 9SQUARE({120)sCOUNT(120)sNX(25)9NY(25)
IXMEAN(120) 9DEVNY (120) o YMEAN(12C0) oDEVNX(120)sLC(120) ¢yMLAST(120)
EQUIVALENCE (DEVNYsLC) s (MLASTesYMEAN) s {SUMsXMEAN) » {SQUARE9DEVNX)
READ INPUT TAPE Ts2sNseLYslLX
2 FORMATI(316)
REWIND 3
REWIND 4
MFIRST=40
M1=MFIRST
READ INPUT TAPE 7939 (NX(I)sI=1sLY)
3 FORMAT(2413)
READ INPUT TAPE T93s(NY(I)sI=1sLY)
READ INPUT TAPE Ts49{(COUNT(I)sI=1sLX)
4 FORMAT(24F340)
DO 7 I=1sLX
J=COUNT(I)
LC(IY={J/MFIRST)
MLAST(I)={(MFIRST*#LCI(I))
IF (J=MLAST(1)) 69596
5 MLAST(1)=MFIRST
Go 10 7
6 LclIi=LC(I)+1
MLAST(1)=J=MLAST(I)
7 CONTINUE
K=1
Ki1=2
CaALL INPUT
READ INPUT TAPE T98s(A(IsK)sI=19N)
8 FORMAT({
1 )
DO 32 LA=1sLX
CA=COUNT(LA)*(COUNTI(LA)-1e)
M1=MFIRST
LG=LC(LA)
DO 9 J=1sN
SUM(J) =060
SQUARE(J) =060
9 CONTINUE
DO 20 J=19LG
IF (LG=J) 10910911
10 M1=MLASTI(LA)
11 DO 12 K=K1lsMl
READ INPUT TAPE T798s(A(I9K)sI=1sN)
12 CONTINUE
K1=1
DO 20 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
DO 20 K=1yMl
16 SUM(I)=SUM(I)+A (1K)
SQUARE(I)=SQUARE(T )+ (A(IsK)%%2)
20 CONTINUE
DO 32 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
CB={COUNT(LA)*SQUARE(I))=(SUM{I)¥%2)

—
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23 XMEAN(I)=SUM({TI)/COUNT(LA)
25 IF (CB}) 26926927
26 DEVNX(1)=040
GO 7O 30
27 DEVNX({I)=SQRT(CB/CA)
30 CONTINUE
WRITE TAPE 3+ ((DEVNX(I)sXMEAN(I)) 9I=NFIRSTeNLAST)
WRITE TAPE 49 ((DEVNX(I)sXMEAN(I)) 9I=NFIRSTeNLAST)
32 CONTINUE
END FILE 3
END FILE 4
REWIND 3
REWIND ¢
READ INPUT TAPE T79334LA
33 FORMAT(1I10)
WRITE QUTPUT TAPE 693449LA
34 FORMAT(38H0O MEAN AND TEE PROGRAM JOB NUMBER Il1o0 )
LA=LX~1
DO 70 J=1lsLA
DO 35 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 39 ((DEVNX{I)sXMEAN(I)) s I=NFIRSTsNLAST)
35 CONTINUE
DO 65 K=1sLX
DO 36 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 49 ((DEVNY(I)sYMEAN(I))sI=NFIRSTHNLAST)
36 CONTINUE
IF (K=J) 65365,38
38 SKIP=29.
DO 60 L=1lsLY
NFIRST=NX{L)
NLAST=NY (L)
DO 60 I=NFIRSTsNLAST
IF (DEVNX(I)) 39939941
39 TEE=999.999
DEVNX(1)=9994999
IF (DEVNY(I))4094Csas

40 DEVNY(I) = 9994999
TEE = 9994999
GO TO 44

41 IF (DEVNY (1)) 4040943

43 TEE=(XMEAN(I)=YMEAN(1))/(SQRT((DEVNX(1)**2/COUNT(J))+(DEVNY (1)**2/
1COUNT(K) 1))

44 DF=(COUNT(J)+COUNT(K))=2s

 SKIP=SKIP+1,

45 IF (3Ce=SKIP) 5094650

46 WRITE OUTPUT TAPE 6148

48 FORMAT(95H1 GROUPS  VARIABLE N-TOTAL  MEAN SIGMA  N-TOTA
1L MEAN  SIGMA TEE DF )
SKIP=040

50 WRITE OUTPUT TAPE 65555JsKs19COUNT(J)sXMEAN( 1) sDEVNX(I)s
1COUNT(K) s YMEAN (1) sDEVNY (1) TEE sDF

55 FORMAT(LHOISs149163F10e0s2(F1143)3F640s3(F11e3)3F1040)

60 CONTINUE

65 CONTINUE
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REWIND 4
70 CONTINUE
REWIND 3
Go TO0 1
*ASSEMBLEsPUNCH OBJECT
REM INPUT
ORG O
PGM
PZE END»Osl
pZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
sTA CPY
SXD AX1lsl
LXA A=191
cPY CPY %%,
D=12 TXI *+39191
TSX ERROR 4
TSX ERROR 4
TXL CPYslsel2

LXD AX1lsl
TRA 194
A=1 PZE 1
AX1 RSS 1
END SYN ¥
END



2. One Way Analysis of Variance Program

A. DESCRIPTION OF THE PROGRAM
1. This group of programs have been designed so that large numbers of
sub-groups on each variable could be analyzed. The programs have
been classified into two major categories.
a. Missing data program
i. A 1lA
This program computes F-ratios on each variable for
all combinations of groups taken two at a time.
ii. A 1B
This program computes F-ratios on each varigble taking
into account all of the groups at a time.
b. No-missing data program
i. A2A
See a.i. above.
ii. A 2B
See a.ii. above.
2. Program print-out (See Appendix D)
3. SOpecial code built into program
To avolid stoppage due to any unforeseen circumstances, the following
feature is incorporated:
Whenever the variance of any group considered is exactly zero the

program prints out the comment "Please check your data."



B. SPECIAL FEATURES

The input sub-routine reads in the FORMAT of the data cards. The
program therefore is capable of handling data with any FORMAT.
The F-ratios can first be computed on each variable considering
all groups at a time. Then the F-ratios can be computed on each

variable for all combinations of groups taking two at a time as shown

below. (The t-program may be used for the same purpose: *t© = J%H)
GROUP F-RATTO VALUES ON EACH VARIABLE
1 1-2%
2 1-5 2-5
3 1-4 2-4 5=
L 1-5 2-5 5-5 k-5
k 1-k 2-k 5=k hok...(k-1)-k

*1-2 means group 1 versus group 2.

C. DISCUSSION

= Number of groups

= Number of observations in a group

= ZNK

= (2, §£2> - (Niot §2tot) = SS between groups
= (DXL 1) - (Nyop X2pop) = SS total

= B~ A = 5SS within groups
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A

Wrg = k1
MS.  (residual) = L
e Niopk
MSpg
Fo= Mg MS = Mean Square (variance estimate)

The above calculations are done for each variable. Thus in A 1B and A 2B
the program will print out one F-ratio per variable. However, in program

A 1A and A 2A a total of k(k—l)/2 F-ratios are computed for each variable.

D. LIMITATIONS

Program _ MAXIMUM NUMBER OF VARIABLES
Category 8k memory 32k memory
A 1A 500% 2000%

A 1B 500% 2000%
A 2A 500% 2000%
A 2B 500% 2000%

* These are estimates.
If the data matrix is very large, say, several hundred variables, it would
be advisable to divide it into two or three smaller matrices, and run the
Jobs on one loading. This can be done because the variables are not
interdependent, and it will reduce running time appreciably. As to the
number of observations on each variable, the storage capacity of the tape

unit is the only limiting Tactor.
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E. RUNNING TIME ESTIMATES
The compilation time is approximately five minutes. Actual computation time
for A 1A is .2 to .5 seconds per F-ratio, depending on number of variables
and observations. An actual run of 189 variables and 225 observations
(divided into 5 groups), which gave 189 (2) = 1890 F-ratios, required
0.24 seconds per F-ratio.
The A 2A program is about 2 to 5 times faster.
The computation time for A 1B and A 2B should be estimated as if the groups

were run two at a time. This will be an overestimate, though safe.

F. TEST PROBLEMS
Test problems have been designed so that they cover possible occurrences.

See examples in Appendix D.

G. OUTPUT
Printout for two groups at a time: variable no.; Group i; Group J; SS;

Residual SS; Ni; Nj;

af 1; df2; F; Xy o3 SEJ; oj. Printout for all groups
at a time: variable no.; S9; Residual 8S; df 1; df 2; F. (Detailed

information on the groups can be obtained by running (§> combinations

of groups.)
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Appendix D

1. ARRANGEMENT OF CARDS
(See Appendix E under inter-correlation programs)
a. Using FORTRAN deck (See Fig. &)

b. Using binary deck (See Fig. )

2. EXAMPLE PROBLEMS
a. i. One way analysis of variance missing-data program (A 1A4),
(Two groups at a time)
ii. One way analysis of variance missing data program (A 1B),
(A1l groups at a time)
b. i. One way analysis of variance no-missing data program (A 24), and
(Two groups at a time)
ii. One way analysis of variance no-missing data program (A 2B)

(A1l groups at a time)

NUMBER OF OBSERVATIONS NUMBER CI
Lxample IN THE GROUPS VART ABLiS
1 2 b i o
A 20 100 25 30 o8 280
B 80 90 100 25 Lo 185
C 60 75 52 o8 52 YO
D 25 25 52 Lo 28 51
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5. DIMENSION CARDS FOR THE FORTRAN DECK
The user is advised to follow through the steps described under intercorre-
lation programs, where the dimension cards are discussed in detail. The

procedure to be followed 1s approximately the same.

4. MFIRST = *¥¥ or ¥¥ CARD

For discussion on MFIRST = *¥*¥ or *¥ Card see inter-correlation programs.

5. CONTROL CARDS
Missing data programs (A 1A), (A 1B), and
No-missing data programs (A 24A), (A 2B)

a. Control card no. 1

IBM CARD COLUMN

Bxample 1-0 7-12 15-18 19-26
| LY LX D
A +00280 +00001 +00005 +0009999
B +00185 +00001 +00005 +0009999
C +00096 +00002 +00005 +0009999
D +00031 +00005% +00005 +0009999

Note: 1. See Fig. 3.
2. See control cards, note 2, means and standard deviations
program.
3. Note entries for LY. See corresponding skethes in Fig. 5
and also control cards 2 and 5. LX = number of groups.
4. Columns 19-26 entry can be left blank in the case of no-

missing data programs.
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b. Control card no. 2

IBM CARD COLUMN

Example 15 T 7-9 10-12...69-72
A 001
B 25
C 018 040
D 005 018 026

Note: 1. See Fig. 3 (Appendix C)

2. The starting point in the matrix 1s indicated on this
card. Also note, in example D, LY has an entry > in
control card no. 1. Correspondingly three starting
variables are indicated on control card no. 2.

¢. Control card no. 5

IBM CARD COLUMN

Example

1-5 L-6 7-9 10-12...69-72
A 280
B 179
C 018 080
D 005 018 026

Note: 1. See Fig. 5, Appendix C.

2. The last variable to be computed is indicated on this

card.
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3. The program is designed for a value LY = 24. However,
the program can be compiled for a larger value of LY.
The desired number has to be entered in the dimension
card before compilation.

d. Control card no. &4

Example IBM CARD COLUMN
1-5 L-6 7-9 10-12  15-15 16-18...69-72

A 050 100 ®5 080 068

B 080 090 100 25 oko

C 060 075 052 ok8 032

D 25 023 032 0ko 028

Note: Punch number of observations in each group. Missing data,
if any, are also to be counted as observations although

the program omits counting missing data during computation.

6. FORMAT STATEMENT

See Appendix A, means and standard deviations program.

7. DATA CARDS

See Appendix A, means and standard deviations program.

8. JOB NUMBER CARD

See Appendix A, means and standard deviations program.
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*COMPILE FORTRANSPRINT SAPsPUNCH OBJECTEXECUTE yDUMP A1A2000
DIMENSION A(200917)’5UM(200)QSOUARE(ZOU)’COUNT(ZUO)9TOTAL(200)’
IXMEAN(200) o DEVNY (200 ) s YMEAN(2G0O) s DEVNX{200) 9SOM(200) s SQERE(200) »
1LC(200) sMLAST(200) oNX(25) 9NY(25)
EQUIVALENCE (MLASTsYMEAN) s (LCeDEVNY)
READ INPUT TAPE T792sNsLYslLXsD
2 FORMAT(31639F843)
REWIND 3
REWIND &
MFIRST=17
READ INPUT TAPE 793 (NX(I)sI=1sLY)
3 FORMAT(2413)
READ INPUT TAPE Toe3s(NY(I)sI=1sLY)
READ INPUT TAPE T4 (COUNT{I)sI=1sLX)
4 FORMAT(24F340)
DO 7 I=1sLX
J=COUNT (1)
LC(I)={J/MFIRST)
MLAST(I)=(MFIRST*LC(I))
IF (J=MLAST(I)) 69596
5 MLAST(I)=MFIRST
GO TO 7
6 LC(I)=LC(I)+]
MLAST(I)=J=MLAST(I)
7 CONTINUE
K=1
K1=2
CALL INPUT
READ INPUT TAPE 798s(A(IsK)sI=1sN)
8 FORMAT(
1 )
DO 32 LA=1sLX
M1=MFIRST
LG=LC(LA)
DO 9 J=1sN
SUM(J)=040
SQUARE(J) =040
COUNT(J)=040
9 CONTINUE
DO 20 J=1slG
IF (LG=J) 1041011
10 M1=MLAST(LA)
11 DO 12 K=K1lsM1
READ INPUT TAPE 7989 (A(IsK)sI=19eN)
12 CONTINUE
Ki=1
DO 20 L=1sLY
NFIRST=NX{L)
NLAST=NY (L)
Do 20 I=NFIRSTsNLAST
DO 20 K=1sMl
IF (A{19K)=D) 17920917
17 SUM(T)=SUM(T)+A(IsK)
SQUARE({I)=SQUARE(I)+(A{TIsK)*%2)
COUNT(I)=COUNT(I)+1e
20 CONTINUE
DO 32 L=1sLY
NFIRST=NXI(L)
Nt AST=NY (L)

—
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DO 30 I=NFIRSTsNLAST
CB=(COUNT(I)*SQUARE(I))=(SUM(]1)})*%2)
CA=SCOUNT(IV)*({COUNT(I)=14)
IF (COUNT(I)) 22922923
22 XMEAN(1)=04,0
DEVNX(I1)=0,0
Go TO 130
23 XMEAN(I)=SUM(I1)/COUNT(1)
IF (CA) 24424425
24 DEVNX(1)=040
GO TO 30
25 IF (CB) 26926927
26 DEVNX(1)=040
Go 10 30
27 DEVNX(I1)1=SQRT(CB/CA)
30 CONTINUE
WRITE TAPE 35 ((SUM(I1)sSQUARE(I)sCOUNT(1)eXMEAN(I) sDEVNX(I))»I=NFIR
ISTsNLAST)
WRITE TAPE 4s{(SUM(I)sSQUARE(I)sCOUNT(I)9yXMEAN(T) sDEVYNX(I))sI=NFIR
ISToNLAST)
32 CONTINUE
END FILE 3
END FILE 4
REWIND 3
REWIND 4
READ INPUT TAPE 7433,LA
33 FORMAT(I10)
WRITE OUTPUT TAPE 6934,LA
34 FORMAT(45H0 ANALYSIS OF VARIANCE PROGRAM JOB NUMBER 110 )
LA=LX=1
DO 70 J=1lsLA
DO 35 L=1lsLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 39((SUM(I),SQUARE(I),COUNT(I)’XMEAN(I).DEVNX(I))’I=NFIRS
1ToNLAST)
35 CONTINUE
DO 65 K=1slLX
DO 36 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 4’((SOM(I)’SQERE(I)’TOTAL(I)’YMEAN(I)ODEVNY(I))’I:NFIRST
19NLAST)
36 CONTINUE
IF (K~=J) 65465937
37 SK1P=29,.
DO 60 L=1lyLY
NFIRST=NX{(L)
NLAST=NY (L)
DO 60 I=NFIRSTsNLAST
IF (DEVNX(I)) 383538449
38 IF (DEVNY(1)) 39939543
39 SKIP=SKIP+1,
IF (30e=SKIP) 60940941
40 WRITE OUTPUT TAPE 6957

SKIP=0,40
41 WRITE OUTPUT TAPE 6942919J9K
42 FORMAT(1HOIO9s189I14943H PLEASE CHECK RAW DATA. THANK YOU., )
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GO TO 60
43 SKIP=SKIP+1e
IF (304=SKIP) 60944945
44 WRITE QUTPUT TAPE 63957
SKIP=0.0
45 WRITE OUTPUT TAPE 6347919 JsKsYMEAN{I)sDEVNY(I)
47 FORMAT(1HOIO9sI8sI4s76H PLEASE CHECK YOQOUR DATA FOR THE TWO GROUP
1S 2(F10432))
Go TO 60
49 IF (DEVNY(I)) 50950954
50 SKIP=SKIP+1s
IF (304=SKIP) 60451952
51 WRITE OUTPUT TAPE 6957
SKIP=040
52 WRITE OUTPUT TAPE 695391 9JsKeXMEAN(I)sDEVYNX(I)
53 FORMAT(1HOI9s18914952H PLEASE CHECK YOUR DATA FOR THE TwQO GROuUP
1S Fl4¢39F10e3)
GO TO 60
54 TOPl=((SUM(1)%%2) /COUNT(I))I+((SOM(I)**¥2)/TOTAL(I)})
DF2=COUNT(I)+TOTALI(I)
TOP2=({SUM(I)+SOM(I))#%2)/(DF2)
XBAR=TOP1~-TOP2
DF1l=1.
DF2=DF2-=24
R=(SQUARE(I}+SQERE(I)})=TOP1
Z2=R/DF2
Z23=XBAR/Z2
SKIP=SKIP+1.
IF (30e=SKIP) 60955958
55 WRITE QUTPUT TAPE 61957
57 FORMAT(118H1 VARIABLE GROUPS SeSeBETWEEN SeS4RESIDUAL N-1
IN=-2 DF1 DF2 F=RATIO MEAN SIGMA MEAN SIGMA)
SKIP=060
58 WRITE OUTPUT TAPE 695991 9JsKesXBARSRsCOQUNT(I) s TOTAL(I)sDF19sDF2423,
IXMEAN(T)sDEVNX{I)oYMEAN(I)sDEVNY (1)
59 FORMAT(1HOIOsI8s149sF13e39F1lbe394F5409FFe39F11e393F1043)
60 CONTINUE
65 CONTINUE
REWIND 4
70 CONTINUE
REWIND 3
GO T0 1
*ASSEMBLEPUNCH OBJUECT
REM INPUT
ORG O
PGM
PZE ENDsOs1l
PZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
STA CPY
SXD AX1losl
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CPY
D=12

A=1
AX1
END

*DATA

LXA A=1l»1
CPY #%,41
TXI #4391l
TSX ERROR4
TSX ERRORs4
TXL CPYslrl2
LXD AX1»s1l
TRA 14

PZE 1

BSS 1

SYN #*

END
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*COMPILE FORTRANSPRINT SAPsPUNCH OBJECTsEXEDUTE »DUMP

10
11

12

20

—

A2

DIMENSION A(200919)sSUM(2Uv) s SQUARE (200)sCOUNT(200) sNX{25) N
IXMEAN(200) oDEVNY (200) s YMEAN (200 ) 9DEVNX(20U)sLC(200) yMLAST(20

1SOM(200) s SQERE(200)
EQUIVALENCE (MLASTsYMEAN) s (LCsDEVNY)
READ INPUT TAPE Ts2sNeLYslLX
FORMATI(316)
REWIND 3
REWIND 4
MFIRST=19
M1=MFIRST
READ INPUT TAPE Ts3s(NX(I)sl=1lslY)
FORMAT(2413)
READ INPUT TAPE Ts39(NY(I)eI=1lsLY)
READ INPUT TAPE 794 (COUNT{I)sI=1sLX)
FORMAT(24F240)
DO 7 I=1sLX
J=COUNTI(I)
Lc(I)=(J/MFIRST)
MLAST(I)=(MFIRST*LC(I))
IF (J=MLAST(I)) 69596
MULAST(1)=MFIRST
Go TO 7
LC(I)=LC(I)+1
MLAST(I)=J-MLASTI(1)
CONTINUE
K=1
Ki1=2
caLL INPUT
READ INPUT TAPE T7s8s(A(IsK)sI=1sN)
FORMAT(
)
O 32 LA=1sLX
M1=MFIRST
LG=LC(LA)
CA=COUNT(LA)*(COUNT(LA)=14)
OO 6 J=1sN
SUM(IJ ) =00
SQUARE (J)=0e0
CONTINUE
DO 20 J=1yLG
IF (LG=J) 10410911
M1=MLAST{LA)
DO 12 K=K1lsMl1
READ INPUT TAPE 7989 (A(IsK)sI=1sN)
CONTINUE
K1=1
Do 20 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
DO 20 K=1sM1
SUM{I)=SUM(I)+A(I9K)
SQUARE(T)=SGUARE(T)}+(A{IsK)*%¥2)
CONTINUE
DO 32 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 30 I=NFIRSTsNLAST
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CB=(COUNT(LA)¥SQUARE(I))=(SUM(TI)*%x2)
23 XMEAN(I)=SUM(I)/COUNT(LA)
25 IF (CB) 26926427
26 DEVNX(1)=040
Go TO 30
27 DEVNX(I)=SQRT(CB/CA)
30 CONTINUE
WRITE TAPE 39 ((SUM(I1)sSQUARE(T) s XMEAN(I)sDEVNX({I))eI=NFIRSTINLAST)
WRITE TAPE 49 (({SUM(I)sSQUARE(T ) s XMEAN(I)9DEVNX(I) )9 I=NFIRSTeNLAST)
32 CONTINUE
END FILE 3
END FILE 4
REWINC 3
REWIND 4
READ INPUT TAPE 7933sLA
33 FORMAT(110)
WRITE CUTPUT TAPE 6934yLA
34 FORMAT(38HC ANALYSIS OF VARIANCE JOB NUMBER I10 )
LA=LX-1
DO 70 J=1lslLA
DO 35 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 39 ((SUM(I)sSQUARE(T) s XMEAN(T) oDEVNX(I) ) eoI=NFIRSTsNLAST)
35 CONTINUE ~
DO 65 K=1slLX
CO 36 L=1slLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 49 ((SOM(I)sSQERE(I)sYMEAN(I)sDEVNY(I))9I=NFIRSTeNLAST)
36 CONTINUE
IF (K=J) 65465937
37 SKIP=29.
DO 60 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 60 I=NFIRSTsNLAST
IF (DEVNX(I)) 38438949
28 IF (DEVNY(I)) 39439443
39 SKIP=SKIP+1e
IF (30e=SKIP) 60940941
40 WRITE OQUTPUT TAPE 6957

SKIP=040C

41 WRITE OQUTPUT TAPE 6942419J9K

42 FORMAT(1HOIGsI89I4943H PLEASE CHECK YOUR RAW DATA,THANK YOUs )
GO 70 60

43 SKIP=SKIP+1ls
IF (30e=SKIP) 60s&44945
L4 WRITE OUTPUT TAPE 6957
SKIP=040
45 WR+TE OUTPUT TAPE 694791 9JsKsYMEAN(I)sDEVNY ()
47 FORMAT(1HOIG9» 189149 T6H PLEASE CHECK YOUR DATA FOR THE TwO GROUP
18 2(F10e3))
GO TO 60
49 IF (DEVNY(I}) 50950954
50 SKIP=SKIP+1e
IF (304=SKIP) 60s51952
51 WRITE OUTPUT TAPE 6157
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SKIP=040
52 WRITE OQUTPUT TAPE 6953919 JsKeXMEAN(I)sDEVNX(I).
53 FORMAT(1HOIG 18914 952H PLEASE CHECK YQUR DATA FOR THE TWO GROUP
15 Fltée39F10e3)
Go TO &0
54 TOP1=((SUM(T)*%x2)/COUNT{(J}I+((SOM(1)*¥%2)/COUNT{K})
DF2=COUNT(J)+COUNT(K)
TOP2=((SUM(I)+SOM(I))*%x2)/(DF2)
XBAR=TOP1~-TOP2
DF1=1e
DF2=DF2=2,
R=({SQUARE(I)}+SQERE(I})=TOP1
22=R/DF2
Z3=XBAR/Z2
SKIP=SKIP+1.
IF (30e=SKIP) 6U955958
55 WRITE OUTPUT TAPE 6957

57 FORMAT(118H1 VARTABLE GROUPS SeSeBETWEEN SeS4 RESIDUAL N-1
IN=2 DF1 DF2 F-RATIO MEAN SIGMA MEAN SIGMA)
SKIP=C40

58 WRITE OQUTPUT TAPE 6959919 JsKesXBARYRsCOUNT (J) s COUNT(K)9DF19DF29Z3)
IXMEAN(I) oDEVNX( 1) s YMEAN(I)sDEVNY(I)
59 FORMAT(1HOIOsIB8s14sF13e39F14e394F5e09FFe39F11e393F1063)
60 CONTINUE
85 CONTINUE
REWIND 4
70 CONTINUE
REWIND 2
Go TO 1
¥ASSEMBLEsPUNCH OBJECT
REM INPUT
ORG O
PGM
PZE ENDsOo1l
PZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA 794
STA CPY
SXD AX1lsl
LXA A=1y1
CPY CPY #%41
D=12 TXI *+3491s1
TSX ERROR 4
TSX ERROR4
TXL CPY»slsel2
LXD AX1sl
TRA 194
A=1 PZE 1
AX1 BSS 1
END SYN *
END
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*COMPILE FORTRANsPRINT SAP3PUNCH OBJECTSEXECUTE sDUMP A1B2000
DIMENSION A(200’17)’5UM(209,§SQUARE(ZOO),COUNT(200); TOTAL(200) %
1XMEAN(200) sDEVNY (200 ) 3YMEAN(200) 3DEVNX{200)5SOM(200) 3 SQERE (2C0) »
1LC(200) sMLAST (200) 3NX (253 3NY(25)
EQUIVALENCE (MLASTsYMEAN}3ULCSDEVNY)
1 READ INPUT TAPE 73»23N3LY3LX3D
2 FORMAT(3163F843)
REWIND 3
MFIRST=17
READ INPUT TAPE 793s(NX(I)3I=13LY)
3 FORMAT(2413)
READ INPUT TAPE T7s3s(NY(I)3I=13LY)
READ INPUT TAPE 7349 (COUNTUI)SI=135LX)
4 FORMAT(24F340)
DO 7 I=1sLX
J=COUNTI(1I)
LC(I)=(J/MFIRST)
MLAST(I)=(MFIRST*LC(I))
IF (J=MLAST(I)) 63536
5 MLAST(1)=MFIRST
Go TO 7
6 LC(I)=LC(I)+1
MLAST(I)=J=-MLAST (1)
7 CONTINUE
K=1
K1=2
CALL INPUT
READ INPUT TAPE 7583 (A(I3K)I3I=1IN)
8 FORMAT(
1 )
DO 32 LA=13LX
M1=MFIRST
LG=LC(LA)
DO 9 J=1sN
SQUARE (J)=030
COUNT(J)=040
9 CONTINUE
DO 20 J=1sLG
IF (LG=J) 10510511
10 M1=MLAST(LA)
11 DO 12 K=K1lsM1
READ INPUT TAPE 7s8s(A(I3K)3>I=13N)
12 CONTINUE
K1=1
DO 20 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
DO 20 K=1sM1 _
IF (A(IsK)=D) 17520517
17 SUMIT)=SUMITI+ALTI3K)
SQUARE (1) =SQUARE [T )+ (A(T3kI*¥2)
COUNT(I1)=COUNT(1)#13
20 CONTINUE
DO 32 L=1lsLY
NEIRST=NX(L)
NLAST=NY (L)
DO 30 I=NFIRST3NLAST
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CB=(COUNT( 1) *#SQUARE(TI))={(SUM(T)*%2)
CA=COUNT(I)*(COUNT(I)=14)
IF (COUNT(I)) 22922923
22 XMEAN(1)=0.0
DEVNX(1)=040
GO TO 30
23 XMEAN(I)=SUM(I)/COUNT(I)
IF (CA) 24424425
24 DEVNX(I1)=040
GO TO 30
25 IF (CB) 2692627
26 DEVNX(1)=0.0
Go TO 30
27 DEVNX(I)=SQRT(CB/CA)
30 CONTINUE
WRITE TAPE 39 ((SUM{I)9SQUARE(I)9sCOUNT(T)sXMEAN(I)sDEVNX(I))sI=NFIR
1STeNLAST)
32 CONTINUE
END FILE 3
REWIND 3
READ INPUT TAPE 79335LA
33 FORMATI(I10)
WRITE OUTPUT TAPE 6934yLA
34 FORMAT(45H0O ANALYSIS OF VARIANCE PROGRAM JOB NUMBER 110 )
LA=LX=1
SKIP=29.
DF1 = LX = 1
GROUP=LX
DO 35 I=1sN
Lc (1) =1
SQERE (1)
SOM (1)
TOTAL (
35 YMEAN (
0O 50 J
DO 36 L=1s LY
NFIRST = NX (L)
NLAST = NY (L)
READ TAPE 39 ((SUM(I)9sSQUARE(I)sCOUNT(I)9sXMEAN(I)sDEVNX(I))sI=NFIRS
1TyNLAST)
36 CONTINUE
DO 50 L = 1y LY
NFIRST = NX (L)
NLAST = NY (L)
DO 50 I = NFIRST»s NLAST
IF (LC(I)) 50450937
37 IF (DEVNX(I1)) 38+38939

.
QO OO
°
o

-
— e o

I
I

— 1 nomn

)
)

>xX OO

38 Lc(I) = =1
GO TO 50

39 YMEAN (1) = YMEAN (I) + ((SUM(I1)%¥%2) / COUNT(I1))
TOTAL (I) = TOTAL (1) + COUNT (I}
SOM (I) = SOM (I) + SuM (1)

SQERE (1) SQERE (I) + SQUARE (1)
50 CONTINUE

DO 70 L = 1 LY

NFIRST = NX (L)

NLAST = NY (L)

DO 70 I = NFIRSTs NLAST
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43
44

45
47

54

55
57
1

58
59
70

*ASSEM

ERROR
ENT

CcPY
D=12

A=1
AX1

*DATA

IF (LC(I)) 43943954
SKIP=SKIP+1e

IF (30e=SKIP) 7094445
WRITE OUTPUT TAPE 657

SKIP=040

WRITE OUTPUT TAPE 69471

FORMAT(1HOI940H PLEASE CHECK YOUR
GO TO 70

TOP 2 = (SOM(1)*#2) / TOTAL (1)
DF2=TOTAL(I)-=GROUP

XBAR=YMEAN(I)-TOP2

R = SQERE (I) = YMEAN (I)

22 = R/DF2

Z3=XBAR/Z2

SKIP=SKIP+1s

IF (30e=SKIP) 70955958

WRITE OUTPUT TAPE 6957

FORMAT(77H1 VARIABLE SeSeBETWEEN

DF2 F=RATIO )
SKIP=040

WRITE OUTPUT TAPE 6959919 XBARIRsDF1sDF2923

FORMAT(1HOI1292F16e392F10403F1043)
CONTINUE
REWIND 3
GO TO0 1 ,
BLEsPUNCH OBJECT
REM INPUT
ORG O
PGM
PZE ENDsOosl
PZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
BCD 1ERROR
RTD 7
CLA T4
STA CPY
SXD AX1sl
LXA A=1ls1
CPY #%,41]
TXI #+39191
TSX ERRORs4
TSX ERROR»4
TXL CPYslsl2
LXD AX1»s1
TRA 194
pPZE 1
BSS 1
SYN *
END

T2

DATA )

SeSeRESIDUAL
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#COMPILE FORTRANSPRINT SAPSPUNCH OBJECTsEXECUTE sDUMP A2B2000

DIMENSION A(200519)9sSUM(200) sSQUARE(200)sCOUNTI(200) sNX{25)sNY(25)

1XMEAN(200) oDEVNY(200) s YMEAN(200) sDEVNX(200)sLC(200) yMLAST(200)

1SOM(200) ¢ SQERE(200)

EQUIVALENCE (MLASTsYMEAN) s (LCsDEVNY)
1 READ INPUT TAPE T7se2sNoLYslLX
2 FORMAT(316)

REWIND 3

MFIRST=19

M1=MFIRST

READ INPUT TAPE T3 (NX(I)sI=1sLY)
3 FORMAT(2413)

READ INPUT TAPE Te3s(NY{(I)selI=1sLY)

READ INPUT TAPE 7949 (COUNTI(I)sI=1sLX)
4 FORMAT(24F3,0)

TOTAL=0.0

DO 7 I=1sLX

J=COUNTI(1)

TOTAL=TOTAL+COUNT(1)

LC(IV=(JU/MFIRST)

MLAST(I)=(MFIRST*LC(I})

IF (JU=MLAST(I)) 69596
5 MULAST(I)=MFIRST

Go TO 7
6 Lcll)=LC(I)+1

MLAST(I)=J=MLAST(I)
7 CONTINUE

K=1

K1=2

CALL INPUT

READ INPUT TAPE T98s(A(IsK)sI=1sN)
8 FORMAT(

1 )

DO 32 LA=1sLX

M1=MFIRST

LG=LC(LA)

CA=COUNT(LA)*({COUNT(LA)=14)

DO 9 J=1sN

SUM(J1=040

SQUARE(J) =060
9 CONTINUE

DO 20 J=19LG

IF (LG=J) 10410911
10 M1=MLASTI(LA)
11 DO 12 K=K1lsMl

READ INPUT TAPE 7s8s(A({IsK)sI=1sN)
12 CONTINUE

Ki=1

DO 20 L=1slLY

NFIRST=NX{(L)

NLAST=NY (L)

DO 20 I=NFIRSTsNLAST

DO 20 K=1yM1
17 SUM(T)=SUM(I}+A(IsK)

SQUARE(I)=SQUARE(I)+(A(IsK)*%2)
20 CONTINUE

DO 32 L=1sLY

NFIRST=NX(L)

NLAST=NY (L)
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23
25
26

27
30

32

33

34

35

36

37

39

50

43

44

45
47

54

DO 30 I=NFIRSTsNLAST
CB={COUNT(LA)*SQUARE(I))=(SUM(I)%%2)
XMEAN(I)=SUM(I1)/COUNT(LA)

IF (CB) 26926427

DEVNX(1)=060

GO TO 30

DEVNX({I)=SQRT(CB/CA)

CONTINUE

WRITE TAPE 35 ((SUM(1)sSQUARE(I)sXMEAN(I)sDEVNX(I))sI=NFIRSTeNLAST)
CONTINUE

END FILE 3

REWIND 3

READ INPUT TAPE T9334LA

FORMAT(I10)

WRITE OUTPUT TAPE 69344LA

FORMAT(38H0 ANALYSIS OF VARIANCE JOB NUMBER 110 )
LA=LX=1

DF1 = LX =1

GROUP=LX

DF2=TOTAL-GROUP

SKIP=29.

DO 35 1=1yN

Lc (1) =1
SQERE (1)
SOM (1) =
YMEAN (1) o0

DO 50 J = 1s LX

DO 36 L=1ys LY

NFIRST = NX (L)

NLAST = NY (L)

READ TAPE 3s{(SUM(I)+SQUARE(TI) ¢XMEAN(I)sDEVNX(I) ) sI=NFIRSTsNLAST)
CONTINUE

DO 50 L = 1y LY

NFIRST = NX (L)

NLAST = NY (L)

DO 50 I = NFIRSTs NLAST

IF (LC(I)) 50950937

IF (DEVNX(1)) 38438439

Lc(I) = =1

Go TO 50

YMEAN(I)=YMEAN(I)+((SUM(1)%%¥2) /COUNT(J))

SOM (I) = SOM (I) + sUuM (1)

SQERE (I) = SQERE (I) + SQUARE (1)

CONTINUE

DO 70 L = 1y LY

NFIRST = NX (L)

NLAST = NY (L)

DO 70 I = NFIRSTs NLAST

IF (LC(I)) 43943954

SKIP=SKIP+1s

IF (304=SKIP) 70944945

WRITE OUTPUT TAPE 6957

o0

H O n

0
o0
0

SKIP=040

WRITE OUTPUT TAPE 69471

FORMAT (1HOI9940H PLEASE CHECK YOUR DATA )
Go 70 70

TOP2=(SOM(I)%%2)/TOTAL
XBAR=YMEAN(I)=TOP2

Th



55
57
1

58
59
70

R = SQERE (I) = YMEAN (1)
Z2 = R/DF2

Z3=XBAR/Z2

SKIP=SKIP+1e

IF (304=SKIP) 70955958
WRITE OUTPUT TAPE 6957

FORMAT(77TH1 VARIABLE SeSeBETWEEN
DF2 F=RATIO )

SKIP=040

WRITE OUTPUT TAPE 6959919 XBARIRIDF19DF2423

FORMAT(1HOI1292F16e392F10409F1043)
CONTINUE

REWIND 3

Go TO 1

#ASSEMBLE oPUNCH OBJECT

ERROR
ENT

cPY
D=12

A=1
AX1
END

*DATA

REM INPUT
ORG O

PGM

PZE ENDsO»s1l
PZE

BCD 1INPUT
PZE ENT

REM

ORG ©

REL

BCD 1ERROR
RTD 7

CLA T4

STA CPY

SXD AX1lsl
LXA A=1y1
CPY %*%,]
TXI #+39191
TSX ERROR 4
TSX ERRORs4
TXL CPYslsl?2
LXD AX1lsl
TRA 194

pPZE 1

BSS 1

SYN *

END

5
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VI. CORRELATION PROGRAMS

1. Inter-Correlation Program

A. DESCRIPTICN OF THE PROGRAM

1. The program is classified into two categories
a. R 1A (missing data)
b. R 2A (no-missing data)

2. Program print out (see Appendix E)

5. SBpecial codes built into the program
To avoid stoppage of the machine due to any unforeseen circumstances,
the following features are incorporated.

a. Whenever the variance of either of the two variables is exactly

Il

9.999

zero the program prints Tyy

ty = 9:999

b. Whenever the degrees of freedom of the matched variables is

i

9.999

zero the program prints out Tyy

tyy = 9-999

c. Whenever ryy = 1.00 the program prints out tyy = 8.888.

B. SPECIAL FEATURES
1. The input sub-routine reads in the FORMAT of the data cards. The

program therefore is capable of handling data with any FORMAT-

7



The following feature, which could be called versatility, is best
illustrated by an example. This feature has been found to be very
useful when several independent research groups are working on a
project. For example, at the Schizophrenia and Psychopharmacology
Research Project, data are collected on several variables in each

of the following sections: Biochemistry (50), Psychology (100),
Social History (75), Physiology (75), Psychiatry (70), and Animal
Physiology (20). The numbers in parentheses indicate approximate
number of variables studied in each section. It was found necessary
to have a program to handle data the following ways:

a. To determine inter-correlations either on all variables or on
a selected group of consecutive variables in a punched matrix.
See Fig. 5.

b. To determine inter-correlations on one set of consecutive vari-
ables and cross-correlations between these and a second set of
consecutive variables in the same matrix. No break between the
two sets is accepted. The inter-correlations for the second
set of variables are not computed. See Fig. 5.

The program has been designed so that significant 't' values

(e.g. ~ 1.960) can be printed. This feature is found to be very

useful when a research group is handling a large number of variables.

See Appendix E.

—J
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C. DISCUSSION

1. Pearson product-moment correlation coefficient

Lyy
T Tl )
Where,
Ly = MXY - 2X 0¥
L =NX2 - (2X)2
Ly = Y2 - (2Y)2

In the case of the missing data program N, ZXY, ZX, ZX, ZX2, ZXE, refer
to matching observations. The particular calculation loop is skipped
whenever missing data are detected by the program in either one or
both of the variables.

2. PFisher's t for the correlation coefficient

5. Degrees of freedom = N-2
The corresponding degrees of freedom is computed for each pair of
variables. The value of N is the total number of matching observa-

tions, as discussed above.



D.

E.

I

LIMITATTONS

Program MAXIMUM NUMBER OF VARIABLES
Category 8k memory 32k memory
R 1A T97* 5000%

R 2A 1100* L2 oo

* These are estimates.

RUNNING TIME ESTIMATES

The compilation time is approximately five minutes.

estimates, based on actual runs, are listed below.

Some running time

Program NUMBER OF NUMBER OF RUNNING
Category VARIABLES OBSERVATIONS TIME
R 1A 120 200 50 min.
R 24 150 500 17 min.

Computation time for R 1A is .1 to .2 seconds per r, depending

of the matrix. The R 2A program is 3 to 5 times faster. (See

G. 1. below).

TEST PROBLEMS

on the size

also

Test problems have been designed so that they cover possible occurrences,

and they are itemized for the categories of programs discussed above.

See examples in Appendix E.
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G. OUTPUT

1.

Printout for R 1lA:
Variable 1

Variable J; rij3 dfij3 trij; var. J + 1; Ti(g o+ 1)} dfi(j + 1)5

tfi(j + l>;...; var. n; rip; 4dfin; trin'
In example A, i = 1,2,...279, § = 1+ 1, ..., 280.
In example B, i = 25,26,...178, j = i+ 1, ..., 179.

(See appendix E.)

Option 't'-value yes will, in addition to above matrix, repeat the

parts of it where t,'s ? a specified value (e.g. 1.96).%
Printout for R 2A:
Same as for R 1A, except for degrees of freedom which here is printed
only once on the same line as variable 1.
Card output (optional)
Upper half off-diagonal correlation matrix (see Appendix G). The

Format is 12F6.3.

*If option t-value yes is used, running time per r has to be estimated between
.5 and .5 second. This estimate is for the missing data program. The no-
missing data program will be 7 to D times faster.



1.

Appendix E

ARRANGEMENT OF CARDS

(for details, see program print out)

Using FORTRAN deck (Fig. 4)
The FORTRAN deck represents the written program. Although this deck
may be used together with the data cards, a better procedure is to
run only a short deck of test data cards with the FORTRAN deck.
The computer "compiles' the program, computes the data as required,
prints out the results, and "cuts" binary cards. The binary deck
can then be used, instead of the Fortran deck, in all subsequent
runs, provided that the maximum dimensions given are sufficient.
New compilation of the program is not needed when using the binary
deck. Some computing centers restrict computing time, after com-
pilation, to a minimum.
1. I-D (identification) cards. The same infor- (2 cards)
mation is punched in both cards: name of
scientist, computing center project number,
estimated execution time (minutes), esti-
mated number of output pages, estimated card
output (if any).
2. Card to instruct the computer to compile (1 card)
Fortran. Usually punched starting in column

1: *COMPILE FORTRAN, PRINT SAP, PUNCH
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OBJECT, EXECUTE, DUMP

3, Fortran program deck (with any change in (1 deck)
dimension cards and MFIRST = *¥%¥% or **¥
card, if required).

4. Card to assemble SAP. Usually punched (1 card)

starting in column 1: *ASSEMBLE, PUNCH

OBJECT
5. Sub-routine deck (1 deck)
6. Card to inform the computer to start read- (1 card)

ing control cards, format statement, and

data. Usually punched starting in column 1:

*DATA
7. Control card (1 card)**
8. Format statement. See Appendix A. (1 card)
9. Test data cards sorted in matrix form. (n decks)
10. Job number card. See Appendix A. (1 card)

b. Using binary deck (Fig. 4)
1. I-D cards (2 cards)
2. Card punched (starting in column 1:) (1 card)
¥EXECUTE, DUMP
3. Binary program deck (1 deck)

k. Binary sub-routine cards (2 cards)
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5. *DATA (1 card)

6. Control card (1 card)**
7. Format statement. See Appendix A. (1 card)
8. Data cards sorted in matrix form (n decks)
9. Job number card. See Appendix A. (1 card)

2. EXAMPLE PROBLEMS
Inter-correlation R 1A (missing data), and

Inter-correlation R 2A (no-missing data)

Exomple  NUMBER OF  NUMBER OF o' VALUE  CARD
VARIABLES OBSERVATIONS OUTPUT

A 280 569 yes yes

B 189 206 no yes

C 96 200 yes no

D 31 100 no no

Note: 1. The number of observations could be very much larger,
say 2000. Missing data are also to be counted as
observations, although during computation the program

omits counting missing data.

**The number of control cards used in other programs is given in the
respective appendices.
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2. Maximum number of variables these programs can handle
are discussed under 'Limitations'.

3. 't' value option yes:
In addition to the regular correlation matrix, the pro-
gram will print another matrix including only those
correlations for which the corresponding 't'-values
are, for example, ? 1.96. This makes it easier to
find the significant correlations. It should be noted
that r and t = Y.9Y59 or t = 8.888 indicates unusual

situations (see special codes).

%. DIMENSION CARDS FOR THE FORTRAN DECK:
a. Missing Data R 1A (See example problems A, B, C, and D)
Card 1: (Example A)
DIMENSION SUM (300), SOM (300), SQUARE (300), SQERE (300), PROD (300)
Card 2:
1A (300,12), TOTAL (300), JA (300,12)
Note: 300+300+300+300+300+(300 x 12) + 300 f 5580
Card 1: (Example B)
DIMENSION SUM (200), SOM (200), SQUARE (200), SQERE (200), PROD (200)
Card 2:
1A (200,21), TOTAL (200), JA (200,21)

‘Note: ~200+200+200+200+200+(200 x 21) + 200 S 5580
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Card 1: (Example C)
DIMENSION SUM (100), SOM (100), SQUARE (100), SQERE (100), PROD (100)
Card 2:
1A (100,49), TOTAL (100), JA (100,49)
Note: 100+100+100+100+100+(100 x 49) + 100 < 5580
Card 1: (Example D)
DIMENSION SUM (50), SOM (50), SQUARE (50), SQERE (50), PROD (50)
Card 2:
1A (50,105), TOTAL (50), JA (50,105)
Note: 50+50+50¢50+50+(50 x 105) + 50 < 5580
5580 locétiohs refer to an &8k memory. when using a 52k memory corresponding
changes should be made before compilation. Card 2 is a continuation card.
A, B, C, and D refer to the example problems given above. Example
A called for 280 variables and 361 observations. The dimension
cards are punched to make it possible to handle a maximum of 300
variables. The entries in the dimension cards mean: store 6
times information on 300 variables (sum 300), (som 300), (square 300),
(sqere 500), (prod 500), (total 300). The double entries are required
because of missing data. This requires 6 x 300 = 1800 locations in

the computer core. There are 5580 locations available for computing.

Thus 5580 minus 1800 leaves 3780 locations which divided by 300

variables gives 12 observations to be computed at one time (the

remainder, 180, cannot be used). The terms 1A (300,12) and JA
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(300,12) refer to this condition. The computer will thus calculate
12 "observations on all variables in one cycle and repeat the calcula-
tion as many times as required, in this case §69/12 = 30x12+1x9 =
51 times.
The maximum number of variables punched into the dimension cards is
determined by the amount of variables generally used in analysis.
If this number is appreciably smaller than in example A, it is more
advantageous to punch dimension cards to handle a maximum of, say,
150 or 100 variables. This makes it possible for the computer to
store more observations for each computing cycle. (See examples B,
c, andvD).
If the number of variables varies largely from analysis to analysis,
the best thing to do is to "compile'" several programs and get result-
ing binary cards, which then can be used for Jjobs of different
magnitudes.

No missing data R 2A

The method is the same as in R 1A.

Bxample:

A. (1 card only)

DIMENSION SUM (300), R (300,15), SIGMA (300), PROD (500), JA (300,15)
Néte: 300 + (300 x 15) + 300 + 300 S 5600
B} C, and D follow the same pattern.

For details see program print-out.



L. MFIRST = *¥% or *% CARD
See program print-out.
Whenever the program is compiled for a different dimension, the number of
observations computed on all variables in one cycle will also change.
See cards 2 in the above examples (R 1A).

In these cases:

MFIRST = 12 (A)
MFIRST = 21 (B)
MFIRST = L9 (c)

=10 (D)

MFIRST

Corresponding change should be made before compilation.

5. CONTROL CARDS
Inter-correlation missing data program (R 1A) and
Inter-correlation no-missing data program (R 2A)

a. Control card no, 1

IBM CARD COLUMNS
1-6 7-12 13-18 19-24 25-30 31-34 35-36  37-Lh

Example
| NFIRST NLAST NEND COUNT 't' VALUE CARD D
A +00280 +00001 +00279 +00280 +00369  +196 +1  +0009999
B +00185 +00025 +00178 +00179 +00206  -196 +1  +0009999
C +00096 +00001 +00040 +00096 +00200  +196 -1 +0009999
D +00031 +00005 +00025 +00031 +00100  -196 -1 +0009999
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Note: 1. See Fig. .
2. D refers to missing data entry on cards.
5. +1 calls for card output, -1 no card output.
L. +196 calls for 't' value option yes and -196 calls for
't' value option no. (In this example a t of z 1.96 is
called for)
5. Note the entries 37-44 (can be left blank in the case of

no-missing data program).

6. FORMAT STATEMENT

See Appendix A under means and standard-deviations program.

f. DATA CARDS

See Appendix A under means and standard-deviations program.

8. JOB NUMBER CARD

See Appendix A under means and standard-deviations program.
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Z/JOB NUMBER CARD

TEST DATA J
USING FORTRAN DECK DECK

zf:, FORMAT CARD
Z{ CONTROL CARD

/% om g“

SUB - ROUTINE f
DECK
6 REPEAT
Zé’gAsssuaLE,Puncu OBJECT .
f,g,hand i
FORTRAN d FOR MORE JOBS
PROGRAM DECK
Z/r COMPILE FORTRAN c /// JOB NUMBER CARD
I-D CARDS DATA '
b CARD DECK
o 0 h
~ ORDER OF CARDS { FORMAT CARD
Z{/ CONTROL CARD 9
/ %* DATA f
, ////' BINARY SUB- ROUTINE e
CARDS
USING BINARY DECK

d
BINARY PROGRAM
DECK

/* EXECUTE , DUMP
I-D CARDS

ORDER OF CARDS

FIG. 4

ANY SPECIAL INSTRUCTIONS TO THE COMPUTER OPERATOR
(e.g. PLEASE USE FULL LENGTH BINARY TAPES, OR PRINT

TWO COPIES OF OUTPUT ,ETC.) SHOULD BE PUNCHED OR
WRITTEN ON A CARD AND PLACED IN FRONT OF THE
I -D CARDS.
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OBSERVATIONS

OBSERVATIONS

369

200

VARIABLES
12,3, e eiee e ... 280

INTER - CORRELATIONS
ARE COMPUTED

FOR
COMPLETE MATRIX

VARIABLES
1,2,34- .0 o0 ... 96

////

INTER-CORR’S L. CROSS - CORR’S
ARE COMPUTED /i— FOR VAR'S —

FOR /- 1-40 VS. 41-96 —
THIS SECTION }- ARE COMPUTED
{ NO INTER- CORR’S |
- For THIS SECTION)

VARIABLES
n2,. .
I
2
o ris | 'NTER-CORRELATIONS |
8 V' ARE COMPUTED /!
= SECTION | |sscno~
g FOR
« I$ NOT " THIS SECTION IS NOT
a COMPUTED ( COMPUTED
) / I
i
|
|
206 A
VARIABLES
1,2,cc - 8 i B 30
! I
2 V
/ -
- THIS IINTER CORR'S l— CROSS |
z section Vare computen b corm’s -
'.>; IS NOT :/ FOR [ FOR
é coupu'rgol THIS SECTION VAR'S ]
3 5-25
vs.
- 26-31
| ARE _|
COMPUTED |
|(NO INTER-
) conn's FOR]
100 THIS SECTION]

EXAMPLES : RIA ,R2A

INPUT MATRICES A ,B,C,AND D

FIG.5
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*COMPILE FORTRANSPRINT SAPsPUNCH OBJECTSEXECUTE sDUMP R1A1553
DIMENSION SUM(155)9SOM(155) sSQUARE(155)9SQERE(155)4PROD(1551)
1A(155930) 9 TOTAL(155)9JA(155+30)
1 READ INPUT TAPE T792sNsNFIRSToNLASTINENDsCOUNT o TVALUE 3CARDSD
2 FORMAT(4169F6e09F4e29F2409FB84e3)
EQUIVALENCE (JAsA)
REWIND 3
REWIND 4
MFIRST=30
M1=MFIRST
JUMP=COUNT
K=1
CALL INPUT
READ INPUT TAPE 7s3s(A(lsK)sI=19N)
3 FORMAT(
1 )
K1=2
LG=( JUMP/MFIRST)
MLAST=(MFIRST*LG)
IF (JUMP=MLAST) 59495
4 MLAST=MFIRST
Go TO 7
5 LG=LG+1
MLAST=JUMP-MLAST
7 ASSIGN 21 TO LOOP
ASSIGN 28 TO NEW
ASSIGN 36 TO JUMP
0O 50 LA=1sLG
IF (LG=LA) 898510
8 M1=MLAST
10 DO 11 K=K1lsMl1
READ INPUT TAPE Ts3s(A(I9K)sI=19N)
11 CONTINUE
Ki1=1
GO TO LOOPs(21922)
21 ASSIGN 22 TO LOQP
- JTAPE=4
ITAPE=3
Go TO 23
22 ASSIGN 21 TO LOOP
JTAPE=3
ITAPE=4
23 DO 44 I=NFIRSTsNLAST
GO TO NEW»(28432)
28 DO 30 J=1sNEND
SOM(J)=060
SUM{J) =060
TOTAL(J) =040
SQUARE (J) =00
SQERE(J) =040
PROD(J)=0e0
30 CONTINUE
32 L1=1+1
GO TO JUMPs(34436)
34 READ TAPE ITAPE»((PROD(J)sSOM(J)sSUM{J)ISQERE(J)
1SQUARE(J) s TOTAL(J) ) sJ=L1sNEND)
36 DO 42 L=L1sNEND
DO 42 K=1sM1
IF (A(IsK)=D) 38942938
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38 IF (A(LsK)=D) 40942940
40 PROD(L)=PROD(L)+(A(IsK)%A(LIK))
SOM{L)=SOM(L)+A(IsK)
SUM(L)=SUM(L)+A (LK)
SQERE(L)=SQERE(L)+(A(IsK)*%2)
SQUARE (L) =SQUARE(L)+(A(LsK)*%#2)
TOTAL(L)=TOTAL(L)+1e
42 CONTINUE
WRITE TAPE JTAPE s ((PROD(J) sSOM(J)sSUM(J)sSQERE(J)
1SQUARE (J) 9 TOTAL(J) ) 9J=L1#NEND)
44 CONTINUE
"~ REWIND ITAPE
END FILE JTAPE
REWIND JTAPE
49 ASSIGN 32 TO NEW
ASSIGN 34 TO JUMP
50 CONTINUE
READ INPUT TAPE 79524NEW
52 FORMATI(I110)
: WRITE OUTPUT TAPE 6953 4NEW
53 FORMAT(38H1 CORRELATION MATRIX JOB NUMBER 110 )
DO 54 L=NFIRSTsNEND
JA(Lsl) =L
54 CONTINUE
DO 90 I=NFIRSTsNLAST
L1=1+1 ’
READ TAPE JTAPEs((PROD(J) sSOM(J)sSUM(J) sSQERE(J)
1SQUARE(J) s TOTAL(J) ) 9J=L19NEND)
DO 80 L=L1sNEND
IF (TOTAL(L)=2e) 60960461
60 PRCD(L)=94999
SUMI(L)=94999
TOTAL(L)=TOTAL(L)=2s
GO TO 8C
61 CA=(TOTAL(L)*(TOTAL(L)=1s))
CC={(TOTAL(L)*SQUARE(L))=(SUM(L)*%2})
CB=((TOTAL(L)*SQERE(L))=(SOM(L)*%2))
62 IF (CB) 60960464
64 IF (CC) 60960466
66 CB=SQRT(CB/CA)
CC=SQRT(CC/CA)
CB=CA*CB*CC
CC=((TOTAL(L)*PROD(L))=(SOM(L)*SUM(L) )
PROD(L)=CC/CB
CC=PROD(L)#%2
TOTAL(L)=TOTAL(L)=2e
IF (1e=CC) 71971972
71 SUM(L)=8.888
GO TO 80 ‘
72 SUM(L)=(PROD(L)/(SQRT(1e=CC)))*(SQRT(TOTAL(L)))
80 CONTINUE
WRITE OUTPUT TAPE 696919 ((JA(Ls1)sPROD(L)STOTAL(L)9SUM(L))sL=L1y
1INEND)
6 FORMAT(1HOIT7/(3(1H I110sF9e39F9403F943)))
IF (CARD) 83,9081
81 PUNCH 829 (PROD(L)sL=L1sNEND)
82 FORMAT(12F643)
83 IF (TVALUE) 90590984
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84 L=0

DO 87 M=L1sNEND

CC=ABSF(SUM(M))

IF (CC=TVALUE) 87986486
86 L=L+1

SUM(L)=SUM(M)

PROD(L})=PROD (M)

TOTAL(L)=TOTAL (M)

JA(L92)=JA(Ms1)
87 CONTINUE

IF (L) 90990488
88 WRITE OQUTPUT TAPE 696919 ((JA(Ms2) sPROD(M) s TOTAL(M) 4SUM(M) ) eM=1slL)
90 CONTINUE

REWIND JTAPE

GO T0 1

*ASSEMBLEsPUNCH OBJUECT

REM INPUT

ORG O

PGM

PZE ENDsO>»1

PZE

BCD 1INPUT

PZE ENT

REM

ORG 0

REL
ERROR BCD 1ERROR

ENT RTD 7
CLA T4
STA CPY
SXD AX1ls1l
LXA A=1y1
cPY CPY #3#,]
D=12 TXI *+3s1s1
TSX ERRORs4
TSX ERROR»» 4
TXL CPYslsl?2

LXD AX1s1l
TRA 194
A=1 PZE 1
AX1 BSS 1
END SYN ¥
END

ok



¥*COMPILE FORTRANSPRINT SAP4PUNCH OBJECTsEXECUTEsDUMP

»—

12

14
16

18

20

21

22

23
28

30
32

34

RZ2A15033

DIMENSION SUM(150)9R(150933)sSIGMA(150) sPROD(150)sUA(150933),

1TEE(150)

EQUIVALENCE (JAsR)

READ INPUT TAPE T792sNesNFIRSTINLASTsNEND»COUNT s TVALUE s CARD
FORMAT(4169F6e09F4429F240)

REWIND 3
REWIND 4
MFIRST=33
M1=MFIRST
K=1

CALL INPUT

READ INPUT TAPE T93¢s(R(IsK)sI=1sN)

FORMAT (

Ki1=2

JUMP=COUNT
LG=(JUMP/MFIRST)
MLAST=(MFIRST*LG)
IF (JUMP=-MLAST) 59495
MLUAST=MFIRST

Go 70 7

LG=LG+1
MLAST=JUMP-MLAST

DO 12 J=NFIRSTsNEND
SIGMA{J)=040

SUM(J) =040

CONTINUE

ASSIGN 21 TO LOOP
ASSIGN 28 TO NEW
ASSIGN 36 TO JUMP
DO 50 LA=1sLG

IF (LG=LA) 14y14916
M1=MLAST

DO 18 K=K19M1

READ INPUT TAPE T793s(R(IsK)seI=1sN)

CONTINUE

K1=1

DO 20 I=NFIRSTsNEND
DO 20 K=1sMl
SUM(I)=SUM(I)+R (1K)

SIGMA(I)=SIGMA(T}+(R(IsK})%¥2)

CONTINUE

GO TO LOOPs(21s22)
ASSIGN 22 TO LOOP
JTAPE=4

ITAPE=3

Go TO 23

ASSIGN 21 TO LOOP
JTAPE=3

ITAPE=4

DO 44 I=NFIRSTsNLAST
GO TO NEWs(28432)
DO 30 J=T1sNEND
PROD(J)=040
CONTINUE

L1=1+1

GO TO JUMPs(34436)

READ TAPE ITAPEs(PROD(J) sJ=L1sNEND)
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36

40
42

44

49

50

52

53

55

60

65

71

72
80

81
82
83
84

86

87

88

DO 42 L=L1sNEND

DO 42 K=1y9M1
PROD(L)=PROD(L)+(R(IsK})*¥R(LsK))
CONTINUE

WRITE TAPE JTAPEs(PROD(J)»J=L1sNEND)
CONTINUE

REWIND ITAPE

END FILE JTAPE

REWIND JTAPE

ASSIGN 32 TO NEW

ASSIGN 34 TO JUMP

CONTINUE

READ INPUT TAPE T7T9529NEW
FORMATI(I10)

WRITE OUTPUT TAPE 6953yNEW

FORMAT(38H1 CORRELATION MATRIX JOB NUMBER
CA=COUNT* (COUNT=-1s)

DF=COUNT=2,

SPF=SQRT(DF)

DO 55 I=NFIRSTsNEND

JA(Is1)=1

CB=(COUNT#SIGMA(I))=(SUM(])*%%2)
SIGMA(I)=SQRT{(CB/CA)

CONTINUE

DO 90 I=NFIRSTsNLAST

L1=I+1 _

READ TAPE JUTAPES(PROD(J)sJ=L19NEND)
DO 80 L=L1sNEND
TOP=(COUNT*PROD(L))=(SUM(T)*SUM(L))
BELOW=CA¥(SIGMA(I)*SIGMA(L))

IF (BELOW) 60460465

PROD(L)=94999

TEE(L)=94999

GO TO 80

PRODI(L)=TOP/BELOW

CC=PROD (L )*%*2

IF (1e=CC) 71971572

TEE(L)=84888

Go 70O 80
TEE(L)=(PROD{L)/(SQRT(1e~=CC)))*SDF
CONTINUE

WRITE OQOUTPUT TAPE 63691 sDFs{(JA(L91)sPROD(L)TEE(L))9L=LLIsNEND)

FORMAT(IHOIT79F8e0/(4{1H I89F10e39F10e4)))
IF (CARD) 83990481

PUNCH 829 (PRODI(L)sL=L1sNEND)
FORMAT(12F6e3)

IF (TVALUE) 90+90+84

L=0

DO 87 M=L1sNEND
CC=ABSF(TEE(M))

IF (CC=TVALUE) 874864986
L=L+1

PROD (L )=PROD(M)
TEE(L)=TEE(M)
JA(Ls2)=JA(My1)

CONTINUE

IF (L) 90990488

WRITE OUTPUT TAPE 69691 sDFs((JA(M9e2)sPRODI(M) s TEE(M))yM=1sL)
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90 CONTINUE
REWIND JTAPE
Go 70 1
*ASSEMBLE ¢ PUNCH OBJECT
REM INPUT
ORG O
PGM
PZE ENDsO»s1l
pPZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
STA CPY
SXD AX1lsl
LXA A=1s1
CPY CPY *#3%y1]
D=12 TXI *+3s1»sl
TSX ERROR 4
TSX ERRORs4
TXL CPYslsl2

LXD AX1sl
TRA 14
A=1 PZE 1
AX1 BSS 1
END SYN *
END



2. Cross-Correlation Progranm

A. DESCRIPTION OF THE PROGRAM
1. The program is classified into two categories
a. R 1B (missing data)
b. R 2B (no-missing data)
2. Program print out (see Appendix)
5. Special codes

See inter-correlation programs.

B. SPECIAL FEATURES
1. See inter-correlation programs.
2. The program has been designed to
a. Compute cross-correlations between the variables in two sections
of a punched matrix, or between the variables in two matrices, or
b. Compute correlations for one or more variables with all the rest
in a punched matrix. See Fig. 6.
c. The program has been designed so that significant 't' values can
be printed. This feature is found to be very useful when a research
group 1s handling a large number of variables. See intercorrelation

program.

C. DISCUSSION

See inter-correlation programs.
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D. LIMITATIONS

Program Maximum Number of Variables on a
Category 8k memory 32k memory
R 1B TI7* 2000%
R 2B 1100%* L200%*

*These are estimates.

E. RUNNING TIME ESTIMATES
The compilation time is approximately five minutes. Some running time

estimates, based on actual runs are listed below.

Progran NUMBER OF NUMBER OF RUNNING
Category VARIABLES OBSERVATIONS TIME
R 1B 70 vs 115 200 %5 min.
R 2B 70 vs 120 300 17 min.

Computation time for R 1B is .1 to .2 seconds per r, depending on the

size of the matrix. The R 2B program is > to o times faster.*

F. TEST PROBLEMS

Test problems have been designed so that they cover possible occurrences,
and they are itemized for the categories of programs discussed above.

See Appendix F.

*If option t-value yes (see example problems) is used the estimated computing

time per r is .5 to .5 seconds (R 1B).
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G.

OUTPUT

Print-out. The method of printing out i1s approximately the same as

for intercorrelations. Consider first example A (Fig. 6). The print-
out will consist of 80 submatrices: variable 1 with 81, 1 with 82, ...,
1 with 280; variable 2 with 81, 2 with 82, ..., 2 with 280; ...; variable
80 with 82, ..., 80 with 280. DNext consider example B. Here the count
will start at variable 5 with 61, ..., through 175. The last matrix
will be for variable 50 with 61, ... through 175.

Card output (optional): The submatrices are punched out in format 12F6.3.
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Appendix F

1. ARRANGEMENT OF CARDS
(for details, see program print-out)
a. Using Fortran deck (See Fig. 4)
b. Using binary deck (See Fig. 4)

See inter-correlation program (Appendix E).

2. EXAMPLE PROBLEMS
Cross-correlation missing data program (R 1B) and

Cross-correlation no-missing data program (R 2B)

Number of Number of 't Card
Example Variables Total Observations value Output
Sec-1 Sec-2

A 80 200 280 250 yes yes
B 60 120 180 350 yes no
C Lo 60 100 600 no yes
D 20 30 50 95 no no

Note: See note under inter-correlation program, example problems.

5. DIMENSION CARDS FOR THE FORTRAN DECK
The dimension cards are discussed in great detail under inter-correlation
programs. The user is advised to follow through the steps. The procedure

to be followed is the same.
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L. MFIRST = *¥* or ** CARD

See Appendix E.

5. CONTROL CARDS

Cross-correlation missing data program R 1B, and

Cross-correlation no-missing data program R 2B

IBM CARD COLUMNS

Example 1-6 T-12 13-18  19-24  25-30 31-34  35-36  37-Lk
N N BEGIN N END LY COUNT t VALUE CARD D
A +00280 +0000L  +00080 +00001 +00250  +196 +1 +0009999
B +00173 +00005  +00050 +00001 +00350  +196 -1 +0009999
C +00100 +0000L  +00100 +00005 +00600  -196 +1 +0009999
D +00050 +00005  +00050 +00002 +00095  -196 -1 +0009999

Note: 1. See Fig. 6

2. ©See note under inter-correlation program, control card no. 1

3. 1In example B (see also Fig. 6) N could be stated = 180.

b. Control card no. 2

IBM CARD COLUMNS

Example 3 L 6 7-9 10-12...69-72
A 081
B 06l
c 0”5 050 099
D 018 026
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¢c. Control card no. 35

IBM CARD COLUMNS

Example
1-3 L-6 7-9 10-12...69-72
A 280
B 173
C 025 050 099
D 018 026
Note: 1. LY in control card no. 1 indicates the number of times
the calculations are to be repeated. See entries for C
and D in control cards 2 and 5.
2. If two separate matrices are used, the procedure in

example B should be followed. Let us assume, for example,
that the format is 12F6.%, that is 12 variables per card,
each word occupying 6 card columns (*xxxxx, 3 decimals).
In this case five decks of cards are needed to complete
punching the first matrix of 50 variables. The fifth deck
will thus contain data on only two variables. Ten words
will be blark in this deck. The second matrix of 120
variables (61 through 180) is complete with ten decks of
cards, each deck containing data on 12 variables. The two
matrices combined thus have 170 variables. When the decks
for the two matrices are combined, the fifth deck has to be

treated as if it were complete, and the blank words (51 through
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60) counted as variables. These blank variables are omitted
during computation. The last variable to be included (in
example B) is no. 175, and the total variable count should
be stated = 173. Total count could also be stated = 180
(the full matrix). Control card 3 will anyway stop

calculations beyond 173.

6. FORMAT STATEMENT

See Appendix A under means and standard-deviations program.

(. DATA CARDS

See Appendix A under means and standard-deviations program.

8. JOB NUMBER CARD

See Appendix A under means and standard-deviations program.
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OBSERVATIONS

OBSERVATIONS

250

600

VARIABLES VARIABLES
,2,3, 80,8 . ... ......280 ly...6.....50....6l........173...180
1 ) [ S e —
| 2 S |
| A 3 I———l Ba I |
N ) o 4 S | I o
| .1 8 | 82 e
| Y I——| &8 |—_{ 2
CROSS - CORRELATIONS " 3 l ok | | g
FOR VARIABLES z - I | x| N
- o =1 | o
|-80 Vs. 81-280 s 2 lcross- CORRELATIONS FOR WAR'S 2
ARE COMPUTED g ) | 5. 50 Vs s: 173 1 o
|
( NO INTER - CORRELATIONS | 2 2 | ane compuen — z
WITHIN THE TWO SECTIONS | E - [ — £
| | G | (NO INTER- CORRELATIONS 5
WILL BE COMPUTED) w I — &
| WITHIN |secno~s WILL BE
! 2 I—r ‘compuTeD) 2
i = ; | | ¥
I I | L
t * L ]
I 350 [ | [ |
VARIABLES VARIABLES
1,2, e 25 0. 50.........99,00 2, 6.nennn 8. .. ... 2. ... ..50
7 | i | | 4
U c r{ d 3 | P D llj
U H K g | d I
% [ ¥ S I
CORRELATIONS BETWEEN ANY ONE 3 | CORRELATIONS BETWEEN ANY ONE
(o]
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4
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b g | z
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d U H 95 | d
EXAMPLES: RIB, R2B
INPUT MATRICES A ,B,C, ANDD
FIG.6
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*#COMPILE FORTRANSPRINT SAPsPUNCH OBJECTsEXECUTE»DUMP

11

21

22

23

28

R1B2500

DIMENSION SUM(200)sSOM(200) s SQUARE(200) 9SQERE(200)4PROD(200)

1A(250917) s TOTAL{200) s JA(250917)sNX(25)9NY(25)

EQUIVALENCE (JA»A)

READ INPUT TAPE T792sNsNBEGINsNENDsLY9sCOUNTsTVALUESCARDSD

FORMAT(4169F6e0sF4e29F2e09F843)
REWIND 3

REWIND 4

MFIRST=17

M1=MFIRST

K=1

READ INPUT TAPE 739 (NX(I)sel=1lslY)

FORMAT (2413)

READ INPUT TAPE 739 (NY(I)sI=1lylY)

CALL INPUT

READ INPUT TAPE Ts4s(A(IsK)sI=19sN)

FORMAT(

)
Ki1=2
JUMP=COUNT
LG=( JUMP/MFIRST)
MLAST=(MFIRST*LG)
IF (JUMP~=MLAST) 79597
MLAST=MFIRST
Go TO 8
LG=LG+1 .
MLAST=JUMP-MLAST
ASSIGN 21 TO LOOP
ASSIGN 28 TO NEW
ASSIGN 36 TO JUMP
NA=NEND=NBEGIN+1
K=NBEGIN-1
DO 50 LA=1sLG
IF (LG=LA) 949510
M1=MLAST
DO 11 K=K1lsMl

READ INPUT TAPE Tos4s{A(I9sK)sI=19sN)

CONTINUE

Ki1=1

GO TO LOOPs(21+22)
ASSIGN 22 TO LOOP
JTAPE=4

ITAPE=3

GO TO 23

ASSIGN 21 TO LOOP
JTAPE=3

ITAPE=4

DO 44 LE=1sLY
NFIRST=NX(LE)
NLAST=NY(LE)

DO 44 I=NFIRSTsNLAST
M=0

GO TO NEW»s(28432)
DO 30 J=1sNA
SOM(J) =00

SUMIJ) =040
TOTAL{J})=060
SQUARE(J) =060
SQERE(J)=0.0
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PROD(J)=040
30 CONTINUE
32 GO TO JUMPs(34936)
34 READ TAPE ITAPEs((PROD(J)sSOM(J)9SUM(J)sSQERE(J)
ISQUARE(J) s TOTAL(J) ) sJd=19NA)
36 DO 42 L=NBEGININEND
M=M+1
DO 42 K=1sMl
IF (A{I+sK)=D) 38942938
38 IF (A(LsK)=D) 40942940
40 PROD(M)=PRODIM)+(A(TI¢K)*¥A{LsK))
SOM(M)=SOM(M)+A (1K)
SUM(M)=SUM(M)+A (LK)
SQERE(M)=SQERE(M}+(A(IsK)*¥%2)
SQUARE (M) =SQUARE (M) +{A(LsK)*¥%2)
TOTAL(M)=TOTAL(M)+1s
42 CONTINUE
WRITE TAPE JTAPE ¢ ((PROD(J) sSOM(J) s SUM{J)sSQERE(J),
1SQUARE(J) s TOTAL(J) ) 9J=19sNA)
44 CONTINUE
REWIND ITAPE
END FILE JTAPE
REWIND JUTAPE
49 ASSIGN 32 TO NEW
ASSIGN 34 TO JUMP
50 CONTINUE
READ INPUT TAPE Ts52sNEW
52 FORMAT(I10)
WRITE OQUTPUT TAPE 6953 ¢NEW
53 FORMAT(38H1 CORRELATION MATRIX JOB NUMBER I10
DO 54 M=]14NA
54 JA(Msl)=K+M
DO 90 LE=1sLY
NFIRST=NX(LE)
NLAST=NY(LE)
DO 90 I=NFIRSTeNLAST
READ TAPE JUTAPEs{(PROD(J) sSOM(J)sSUMIJ)»SQERE(J)
1SQUARE(J) s TOTAL(J) ) 9sJ=1sNA)
DO 80 M=1sNA
IF (TOTAL(M)=2e) 60460461
60 PROD(M)=9,999
SUM(M)=94999
TOTAL(M)=TOTAL(M)=2
Go T0 80
61 CA={TOTAL(M)*{TOTAL(M)=1e]))
CC={{TOTAL(M)*¥SQUARE (M) )={SUM(M)*#%2))
CB=(({TOTAL(M)*SQERE(M))=(SOM(M)%x2}))
62 IF (CB) 60460964
64 IF (CC) 60460466
66 CB=SQRT(CB/CA)
CC=SQRT(CC/CA)
CB=CA%CB*CC
CC={((TOTAL(M)#PROD(M)} )=(SOM(M)*¥SUM(M)))
PROD(M)=CC/CB
TOTAL(M)=TOTAL(M)=2s
CC=PROD (M) *x*2
IF (1e=CC) 719071572
71 SUM(M)=8.888
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GO 70 80
72 SUM(M)=(PROD(M)/(SQRT(1e=CC)))I*(SQRT(TOTAL(M)))
80 CONTINUE
WRITE OQUTPUT TAPE 696919 {(JA(Ms1)sPROD(M)sTOTAL(M) ySUM(M) ) eM=19NA)
6 FORMAT(1IHOIT7/(3(1H I1109F9439F940sF9e3)))
IF (CARD) 83490981
81 PUNCH 829 {PROD(M)sM=14NA)
82 FORMAT(12F643)
B3 IF (TVALUE) 904904984
84 (=0
DO 87 M=1sNA
CC=ABSF{SUM(M))
IF (CC=TVALUE) 87986986
86 L=L+1
SUM(L)=SUMIM)
PROD (L) =PROD (M)
TOTAL(L)=TOTAL (M)
JA(Le2)=JA(Ms1)
87 CONTINUE
IF (L) 90490488
88 WRITE OUTPUT TAPE 696919 ({JA(Ms2) sPROD(M)sTOTAL(M)} 4SUM(M) ) sM=1sL)
90 CONTINUE
REWIND JTAPE
Go TO 1
*ASSEMBLESPUNCH OBJECT
REM INPUT
ORG O
PGM
PZE END#Os1l
PZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
STA CPY
SXD AX1s1l
LXA A=1y1
CPY CPY #%,1
D=12 TXI *¥+3911
TSX ERROR 4
TSX ERROR 4
TXL CPYslsl2

LXD AX1lsl
TRA 194
A=1 PZE 1
AX1 BSS 1
END SYN *
END
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#*COMPILE FORTRANSPRINT SAPsPUNCH OBJECTsEXECUTEsDUMP

-

10

11
13

14

20

21

22

23

R2B15032

DIMENSION SUM(150)sR(150932)9SIGMA{15C)sPROD(150)sJA(150932)

1TEE(150)9NX(25) sNY(25)

EQUIVALENCE (JAsR)

READ INPUT TAPE Te2sNoNBEGINSNENDsLY s COUNT 9 TVALUEWCARD

FORMAT(4169F66¢09F4e29F240)
REWIND 3

REWIND 4

MFIRST=32

M1=MFIRST

K=1

READ INPUT TAPE T3 (NX(I)eI=1sLY)

FORMAT(2413)

READ INPUT TAPE 7s3s(NY(I)sI=1sLY)

CALL INPUT

READ INPUT TAPE 7949 (R(IsK)sI=1sN)

FORMAT (

)
Ki=2
JUMP=COUNT
LG=(JUMP/MFIRST)
MLAST=(MFIRST*LG)
IF (JUMP-MLAST) 69596
MLAST=MFIRST
GO TO 7
LG=LG+1 ‘
MLAST=JUMP~-MLAST
DO 10 J=1sNEND
SIGMA(J) =040
SUM(J) =060
CONTINUE
ASSIGN 21 TO LOOP
ASSIGN 28 TO NEW
ASSIGN 36 TO JUMP
NA=NEND=NBEGIN+1
K=NBEGIN=-1
DO 50 LA=1sLG
IF (LG=LA) 11911913
M1=MLAST
DO 14 K=K1sMl

READ INPUT TAPE T7s4s(R(IsK)sI=1sN)

CONTINUE

K1=1

DO 20 I=1sNEND

DO 20 K=1sM1
SUM(IT)=SUM(I)+R(IsK)
SIGMA(I)=SIGMA(I)+(R(I4K)*¥2)
CONTINUE

GO TO LOOPs(21+22)
ASSIGN 22 7O LOOP
ITAPE=3

JTAPE=4

GO TO 23

ASSIGN 21 TO LOOP
JTAPE=3

ITAPE=4

DO 44 LE=1»sLY
NFIRST=NX(LE)
NLAST=NY(LE)
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28
30
32

34
36

40
42

44

49
50
52
53

54

55

60

65

71

12
80

DO 44 I=NFIRSTsNLAST

M=0

GO TO NEWs(28s32)

DO 30 J=1sNA

PROD(J)=0.0

CONTINUE

GO TO JUMPs(34436)

READ TAPE ITAPEs(PROD(J)sJ=19NA)
DO 42 L=NBEGINsNEND

M=M+1

DO 42 K=1sMl
PROD{(M)=PROD(MI+(R({IsK)*¥R(LsK))
CONTINUE

WRITE TAPE JTAPES(PROD(J)sJ=19NA)
CONTINUE

REWIND ITAPE

END FILE JTAPE

REWIND JTAPE

ASSIGN 32 TO NEW

ASSIGN 34 TO JUMP

CONTINUE

READ INPUT TAPE 7+524NEW
FORMAT(I10)

WRITE OUTPUT TAPE 6953 4NEW
FORMAT(38H1 CORRELATION MATRIX JOB NUMBER
DO 54 M=1ysNA

JA(Ms1)=K+M

CA=COUNT* (COUNT=1s)

DF=COUNT=2+

SDF=SQRT{(DF)

DO 55 I=NFIRSTsNEND
CB=(COUNTH*#SIGMA(I))=(SUM(T)*%2)
SIGMA(I)=SQRT(CB/CA)

CONTINUE

DO 90 LE=1sLY

NFIRST=NX(LE)

NLAST=NY(LE)
DO 90 I=NFIRSTsNLAST
M=0

READ TAPE JUTAPEs»(PROD(J)sJ=1sNA)
DO 80 L=NBEGINsNEND

M=M+1
TOP=({COUNT*PROD (M) )=~ (SUM( 1) ¥SUM(L))
BELOW=CA¥(SIGMA(I)}*SIGMA(L))

IF (BELOW) 60560565

PROD(M)=94999

TEE(M)}=94999

Go TO 80

PROD (M) =TOP/BELOW

CC=PROD(M) #x%2

IF (1e=CC) 71971972

TEE(M)=84888

GO TO 80
TEE(M)=(PROD(M)/(SQRT(1e=CC)))*SDF
CONTINUE

WRITE OUTPUT TAPE 69891sDFs((JA(Ms1)9sPROD(M)SsTEE(M))gM=19NA)

FORMAT(1HOI7sFB8e0/(4(1H I8sF1Ce39F10e3)))
IF (CARD) 83490481
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81
82
83
84

86

.87

88
90

PUNCH 823 (PROD(M) sM=14NA)
FORMAT(12F6e3)

IF (TVALUE) 909084
L=0

DO 87 M=14NA
CC=ABSF(TEE(M}))

IF (CC~-TVALUE) 87986486
L=L+1

TEE(L)=TEE(M)
PROD(L)=PROD(M)
JA(L92)=JA(Me1)
CONTINUE

IF (L) 909904988

WRITE QUTPUT TAPE 69891 sDFs((JA(Ms2)sPROD(M) sTEE(M)})gM=1sL)

CONTINUE
REWIND JTAPE
GO TO 1

*ASSEMBLE s PUNCH OBJECT

ERROR
ENT

CpPY
D=12

REM INPUT
ORG O

PGM

PZE END»sOQ»s1l
PZE

BCD 1INPUT
PZE ENT

REM

ORG O

REL

BCD 1ERROR
RTD 7

CLA T4

STA CPY

SXD AX1lsl
LXA A=1s1
CPY #i¥#,]
TXI *+391s1
TSX ERROR4
TSX ERROR4
TXL CPYslel2
LXD AX1s1l
TRA 14

PZE 1

BSS 1

SYN *

END
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A,

B.

C.

5. R-COMPLETION PROGRAM

DESCRIPTION OF THE PROGRAM

Program print out (see Appendix G)

SPECIAL FEATURES
1. The program has been designed to

a. Accept as input data the upper half of the off-diagonal elements
of a correlation matriX (see inter-correlation program) .

b. Eliminate variables not desired for further analysis and
rearrange the rows and columns of the correlation matrix so
that the resulting matrix will be symmetric (rij =ry i f J).
The original order of variables will not be disturbed.

c. Insert either 1's or row maxima into the diagonal of the
correlation matrix, be it the original or the one described
in b.

2. The matrix described in b (or the original unchanged matrix) can be
used as input data for the matrix inversion and estimation of
communalities program presented in section VII of this publication.

5. The matrix described in c can be used as input data for the factor

analysis program presented in section VIII of this publication if no

other estimate of communalities is desired.

LIMITATIONS

This program can be used for a maximum of about 2500 variables (8k memory),
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although in the present form (see print-out) it will accept a maximum of
998 variables. If larger matrices are to be processed, format statement
no. 15 has to be changed to read: FORMAT(1814/). Corresponding changes in
the control cards have to be made (see Appendix G, control cards 2, 3, kL,

etc. ).

D. RUNNING TIME ESTIMATES
The compilation time is approximately five minutes. Computing time for
very large matrices should not exceed 5 minutes. A matrix of order 29

requires approximately 6 seconds.

E. TEST PROBLEMS

The test problems have been designed so that they cover possible occurrences.

F. OUTPUT

1. Print-out: Complete correlation matrix, including diagonal elements
called for, with row identification. Omitted variables are not
included.

2. Card output:
a. For inversion program: upper half off-diagonal correlation matrix

(12F6.3).

b. For factor analysis: full matrix with diagonal elements called for

(12F6.3).
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Appendix G

1. ARRANGEMENT OF CARDS (See Appendix E)
a. Using FORTRAN deck. See Fig. L.
b. Using binary deck. See Fig. 4.

2. EXAMPLE PROBLEMS

ExaMprg  JUMBER OF DIAGONAL INVERS CARDS
VARIABLES ELEMENT
A 280 1.0 no yes
B 180 Max no yes
C 146 1.0 yes no
D 96 1.0 no yes
E 51 Max no yes

Note: 1. The completed correlation matrix is printed out with row

identification.

2. INVERS-yes calls for card out-put for the inversion
progranm.
CARDS-yes calls for card out-put for the factor analysis
program.

5. 'The card out-put for the inversion program contains the
upper half off-diagonal elements only. The print-out,

however, gives the complete matrix including the diagonal
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elements called for. It is suggested that this option of
the program be used only in the case that the input matrix
is of order > 1hk4, and the final matrix size is < 72 (using
an 8k memory machine; for a %2k memory the corresponding
numbers are >320 and ° 160). Otherwise, when these limits
are:

1L and = 72

8k memory,

1/

52k memory, = 520 and S 160

an option for completing the correlation matrix is provided
in the inversion program which accepts matrices within these
limits.

L., The card out-put for the factor analysis program contains

the full matrix with diagonal elements called Tfor.

5. DIMENSION CARDS FOR THE FORTRAN DECK
Under inter-correlation programs the dimension cards are discussed in
great detail. The user is advised to follow through the steps. The

procedure to be followed is approximately the same.

L. MFIRST = *%¥ or *¥ CARD
Tor discussion on MFIRST = ¥¥¥ or *¥ card, see inter-correlation programs.

(Number observations corresponds here to number of variables)

5. CONTROL CARDS

a. Control card no. 1



IBM CARD COLUMNS

Example 1-6 7-12 15-1h4 15-16 17-18
N NA DIAG INVERS CARDS

A +00280 +00280 +1 -1 +1

B +00180 +00180 -1 -1 +1

o +00072 +00146 +1 +1 -1

D +00094 +00096 +1 -1 +1

B +00027 +00031 -1 -1 +1

Note: 1. N refers to the desired size of the new matrix. In
example (C) T4 variables, in example (D) 2 variables,
~and in example (E) 4 variables are to be omitted.
2. NA refers to the input matrix.
5. BSee Fig. 7.
Control card no. 2, 3, 4, ... etc.
For every variable to be omitted 999 is punched in the location of
the control card as indicated below. This will make the program
skip that variable. Three columns are reserved for each variable.
Thus on one card 24 variables can be controlled. Cards are punched
from column 1 through 72. If more than 998 variables are processed
(see Limitations), 18 variables per card can be controlled, and the
skip-punch will be 9999.
EXAMPIE A
1. See Fig. 7

2. Since all variables are required in the completed correlation
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matrix, the control cards are made out as follows.
On each card 24 variables can be controlled. Thus in this
problem (280/24) = 12 cards are required. All cards will be

blank. Thus 12 blank cards are inserted after control card

no. 1.
EXAMPLE B
1. BSee Fig. 7.
2. All variables are required in the completed correlation matrix.
A total of (180/2k) = 8 blank cards serve as control cards.
EXAMPLE C
In this problem T4 variables are to be skipped. The procedure
is the same as in examples D and E. A total of (146/2k) = 7
cards are required.
EXAMPIE D
1. See Fig. 7.
2. In this problem variables 18 and 93 are to be omitted. The
size of the final output matrix is therefore (96-2) = 9k,
5. The control cards are made out as follows. A total of

(96/2L4) = L4 cards are required.



CONTROL VARTABLES

CARD NO. NO. 1-3 L-6  T7-9 10-12...52-54...61-63...70-72
2 1 thru 24 BlanK....eveeeeeeeeeeennnnnn. 999 e, Blank
b) 25 thru U8  Blamk...uuvuerreeunreernnnrernnneeennnneeennnnns
L LG thru 72 BlamK. . een ettt ciiinennrnaneeennens.
5 T35 thru 96 BlamK..eeeeeveeeesernnernneeoneennnns 999 ...Blank

In each card (2 columns are used. Variable no. 93, in the 3-digit
format, ends in column 3 x 95 = 279. This number divided by T2
gives 3 cards + 63 columns. Obviously, 999 for variable no. 93
has to be punched in columns 61-63 of control card no. 5 (which
is the fourth card of this sequence). Control card no. 1 is
discussed above.
EXAMPLE E
1. See Fig. 7.
2. 1In this problem variables 7, 13, 24, 31 are to be omitted.

3. A total of (31/24k) = 2 cards are required.

CONTROL VARIABLE IBM CARD COLUMN

CARD NO. NO. 1-5 ...19-21...%7-59...70-72
2 1 thru 24 Blank... 999 ... 999 ... 999
3 25 thru 31 Blank... 999 ........... Blank

6. FORMAT STATEMENT
Input format is 12F6.3. ©No format card is needed. TFor format change see

To. below.

[@s]

[
]



f. DATA CARDS

a. See Appendix A, means and standard-deviations program.
b. The upper half off-diagonal elements of the correlation matrix is the
input. The cards can be obtained as output from the correlation pro-
grams, the format being F 6.3 including decimal point (e.g. + 0.563).

If the input correlation matrix is punched separately and a format
different from 12F6.3 is used, thelprogram has to be recompiled with
corresponding change in Format Statement no. 7 (see printout). F6.3
is preferred by the authors.. The decimal point may be left out (e.g.
+ 00563) or punched (e.g. + 0.563).

For example, a matrix of 34 x 34 should be punched the following way:

CARD IBM CARD COLUMNS Row no. Card no.
NC. 1-6 7-12 5500 viinrann.. 67-T72 73-80

1. ! Ty ox T seeeeesneneneen. ri_13 00010001

2. l"l_]J1L rl-l") ................. I‘l_er) 00010002

3 Ty o6 rl_27 _.rl-pu Blank ------- 00010005

4 T, 3 Loy j vt ro_1h 00020001

5 I'2_l5 r2-l6 ................. I'2 _20 OOOQOO%

63 Y os gy Blank c---c---ococooooooooo-o- 00330001

i

*rl_2 means the correlation for variable 1 with 2.

8. JOB NUMBER CARD

See Appendix A, means and standard-deviations program.
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b2 1,3 .. .. .. ....... 1,280 1,2 ,01,3, . . ... C ... 1,180
2,3 .. .......... 2,280 2,3, . .. ... .... . 2,180
" 279, 280 179, 180

EXAMPLE C FOLLOWS THE PROCEDURE OF D AND E .

D E
b2 1,3 .. . v o i .. 1, 96 b2 13 .. i, B
2,3 . . . .. . .. .. .. 2,096 2,3 . . . e 2,3
18,19, . .. . ....I18, 96 78 . . .1, W
93,94 .. .. 93, 96 13,14 .. . . ..13, 3
95, 96 24,25 . .24, 3|
30 , 31

THE ABOVE MATRICES INDICATE THE ARRANGEMENT OF INPUT CARDS .
THE UPPER HALF OFF - DIAGONAL ELEMENTS ARE USED.

FIG. 7
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*COMPILE FORTRANSPRINT SAP»PUNCH OBJUECTsEXECUTE»DUMP

W

140

145
4

10

12
13
14
15

16

DIMENSION R{200U925)9C(20U0)sJA(2UU)

READ INPUT TAPE T7s2sNsNA9sDIAGIINVERSsCARDS

FORMAT(2169F2eUsl29F240)
READ INPUT TAPE Te3s(JA(I)sI=1sNA)
FORMAT(24132)

REWIND 2

REWIND 3

REWIND 4

MFIRST=25

LG=N=NA

L=1

M=1

Mi=NA=1

ASSIGN 140 TO JUMP

IF (LG) 6916916

DO 15 K=1sM1

J=M

L=L+1

LG=0

ASSIGN 8 TO NEW

DO 10 I=LsNA

GO TO JUMPs(1404145)
ASSIGN 145 TO JUMP

CALL INPUT

READ INPUT TAPE T7s&4s{(C(1)sI=LsNA)
FORMAT (
1 )
IF (I=JA(I)) 109797

GO TO NEWs(899)

LG=LG+1

M=M+1

ASSIGN 9 TO NEW

J=J+1

CtJ)r=C(l)

CONTINUE

IF (LG) 15915912

IF (INVERS) 14914913

PUNCH 1209 (C(1)9I=MsN)
WRITE TAPE 29 (C(I)sI=MyN)
CONTINUE

GO TO 18

ASSIGN 150 TO JUMP

DO 17 K=1yM1

L=L+1

GO TO JUMPs(1505155)
ASSIGN 155 TO JUMP

caLL INPUT

READ INPUT TAPE Te4s(C(I)sI=LeNA)
WRITE TAPE 2s(C(1)sl=LsNA)
CONTINUE

READ INPUT TAPE 7919 sNEW
FORMATI(110)

WRITE OUTPUT TAPE 6920sNEW
FORMAT (40H1 COMPLETED CORRELATION
END FILE 2

REWIND 2

ASSIGN 32 TO NEW
LG=N/MFIRST
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22

23

24

31
32

33

34
35

36

42
43

45
46

MLAST=MFIRST*LG

IF (N=MLAST) 23422423
MLAST=MFIRST

GO TO 24

LG=LG+1
MLAST=N-MLAST

L=1

Ia=1

KA=0

Ig=0

M1=0

L1=1

DO 36 LA=1HLG

IF (LG=LA) 26426527
M1=MLAST-1

ASSIGN 31 TO NEW
Go TO 28

M1=MFIRST

DO 30 K=1sM1l

L=L+1

READ TAPE 29 (R{IsK)sI=LsN)
CONTINUE

GO TO NEWs(31932)
M1=M1+1

IB=IB+M1

I11=0

DO 35 I=1AsIB
[1=11+1

K1=KA

DO 35 K=1sM1
K1=K1+1

IF (I1=K) 34933935
R{IsK)=1s

GO TO 35
R(IsK)=R(K1lsIl)
CONTINUE

WRITE TAPE 39 ((R({IsK)sI=IAsN)sK=1eM1)
TA=IA+M1

KA=KA+M1

CONTINUE

END FILE 3

REWIND 3

REWIND 2

12=0

DO 80 LA=1sLG

11=0

Ic=1

DO 55 LB=1sLA

IF (LG=LB) 40440942

M1=MLAST

GO TO 43

M1=MFIRST

READ TAPE 39 ((R(IsK)sI=ICeN)sK=19M1)
Ic=I1C+M1

IF (LB=LA) 45955955

IF (LG=LA) 46946947

M2=MLAST

GO TO 48
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47 M2=MFIRST
48 DO 50 K=1sMl
I1=11+1
IB=12
DO 50 I=1eM2
IB=1B+1
R{IleI)=R(IBK)
50 CONTINUE
55 CONTINUE
60 WRITE TAPE 4s((R(IsK)sI=1saN)sK=19M1)
REWIND 3
I12=12+M1
8C CONTINUE
END FILE ¢4
REWIND 4
KA=0
DO 135 LA=1sLG
IF (LG=LA) 86986987
86 M1=MLAST
Go TO 88
87 M1=MFIRST
88 READ TAPE 49 ((R(IsK)sI=19N)sK=1sM1)
DO 130 K=1sMl
KA=KA+1
IF (DIAG) 895899113
89 CMAX=040 :
Do 100 I=1sN
IE (I-KA) 905100+9C
90 CMIN=ABSF(R(IsK))
IF (CMAX=CMIN) 9551004100
95 CMAX=CMIN
100 CONTINUE
R(KA#K)=CMAX
113 IF (CARDS) 12291229115
115 PUNCH 1209 (R(IsK)sI=1sN)
120 FORMAT(12F642)
122 WRITE OUTPUT TAPE 691259KAs{(R({T19K)sI=1ypN)
125 FORMAT(1HOsI4/(1H 13F943))
130 CONTINUE
135 CONTINUE
REWIND 4
Go TO 1
#ASSEMBLE 9PUNCH OBJECT
REM INPUT
ORG ©
PGM
PZE ENDsOsl
PZE
BCD 1INPUT
PZE ENT
REM
ORG O
REL
ERROR BCD 1ERROR
ENT RTD 7
CLA T4
STA CPY
SXD AX1lsl
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CPY
D=12

LXA A=1s1
CPY #%91
TXI *#+39191
TSX ERROR 4
TSX ERROR 4
TXL CPYoelsl2
LXD AX1ls1l
TRA 14

pZE 1

BSS 1

SYN #

END
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VII. INVERSION OF SYMMETRIC MATRICES AND ESTIMATION OF COMMUNALITIES

A. DESCRIPTION OF THE PROGRAM
1. Program print out (See Appendix H).
2. This program is especially designed for estimating diagonal elements.
Depending on the need of the research worker, the program can be
instructed to go through any one of the steps discussed under B. In

addition, the program can go through the steps discussed in the R-

completion program, provided that the resulting smaller matrix is of

order < 72, and the original matrix S 1uy (8k memory), or S 160 and
S 320 (52k memory).

5. Special codes built into the program
To avoid stoppage due to any unforeseen circumstances, the following
feature is incorporated:
Whenever the diagonal pivot element is exactly zero, i.e. the input
matrix 1s singular, the program prints out the comment 'the diagonal
element is zero'. 1In this case some of the variables used may not

be independent of each other.

B. DISCUSSION
1. Input upper-half off-diagonal elements of the correlation matrix.

2. Select as a first estimate 1.0 for the diagonal elements.

—
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3. Single precision inversion of the symmetric matrix (12):
Repeat steps (a) through (c) N times for n = 1, 2, 3...N, where N is
the order of the matrix.

a. Compute for temporary use the quantities

-1 . )
p; = &y, xa  for i<n (i = 1,2...N)
Py = &y X agn for i >n
*

b. Replace each element a1 3 by the element a4 3 where:

*
aij = 83y - Pi X ajp for j<n
N T j >
ayy = aij - by x aps for jon

c Replace
* .
1. aj, by ayy = p; for i<n
2 by a . = p, for i>
- ap; by a, = p; for i>n
* -1
5' ann by a’nn = - al’ll’l

d. Change signs of all elements and the resultant matrix is the inverted
matrix. Print out the inverted matrix.
e. Compute A x A_l and print out the result.
A is the original correlation matrix and

-1

A is the inverted matrix.

Jd refers to the diagonal element of the

L. Compute Ejj = 1/a9Y where a
inverted matrix, and E is a diagonal matrix (N x N).

5. Estimation of diagonal elements

There are two options available. See note for a suggestion.
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a. Insert squared multiple correlations (R2) in the diagonal (2; 15)
1. Compute rjj =1 - Ejj
2. Insert rjj in the diagonal of the input correlation matrix.
Punch output and print out.
b. Estimate diagonal elements and adjust off-diagonal elements of the
correlation matrix (Image or 'P' matrix) (3; 9).
1. Replace all elements of the inverted correlation matrix by
A = (E.. x ATE x E..) + A, where:
Jk JJ Jk kk Jk
Ajk refers to the input correlation matrix with 1's in the
diagonal.
2. Repléce all diagonal elements of the resultant matrix by
NI S-S T
Jd JJ Jd
5. Print out and punch adjusted matrix.

Note: When inserting squared multiple correlations into the diagonal as
estimates for communalities the off-diagonal elements may not
conform to the concept of a Gramian matrix. The use of the
Kaiser-Guttman (3; 9) 'P' or Image matrix described in this

program is a good solution to the problem. This procedure will

adjust the off-diagonal elements in relation to the diagonal.

C. LIMITATIONS
The dimension cards for the program have been set for an 8k memory (see

print-out in Appendix H). The inversion section of the program can handle
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a matrix of order T2.
can be about 160.
are given above (see description of program) .

precision.

D. RUNNING TIME ESTIMATES

The compilation is approximately five minutes.

based on actual runs, are listed below:

However, using a 32k memory the order of the matrix

The limitations of the R-completion section of the program

A1l computations are single

Some running time estimates,

Final Matrix

Running Time

Size Option minutes
18 x 16 R2 .
D0 X b 'P'-(Image-matrix) 1.7
20 % 50 'P'-(Image-matrix) bl

The R-completion vart of the program requires

maximum matrix size.

E. TEST PROBLEMS

See examples in Appendix H.

F. OUTPUT (see example problems in Appendix H)

less than 20 seconds for

1. Print out of the complete resultant matrices (with row identification):

-1 -1 )
a. Ry7, RiBRy, (Ry + diag Rf)

- 1
b, BT , P

17 RlRl

c. Ry with unities or row maxima in the diagonal



-1 -1
d. Ry, RyR

2. Card output, without row identification, can be obtained (optional)

for (Ry + diag Ri), P, Ry, or Ril above.
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Appendix H

1. ARRANGEMENT OF CARDS
(See Appendix E, inter-correlation program)
a. Using FORTRAN deck (see Fig. 4)

b. Using binary deck (see Fig. k)

2. EXAMPLE PROBLEMS

DIAG. MATRIX DIAG. CARD
Example Rl R, ELEM. INVER- ELEM. OUT-PUT
FIRST SION FINAL
A 70 110 1.0 no 1.0 yes
B 60 60 1.0 yes R2 yes
C 50 58 1.0 yes g1 no
D Lo 50 1.0 yes P yes
E 35 40 max no max yes
F 50 50 max no max no
Note: Rl = Jize of matrix after elimination of variables
Ro = Size of original input matrix
R2 = Squared multiple correlations (see discussion, 5a)
P = Image matrix (see discussion, 5b)
R—l = Inverted matrix (no calculations beyond inversion)
Max = Rox maxima
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5. DIMENSION CARDS FOR THE FORTRAN DECK

The dimension cards have been set for an 8k memory. See inter-correlation

programs for discussion on dimension cards. See also the program print-out

in this appendix.

L.  CONTROL CARDS

a. Control card no. 1

IBM CARD COLUMNS

Example 1-3 L-6 7-8 9-10 11-12 13-14
N NA DIAG SMCINV SMC CARDS
A o070 110 +1 -1 +0 +1
B 060 060 +1 +1 +1 +1
C 050 058 +1 +1 +0 -1
D ot0 040 +1 +1 -1 +1
E 035 040 -1 +0 +0 +1
F 050 050 -1 +0 +0 -1
Note: N = Rl in example problems.
NA = RO in example problems.
DIAG: +1 inserts 1's in the diagonal of the input matrix.

-1 inserts row maxima (absolute values) in the diagonal
of the input matrix. In this case the program cannot
go through the matrix inversion loop. The choice is

either to punch or not to punch out-put cards.
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SMCINV: +1 calls for matrix inversion.
-1 calls for skipping the inversion loop, and the
choice is either to punch or not to punch out-put
cards.
+0 = no further calculations available. +0 should
be punched when using row maxima.

SMC: +1 calls for calculation of R®'s, which automatically
will be inserted in the diagonal. The off-disgonal
elements will not change.

-1 calls for computation of the Image matrix (P).
+0 = no further calculations required (or available;
compare SMCINV).
CARDS: +1 calls for out-put cards.
-1 no out-put cards.
b. Control card no. 2, 3, k4, etc.

Same as in the R-completion program (see Appendix G).

2. FORMAT CARD

No FORMAT card is needed.

This program will accept only one format: 12F6.3, which also is the format
of the out-put cards of the correlation programs and the R-completion pro-

gram. If data cards are punched separately for this program, the procedure
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outlined in Appendix G under data cards should be followed.
If a different input format is desired, a new program should be compiled,
where the proper program card (statement no. 4 in the program print-out)

has been changed.

6. JOB NUMBER CARD

See Appendix A, means and standard deviations program.
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*COMPILE FORTRANSPRINT SAPsPUNCH OBJECT sEXECUTE »DUMP

™o

10

12

15
18

19
20

21
23
100

24

25
30

35

36
38

39
40

DIMENSION A(72s72)9E(T2)sR{72) 9JA(144)9F(1l44)
EQUIVALENCE (E(1)sF (1)) s (R(L)sF(73))

READ INPUT TAPE T73s29sNoNASDIAGISMCINVsSMCyCARDS
FORMAT(2I3s45267)

REWIND 2

REWIND 3

L=1

M=NA=-1

ASSIGN 39 TO NEW

ASSIGN 86 TO JUMP

READ INPUT TAPE 793s (JA(I)sl = 1sNA)
FORMAT (2413)

1=0

DO 18 IB=1M

J=1+1

L=L+1

Ia=_L

READ INPUT TAPE Tsb4s (F(K)s K = LsNA)

FORMAT (12F643)

IF (IB=JA(IB)) 18410410
I=1+1

DO 15 K = TAsNA

IF (K=JA(K)) 15912912
J = J + 1

A (Tsd) = F (K)
CONTINUE

CONTINUE

DO 20 I=1sN
A(TI91)=040

DO 20 K=19sN

IF (I=K) 19920y2C
A(KsI)=A(1sK)
CONTINUE

IF (DIAG) 24921921

20 23 I=1sN

AlIsl)=1e

CONTINUE

IF (SMCINV) 100936936
ASSIGN 190 TO JUMP

Go TO 1us

00 35 I=1sN

CMAX=060

DO 30 K=1sN
CMIN=ABSF(A(I9K))

IF (CMAX=CMIN) 25930430
CMAX=CMIN

CONTINUE

A(TosI)=CMAX

CONTINUE

Go TO 100

DO 38 I=14N

WRITE TAPE 2s(A(I9K)sK=19N)
END FILE 2

REWIND 2

DO 81 I=1sN

GO TO NEWs(39481)

IF (A(IsI)) 42940442
ASSIGN 81 TO NEW

134

INV1000



42
44
46
48
50

52
54

56
58
60
65

67
69
75
80
81
105
82
83

84
85

86

87

88

N
v

94
95

130

135
145

ASSIGN 84 TO JUMP

GO TO 81

DO 48 K=1sN

IF (I=K) 44948446
R(KY=A(TIoK)/A(Is])

GO TO 48
R{K)Y=A(KsI)/A(IsI}
CONTINUE

DO 65 J=19sN

IF (J=1) 50965950

DO 60 K=1sN

IF (K=I1) 56960952

IF (J=K) 54454460
A(JsK)=A(JsK)=RIJ)*¥A{T9K])
Go TO 60

IF {J=K) 58+5846U
A(JsK)I=A(JoK)=R(J)I*¥A(Ky 1)
CONTINUE

CONTINUE

DO 80 K=19sN

IF (K=1) 67969975
A(KesI)=R(K)

Go TO 80
A(lsl)==1e/A(Is1)

GO TO 80

A(TsK)=R(K)

CONTINUE

CONTINUE

READ INPUT TAPE 79821
FORMAT(I10)

WRITE OUTPUT TAPE 69831
FORMAT(44H1 INVERTED MATRIX JOB NUMBER
GO TO JUMPs(849869190)
WRITE QUTPUT TAPE 6985
FORMAT (40H1 DIAGONAL ELEMENT IS ZERO
Go TO 1

DO 95 I=1sN

DO 90 K=1»sN

IF (I=-K) 8788990
A(TeK)==A(1sK)
A(KsI)=A(1sK)

Go 70 90

A(TeK)==A(19K)

CONTINUE

WRITE OQUTPUT TAPE 6994519 (A(I9K)sK=1sN)
FORMAT(1HOI&/(1H 1GF11e3))
CONT INUE

DO 145 I=1sN

READ TAPE 29 (R{K)sK=19N)
DO 130 L=1sN

E(L)=040

DO 130 J=1sN
E(L)I=E(L)+(R(J)®A(JsL))
CONTINUE

WRITE OQUTPUT TAPE 69135919 (E(K)sK=1sN)
FORMAT(1HOI8/(1H 16F743))
CONTINUE

REWIND 2

155

110



O 150 I=19N
150 E(I)=1e/A(Is1)
IF (SMC) 15541909170V
155 DO 165 I=19N
READ TAPE 29 (R(K)#sK=19N)
DO 160 K=19sN
160 A(TeK)=(E(I)*A{IsKI¥E(K})+R(K)
A(ToI)=A(1sl)=(2e*E(]))
165 CONTINUE
GO TO 190
170 DO 180 I=1sN
READ TAPE 2+ (A{IT9sK)9sK=1sN)
180 A(IsI)=1le-E(I)
160 O 250 I=19sN
IF (CARDS) 22092209195
195 PUNCH 200 (A({T9K)sK=19sN)
200 FORMAT(12F6e3)
220 WRITE OQUTPUT TAPE 6994919 (A(IsK)sK=1sN)
250 CONTINUE
Go 70 1
*DATA
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VIII. FACTOR ANALYSIS PROGRAM

(Principal Components)

A. DESCRIPTION OF THE PROGRAM

Program print-out (see Appendix I)

B. SPECIAL FEATURES

1.

The input sub-routine reads in the FORMAT of the data cards. The
program, therefore, is capable of handling data with any format.
The R-completion and the inversion programs are designed to punch
output cards, which can be used directly as input for the factor
analysis program. The format of these cards is 12F6.5. If cards
are to be specially key-punched for this program, the complete
matrix, including diagonal elements, has to be punched.

When to stop factoring

Any of the options given below will stop factoring, depending on
which condition is first met. It is possible to stop factoring on
any desired option by preparing the control card so that the occur-
rence of the other options before the desired one becomes unlikely.
Regardless of these options the computer will automatically stop
factor extraction if a negative latent root is obtained during
computation. In this case it is evident that the requirement of

positive semi-definiteness of the reduced correlation matrix has
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been violated (5, pp. 28-29 and 187). The program will print out

all the roots and the corresponding factor loadings computed up to

this point. A card output will also be obtained automatically.

The latent roots for real symmetric positive semi-definite matrices

are always real and non negative. Any estimates of communalities

may lead to negative latent roots. The corresponding factors will

be imaginary and cannot be used. Unities in the diagonal will pre-

serve the Gramian properties of the matrix. This should also be

the case when using the P (Image) matrix, according to kaiser (11).
Option 1 - Maximum number of factors

The estimated upper limit of the number of factors to be extracted

is read into the computer (see control card). A good estimate would

be from one-sixth (1/6) to one-third (1/5) of the number of variables

involved (5, p. 56%; 11). Extraction of factors will stop at this

limit, only, if none of the other conditions has been satisfied.
Option 2 - Value of last latent root

This option deals with the question of lower’bound for the number of

common factors (L; , p. 565; 8). If squared multiple correlations

(2; 15) are used in the diagonal of the correlation matrix, the lower

bound would, according to Guttman (4), be equal to the number of posi-

tive latent roots. An alternative lower bound, though weaker, also

given by Guttman, would be the number of latent roots greater than

one of the observed correlation matrix. Kaiser (8; 11) has studied
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this question very thoroughly, and his conclusion is: "A best answer

to the question of the number of factors is the number of latent roots

greater than one of the observed correlation matrix". This lower
bound will, in general, correspond to one-sixth (1/6) to one-third

(1/3) of the number of variables.

The desired value of the last latent root to be computed (e.g. 1.0,

or 0.5) has to be entered in the control card. The computer will stop

factoring when a latent root equal to or smaller than this value has

been obtained, provided that none of the other conditions has been
satisfied.
Option 3 - Ratio first/last latent root

An estimated maximum ratio, for example 20, should be entered in the

control card. This option will stop factoring, if none of the other

conditions has been met. This option has been built into the program
to prevent the extraction of an excessive number of factors with
comparatively small loadings. If this option is not desired, the
ratio can be set high enough, say 0, to make the occurrence of this
condition most unlikely.

Option 4 - Percent variance extracted (%, pp. 160 and 363)

a. The percent variance extracted may be calculated either from
total number of varigbles (o2 per variable = 1.0) or from total
starting communality (Zhgst)a The choice is entered in the control
card. If unities are used in the principal diagonal, either choice

will give the same answer.
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b. A decision concerning the percent of total variance to be extracted
has to be made. For instance, if 85% of the total variance is
considered sufficient, the number 85 has to be entered into the
control card. The extraction of factors will stop when this
percentage has been reached, providing none of the other conditions,
given above, has been satisfied.

Option 5 - Degree of accuracy (Epsilon)

(See Discussion)

The desired accuracy (Epsilon) of the eigen-vector has to be entered

in the control card. Iteration carried to third or fourth decimal

place accuracy is in general considered sufficient. The program,
however, will accept any accuracy required.
The above options have been provided to eliminate unnecessary computer

time which otherwise would be used for computation of factors with no

practical significance.

C. DISCUSSION
The iterative method is based upon two papers by Hotelling (6; 7). The

steps followed by this program (5; 1l4) are indicated below:

1. Compute
n
djl = kzi‘jk 81 (3 = 1,2,...n)
where
the first estimate for ap, = (1,1,...,1) and n is the order of

the matrix R.
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Find

E = Max (djl) (5 = 1,2,...n)
Compute
* 1
& = E(dkl) (k = 1,2,...n)
Compare
* < .
Abs. (akl) - (ay1)] = Epsilon (k = 1,2,...n)

If this has been achieved, proceed to step 6. If not, go to step 5.
Replace
b *
81 %Y %
and repeat steps 1 through 4.
Note: ZEpsilon is a predetermined level of decimal accuracy. E 1s the
largest positive latent root of R.

Compute factor loadings

n
c, = Exakl//( YeZ ) (x = 1,2,...n)
j=1

Compute the first residual matrix
Rl = R - Ql

where

@ = GC
is the n x n symmetric matrix of products of first-factor coefficients
appearing in the column vector Cl.
The 2nd, 3rd, ..., mth positive latent roots (in descending order of
magnitude), corresponding eigen-vectors and factor loadings are com-
puted using the 1lst, 2nd, ..., (m-1)th residual matrices in place of

R, repeating steps 1 through 6.
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Y. Compute new communalities
hg = Zcﬁj (k = 1,2,...,n)

10. Compute sum of latent roots and sum of communalities
m n

and Zhi

J
=1 k=1

3=
D. LIMITATIONS

Maximum matrix size, 8k memory, 1100 x 1100

Maximum matrix size, 52k memory, 5000 x 5000

E. RUNNING TIME ESTIMATES
Compilation time is approximately five minutes.
There are no time estimates available for large matrices. A matrix 36 x 56
which gave five factors (Epsilon = .0001, and stopped at lower bound:
latent root S .5) required 5.5 minutes computing time. However, this job
was run on a compilation of maximum 180 x 180 variables, which caused the
computer to calculate first 24 and then 12 rows (see program print-out,
dimension card and MFIRST = 24 card). On a2 maximum 68 x 68 compilation
(the whole matrix fits into the core) the time required for above job is
approximately 1.8 minutes.
Computing time is bound to vary, even for matrices of equal size, depending
on how many iterations are required for convergence, accuracy (Epsilon),

and number of factors extracted. Convergence is usually fast for the first
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few factors, and tends to slow down as extraction goes on. In the case

that two or more consecutive latent roots are near equal in size, conver-
gence will be very slow.

In general, the program is very fast for matrices of order < 68 (8k memory),
and S 165 (32k memory). In the range 69 to 200 (8k) and 166 to 350 (%2k)
the program is fairly fast, provided that it has been compiled for these
upper limits. For larger matrices the program will be comparatively slow,
the slower the larger the matrix. This supports the use of the R-completion
program to eliminate questionable or unnecessary measures.

The restrictions of the inversion program should also be considered in

this connection.

F. TEST PROBLEMS

Test problems for different matrix sizes and options are given in Appendix I.

G. QOUTPUT
1. Print-out:
a. Option ending factor extraction

b. Factor loadings (1,2,...,m) corresponding to test z.

3 horizontally,

with row identification (1,2,...,n)
c. Latent roots (1,2,...m)
d. Sum of latent roots
e. Communalities (1,2,...n)
f. Sum of communalities

g. Sum of starting communalities
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2. Card output:

The n x m matrix of factor coefficients, format 12F6.5
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Appendix T

1. ARRANGEMENT OF CARDS
(See Appendix E, inter-correlation programs)
a. Using FORTRAN deck (Fig. 4)

b. Using binary deck (Fig. 4)

2. EXAMPLE PROBLEMS

FIRST/
MATRIX  TOTAL NO. OF LOWER LAST % VAR. EPSILON
Example ORDER VARIANCE FACTORS BOUND ROOT EXTR.

n option 4a option 1 option 2 option 5 option 4b option 5

A 180 n 20 1.50 25 85 . 001

B 100 ‘Zhgst 15 1.00 20 95 . 0001

C 60 n 12 0.50 50 100 . 0001
D 50 2h2.¢ 7 0.10 20 50 . 00001

5. DIMENSION CARD FOR THE FORTRAN DECK
For discussion on dimension cards see Appendix FE under inter-correlation
programs. The procedure to be followed is about the same. The reader is

also referred to (VIII. E).

L. MFIRST = ** or * CARD
See inter-correlation programs, Appendix E. (Here number of rows corres-

ponds to number of observations in the inter-correlation program. )

145



5. CONTROL CARD

IBM CARD COLUMNS

Example 1-6 7-8 9-11 12-15 16-18 19-22 25-28
N TOTCOM NO CHECK END PASENT EPSLON

A +00180 +1 +20 +150 +25 +085 +00100

B +00100 -1 +15 +100 +2 0 +095 +00010

C +00060 +1 +12 +050 +30 +100 +00010

D +00050 -1 +07 +010 +20 +090 +00001

See example problems for explanation.

6. FORMAT CARD

See (VIII. B) special features, and also Appendix A, means and standard

diviations program.

7. DATA CARDS

The card output from the R-completion or the inversion program may be used

as input data for the factor analysis program.

key-punched for this program the procedure outlined in Appendix G

(R-completion) has to be followed.

However, the complete symmetric

matrix has to be punched, including the principal diagonal.

8. JOB NUMBER CARD

See Appendix A, means and standard deviations program.

If cards are specially



#COMPILE FORTRANSPRINT SAPsPUNCH OBJECTsEXECUTE »DUMP FAC18024
DIMENSION A{180)9C(180)9E(4U)9sR(180Cs24)
1 READ INPUT TAPE 7929N9TOTCOMINO s CHECK sENDSPASENT 9EPSLON
2 FORMAT(I169F2e09139F4e29F3eCsFle29F6e5)
REWIND 2
REWIND 3
REWIND 4
MFIRST=24
M1=MFIRST
ASSIGN 33 TO LOOP
ASSIGN 75 TO LOOK
ASSIGN 175 TO LOAD
ASSIGN 182 TO LOAN
ASSIGN 190 TO NEW
LG=N/MFIRST
MLAST=MFIRST*LG
IF (N=MLAST) Ts6s7
6 MLAST=MFIRST
Go TO 8
7 LG=LG+1
MLAST=N-MLAST
IF (N=MFIRST) 949510
9 ASSIGN 34 TO LOOP
ASSIGN 76 TO LOOK
ASSIGN 176 TO LOAD
ASSIGN 185 TO LOAN
ASSIGN 55 TO NEW
10 VER=040
K=1
K1=2
KA=0
Lc=1
SOM=040
ITAPE=2
JTAPE=3
IF (TOTCOM) 12912413
12 VAR=0.0
GO TO 14
13 VAR=N
14 CALL INPUT
READ INPUT TAPE 79159 (R(IsK)sI=1sN)
15 FORMAT(
1 )
DO 45 LA=19LG
IF (LG=LA) 25925930
25 M1=MLAST
30 DO 32 K=K1lsMl
READ INPUT TAPE 79159 (R(IsK)sI=19N)
32 CONTINUE
Ki1=1
GO TO LOOPs(33s34)
33 WRITE TAPE JUTAPEs((R(IsK)sI=1sN)9sK=1sM1)
34 IF (TOTCOM) 36936945
36 DO 44 K=1sMl1
KA=KA+1
DO 44 I=1sN
IF (I=KA) 44340944
40- VAR=VAR+R (1K)
44 CONTINUE

[ee]

147



45

46
47
50
55
58

60
65

70
74
75
76

30

92

95
100

105

110
115
120
130
135

140

145

CONTINUE

END FILE JTAPE

REWIND JUTAPE

READ INPUT TAPE Te469J
FORMAT(I10)

WRITE QUTPUT TAPE 6s474J
FORMAT (43H1 FACTOR ANALYSIS PROGRAM  JOB
DO 50 J=1sN

C(J)=0a40

DO 58 I=1sN

A(l)=1e

SUM=OQO

Do 65 J=1sN

D(J)=040

MA=0

M1=MFIRST

DO 92 LA=1sLG

IF (LG=LA) 70970975
M1=MLAST

GO TO LOOKs(75576)

READ TAPE JTAPEs((R{IsK)sI=1sN)sK=1sM1)
DO 90 I=1sN

KA=MA

DO 90 K=1lsM1

KA=KA+1
D(I)=D(I)+{(R{IsK})*A(KA))
CONTINUE

MA=MA+M1

CONTINUE

REWIND JTAPE

1=1

CMAX=ABSF(D(I})

DO 100 J=2sN
CMIN=ABSF(D(J))

IF {CMAX=CMIN) 9541004100
CMAX=CMIN

[=J

CONTINUE

DO 105 J=1sN
A(JY=D(J)/D(1)

KR=1

DO 120 J=1sN
DIFF=ABSF(A(J)=C(J})

IF (DIFF-EPSLON) 1101109115
Ka=Kg+1

C(J)Y=A(J)

CONTINUE

IF (KB=N) 604609130

DO 135 J=19sN
SUM=SUM+(C(J) %% 2)
E(LC)y=DI(1)

IF(E(LC)) 24041409140
SOM=SOM+-E(LC)
ROOT=SQRT(CMAX)

SUM=SQRT (SUM)

DO 145 J=1sN
C{J)=ROOT*(C(J)/SUM)
VER=VER+ (C{J)*%x2)
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179
174
175
176

180
182

183

1907

WRITE TAPE 45 (C(J)eJd=19N)

WRITE OUTPUT

SUIT=VER/VAR

IF{QUIT-PASENT)

TAPE 693459 (C(J)sJ=19N)

PUNCH 28U (C{J) 9d=1sN)
IF(E(LC)=CHECK)

2359235915v

15592309230

STOP=E(1)/E(LC)

[F(STOP-END)
IF(LC=NO)
M1=MFIRST
MA=0

16092254225

16542209229

PO 185 LA=1sLG

IF (LG=LA)
M1=MLAST
Co

1709170175

TO LOAD9(1754176)

READ TAPE JTAPEs((R(IsK)sI=1sN)sK=1yM1)

DO 18C I=1sN
KA=MA
Do 1895

KA=KA+]

K=1eM1

R{IyK)=R(TsK)=(C(I}*C(KA))

CONTINUE

GO TO LOANs(1829185)

WNRITE TAPE
MASMA+ML
CONTINUE
END FILE
REWIND ITAPE
REWIND JTAPE
LC=LC+1

ITAPEs ((R(I9K)sI=1aN)9K=1sM1)

I TAPE

GO TO NEWs(19us2vUsbd5)

JTAPE=?

ITAPE=?
ASSIGN 190
Goc "0 55
#RITE OQUTPUT
FORMAT (40RO
GO TO 259
WRITE QUTPUT
FORMAT(55HU
Go TO 250
JRITE QUTPUT
FORMAT (3548
Go 70 2¢&¢C
WRITE OUTPUT
FORMAT (55 .
GO TO 250
WRITE QUTPUT
FORMET (30HG
LC=LC~-1
END FILE &4
REWIND ¢
EWIND JTAPE
EWIND ITAPE

]

L8

TO Now

TAPE 69221

DESIRED NUMSER OF FACTORS EXTRACTED )
TAPE 69226

LATENT ROOT LESS OR EQUAL TO FRACTION OF 1ST ROOT
TAPE 69231

REQUIRED PERCENTAGE ACHIEVED )

TAPE 69236
LATENT ROOT LESS THAN OR EQUAL TO DESIRED VALUE

TAPE 69241
FI~ST NEGATIVE LATENT ROCT )
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255

270

212

295

280

285
298

300
305

307
310
312
314

351

WRITE QUTPUT TAPE 9255

FORMAT (2UhU FACTORS )

SUM=Ueu

DO 27w I=1sN

C(l)=Ve0

[F (LC=MFIRST) 30uUe3l0uUeldTc

DO 296 J=19sN

c0 295 K=1sLC

READ TAPE 49 (A(I)eI=1yN)

D(K)Y=A(J)

CI)=C{I)+(D(K)*x2)

CONTINUE

REWIND 4

PUNCH 28U (D(1)sI=19L0C)

FORMAT (12F5e3)

WRITKE QUTPUT TAFL 692859 Js(U(1)sl=15L0C)
FORMAT(1IHOI8B/(1HU1OF11e3))

CONTINUE

GO TO 312

DO 305 K=1sLC

READ TAPE 4 (R(IsK)sI=19N)

REWIND 4

DO 310 I=19sN

PUNCH 2809 (R{IsK)sK=1yLC)

WRITE QUTPUT TAPE 69285919 (R(I1sK)ek=1y0C)
DO 307 J=1sLC

TUIN=CUI)+(R(T sy} %x%2)

CONTINUE

DO 314 I=1sN

SUM=SUM+C (1)

WRITE QUTPUT TAPE 69315

FORMAT (20HJ LATENT ROOTS )

WRITE QUTPUT TAPE 69320 (cl(J)ed=1slC)
FORMAT(IHO(T16e3912FB43))

WRITE OUTPUT TAPRPE 69330

FORMAT(3UHU SUM OF LATENT ROOTS )
WRITE QUTPRPUT TAPE 693359S50M
FORMAT(1HUFZUe3)

WRITE QUTPUT TAPE 68344

FORMAT ( 20HU COMMUNALITIES )

WRITE QUTRFUT TAPE 693459 (C(1)eI=1sN)
FORMAT (LIHCICOF11e3)

WRITE OQUTPUT TAPE 69350

FORMAT({30HU SUM OF COMMUNALITIES )
WRITE OQUTPUT TAPE 69338, SUM

WRITE QUTPUT TAPE 69351

SORMAT (4CHU SUM OF STARTING COMMUNALITIES
WRITE QUTPUT TAPE 63933549VAk

GO TO 1

*ASSEMBLE s PUNCH OBJECT

REM INPUT
ORG O

PGM

PZE END»sOs1l
PLE

BCD 1INPUT
PZE ENT

REM
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ERROR
ENT

CPY
D=12

A=1
AX1

¥DATA

ORG
REL
BCD
RTD
CLA
STA
sSxD
LXA
cPY
TXI
TSX
TSX
TXL
LXD
TRA
PZE
BSS
SYN
END

0

1ERROR
-

Teé

cPY
AX1ls1
A=1»s1
*¥%g]
*¥+39191l
ERROR 4
ERROR s 4
CPYslsl2
AX1s1l
le4

1

1
#*
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IX. ORTHOGONAL ROTATION PROGRAMS

A, DESCRIPTION OF THE PROGRAM

See program print-out (Appendix J).

B. ©SPECIAL FEATURES

1. The program is designed to accept large input matrices. See limita-
tions.

2. Three options for rotational procedure are given.
Option 1. Raw Varimax, where the initial factor solution is rotated
(55 10).
Option 2. Normal Varimax, where the vectors representing the vari-
ables are extended to unit length in the common-factor space. After
rotation they are brought back to their original length (5; 10).
Option 3. GQuartimax rotation (5)*.

3. The angle of rotation.
When the machine finds the angle of rotation, it makes the rotation
only if this angle is greater than a specified value. This value has
to be entered in the control card (see control card in Appendix J).

4, Convergence.
Convergence is here defined as the maximization of a function, f(bjp),

of the raw or normalized factor loadings being rotated (see Discussion)

*The procedure followed was originally given by Neuhaus, J., and Wrigley, C.,
The Quartimax method: An analytical approach to orthogonal simple structure,
BJ Stat. Psych., 7 (1954), 81-91.
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and 1s achieved when the value of the function no longer increases

by more than a specified decimal accuracy. This decimal accuracy has
to be entered in the control card (criterion accuracy). The maximi-
zation of f(bjr> is called the rotational criterion.

The convergence is dependent on the smallest specified angle of rota-
tion and the number of iterations through the full m(m-1)/2 transfor-

mations.

A specified number of iterations has to be entered in the control

card. If convergence takes place before this number of iterations
has been reached, the program automatically prints out the results.
However, in case convergence is not achieved within the specified cy-
cles of operation, computation stops, and the program prints out:

!

"No convergence even after desired iterations." All other computa-
tional operations are carried out in any case, and a print-out of the
incompletely rotated factors will result. Convergence is usually
fast in the first few cycles and becomes slower as cycles are contin-
ued. It is suggested that the number of iterations be stated about

20-25, although convergence usually takes place in about 5-10 itera-

tions.

C. DISCUSSION

Varimax method Quartimax method
Notation:
ajps 8jq = loadings of variable z; on factors
pand q (§ = l,2,...,n§ Same
hj = communality of variable Z 3 Same
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Varimax method

Quartimax method

\ angle of rotation Same
X5 &ip (raw) or ajp/hJ (normalized) Same as raw
Y 8iq (raw) or ach/h(j (normalized) Same as raw
Xj’ YJ rotated loadings Same
. 2 - . = .
uj x5 y? V5 EXJyJ Same
A ZMJ B = ZNW Not calculated
= 2 _ ¢ = )
c = Z(uJ Vj> D QZquj Same
The angle of rotation is given by
nD-2AB D
tan Lbw = m tan Uw = o]
' ’éos W -sin Q\
X; Y- = X. . ! '
( J J> ( v ) cos w

J °d &sin W
Xj and Yj are final for the Raw Varimax and the Quartimax.
thj and ijj (denormalized) are final for the Normal Varimax.
Raw Varimax criterion:

R p=1 j=1 JP p=1\J=

AN

where bjp represent the factor loadings after rotation
Nermal Varimax criterion:

m n m

n
a
Vy = n p21 Jzi (byp/ny) - pzi jzib'

The original expressions, given by Kaiser, have been here multiplied by n® for

simplicity, because it has no effect on the maximization process. GQuartimax
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criterion (Neuhaus and Wrigley)*:

Q -

The rotation is carried out for two factors at a time,
volves succesgive palrings of factors p < q = 1,2,..

the full m(m-1)/2 transformations for each cycle.

P
&L

4
bip

1
™~ 8

j=1 p=1

The procedure in-
(o)

. ,m, and going through

Cycles of operations are

continued until convergence is achieved (see Special Features IX. B. 5,&)0

D. LIMITATIONS

The program can handle a matrix of over 1000 columns (factors) and prac-

tically unlimited number of rows (tests).

is the c¢nly limiting factor as to number of rows.

18

dimensions of this magnitude

view.

much as possible within the core capacity of the computer used.

The capacity of the tape unit

Naturally, the use of

absurd, even from a theoretical point of

From a practical point of view, however, it is important to stay as

The use

of tape for storage slows down the program, the more tape the slower the

program.
Some ideal largest dimensions are
the core of the computer and save

MFIRST = card in Appendix J)

(This applies to all programs. )

given below. These matrices fit into

computing time considerably (see

Memory Tests  Factors Tests Factors Tests  Factors
Bk 150 x 32 200 x 2k 300 x 15
32k 300 x 5 500 x50 700 x 35

*For reference see footnote, page 153,
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These are safe estimates.
If the number of factors, in above examples, is doubled, the program will

still be fairly fast.

E. RUNNING TIME ESTIMATE
Compilation time is approximately five minutes.
Rotation is extremely fast. Normal Varimax rotation of 10 factors (54
tests) required less than one minute computation time to go through 5
cycles (iterations). Smallest rotation angle was 1° and the criterion

accuracy = .0000C1.

F. TEST PROBLEMS
Test problems for various matrix sizes and specifications are given in

Appendix J.

G. OUTPUT

Print-out:

1. DNumber iterations carried

2. Final solution:
Rotated factor loadings (1,2,...,m) corresponding to test Zj horizon-
tally, with row identification (1,2,...,n)

3. Sum of squares of columns

L. Communalities (1,2,...,n)

5. Sum of communalities

6. Value of computed criterion.
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Card output (optional): 12 rotated factor loadings per card, row iden-

tification in columns 1-5.



1. ARRANGEMENT OF CARDS

APPENDIX J

(See inter-correlation program, Appendix E)

a. Using FORTRAN deck (Fig. L)

b. Using binary deck (Fig. 4)

2. EXAMPLE PROBLEMS

LUUCER NUMBER TAN CRITERION NO. oF RAW VMAX  @pgp
Example op TESTS OF FACTORS ANGLE ACCURACY ITER. NORM VMAX  gyrpyr
QUARTIMAX
A 200 2k .03490 . 0000100 25 Normal Yes
B 150 21 .01746 . 0000010 20 Raw No
C 100 15 .00870 .0000001 15 Q-Max Yes

Note: 1. TAN ANGLE =

tangent of the angle of rotation. Rotation will

take place if the angle is greater than the specified value.

Large matrices will converge slowly if this angle is very small.

Some values

for ready reference:

tan 5° = .0875, tan 4° = .0699, tan 3° = .0524, tan 2° = .0349,
tan 1° = .01746, tan 30' = .0087%, tan 15' = .004%0, tan 6' =
.00175, tan 3' = .00087, tan 1' = .00029

2. See special

3. DIMENSION CARD

The procedure to be

relation programs.

feature (IX. B).

followed is approximately the same as for inter-cor-

However, in the rotation program the number of tests
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corresponds to the number of observaticns in the inter-correlation pro-
gram. The second entry in R(200,20), i.e. 20 (see dimension card in the
program print-out, corresponds to the maximum number of factors compiled
for. This entry should be greater than, or at least equal to the number
of factors in a particular problem. The first entry (here 200) is the
number of rows (tests) processed in one cycle. If there are, for example,
300 tests and 20 factors, R(200,20) would process 200 x 20 in the first
and 100 x 20 in the second cycle of operation.

In general, it is advantageous to compile the program to fit the problem,
or if there are many Jjobs of different dimensions, compile several pro-
grams (see Limitations, IX. D).

If all jobs are equal to or smaller than the dimensions fitting into the

computer core, one compilation for these maximum dimensions 1s enough.

4, MFIRST = %% or *** CARD
Refers to the first entry in R(QOO,EO)Q See program print-out in this

appendix and also explanation in Appendix E.

5. CONTROL CARD

IBM CARD COLUMNS

Example 1-6 7-12 1%-16 19-26 27-29 30-31 32-3%
N LC CHECK CRIT ITER NOMVAR CARD

A +00200 +00024 +03490  +0000100  +25 +1 +1

B +00150 +00021 +01746  +0000010  +20 -1 -1

C +00100 +00015 +00873  +0000001  +15 +0 +1

See example problems for explanation.
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6. FORMAT CARD
No format card is needed. Input format is 12F6.3. See inversion program

for desired format change.

7. DATA CARDS
The card output from the factor analysis program serves as input for the

rotation program.

8. JOB NUMBER CARD

See means and standard deviations program, Appendix A.
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XCOMPILE FORTRANSPRINT SAPyPUNCH OBJECTsEXECUTE sDUMP

(a9

u

y—
=~

12
15

29

22

23

25

26
27
28
30

31

33

DIMENSION C(200)sR{Zvus2v)esE(4u)sH(2UU0)

READ INPUT TAPE T92eNeLCsCHECKsCRITHITERINOMVAR s CARD

FORMAT(2169F6e59F8e79139212)
REWIND 3

REWIND 4

MFIRST=200

M1=MFIRST

ITR=ITER

JTAPE=4

ITAPE=3

L=0

ASSIGN 45 TO JUMP
TESTS=N

ASSIGN 8u TC LOOK
ASSIGN 95 TO NEW
ASSIGN 143 TC LOOM
ASSIGN 190 TO JEMP
WRITE QUTPUT TAPE 698
FORMAT(23H1 INPUT FACTQORS )
IF (N=MFIRST) 39394
ASSICN 44 TO JUMP
LG=N/MFIRST
MLAST=MFIRST*LG

IF (N=MLAST) 6+596
MLAST=MFIRST’

Go 70 7

LG=LG+1

MLAST=N=-MLAST

DO 11 I=1sN

H{I1)=C0W0

OO 33 LA=1.LGC

[F (LG-LA) 12+12915
M1=MLAST

DO 22 I=1sM1

READ INPUT TAPE T792us (R{IsK)sK=1sLC)
FORMAT{12F643)

WRITE OUTPUT TAPE €2199s19(R(IsK)sK=1yLC

CONTINUE

IF (NOMVAR) 28428923
Do 27 I=1yM1

L=L+1

DO 25 K=1,.C
HIL)=HIL)+(R(IsK)*¥2)
H(L)=SQRT(H(L) )

DO 26 K=1sLC
RiTsK)=R(IsK)/HI(L)
CONTINUE

WRITE TAPE ITAPES((R(IsK)sI=1sM1)eK=1sLC)

CONTINULE

END FILE ITAPE

REWIND ITAPE

READ INPUT TAPE 75319L00P
FORMAT(I10C)

IF (NOMVAR) 33935937

WRITE OUTPUT TAPE 69344L00P

FORMAT (43H1 RAW VARIMAX PROGKkAM  JOB

Go TO =9
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40

44

45
46
47

50

52
54

WRITE OQUTPUT TAPE 69369L00P

FORMAT (43H1 QUARTIMAX PROGRAM  JO© NOe
Gp TC 39

WRITE OUTPUT TAPE 6938sLO00P

FORMAT (43H1 NORMAL VARIMAX JOU3 NO.
ASSICN 11u TO LOOP

M=L(C~-1

XCRIT =060

M1=MFIRST

Do 140 J=1sM

L=J+1

DO 140 K=L»slLC

SUMX=Ue0

SUMY =060

SQXSQAY=040

SUMXY=UeU

DO 54 LA=1sLG

IF (LG=LA) 42942945

M1=MLAST

GO TO JUMP s (44945446)

ASSIGN 46 TO JUMP

ASSIGN 82 TO LOOK

ASSIGN 1u0 TO NEW

ASSIGN 140 TO LOOP

ASSIGN 144 TO LOOM

ASSIGN 192 TO JEMP

READ TAPE ITAPES{((R(IgK1l)el=19M1)eK1=1yLC)
IF (NOMVAR) 4751947

DO 5C I=1sM1

X=(R(IT9J)*¥%2) = (R{I1gK)%%2)
Yz2e#R{T9J)*R(19K)

SUMX=SUMX+X

SUMY =SUMY+Y

P=X¥*3%2

S=zY#%2

SUMXY=SUMXY+(2e*{X*Y))
SGXSQY=50XSQY+P=-5

CONTINUE

SUMXY= (TESTS®SUMXY )= (2 * ( SUMXESUMY ) )
SQXSQY=(TESTS*SQXSQY )~ ([ SUMX##2 )+ ( SUMY*%2)
GO 7O 54

Do 52 I=1sM1

Xz (R(TeJ)¥x2)=(R{TsK)#x2)
VYaZe*R{TeJI¥R{1IsK)

Dot 2

S=Y %3
SUMXY=SUMXY+2 e % ( X*Y)
SEXSQY=SQXSQAY+(P=5)
CONTINUE

CONTINUE

REWIND ITAPE

M1=MFIRST

Z=ATN1(SUMXY ¢SQXSQY)
IF(Z2-3e1415927) 6U9s6Us55
L=.=~642831853

l=Je25%L

IF (ABSF(Z)=CHECK) 1404140570
F1=C0S(2)

ro i
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72
75

80
82

95
100

110

120

140

142
143
144

145
146
148

152

153
154

155
156

157

F2=SIN(Z)

DO 100 LA=1sLG

TF (LG=LA) 75975980

M1=MLAST

GO TO LOOK»(80482)

READ TAPE ITAPEs({(R(IeK1)sI=1sM1)sK1=14LC)
DO 90 I=1sM1

TEMP=(R(I9JI*FLI+(RII9K)*F2)

R{IsK)= —=R{T9J)*F2+R(T¢K)*F1
R(IsJ)=TEMP
CONTINUE

GO TO NEWs» (955100}
WRITE TAPE JTAPES{(R(I9K1)sI=1sM1)yK1l=1yLC)
CONTIMUE

END FILE JTAPE

REWIND JUTAPE

REWIND ITAPE

GO TO LOOPs(110G91209140)
ASSIGN 120 TO LOOP
JTAPE=3

ITAPE=4

GO TO 140

ASSIGN 110 TO LOOP
JTAPE=4

ITAPE=3

CONTINUE

M1=MFIRST

REWIND ITAPE

REWIND JTAPE

SUMX=040

SUMY =040

DO 141 K=1lslC

C({K)}=040

E(K)=040

DO 148 LA=1yLG

IF (LG=LA) 14291429143
M1=MLAST

GO TO LOOMs{1439144)
READ TAPE ITAPES{(R(IsK1l)sI=19sM1)sK1l=1yLC)
DO 148 K=1sLC

DO 148 I=1sM1

IF (NOMVAR) 14591469145
CUK)=C(K)I+(R(T9K)*%2)
E(K)=E(K)+(R(I oK) *%4)
CONTINUE

DO 152 K=1sLC
SUMX=SUMX+(C(K) ¥%2)
SUMY=SUMY+E(K)

CONTINUE

IF (NOMVAR) 15391549153
SUMY=(TESTS*SUMY) —(SUMX)
XCRIT=SUMY=XCRIT

IF (XCRIT) 159915545155

IF (XCRIT=CRIT) 16591659156
XCRIT=SUMY

ITR=ITR-1

IF (ITR) 1579157940

WRITE OQUTPUT TAPE 619158
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158

15

1o

165
170

172

175

210
2290

225
235

*DATA

FORMAT(55H0  NO CONVERGENCE EVEN AFTER DESIRtD

XCRIT=5SUMY
GO TO 17¢
WRITE QUTPUT TAPE 69160

FORMAT (5510 CRITERION VALUE DECREASED FOR SOME UNKNOWN REASON

XCRIT=SUMY

SUMY=C el

WRITZ QUTPUT TAPE 69172

FORMAT (20HC FACTORS )
[=]TER=-ITR

WRITE QUTPUT TAPE 691751

FORMAT(30HD NO OF ITERATIONS 110)
M1=MFIRST

J=0

L=0

D20 178 I=1sN

C(I)=060

DO 18U I=1sLC

E(I)=0e0

DO 205 LA=19LG

IF (LG=LA) 18551854190

M1=MLAST

GO TO JEMPs{190s192)

READ TAPE ITAPE s ((R(IsK)eI=1sM1)eK=1sLC)
DO 205 I=1sM1

IF (NOMVAR) 19891989194

L=L+1

DO 195 K=1sLC

R(IsK)=R{IsK)*H(L)

WRITE OUTPUT TAPE 691991 s (R(IsK)eK=1sLC)
FORMAT(1H 1545Xe(15F743))

TF (CARD) 2C24202920C

PUNCH 251919 (R(I1aK)sK=1sLC)
FORMAT(IS5s3Xs(12F6e3))

JrJ+l

DO 255 K=1lsLC

CiU)=CUlUY+(R{T oK) *%2)
E(K)=E(K)+(R(IsK)*%x2)

CONTINUE

D0 210 K=1sLC

SUMY=SUMY+E (K)

WRITZ QUTPUT TAPE 69220

FORMAT (40HO SUM OF SQUARES OF COLUMNS
WRITE OQUTPUT TAPE 692259 (E(J)eJd=1yl.C)
FORMAT (1HU(F16e3912F843))

FORMAT (1HOF2Ce2)

WRITE QUTPUT TAPE 69240

FORMAT(20HU COMMUNALITIES )

WOITE OUTPUT TAPE €92459(C(I)sI=1sN)
FORMAT (1HCIOF11le2)

WRITE QUTPUT TAPE 69250

FORMAT({30UHU SUM OF COMMUNALITIES )
WRITE QUTPUT TAPE 639235sSUMY

SRITE OUTPUT TAPE 69255

FORMAT (30HU CRITERION VALUE )
ARITE QUTPUT TAPE 692359 XCRIT
Go TC 1
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1.

X. APPENDIX K

TEST DATA

Test data for 56 observations and 9 variables are provided in Table I.

This information, when punched on cards, can be used for checking pur-

poses:

a. Whenever a new compilation of a program is made

b. When control cards for the different features of the programs are
made out

In order to test programs requiring matrix input, the test data deck must

first be processed uéing the proper preceding program or programs. The

test data format is 9F8.3. The data card entry for missing data is

+0009999, though in the no missing data programs this number is treated

as a real observation (i.e. +9.999). The control card entry for missing

data should be +009.999 (eight punched columns, preferably including the

decimal point). There are Y missing data "observations' on each variable.

The test dats observations have been divided into four groups for check-

ing out the t-test and analysis of variance programs:

Number Number
Group observations missing data N reduced
1 1h 5 9
2 14 1 13
5 14 1 13
4 14 2 12
Total EE; 7;_ Z?
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TABLE I

TEST DATA |

VARe 1 VARe 2 VARe 3 VARe & VARe 5 VARe 6 VARe 7 VARe 8 VARe 9 GR s | D
+0013000+0004000+0003000+0014000+0010000+0005000+0010000+0007000+0013006{01001p01
+0011700+0004300+0006200+0012100+0014800+0008000+0011400+0007200+0008500001002001
+0017200+0005300+0003000+0012000+0016000+0006000+0009700+0006000+0007400/01003001
+0013400+0006600+0003000+0010500+0010206+0007200+0010700+4+0006000+000650001004001
+0013000+40007500+0003000+0010500+0010600+0007900+0012800+0007000+000600001005001
+0015300+0004700+40004100+0011800+0012300+0008100+V0113004+0006700+000890001006001
+0013200+0008000+0003000+0011100+0011700+0008400+0011400+0007700+000600001007001
+0017700+0007700+0005300+0012000+0012200+0005000+0009000+0012400+001250001008001
+0016000+000600040003500+0011500+0010500+0007000+0011500+0006000+001000001009001
+0009999+0009995+0009999+0009999+0009999+0009999+0009999+0009999+000999901010001
+0009999+0009999+0009939+0009999+0009999+0009999+0009999+0009999+000999901011001
+0009999+0009999+0009999+0009999+0009999+0009999+0009999+0009999+000999901012001
+0009999+0009999+0009999+0009999+0009999+0009999+U009999+0009999+000999901013001
+0009999+0009999+0009999+0009999+0009999+0009999+0009999+0009999+000999901014001
+0015000+0005000+0004000+0012000+0011000+0008000+0011000+0008000+001100002015001
+0017000+0004000+0003000+0013000+0011000+0013000+0020000+0006000+000700002016001
+0015000+0005000+0003000+0013000+0013000+0005000+0010000+0009000+000900002017001
+0013000+0004000+0006000+0009000+0012000+0007000+0012000+0006000+000600002018001
+0020000+0005000+0004000+0009000+0012000+0005000+0011000+0008000+000700002019001
+0015000+0004000+0003000+0012000+0011000+0005000+0011000+0006000+001300002020001
+0011000+0006000+0003000+0010000+0012000+0005000+0011000+0006000+000600002021001
+0011000+0007000+0003000+0014000+0011000+0005000+00090004+0007000+000600002022001
+0015000+0006000+0008000+0010000+0016000+0006000+0011000+00110004000500002023001
+0012000+0004000+0003000+0012000+0011000+0005000+0005000+0006000+001000002024001
+0012000+0004000+0003000+0010000+0013000+0005000+000%9000+0006000+000700002025001
+0011000+0007000+0003000+0009000+0011000+0005000+0012000+0007000+000900002026001
+0014000+0005000+0007000+0011000+0010000+0008000+0018000+0011000+000900002027001
+0009999+0009999+0009999+0009999+0009999+0009999+U009999+0009999+000999902028001
+0009999+0009999+0009999+0009999+0009999+0009999+U009999+0009999+000999903029001
+0013000+0006000+0003000+0012000+0009000+0009000+0017000+0008000+000900003030001
+0017000+0005000+0011000+0013000+0016000+0007000+0013000+0010000+001000003031001
+0011000+0007000+0010000+0013000+0017000+0010000+0013000+0016000+000800003032001
+0013000+0004000+0003000+0011000+0009000+0005000+0009000+0008000+000900003033001
+0011000+0004000+0004000+0010000+0012000+0006000+001200040009000+000700003034001
+0019000+0006000+0005000+0012000+0021000+0005000+0012000+0010000+001000003035001
+0016000+0005000+0007000+0012000+0010000+0006000+0015000+0009000+001000003036001
+0010000+0010000+0003000+0009000+0009000+0008000+0015000+0008000+000500003037001
+0014000+0004000+0005000+0013000+0008000+0009000+0016000+0006000+001200003038001
+0021000+0006000+0003000+0011000+0021000+0005000+0013000+0009000+000900003039001
+0012000+0004000+0003000+0013000+0009000+0005000+0013000+0006000+000700003040001
+0020000+0004000+0003000+0012000+0015000+0005000+0009000+0006000+001300003041001
+0015000+0008000+0004000+0009000+0010000+0007000+0015000+0013000+001000003042001
+0014000+0005000+0009000+0013000+0009000+0008000+0014000+0006000+000900004043001
+0011000+0008000+0003000+001100G+0009000+40010000+0015000+0006000+000700004044001
+0013000+0004000+0003000+0013000+0013000+0005000+0010000+0012000+001500004045001
+0014000+0004000+000300040013000+0013000+0005000+0010000+0007000+001200004046001
+0010000+0008000+0012000+0014000+0016000+0008000+0013000+0012000+000600004047001
+0009999+0009999+0009999+0009999+0009999+0009999+0009999+0009999+000999904048001
+0013000+0005000+0004000+0015000+0012000+0007000+0012000+0012000+001300004049001
+0009999+40009999+0009999+0009999+0009999+0009999+0009999+0009999+000999904050001
+0022000+0004000+0003000+0012000+0017000+0005000+0009000+0010000+001300004051001
+0016000+0004000+0003000+0011000+0012000+0005000+0010000+0008000+001300004052001
+0010000+0007000+0006000+0014000+0009000+0007000+0013000+0012000+001200004053001
+0017000+0004000+0003000+0014000+0020000+0007000+0012000+0009C00+001400004054001
+0013000+0004000+0008000+0013000+0022000+0008000+0015000+0009000+001000004055001
+0018000+0004000+0004000+0013000+0021000+0006000+0013000+0009000+001200004056001

FORMAT F843 GR= GROUP S= SUBJECT D= DECK MISSING DATA= +0009999
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2. TEST DATA RESULTS
Only a few examples are given in Tables II-V to serve as checking points
when using the test data deck. The assumption is made that the whole out-

put 1s right if part of it is right.

TABLE II

TEST DATA RESULTS

Program and Variable Identification

Statistic Missing Data No Missing Data

i=1 i=3 Program i=1 i=23 Program

jJ =2 Jg=5h Code g =2 j =24 Code
X; 14.351 4.51% MSTDLA | +13.652  +5.394  MSTDRA
XJ 5.400 '11.819 MSTD1A |+ 6.14hL +11.527 MSTD2 A
oy 3,015 2.347 MSTD1A | + 3.194 +2.957 MSTD2A
o, 1.546 1.547 MSTD1A - 2.213 + 1.567 MSTD2 A
N L7 L7 MSTD1A | 56 56 MSTD2 A
N, L7 L7 MSTD1A | 56 56 MSTD2 A
210,1 + 9.999%  +9, 999 Z1A - 1.143 + 1.557 7Z2A
215, - 0.263 +0.117 Z1A g - 0.517 + 0.302 72 A
rij' - 0.310 +0.226 R1A - 0.559 - 0.148 R2A
trij - 2,184 +1.555 R1A - b.956 - 1.100 R2A
af; 45 L5 R1A i 54 54 R2A

}

*+9,999 = missing data.



TABLE III

TEST DATA RESULTS

Program and Variable Identification

Statistic Missing Data No Missing Data
Group K =2, L =3% Program | Group K =2, L = 3% Program
i=4k i=6 Code i=4 i =6 Code
N? 13 13 M1A 1k 1k MPA
L
Ny 13 13 and 14 14 and
X
X 11.077 6.308 A1A 11.000 6.571 A
X 11.5%8  6.692 " 11.428  6.928 "
of 1.706 2.303 " 1.66k 2,440 "
o% 1.450 1.797 " 1.453 1.940 "
af for ti’ ol ol M1A 26 26 M2A
) K,L
df o for ¥y 1 1 INEA 1 1 A
ar 2 for FoT oL ol " 26 26 "
K, L S0.7h3  -0.L72 MIA _0.726  -0.429  MRA
1
pls L 0 8l
: .552 0.223% A1A 0.527 0.1 AA
all 4 groups all 4 groups
afl; 3 3 A1B 3 3 A2B
df2; L3 k3 " 52 52 n
F, 12.639 0.739 " 9.986 3.963 "
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TABLE IV

INVERSION AND ESTIMATION OF COMMUNALITIES PROGRAM

Row/Column — Matrix — Row/Column = Mat;ix —
1,2 0. 067 -0.290 i 1,1 1.769 0.435 0.435
1,3 0.17k -0.077 ! 3,3 1.760 0.432 0.432
2,5 0.318 -0.081 5,5 1.745 0.427 0.427

*The original correlations were: 1,2 = -0.310; 1,5 = -0.1%3%; 2,5 = -0.177.

TABLE V

FACTOR ANALYSIS AND ROTATION PROGRAMS

et omyoa oy omf Wy WD
1,2 0.143 0.294 1.56k 0.057 1.3%20
2,1 0.552 0.500 2.126 0.06kb 1.600
7,3 -0.357 0.607 0.812 -0.769 1.561
Sum: ZT;BE- 4.501 4.501

FL = factor loading, he = communality, L = latent root, FL* = rotated factor
loading
Note: The sample answers in Tables IV and V are based on the missing data
correlation program.
In Table V, Rz's were used in the diagonal and 3 factors were eXx-
tracted. Decimal accuracy used = .OO0O0L.

2
Sum of starting communalities (Zhe

st) = )'L585
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The option used for rotation was the Normal Varimax, smallest
angle of rotation 1°, criterion accuracy = .000001.
Criterion value = 32.578.

Rotation cycles (iterations) needed = 1.
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XII. SUPPLEMENT

Program print-outs for a 32k memory computer

While this publication was in press the IBM-704 (8k) computer at The Uni-
versity of Michigan Computing Center was replaced by the IBM-709. The authors
thus had the opportunity to test all programs on this larger machine (32k)
after necessary changes had been made in the program cards.

Although the 7Ok programs need only slight changes to be accepted by the
709, the complete print-outs are given in this supplement.

Approximate maximum dimensions have been indicated under "Limitations”
for each program in Sections 1II — IX above.

Time estimates are not available. In general, the 32k machine will be two
to four times faster for programs using tape storage on the 8k, because part
of it (or perhaps all of it) will fit into the core of the larger machine.

The 709 program print-outs can be identified by the code (e.g. MSTD1A)
on the extreme right of the first line of each print-out.

Note that when the Format is read as input data, beginning and closing

parentheses have to be punched, e.g. (9F8.3).
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSEXECUTESsDUMP MSTD1AQ
DIMENSION SUM(24000) 9S5Q(24000) sCOUNT(24000)9R(24000)9NX(24000) s
INY(24000)sFORM(13)
CQUIVALENCE (ReSUM) 9 (ReCOUNT ) »(R9SQ) s (RsNX)s {RaNY)
1 REALC INPUT TAPE T92sNsLYsNTOTAL D
2 FORMAT(3169FBe3)
NSTORPE=24000
IA=LY
IB=TA+LY
READ INPUT TAPE 739 (NX(I)sI=1sIA)
3 FORMAT(2413)
L=TA+1
READ INPUT TAPE 7939 (NY(I)sI=LsIB)
N1=0
DO 5 LA=1sLY
IaA=1A+1
5 N1=N1+NY(IA)-NX(LA)+1
IA=LY
Ic=IB+N1
ID=IC+N1
IE=ID+N1
IF=NSTORE~IE
MFIRST=IF/N
M1=MFIRST
M=IE .
LG=NTOTAL/MFIRST
MLAST=MFIRST*LG
IF (NTOTAL-MLAST) T796e7
6 MLAST=MFIRST
GO T0O 8
7 LG=LG+1
MLAST=NTOTAL-MLAST
8 READ INPUT TAPE T99s(FORM(I)sI=1913)
9 FORMAT(13A6)
L=1B+1
DO 14 J=L»slE
14 COUNT(J)=040
DO 40 JU=1sLG
IA=LY
IR=TA+LY
Ic=IB+N1
ID=IC+N1
IF (LG=J) 15915916
15 M1=MLAST
16 DO 20 KA=1sM1
K=M
K=K+1
M=M+N
READ INPUT TAPE T7sFORMe(R(I)sI=KsM)
20 CONTINUE
M=1E
DO 40 LA=1lsLY
IA=1A+1
MA=NX{LA)
MB=NY(1A)
DO 40 L=MAyMB
I=IE-N+L
Ig=1B+1
Ic=1C+1
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25

40
41

42

45
50
54
56
58
60
61

65
66
70

$DATA

ID=1D+1

DO 40 KA=1sM1

I=1+N

IF (R(I)=D) 254940425

SUM{IB)=SUM(IB)+R(1I)

SQIIC)=SQIIC)Y+R(])*%2

COUNT(ID)=COUNTI(ID)+1,

CONTINUE

READ INPUT TAPE TeblyIA

FORMAT(I10)

WRITE QUTPUT TAPE 694241A

FORMAT(44H1 MEAN AND SIGMA PROGRAM JOB NUMBER

TA=LY

IB=TA+LY

IC=1B+N1

ID=1C+N1

=29

DO 70 LA=1sLY

TA=TA+1

MA=NX(LA)

MB=NY(IA)

DO 70 L=MAsMB

Ig=1B+1

IC=1C+1

ID=1D+1

CA=(COUNT(ID)* ((COUNT(ID)=1e))

CB=(COUNT(ID)®*SQ(IC))=(SUM(IB)**2)

IF (CB) 45445456

SQUIC)=+9994999

IF {(COUNT(ID)) 50950454

SUM(IB)=4+999,999

GC TO 58

SUM(IB)=SUM(IB)/COUNT(ID)

GO TO 58

SQUIC)Y=(SQRT(CB/CA))

SUM(IB)=SUM{IB)/COUNT(ID)

I=1+1

IF (I-30) 65960470

WRITE OUTPUT TAPE 6961

FORMAT (64H1 VARITABLE STANDARD DEVIATION
NUMBER)

1=0

WRITE OQUTPUT TAPE 6+9669LeSQ(IC)sSUM(IB) sCOUNTI(ID)

FORMAT(1HOI149F19439F2Ce39F340)

CONTINUE

Go 70 1

END
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSEXECUTE sDUMP MSTD2A
DIMENSION SUM(22000),SQ(22000) 9sR(22000) sNX(22000) sNY(22000)sFORM(1
13)
EQUIVALENCE (RsSUM) s (RsSQ) s (ReNX)s(ReNY)
READ INPUT TAPE T792sNsLYsNTOTAL
2 FORMATI(316)

NSTORE=22000

COUNT=NTOTAL

TA=LY

IB=TA+LY

READ INPUT TAPE T7s3s(NX(I)sI=1sIA)
3 FORMATI(2413)

L=1A+1

READ INPUT TAPE T7T93s(NY(I)sI=L»IB)

N1=0

DO 5 LA=1sLY

IA=1A+]
5 N1=N1+NY(IA)-NX(LA)+1

IA=LY

Ic=IB+N1

IE=IC+N1

IF=NSTORE-IE

MFIRST=IF/N

M1=MFIRST

M=1E :

LG=NTOTAL/MFIRST

MUAST=MFIRST*LG

IF (NTOTAL-MLAST) 79697
6 MLAST=MFIRST

Go TO 8
7 LG=LG+1
MLAST=NTOTAL~MLAST
READ INPUT TAPE 7999 (FORM(1)sI=1913)
9 FORMAT(13A6)

L=IB+1

DO 12 J=L»slIE
12 SQ(J)=040

DO 40 J=19LG

—

oo

Ia=LY

IB=TA+LY

Ic=IB+N1

IF (LG=J) 15415916
15 M1=MLAST
16 DO 20 KA=1sM1

K=M

K=K+1

M=M+N

READ INPUT TAPE T7sFORMe(R(I)sI=KsM)
20 CONTINUE

M=IE

DO 40 LA=1sLY

[IA=TA+1

MA=NX{LA)

MB=NY(IA)

DO 40 L=MAsMB

I=TE-N+L

ig=18+1

IC=IC+1

DO 40 KA=1yM1
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25
40
41

42

45

56
58
60
61

65
66
70

EDATA

I=I+N

SUM(IB)=SUM(IB)+R(I)

SQIIC)=SQ{IC)+R(I)**2

CONTINUE

READ INPUT TAPE Ts4l,1IA

FORMAT(I10)

WRITE QUTPUT TAPE 6942,41A

FORMAT(44H1 MEAN AND SIGMA PROGRAM JOB NUMBER

IA=LY

IB=TA+LY

Ic=1B+N1

1=29

CA=({COUNT* (COUNT=141})

DO 70 LA=1lslY

IA=TA+]

MA=SNX(LA)

MB=NY(IA)

DO 70 L=MAsMB

IB=1B+1

Ic=1C+1

CB=({COUNT*SQ(IC))=(SUM(IB)**2)

IF (CB) 454945456

SG(ICI=+999,999

SUM(IB)=SUM(IB)/COUNT

GO TO 58

SQUIC)Y=(SQRT(CB/CA))

SUM(IB)Y=SUM(IB)/COUNT

I=1+1

IF (I-30) 6546070

WRITE OUTPUT TAPE 6361

FORMAT (64H1 VARTABLE STANDARD DEVIATION
NUMBER)

1=0

WRITE OQUTPUT TAPE 6966sLsSQ{IC)sSUM(IB)sCOUNT

FORMAT(1HOI149F19e39F20439F940)

CONTINUE

Go TC 1

END

179

I10

MEAN



$COMPILE FORTRANSPRINT OBJECT9sPUNCH OBJECTsEXECUTE sDUMP Z1A00
DIMENSION SUM(22000)95Q(22000) sCOUNT(22000)9R(22000)sNX(22000)
- INY(22000)sFORM(13)92(22000)
EQUIVALENCE (RsSUM) 9 (RsCOUNT) s (RoSQ) s (RsNX)s (ReNY)}s(R»2)
READ INPUT TAPE T7Ts2sNsLYINTOTALINONESNTWO9CARDSD
2 FORMATI(5169F2409F843)
NSTORE=22000
REWIND 2
NPERC=9
IA=LY
IB=TA+L(
READ INPUT TAPE T3 (NX{I)sI=1HIA)
3 FORMATI(2413)
L=1A+1
READ INPUT TAPE T93s(NY{(I)sI=LsIB)
N1=0
DO 5 LA=1slLY
IA=1A+1
5 N1=N1+NY(IA)-NX(LA)+1
IA=LY
Ic=18+N1
ID=1C+N1
IE=1D+N1
IF=NSTORE=-IE
MFIRST=IF/N
M1=MFIRST
LB=N%¥M1+IE
M=1E
L=1E+]
LG=NTOTAL/MFIRST
MULAST=MFIRST*LG
IF (NTOTAL=MLAST) 79697
6 MLAST=MFIRST
GO TO 8
7 LG=LG+1
MLAST=NTOTAL-MLAST
8 READ INPUT TAPE T+9s(FORM(I)sI=1913)
9 FORMAT(13A6)
L=1I8+1
DO 14 J=L»lIE
14 COUNT(J)=040
DO 40 J=1sLG
IA=LY
IB=IA+LY
Ic=1B+N1
ID=1C+N1
IF (LG=J) 15415916
15 M1=MLAST
LB=N*M1+1E
16 DO 20 KA=1yM1
K=M
K=K+1
M=M+N
READ INPUT TAPE 7sFORMs(R{I)sI=KeM)
20 CONTINUE
K1=1
M=1E
L1=1E+1
WRITE TAPE 2s(R(I)sI=L1sLB)

2
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25

40

41

42

45
50
54
56
58
60
61

65
66
70

DO 40 LA=1sLY

IA=]1A+]

MA=NX(LA)

MB=NY(IA)

DO 40 L=MAsMB

I=IE=-N+L

Ig=1B+1

ICc=I1C+1

1D=1D+1

DO 40 KA=1sMl

I=1+N

IF (R(I)=D) 25940425

SUM{IBY=SUM(IB)I+R(1)

SQUIC)=SQUICY+R(1)*¥¥x2

COUNT(ID)=COUNT(ID}+1.

CONTINUE

TA=LY

Ig=1A+LY

ICc=IB+N1

ID=1C+N1

END FILE 2

REWIND 2

L=]E+NPERC

1=29

READ INPUT TAPE Ts4lsMA

FORMAT(110)

WRITE QUTPUT TAPE 69429MA

FORMAT(40H1 Z PROGRAM JOB NUMBER

DO 70 LA=1lsLY

IA=]A+]

MA=NX(LA)

MB=NY(1A)

DO 70 L=MAsMB

Ig=1B+1

1c=1C+1

ID=1D+1

CA=(COUNT(ID)*(COUNT(ID)=1e))

CB=(COUNT(ID)*SQ(IC))=(SUM(IB)*%x2)

IF (CB) 45945456

sQ(I1C)=D

IF (COUNT(ID)) 50450454

SyUM(1B8) =D

GO TO 58

SUM(IB)=SUM(IB)/COUNT(1ID)

GO TO 58

SQ{IC)=(SQRT(CB/CA})

SUM({IB)=SUM(IB)/COUNT(ID)

I=1+1

IF (I-30) 65460970

WRITE OUTPUT TAPE 6961

FORMAT(64H1 VARIABLE STANDARD DEVIATION
NUMBER)

1=0

WRITE OUTPUT TAPE 6966sL9SQ(IC)sSUM(IB)»COUNTI(ID)

FORMAT(1HOI149F19e39F20439F9,40)

CONTINUE

M1=MFIRST

IA=LY
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75

78

80
82

83

84
86
88

50
95

100

I8=1A+LY
IE=1IB+(3%N1)
M=N*M1+IE
L1=1E+1
N2=NONE~-1

DO 140 J=1sLG
IA=LY

IF (LG=J) 75975978

M1=MLAST
IB=1A+LY
IE=1IB+(3%#N1)
M=N*M1+IE

READ TAPE 2s(R(I)sI=L1sM)

DO 140 LA=1sLY
IA=1A+1
MA=NX{LA)
MB=NY(IA)
MC=MB=~MA+1
Lx=MC/NPERC
L2=NPERC*LX

IF (LZ=-MC) 82480982

LZ=NPERC

GO TO 83
LX=LX+1
LzZ=MC=LZ
IG==N

DO 95 K=1yMl
IB=2%LY
Ic=IB+N1
ID=IC+N1
I1G=1G+N
ID=1D+1IG

DO 95 I=MAsMB
[E=ID+I
IE=TE+N
Is=18+1
Ic=1C+1

IF (SuM(IB)=D)
IF (SQ(IC)=D)

Z(TE)=+94999
Go TO 95

Z(IEY=(R(IE)=-SUM(IB))/SQ(IC)

CONTINUE
Ig=2%LY
ICc=1B+(2%N1)
1G==N

DO 130 K=1lsM1
N3=NTWO-1
[G=1G+N
ID=1C+1G
IE=1D+MA~-1
IE=IE+N

LE=IE
LC=NPERC
N2=N2+1

DO 120 LB=1lsLX
N3=N3+1

8449884984
86988986
IF (R(IE)=D) 904884990
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IF (LX-LB) 10551055110
105 Lc=L2Z
110 L=LE+1
LE=LE+LC
IF (CARDS) 11351205115
113 WRITE OUTPUT TAPE 6s114sN2sN3s (Z(KA)sKA=LyLE)
114 FORMAT((1HCI6s1399F1243))
Go TO 120
115 PUNCH 119s(Z(KA)sKA=LsLE)sN2sN3
119 FORMAT(9F843515513)
120 CONTINUE
130 CONTINUE
140 CONTINUE
REWIND 2
Go TO 1
END
$DATA
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSEXECUTE sDUMP Z2A00000
DIMENSION SUM(22000)+5Q(22000) sR{22000) sNX(22000) sNY{220001}
12(22000) 9FORM(13)
EQUIVALENCE (RsSUM)9(R9eSQ)s{ReNX)s(RsNY)p(Rs2Z)
1 READ INPUT TAPE 79s2sNsLYsNTOTAL sNONEsNTWOsCARDS
2 FORMAT(5169F2.0)
COUNT=NTOTAL
NSTORE=22000
REWIND 2
NPERC=9
IA=LY
IB=TA+LY
READ INPUT TAPE Ts3s(NX(I)sI=14]1A)
3 FORMAT(2413)
L=IA+1
READ INPUT TAPE Ts39(NY(I)sI=LsIB)
N1=0
DO 5 LA=1,LY
IA=1A+1
5 N1=N1+NY(TA)=NX(LA)+1
IA=LY
Ic=1B+N1
IE=IC+N1
IF=NSTORE-IE
MFIRST=IF/N
M1=MFIRST
LB=N#M1+IE
M=IE
LG=NTOTAL/MFIRST
MULAST=MFIRST*LG
IF (NTOTAL=MLAST) T7s6s7
6 MLAST=MFIRST
Go TO 8
7T LG=LG+1
MLAST=NTOTAL=-MLAST
READ INPUT TAPE 799 (FORM(I)sI=1913)
FORMAT(13A6)
L=IB+1
DO 14 J=sLyl1E
14 SUM(J)=0.60
DO 40 J=1y9LG
IA=LY
IB=TA+LY
Ic=1B+N1
IF (LG=J) 15915916
15 M1=MLAST
LB=N®¥M1+1E
16 DO 20 KA=1M1
K=M
K=K+1
M=M+N
READ INPUT TAPE 7sFORMe(R{1}sl=xsM}
20 CONTINUE
M=1E
L1=IE+1
WRITE TAPE 2»(R(I)sI=L1sLB)
DO 40 LA=1lsLY
IA=IA+1
MA=NX(LA)

O ™
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MB=NY(IA)
DO 40 L=MA»MB
I=1E~-N+L
Ig=1B+1
Ic=1C+1
DO 40 KA=19M1
I=1+N
25 SyM({IB)=SUM(IB)+R(I)
SQIICY=SQIIC)I+R(I)*x%2
40 CONTINUE
TA=LY
IB=TA+LY
IC=IB+N1
END FILE 2
REWIND 2
L=IE+NPERC
=29
READ INPUT TAPE T7s414MA
41 FORMAT(I10)
WRITE OQUTPUT TAPE 6942 4MA
42 FORMAT(40H1 Z PROGRAM JOB NUMBER 110 )
CA=(COUNT*(COUNT=14))
DO 70 LA=1,sLY
IA=TA+]
MA=NX(LA)
MB=NY({ IA)
DO 70 L=MAsMB
IB=1B+1
Ic=1C+1
CB=(COUNT*SQ(IC))={(SUM(IB)*%2)
IF (CB) 45945456
45 SQ(IC)=494999
SUM(IB)=SUM{IB)/COUNT
GO TO 58
56 SQ(IC)=(SQRT(CB/CA))
SUM(IB)=SUM(IB)/COUNT
58 I=I+1
IF (I-30) 65960470
60 WRITE OUTPUT TAPE 6961
61 FORMAT(64H1 VARIABLE STANDARD DEVIATION MEAN
1 NUMBER)
1=0
65 WRITE OUTPUT TAPE 6966sLeSQIIC)sSUM(IBY 9COUNT
66 FORMAT(1HOI149F19439F20e39FG40)
70 CONTINUE
M1=MFIRST
IA=LY
IB=IA+LY
IE=IB+({2%N1)
M=N%#M1+IE
Li=1E+1
N2=NONE=-1
DO 140 J=1,LG
TA=LY
IF (LG=J) 75975478
75 M1=MLAST
Ig=1A+LY
IE=1B+(2%N1)
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M=N#M1+IE
78 READ TAPE 2s(R(I)sI=L1sM)
DO 140 LA=1sLY
IA=TA+1
MA=NX(LA)
MB=NY(IA)
MC=MB=MA+1
Lx=MC/NPERC
LZ=NPERC*LX
IF (LZ=-MC) 82580,82
80 LZ=NPERC
GO TO 83
82 Lx=LX+1
Lz=MC=-LZ
83 1G=-N
DO 95 K=1¢M1
Ig=2%LY
Ic=IB+N1
1G=I1G+N
ID=1C+IG
DO 95 I=MAsMB
IE=1D+1!
IE=TE+N
Is=IB+1
Ic=1C+1 .
IF (SQ(IC)=94999) 90988490
88 Z(IE)=4+94999
GO TO 95
90 Z(IE)=(R({IE)=-SUM(IB))/SQ(IC)
95 CONTINUE
IB=2#LY
IC=1B+N1
1G==N
DO 130 K=1sM1
N3=NTWO=1
1G=IG+N
ID=IC+IG
1IE=1D+MA-1
IE=IE+N
LE=IE
LC=NPERC
100 N2=N2+1
DO 120 LB=1sLX
N3=N3+1
IF (LX=LB) 10591059110
105 Lc=LZ
110 L=LE+1
LEsLE+LC
IF (CARDS) 113491205115
113 WRITE OUTPUT TAPE 691149N29N39(Z(KA)9sKA=LLE)
114 FORMAT((1HOI691399F1243)})
Go TO 120
115 PUNCH 1199(Z(KA)sKA=LsLE)sN2sN3
119 FORMAT(9F843415913)
120 CONTINUE
130 CONTINUE
140 CONTINUE
REWIND 2
Go TO 1
END
$DATA
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSEXECUTE sDUMP M1A2000
DIMENSION A(1905120)sSUM(190) s SQUARE(190)9sCOUNT(190)sNX(25)sNY(25)
19yXMEAN(190) sDEVNY(190) o YMEAN(190) ¢DEVNX(190)sLC(190) sMLAST(190)
1FORM(13)
EQUIVALENCE (DEVNXsSQUARE) » (DEVNYsLC) s (MLAST s YMEAN)
READ INPUT TAPE T7s2sNoLYsLXsD
2 FORMAT(3169F843)
REWIND 3
REWIND 4
MFIRST=120
M1=MFIRST
READ INPUT TAPE 7939 (NX(I)eI=1sLY)
3 FORMAT(2413)
READ INPUT TAPE Ts3s(NY{I)sI=1sLY)
READ INPUT TAPE T4 (COUNT(I)sI=1sLX)
4 FORMAT(24F3.0)
DO 7 I=1sLX
J=COUNTI(TI)
LClI)Y=(JU/MFIRST)
MLAST(I)=(MFIRST*LC(I))
IF (J=MLAST(I)) 69596
5 MLAST(I)=MFIRST
GO 70 7
6 LC(I)=LC(I)+1
MLAST(I)=U=~MLAST(I}
7 CONTINUE
READ INPUT TAPE 7989 (FORM(I)sI=1y13)
8 FORMAT(13A6)
DO 32 LA=1sLX
M1=MFIRST
LG=LC(LA)
DO 9 J=1sN
SUM(J) =040
SQUARE (J) =040
COUNT(J)=040
9 CONTINUE
DO 20 J=1sLG
IF (LG=J) 104910511
10 M1=MLASTI(LA)
11 DO 12 K=1lsMl
READ INPUT TAPE T7sFORMs(A(IsK)sI=1sN)
12 CONTINUE
Ki=1
DO 20 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
DO 20 K=1sM1
IF (A(I9K)=D) 17920917
17 SUM(I)=SUM(I)Y+A(IK)
SQUARE(I)=SQUARE(I)+(A(IsK)%*%2)
COUNT(1)=COUNT(I)+1.
20 CONTINUE
DO 32 L=1sLY
NFIRST=NX{L)
NLAST=NY (L)
DO 30 I=NFIRSTsNLAST
CB={COUNT(I)*SQUARE(I))=(SUM(1)*%x%x2)
CA=COUNT(I)*(COUNT(I)=~1,)

[
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IF (CA) 22922425
22 XMEAN (1)=999.999
DEVNX(1)=040
25 IF (CB) 26426927
26 XMEAN(1)=9994999
DEVNX(1)=040
GO TO 30
27 DEVNX(I)1=SQRT(CB/CA)
XMEAN (I)=SUM (I) / COUNT (1)
30 CONTINUE
WRITE TAPE 34 { (DEVNX(I)sXMEAN(I)sCOUNT(I
WRITE TAPE 45 ( (DEVNX(I)9XMEAN(I)sCOUNT(I
32 CONTINUE
END FILE 3
END FILE &
REWIND 3
REWIND &
READ INPUT TAPE 7#33,LA
33 FORMAT(110)
WRITE OUTPUT TAPE 6934yLA
34 FORMAT(38HO MEAN AND TEE PROGRAM JOB NUMBER 110 )
LA=LX=1
DO 70 J=1sLA
DO 35 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 3s((DEVNX(I)sXMEAN(I)sCOUNT(I))sI=NFIRSTyNLAST)
35 CONTINUE
DO 65 K=1sLX
DO 36 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 45 ( (DEVNY(1)sYMEAN(I)sSUM(1))sI=NFIRSTsNLAST)
36 CONTINUE
IF (K=J) 6536538
38 SKIP=29.
DO 60 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 60 I=NFIRSTsNLAST
IF (DEVNX(I)) 3993941
39 DEVNX (1129994999
TEE=9994999
IF (DEVNY(I1))40s4044
40 DEVNY(1) = 9994999
TEE=9994999
GO TO 44
41 IF (DEVNY(I)) 40940543
43 TEE=(XMEAN(I)=YMEAN(I))/(SQRT((DEVNX(I)*#2/COUNT(1))+(DEVNY(I)*%2/
1SUMIT))))
44 DF=(COUNT(I)+SUM(I))=2,
SK1P=SKIP+1,
45 IF (304=SKIP) 50546950
46 WRITE OUTPUT TAPE 648
48 FORMAT(95H1 GROUPS  VARIABLE N-TOTAL MEAN STGMA N-TOTA
1L MEAN STGMA TEE DF )
SKIP=040
50 WRITE OUTPUT TAPE 65555JsKs1sCOUNT(1) s XMEAN(I) sDEVNX(I))s

} )9 I=NFIRSTyNLAST)
)1 o I=NFIRSTsNLAST)
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1SUM(T) s YMEAN(TI) sDEVNY(I)sTEESDF
55 FORMAT(1HOISs149169F106092(F11e3)9F6e093(F1lle3)sF1l040)
60 CONTINUE
65 CONTINUE
REWIND 4
70 CONTINUE
REWIND 3
Go TO 1
END
SDATA
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJUECTSEXECUTE sDUMP M2A200
DIMENSION A(2005100)sSUM(200) s SQUARE(200)sCOUNT(200) ¢NX(25)9NY(25)
1’XMEAN(200)’DEVNY(ZOO)’YMEAN(ZOO)’DEVNX‘ZOO)’LC(ZOO),MLAST(ZOO)9
1FORM(13)
EQUIVALENCE (DEVNY!LC)’(MLAST’YMEAN)’(SUM’XMEAN)’(SQUAREQDEVNX)
READ INPUT TAPE T792sNsLYsLX
2 FORMATI(316)
REWIND 3
REWIND 4
MFIRST=100
M1=MFIRST
READ INPUT TAPE T3 (NX(I)sI=1sLY)
3 FORMAT(2413)
READ INPUT TAPE Te39(NY(I)o1=1yLY)
READ INPUT TAPE T7s4s(COUNT(I)sI=1sLX)
4 FORMAT(24F340)
Do 7 I=1yLX
J=COUNTI(TI)
LC(IY=(J/MFIRST)
MLAST(I)=(MFIRST®LC(I))
IF (J=MLAST(I)) 6596
5 MLAST(I)=MFIRST
Go TO 7
6 LC(I)=LC(I}+1
MLAST(1)=J-MLASTI(I)
7 CONTINUE
READ INPUT TAPE T7s8s(FORM(I)sI=1913)
8 FORMAT(13A6)
DO 32 LA=1sLX
CA=COUNT(LA)* (COUNT(LA)=1s)
M1=MFIRST
LG=LC{LA)
DO 9 J=1sN
SUM(J) =040
SQUARE (J) =040
9 CONTINUE
DO 20 J=1sLG
IF (LG=J) 1041011
10 M1=MLASTI(LA)
11 DO 12 K=1sM1
READ INPUT TAPE 7sFORMs(A(IsK)sI=1sN)
12 CONTINUE
DO 20 L=1lsLY
NFIRST=NX(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
DO 20 K=1sM1
16 SUM(I)=SUM(I)I+A(IK)
SQUARE (I1)=SQUARE(I)+(A(IsK)¥%2)
20 CONTINUE
DO 32 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 30 I=NFIRSTsNLAST
CB=(COUNT(LA)*SQUARE(I))=(SUM(I)#*%¥2)
23 XMEAN(I)=SUM(I)/COUNT(LA)
25 IF (CB) 26926s27
26 DEVNX(1)=060
GO TO 30

—
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27 DEVNX(I)=SQRT(CB/CA)
30 CONTINUE
WRITE TAPE 3¢ ((DEVNX(I)9sXMEAN{I))sI=NFIRSTsNLAST)
WRITE TAPE 49 ( (DEVNX(I)sXMEAN(I))sI=NFIRSTyNLAST)
32 CONTINUE
END FILE 3
END FILE 4
REWIND 3
REWIND 4
READ INPUT TAPE 7933sLA
33 FORMAT(I10)
WRITE OUTPUT TAPE 63349LA
34 FORMATI(38HO MEAN AND TEE PROGRAM JOB NUMBER 110 )
LA=LX=1
DO 70 J=1lsLA
DO 35 L=1lsLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 39 ((DEVNX(I)sXMEAN(I))sI=NFIRSTHNLAST)
35 CONTINUE
DO 65 K=1sLX
DO 36 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
READ TAPE 4s( (DEVNY{I)sYMEAN(I)) s I=NFIRSTsNLAST)
36 CONTINUE ‘
IF {K=J) 654654938
38 SKIP=29,.
DO 60 L=1sLY
NFIRST=NX{L)
NLAST=NY (L)
DO 60 I=NFIRSTsNLAST
IF (DEVNX(I)) 3953941
39 TEE=9994999
DEVNX(1)=999,999
IF (DEVNY(1))409404+44

40 DEVNY(I) = 9994999
TEE = 9994999
GO TO 44

41 IF (DEVNY(1)) 40,4043

43 TEE=(XMEAN(I)=YMEAN(I))/(SQRT((DEVNX(1)*%2/COUNT(J))+(DEVNY(I)¥%%2/
1COUNT(K))))

44 DF=(COUNT(J)+COUNT(K))=24
SKIP=SKIP+1.

45 IF (30e=SKIP) 50546950

46 WRITE OUTPUT TAPE 648

48 FORMAT(95H1 GROUPS  VARIABLE N-TOTAL MEAN SIGMA N=-TOTA
L MEAN SIGMA TEE DF )
SKIP=000

50 WRITE OUTPUT TAPE 65555J9Ks19COUNT(J) s XMEAN(I) 9DEVNX (1)
1COUNT(K) s YMEAN(I)sDEVNY(1)sTEEsDF

55 FORMAT(1HOIS5,149169F1040s2(F1143)9F6e093(F11e3)sF1040)

60 CONTINUE

65 CONTINUE
REWIND 4

70 CONTINUE
REWIND 3
Go TO 1
END

SDATA
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTsEXECUTE sDUMP

—

10
11

12

17

20

A1A200

DIMENSION A(2005100)sSUM(200)sSQUARE(200)sCOUNTI(200)sTOTAL(200)
1XMEAN(200) sDEVNY (200) s YMEAN(200) sDEVNX(200)9SOM(200)9SQERE(200) »

1LC(200) sMLAST(200) sNX(25)sNY(25)9FORM(13)

EQUIVALENCE (MLASTsYMEAN) s (LCeDEVNY)
READ INPUT TAPE T929sNsLYsLXsD
FORMAT(316+F843)

REWIND 3

REWIND 4

MFIRST=100

READ INPUT TAPE 793 (NX(I)sI=1sLY)
FORMAT (2413)

READ INPUT TAPE T93s(NY(I)sI=1sLY)
READ INPUT TAPE T4 (COUNT(I)sI=1sLX)
FORMAT(24F340)

DO 7 I=19LX

J=COUNT(I)

LClT)=(J/MFIRST)
MLAST(I)=(MFIRST*LC(I))

IF (J=MLAST(I)) 69596
MLAST(1)=MFIRST

Go 70 7

LCiIy=LC{I)+1

MLAST(I)=JU=MLAST(I)

CONTINUE

K=1

READ INPUT TAPE 7989 (FORM(I)sI=1913)
FORMAT(13A6)

DO 32 LA=1slLX

M1=MFIRST

LG=LC(LA)

DO 9 J=1»N

SUM(J) =060

SQUARE({J) =040

COUNT(J)=040

CONTINUE

DO 20 J=1sLG

IF (LG=J) 10910011

M1=MLAST(LA)

DO 12 K=1sM1

READ INPUT TAPE T7sFORMy(A{(I19K)sI=1sN)
CONTINUE

DO 20 L=1sLY

NFIRST=NX(L)

NLAST=NY(L)

DO 20 I=NFIRSTsNLAST

DO 20 K=1yM1

IF (A(IsK)=D) 17920917
SUM(T)=SUM(I)+A(IsK)
SQUARE(I)})=SQUARE(I)+(A(IeK)%%2)
COUNT(I)=COUNT{I)+1e

CONTINUE

DO 32 L=1slLY

NFIRST=NX(L)

NLAST=NY (L)

DO 30 I=NFIRSTsNLAST
CB=(COUNT(I)*SQUARE(I))={SUM(]1)%*%x2)
CA=COUNT(I)*{COUNT(I)=14)

IF (COUNT(I)) 22922923
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22

23
24

25
26

27

30

32

33

34

35

36

37

38
39

40

41
42

43

4y

XMEAN(1)=040
DEVNX(1)=00
Go TO 30

XMEAN(I)=SUM(I)/COUNT(])
IF (CA) 24424425
DEVNX{I)=040

GO TO 30

IF (CB) 264926427
DEVNX({1)1=040

Go TO 30

DEVNX(1)=SQRT{(CB/CA)

CONTINUE

WRITE TAPE 39 ((SUM(I)sSQUARE(T)sCOUNT(I)sXMEAN(I)sDEVNX{I})sI=NFIR
1STeNLAST)

WRITE TAPE 49 ((SUM(I)eSQUARE(I) sCOUNT(I)sXMEAN(I) 9DEVYNX(1))9sI=NFIR
1STeNLAST)

CONTINUE

END FILE 3

END FILE 4

REWIND 3

REWIND 4

READ INPUT TAPE T7+33,LA

FORMAT(110)

WRITE OQUTPUT TAPE 69344LA

FORMAT (45H0 ANALYSIS OF VARIANCE PROGRAM JOB NUMBER 110 )
LA=LX=-1 '

DO 70 J=1sLA

Do 35 L=1slY

NFIRST=NX{L)

NLAST=NY (L)

READ TAPE 3 ((SUM(I)sSQUARE(T) sCOUNTI(1)sXMEAN(I)sDEVNX(I))sI=NFIRS
1T4NLAST)

CONTINUE

DO 65 K=1slLX

DO 36 L=1lsLY

NFIRST=NX(L)

NLAST=NY (L)

READ TAPE 44 ((SOM(I1)sSQERE(T)esTOTAL(I) e YMEAN(I)sDEVNY (1)) sI=NFIRST
1sNLAST)

CONTINUE

IF (K=J) 65465937

SKIP=29.

DO 60 L=1sLY

NFIRST=NX{L)

NLAST=NY (L)

DO 60 I=NFIRSTsNLAST

IF (DEVNX(I)) 38938949

IF (DEVNY(I)) 39439443

SKIP=SKIP+1a

IF (304=SKIP) 60940941

WRITE QUTPUT TAPE 6957

SKIP=040

WRITE OQUTPUT TAPE 6942419J9K

FORMAT(1HOIO9s 18 s 4943H PLEASE CHECK RAW DATAe THANK YOU. )
GO TC 60

SKIP=SKIP+1s
IF (30e=SKIP) 60944945
WRITE OUTPUT TAPE 6957
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SKIP=040
45 WRITE OUTPUT TAPE 6947919 JsKeYMEAN(I)sDEVNY(I)

47 FORMAT(1HOI9s18s14,s76H PLEASE CHECK YQUR DATA FOR THE TWO GROUP
1S 2(F1043))
Go TO 60

49 IF (DEVNY(1)) 50550854
50 SKIP=SKIP+1le

IF (304=SKIP)} 60951952
51 WRITE OUTPUT TAPE 6957

SKIP=0,60

52 WRITE OUTPUT TAPE 6953919 JsKeXMEAN(I)sDEVNX(I)

53 FORMAT(1HOI9s18914952H PLEASE CHECK YOUR DATA FOR THE TwO GROUP
1S Fl4e39F1043)
GO TO 60

54 TOP1=((SUM(I)%%2) /COUNT(I))+((SOM(I)*%2)/TOTAL(I))
DF2=COUNT(I)}+TOTAL(I)
TOP2=((SUM(I)+SOM(1))**2)/(DF2)
XBAR=TOP1~TOP?2
DFl=1.
DF2=DF2-2e
R=(SQUARE(I)+SQERE(I))-TOP1
22=R/DF2
Z23=XBAR/Z2
SKIP=SKIP+1e
IF (304=SKIP) 60955958

55 WRITE OUTPUT TAPE 6957

57 FORMAT(118H1 VARIABLE GROUPS SeSeBETWEEN SeS4RESIDUAL N=1
IN=2 DF1 DF2 F-RATIO McAN SIGMA ME AN SIGMA)
SKIP=0,0

58 WRITE OUTPUT TAPE 6959919JsKesXBARIRICOUNTI(I) s TOTAL(I)sDF19DF2923)
IXMEAN(I)9DEVNX(I)sYMEAN(I)sDEVNY(I)

59 FORMAT(1IHOIO I8 9149F13439F144394F56090FFe39F110¢393F1043)

60 CONTINUE

65 CONTINUE
REWIND 4

70 CONTINUE
REWIND 3
Go TO0 1
END

$DATA
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$SCOMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSEXECUTE sDUMP A2A200
DIMENSION A(2009100)sSUM(200) »SQUARE(200)sCOUNT(200) sNX(25)9NY(25)
19 XMEAN(200)sDEVNY(200) s YMEAN(200U) oDEVNX(200) oLC(200) yMLAST(200)»
1SOM(200) s SQERE(200)sFORM(13)
EQUIVALENCE (MLASTsYMEAN) s (LCoDEVNY)
1 READ INPUT TAPE 792eNslLYsLX
2 FORMATI(316)
REWIND 3
REWIND 4
MFIRST=100
M1=MFIRST
READ INPUT TAPE 7939 (NX(I)sI=1sLY)
3 FORMAT(2413)
READ INPUT TAPE T7Ts3s(NY(I)seI=1sLY)
READ INPUT TAPE 794 (COUNT(I)sI=19LX)
4 FORMAT(24F340)
DO 7 I=1sLX
"J=COUNTI(1)
LC(I)=(J/MFIRST)
MLAST(I)=(MFIRST*#LC(I))
IF (J=MLAST(I)) 69596
5 MLAST(I)=MFIRST
Go TO 7
6 LC(IN=LC(I)+]1
MLAST{1)=J-MLAST(I)
7 CONTINUE
READ INPUT TAPE 793s(FORM(I)sI=1913)
8 FORMAT(13A6)
DO 32 LA=1sLX
M1=MFIRST
LG=LC(LA)
CA=COUNT(LA)*(COUNT(LA)=14])
DO 9 J=1sN
SUM(J)=0e0
SQUARE(J)=0e0
9 CONTINUE
DO 20 J=1»9LG
IF (LG=J) 104510911
10 M1=MLAST(LA)
11 DO 12 K=1yM1
READ INPUT TAPE T7sFORMe(A(I9K)sI=19N)
12 CONTINUE
DO 20 L=1lslLY
NFIRST=NX{(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
DO 20 K=1yMl
17 SUM(1)=SUM(I)+A(IsK)
SQUARE(T)=SQUARE(I)+(A(IsK)%%2)
20 CONTINUE
DO 32 L=1lsLY
NFIRST=NX(L)
NLAST=NY (L)
DO 30 I=NFIRSTsNLAST
CB=(COUNTI(LA)*SQUARE(T))=(SUM(])%x%2)
23 XMEAN(I1)=SUM(I1)/COUNT(LA)
25 IF (CB) 26926427
26 DEVNX(I)=040
GO TO 30
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27
30

32

33

34

35

36

37

38
39

40

41
42

43
44
45
47
49
50
51

52
53

DEVNX(I)=SQRT(CB/CA)

CONTINUE

WRITE TAPE 34 ({SUM(I1)sSQUARE(I)»XMEAN(I)eDEVNX(I))yI=NFIRSTsNLAST)
WRITE TAPE 49 ((SUM(I)sSQUARE(I ) s XMEAN(IYsDEVNX(I))eI=NFIRSTHNLAST)
CONTINUE

END FILE 3

END FILE 4

REWIND 3

REWIND 4

READ INPUT TAPE 79334LA

FORMAT(I10)

WRITE OUTPUT TAPE 6934yLA

FORMAT(38HC ANALYSIS OF VARIANCE JOB NUMBER I10 )

LA=LX~1

DO 70 J=1yLA

DO 35 L=1lslLY

NFIRST=NX(L)

NLAST=NY (L)

READ TAPE 39 ({SUM(I)sSQUARE(TI) s XMEAN(I)9DEVNX(I))sI=NFIRSTsNLAST)
CONTINUE

DO 65 K=1sLX

DO 36 L=1slLY

NFIRST=NX(L)

NLAST=NY (L)

READ TAPE 49 ((SOM({I)sSQERE(I)sYMEAN(I)9DEVNY(I)) s I=NFIRSTINLAST)
CONTINUE

IF (K=J) 65465437

SKIP=29,

DO 60 L=1sLY

NFIRST=NX{L)

NLAST=NY (L)

DO 60 I=NFIRSTsNLAST

IF (DEVNX(I)) 38938949

IF {DEVNY(I)) 39939343

SKIP=SKIP+1.

IF (306=SKIP) 60940941

WRITE OUTPUT TAPE 6457

SKIP=040

WRITE OQUTPUT TAPE 69424919 J9K

FORMAT(1HOI9s18914943H PLEASE CHECK YOUR RAW DATAsTHANK YOUe )
Go TO 60

SKIP=SKIP+1s

IF (30e=SKIP) 60344945

WRITE OUTPUT TAPE 6957

SKIP=0,0

WRITE OUTPUT TAPE 6947919 JsKsYMEAN(I) sDEVNY(I)
FORMAT(1HOI9918s14s76H PLEASE CHECK YOQUR DATA FOR THE TwO GROUP
18 2(F10e3))

GO TO 60

IF (DEVNY(I})) 50950954

SKIP=SKIP+1,.

IF (30e=SKIP) 60951452

WRITE OQUTPUT TAPE 6957

SKIP=0,40

WRITE OUTPUT TAPE 6953919 JsKeXMEAN(I)sDEVNX(I)
FORMAT(1HOIO9»18s14952H PLEASE CHECK YOUR DATA FOR THE TwWO GROUP
1S Fl4e¢33F10e3)

GO TC 60
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54 TOP1=((SUM(I)%%2)/COUNT(J))+((SOM(I)*%2)/COUNT(K))
DF2=COUNT (J)}+COUNT(K)
TOP2=({SUM{TI)+SOM(I))*%2)/(DF2)
XBAR=TOP1-TOP2
DFl=1s
DF2=DF2-2.
R=(SQUARE(I)+SQERE(I}))=-TOP1
Z2=R/DF2
Z3=XBAR/Z22
SKIP=SKIP+1,

IF (30e=SKIP) 60455958

55 WRITE OQUTPUT TAPE 6957

57 FORMAT({118H1 VARIABLE GROUPS SeSeBETWEEN SeS¢ RESIDUAL N-1
IN=2 DF1 DF2 F=RATIO MEAN SIGMA ME AN SIGMA)
SKIP=040

58 WRITE OUTPUT TAPE 6959313sJsKsXBARWReCOUNT(J) s COUNT(K)sDF1sDF2923
IXMEAN( I} sDEVNX(1)sYMEAN(I)sDEVNY(I)
59 FORMAT(1HOIOsI89149F13439F14e394F560sF9039F11e393F1043)
60 CONTINUE
65 CONTINUE
REWIND &
70 CONTINUE
REWIND 3
Go TO 1
END
$DATA
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$COMPILE FORTRANSPRINT OBJECT9sPUNCH OBUECTSEXECUTE sDUMP Al1B200
DIMENSION A(2004100)4SUM{2VU0) s SQUARE(200)sCOUNT{200)sTOTALI(200) »
1XMEAN(200) oDEVNY(200) o YMEAN(200) o DEVNX{200)950M(200) sSQERE(200) »
1LC(200) oMLAST(200) oNX(25) sNY(25) 9FORM(13)
EQUIVALENCE (MLASTsYMEAN) o (LCsDEVNY)
1 READ INPUT TAPE T92sNslLYsLXsD
2 FORMAT(3169F843)
REWIND 3
MFIRST=100
READ INPUT TAPE T7s3s{NX(I)sI=14sLY)
3 FORMAT(2413)
READ INPUT TAPE 793s(NY(I)sI=1,yLY)
READ INPUT TAPE 7949 (COUNT(I)sI=1sLX)
4 FORMAT(24F340)
DO 7 I=1sLX
J=COUNTI(I])
LC(I)=(J/MFIRST)
MLAST(I)=(MFIRST*LC(I))
IF (J=MLAST(I)) 63596
5 MLAST(I)=MFIRST
Go 10 7
6 LC(IVy=LC(I)+1
MLAST(1)=U-MLAST(I)
7 CONTINUE
READ INPUT TAPE T798s{FORM(I)sI=1913)
8 FORMATI(13A6)
DO 32 LA=1sLX
M1=MFIRST
LG=LC(LA)
DO 9 J=1sN
SUM(J) =040
SQUARE(J)=0a60
COUNT(J)=040
9 CONTINUE
Do 20 J=1sLG
IF (LG=J) 10410411
10 M1=MLASTI(LA)
11 DO 12 K=1yMl
READ INPUT TAPE 7sFORMs(A(I9K)sI=14N)
12 CONTINUE
DO 20 L=1sLY
NFIRST=NXI(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
DO 20 K=1sM1
IF (A(IsK)=D) 17920917
17 SUM(T)=SUM(TI)+A(IsK)
SQUARE(I)=SQUARE(I)+(A(IsK)*%x2)
COUNT(I)=COUNT(I)+1e
20 CONTINUE
DO 32 L=1sLY
NFIRST=NX{L)
NLAST=NY (L)
DO 30 I=NFIRSTsNLAST
CB=(COUNT(I)*¥SQUARE(T))=(SUM(I)*x%x2)
CA=COUNT(I)*({COUNT(I)=14)
IF (COUNTI(I}) 22922923
22 XMEAN(I1=0.0
DEVNX(1)=060
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Go TO 30
23 XMEAN(I)=SUM(I)/COUNT(I)
IF (CA) 2439244925
24 DEVNX(I1)=0.0
GO TO 30
25 IF (CB) 26426427
26 DEVNX(I)=040
Go TO 30
27 DEVNX(I1)=SQRT(CB/CA)
30 CONTINUE
WRITE TAPE 3+ ((SUM(I)sSQUARE(I)sCOUNT(I)sXMEAN(I) sDEVNX{I))sI=NFIR
1STsNLAST)
32 CONTINUE
END FILE 3
REWIND 3
READ INPUT TAPE T7933LA
33 FORMAT(I110)
WRITE OUTPUT TAPE 69344 A
34 FORMAT(45HO0 ANALYSIS OF VARIANCE PROGRAM JOB NUMBER 110 )
LA=LX-1
SKIP=29,
DF1 = LX - 1
GROUP=LX
DO 35 I=1sN
Lc (I} =1
SQERE (1)
SOM (1)
TOTAL (1
35 YMEAN (I
Do 50 J ’
DO 36 L=1y LY
NFIRST = NX (L)
NLAST = NY (L)
READ TAPE 35 ((SUM(I)sSQUARE(TI)sCOUNT(I)sXMEAN(I) sDEVYNX(I))sI=NFIRS
1THNLAST)
36 CONTINUE
DO 50 L = 1» LY
NFIRST = NX (L)
NLAST = NY (L)
DO 50 I = NFIRSTs NLAST
IF (LC(I)) 50450937
37 IF (DEVNX(I)) 389384939

.

[oNoNeoNe]
.
o

M e o

)
)

= non
X ©C O

38 LC(I) = =1
GO TO 50

39 YMEAN (I) = YMEAN (1) + ((SUM(I1)%*%2) / COUNT(I)}))
TOTAL (I) = TOTAL (I) + COUNT (1)

SOM (I) = SOM (1) 4+ SuM (1)
SQERE (1) = SQERE (I) + SQUARE (1)
50 CONTINUE
DO 70 L = 1s LY
NFIRST = NX (L)
NLAST = NY (L)
DO 70 I = NFIRSTs NLAST
IF (LCUI)) 434434954
43 SKIP=SKIP+1,
IF (304=SKIP) 70944945
44 WRITE OUTPUT TAPE 6957
SKkIP=040
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45
47

54

55
57

58
59
70

$DATA

WRITE OUTPUT TAPE 694791

FORMAT(1HO0I9940H PLEASE CHECK YOUR
Go TO0 70

TOP 2 = (SOM(I)*%2) / TOTAL (I)
DF2=TOTAL(1)-GROUP

XBAR=YMEAN(I)~-TOP2

R = SQERE (I) - YMEAN (1)

Z2 = R/DF2

23=XBAR/Z2

SKIP=SKIP+1.

IF (30e=SKIP}) 70455458

WRITE OUTPUT TAPE 6957

FORMAT(7TH1 VARIABLE S5eS«BETWEEN

DF2 F-RATIO )
SKIP:OOO

WRITE OUTPUT TAPE 6959919 XBAR9RsDF1sDF2423

FORMAT(1HOI12+2F16e392F10409F1043)

CONTINUE
REWIND 3
Go TO 1
END

200
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$COMPILE FORTRANSPRINT OBJECT9PUNCH OBJECTSEXECUTE sDUMP A2B200
DIMENSION A(2009100) sSUM(200) 9 SQUARE(200) »COUNT(200) sNX(25)sNY(25)
19 XMEAN(200) s DEVNY (200) o YMEAN(200) 9DEVNX(230) s LC(20C) ¢MLAST(200) »
1SOM(200) »SQERE(200) sFORM(12)
EQUIVALENCE (MLASTsYMEAN) s (LCeDEVNY)
1 READ INPUT TAPE Ts2sNsLYsLX
2 FORMAT(316)
REWIND 3
MFIRST=100
M1=MFIRST
READ INPUT TAPE T7Ts3s(NX(I)sI=1sLY)
3 FORMAT(2413)
READ INPUT TAPE T793s{NY(I)sI=1sLY)
READ INPUT TAPE 794 (COUNT(I)sI=1sLX)
4 FORMAT(24F340)
TOTAL=0.0
Do 7 I=1sLX
J=COUNTI(1)
TOTAL=TOTAL+COUNT (1)
Lc(I)=(J/MFIRST)
MLAST(I)=(MFIRST*LC(I))
IF (J=MLAST(I)) 69596
5 MLAST(I)=MFIRST
Go 70 7
6 LC(I)=LC(I)+1
MLAST(I)=U=MLAST(I)
7 CONTINUE
READ INPUT TAPE 7»8s(FORM(I)sI=1+13)
8 FORMAT(13A6)
DO 32 LA=1sLX
M1=MFIRST
LG=LC(LA)
CA=COUNT(LA)* (COUNT(LA)=14])
DO 9 J=1sN
SuM({J) =040
SQUARE (J) =00
9 CONTINUE
DO 20 J=1lslG
IF (LG=J) 10510911
10 M1=MLAST(LA)
11 DOol2 K=1sMl
READ INPUT TAPE TsFORMs(A(I9K)sI=1sN)
12 CONTINUE
DO 20 L=1sLY
NFIRST=NX(L)
NLAST=NY (L)
DO 20 I=NFIRSTsNLAST
DO 20 K=1sM1
17 SUM(1)=SUMI(I)+A(IsK)
SQUARE(1)=SQUARE(I)+(A(IsK)**¥2)
20 CONTINUE
DO 32 L=1slLY
NFIRST=NX(L)
NLAST=NY (L)
DO 30 I=NFIRSTsNLAST
CB=(COUNT({LA)Y*SQUARE(T))~—-(SUM{])*x%2)
23 XMEAN(I)=SUM(T1)/COUNT(LA)
25 IF (CB) 26926427
26 DEVNX({1)=0e0
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27
30

32

33

34

35

36

37
38

39

50

43

44

45
47

54

GO TO 30
DEVNX(I)=SQRT(CB/CA)

CONTINUE

WRITE TAPE 35 ((SUM(I)sSQUARE (1) sXMEAN{I)sDEVNX(I))sI=NFIRSTsNLAST)
CONTINUE

END FILE 3

REWIND 3

READ INPUT TAPE 7+33,LA

FORMAT(110)

WRITE OUTPUT TAPE 6s34sLA

FORMAT (38H0 ANALYSIS OF VARIANCE  JOB NUMBER 110 )

LA=LX~-1

DF1 = LX - 1

GROUP=LX

DF2=TOTAL=GROUP

SKIP=29,

DO 35 I=1sN

Lc (1) =1
SQERE (1)

SOM (1) =

YMEAN (1) .
DO 50 J = 1s L
DO 36 L=1s LY

NFIRST = NX (L)

NLAST = NY (L)

READ TAPE 35 ((SUM(I)sSQUARE (1) sXMEAN(T)sDEVNX(I))sI=NFIRSTsNLAST)
CONTINUE

DO 50 L = 1s LY

NFIRST = NX (L)

NLAST = NY (L)

DO 50 I = NFIRSTs NLAST

IF (LC(I)) 50950537

IF (DEVNX(1)) 38538539

IO N
°
[N e Ne]
.
o

0
X

Lctr) = =1

Go 70 50
YMEAN(I)=YMEAN(I)+((SUM(L1)*%¥2) /COUNT(J) )
SOM (1) = SOM (1) + SuMm (1)

SQERE (I) = SQERE (I) + SQUARE (1)
CONTINUE

DO 70 L = 1s LY

NFIRST = NX (L)

NLAST = NY (L)

DO 70 I = NFIRSTs NLAST
IF (LCUI)) 43943454
SKIP=SKIP+1.

IF (30e=SKIP) TO0s44945
WRITE OQUTPUT TAPE 6457
SKIP=0,0

WRITE OUTPUT TAPE 69471
FORMAT(1HO019440H PLEASE CHECK yOUR DATA )
Go TO 70
TOP2=(SOM(I1)*%#2)/TOTAL
XBAR=YMEAN(I)-TOP2

R = SQERE (I) = YMEAN (1)
22 = R/DF2
Z3=XBAR/Z2

SKIP=SKIP+1.
IF (304=SKIP) 70955958
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55 WRITE OUTPUT TAPE 6957

57 FORMAT(7T7H1 VARIABLE SeS<BETWEEN SeSeRESIDUAL DF1
1 DF2 F-RATIO )
SKIP=040

58 WRITE OUTPUT TAPE 6959519 XBARsRsDF19sDF2423
59 FORMAT(1HOI1292F16e352F10409F1043)
70 CONTINUE
REWIND 3
Go TO 1
END
$DATA
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSsEXECUTE sDUMP

R1A1000

DIMENSION SUM{100)sSOM(100) sSQUARE(100)sSQERE(100)4PRCD{100)

1A(1009225) s TOTAL(100)9JA(1004225)4FORM(13)

1 READ INPUT TAPE T929NsNFIRSTsNLASTyNEND»COUNT s TVALUE $CARDD

2

11

21

22

23

28

30
32

34

36

38
40

FORMAT(4169F6e09F4e29F2e09F843)
EQUIVALENCE (JAsA)
REWIND 3

REWIND 4

MFIRST=225

M1=MFIRST

JUMP=COUNT

READ INPUT TAPE 7939 (FORM(I)sI=1913)
FORMAT(13A6)
LG=(JUMP/MFIRST)
MLAST=(MFIRST*LG)

IF (JUMP-=MLAST) 53495
MUAST=MFIRST

Go TO 7

LG=LG+1
MLAST=JUMP-MLAST
ASSIGN 21 TO LOOP
ASSIGN 28 TO NEW
ASSIGN 36 TO JUMP

DO 50 LA=1sLG

IF (LG=LA) 848910
M1=MLAST

DO 11 K=1lsMl

READ INPUT TAPE TsFORMy(A(IsK)sI=1yN)
CONTINUE

GO TO LOOPs(21s22)
ASSIGN 22 TO LOOP
JTAPE=4

ITAPE=3

GO TO 23

ASSIGN 21 TO LOOP
JTAPE=3

ITAPE=4

DO 44 I=NFIRSTsNLAST
GO TO NEWs{(28432)

DO 30 J=I1sNEND
SOM(J)=0e0
SUM(J)=0.0

TOTAL{J)=040

SQUARE(J) =060

SQERE(J)=040

PROD(J)=0,0

CONTINUE

L1=1+1

GO TO JUMP s (34436)

READ TAPE ITAPE»((PROD(J) sSOM(J) sSUM(J)#SQERE(J]) s
1SQUARE(J) o TOTAL(J) ) s J=L1sNEND)
DO 42 L=L1sNEND

DO 42 K=1sMl

IF (A(IeK)=D) 38942938

IF (A(LsK)=D) 40942440
PROD(L)=PROD(L)+(A(TsK)*A(LsK))
SOM{L)=SOM(L)+A(IsK)

SUM(L ) =SUM(L)+A({LsK)
SQERE(L)=SQERE(L)+{(A(I9K)*x%2)
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SQUARE(L)=SQUARE(L)+(A(LsK)*%2)
TOTAL{(L)=TOTAL(L)+1e
42 CONTINUE
WRITE TAPE JUTAPE s ((PROD(J)sSOM(J) sSUM({J)sSQERE(J)
1SQUARE(J) s TOTAL(J)) s J=L1sNEND)
44 CONTINUE
REWIND ITAPE
END FILE JUTAPE
REWIND JTAPE
49 ASSIGN 32 TO NEW
ASSIGN 34 TO JUMP
50 CONTINUE
READ INPUT TAPE T79529NEW
52 FORMAT(I10)
WRITE OQUTPUT TAPE 6953 4NEW
53 FORMAT(38H1 CORRELATION MATRIX JOB NUMBER I10 )
DO 54 L=NFIRSTsNEND
JA(Ls1)=L
54 CONTINUE
DO 90 I=NFIRSTsNLAST
L1=1+1
READ TAPE JTAPEs((PROD(J)sSOM(J) sSUM(J) 9SQERE(J)»
1SQUARE(J) s TOTAL(J) ) sJ=L1sNEND)
DO 80 L=L1sNEND
IF (TOTAL(L)-2e) 60060461
60 PROD(L)=9e999
SUM(L)=9999
TOTAL{L)=TOTAL(L}=2
Go TO 80
61 CA={TOTAL(L)*(TOTAL(L)=1se))
CC=((TOTAL(L)*SQUARE (L) )=(SUM(L)*%2}))
CR=((TOTAL(L)*SQERE(L))=(SOM(L)%%2))
62 IF (CB) 60960964
64 IF (CC) 60960966
66 CBR=SQRTI(CB/CA)
CC=SQRTI(CC/CA)
CB=CA®CB*CC
CC={(TOTAL(L)*PROD(L))=(SOM(L)*SUM(L)))
PROD(L)=CC/CB
CC=PROD (L) *%2
TOTAL(L)=TOTAL(L)=2e
IF (1e=CC) T1971s72
71 SUM(L)=84888
Go TO 80
72 SUM(L)=(PRODI(L)/{(SQRT(1e=CC)))*(SQRT{(TOTAL(L)))
80 CONTINUE
WRITE OUTPUT TAPE 696919 ((JA(Ls1)sPROD(L)sTOTAL(L)9SUMIL)})sL=L1y
INEND)
6 FORMAT(IHOIT7/(1H I109F9e¢39F9e09FFe391H I109FFe¢39F9,09FFe391H 1109F
19¢39F9e09F%63))
IF (CARD) 83490481
81 PUNCH 829 (PRODI(L)sL=L1yNEND)
82 FORMAT(12F643)
83 IF (TVALUE) 90490484
84 L=0
DO 87 M=L1sNEND
CC=ABSF(SUM(M))
IF (CC=TVALUE) 87986486
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86 L=L+1
SUM(L)=SUM(M)
PROD({L)=PROD(M)
TOTAL(L)=TOTAL (M)
JA(L92)=JA(My1)

87 CONTINUE
IF (L) 90990488

88 WRITE OUTPUT TAPE 696919 ((JA(Ms2) yPROD(M)sTOTAL(M)ySUM(M) ) sM=1yLl)

90 CONTINUE
REWIND JTAPE
Go 70 1
END

$SDATA

206



$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTEXECUTE sDUMP

[y

12

14
16

18

20

21

22

23

28

30
32

34
36

40
42

R2A1400

DIMENSION SUM(140)sR({140+140)9sSIGMA(140)sPROD(140)yJA(1409140)

1TEE(140)sFORM(13)
EQUIVALENCE (JAsR)

READ INPUT TAPE 792sNsNFIRSTINLASTsNEND s COUNT s TVALUE 4CARD

FORMAT(4169F6e09F4a29F240)
REWIND 3

REWIND 4

MFIRST=140

M1=MFIRST

READ INPUT TAPE 71+3s(FORM(I)sI=1913)
FORMAT(13A6)
JUMP=COUNT
LG=(JUMP/MFIRST)
MLAST=(MFIRST*LG)

IF (JUMP=MLAST) 59495
MLAST=MFIRST

Go 70 7

LG=LG+1
MLAST=JUMP-MLAST

DO 12 J=NFIRSTsNEND
SIGMA(J) =040

SUM(J) =060

CONTINUE

ASSIGN 21 TO LOOP
ASSIGN 28 TO NEW
ASSIGN 36 TO JUMP

DO 50 LA=1sLG

IF (LG=LA) 14514916
M1=MLAST

DO 18 K=1sMl

READ INPUT TAPE ToFORMe(R{IsK)sI=1sN)

CONTINUE

DO 20 I=NFIRSTsNEND

DO 20 K=19Ml
SUM(T)=SUM(I)+R(IsK)
SIGMA({I)=SIGMA{I)+(R(IsK)*x%2)
CONTINUE

GO TO LOOPs(21922)

ASSIGN 22 TO LOCP

JTAPE=4

ITAPE=3

Go TO 23

ASSIGN 21 TO LOOP

JTAPE=3

ITAPE=4

DO 44 I=NFIRSTsNLAST

GO TO NEWs(28432)

DO 30 J=1sNEND

PROD(J)=040

CONTINUE

L1=1+1

GO TO JUMP s (34436)

READ TAPE ITAPES(PROD(J) sJ=L1sNEND)
DO 42 L=L1sNEND

DO 42 K=1eM1
PROD(L)}=PROD(L)+(R(IsK)*¥R(LsK))
CONTINUE

WRITE TAPE JUTAPEs{(PROD(J)sJ=L1sNEND)
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44 CONTINUE
REWIND ITAPE
END FILE JTAPE
REWIND JTAPE
49 ASSIGN 32 TO NEW
ASSIGN 34 TO JUMP
50 CONTINUE
READ INPUT TAPE T9529NEW
52 FORMATI(I10)
WRITE OUTPUT TAPE 6953yNEW
53 FORMAT(38H1 CORRELATION MATRIX JOB NUMBER 110 )
CA=COUNT* (COUNT=14)
DF=COUNT=2.
SDF=SQRT(DF)
DO 55 I=NFIRSTsNEND
JA(Ts1)=1
CR={COUNT*#SIGMA(I))=(SUM(T)*%2)
SIGMA(I)=SQRT(CB/CA)
55 CONTINUE
DO 90 I=NFIRSTsNLAST
L1=I+1
READ TAPE JUTAPEs{PROD(J)9sJ=L1sNEND)
DO 80 L=L1sNEND
TOP=(COUNT*PROD (L) )=(SUM(I)*SUM(L))
BELOW=CA*{SIGMA(I )} *SIGMA(L) )
IF (BELOW) 60460465
60 PRODI(L)=94999
TEE(L)=9¢999
Go TO 80
65 PROD(L)=TOP/BELOW
CC=PROD(L ) #%?2
IF (1e=CC) 71971572
71 TEE(L)=8.888
GO TO 80
72 TEE(L)=(PROD(L)/Z(SQRT(1e~CC)))*SDF
80 CONTINUE
WRITE OUTPUT TAPE 69691sDFes ((JA(Ls1)9sPROD(L)sTEE(L))sL=L1sNEND)
6 FORMAT(1IHOI79FB8e0/4(1H I89F10e39F10e3)}
IF (CARD) 83990481
81 PUNCH 82s(PROD(L)sL=L1sNEND)
82 FORMAT(12F643)
83 IF (TVALUE) 90+90+84
84 L=0
DO 87 M=L1sNEND
CC=ABSF(TEE(M))
IF (CC=TVALUE) 87486486
86 L=L+1
PROD(L)=PROD(M)
TEE(L)=TEE(M)
JA(L92)=JA(My1)
87 CONTINUE
IF (L) 90+90,88
88 WRITE OQUTPUT TAPE 69691 9DFs{(JA(Ms2)sPROD(M)sTEE(M) ) gM=1yL)
90 CONTINUE
REWIND JTAPE
Go 70 1
END
$DATA
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$SCOMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSsEXECUTE sDUMP

11

21

22

23

28

30
32
34

R1B2000

DIMENSION SUM{(200)sSOM(200) s SQUARE(200)9SQERE(200)4sPROD(2001)

1A(2009115)sTOTAL(200)sJA(2009115) sNX(25)9NY(25) sFORM(13)

EQUIVALENCE (JAsA)

READ INPUT TAPE T7Ts2sNsNBEGINsSNENDsLYsCOUNTsTVALUESCARDD

FORMAT(4169F6e09F4e29F2409F843)
REWIND 3

REWIND 4

MFIRST=115

M1=MFIRST

READ INPUT TAPE T93s(NX(I)sI=1sLY)
FORMAT (2413)

READ INPUT TAPE 7939 (NY(I)sI=1sLY)
READ INPUT TAPE 7949 (FORM(I)sI=1913)
FORMAT (13A6)

JUMP=COUNT

LG=(JUMP/MFIRST)

MLAST=(MFIRST*LG)

IF (JUMP=MLAST) 79597

MLAST=MFIRST

GO TO 8

LG=LG+1

MLAST=JUMP-MLAST

ASSIGN 21 TO LOOP

ASSIGN 28 TO NEW

ASSIGN 36 TO JUMP
NA=NEND-NBEGIN+1

K=NBEGIN=-1

DO 50 LA=1sLG

IF (LG=LA) 959510

M1=MLAST

DO 11 K=1sM]

READ INPUT TAPE T79FORMs(A(IsK)sI=1sN)

CONTINUE

GO TO LOOPs(21522)
ASSIGN 22 TO LOOP
JTAPE=4

ITAPE=3

GO0 TO 23

ASSIGN 21 TO LOOP
JTAPE=3

ITAPE=4

DO 44 LE=1lsLY
NFIRST=NX(LE)
NLAST=NY(LE)

DO 44 I=NFIRSTsNLAST
M=0

GO TO NEWs(28432)
DO 30 J=1sNA
SOM(J)1=060

SUM(J) =040
TOTAL(J)=040
SQUARE (J)=040
SQERE(J)=040
PROD(J) =040
CONTINUE

GO TO JUMPs(34436)

READ TAPE ITAPEs((PROD(J)sSOM(J)sSUM(J)sSQERE(J)

1SQUARE (J) s TOTAL(J) ) 9J=19NA)
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36 DO 42 L=NBEGINsNEND
M=M+1
DO 42 K=1yMl1
IF (A(IsK)=D) 38942438
38 IF (A{L9K)=D) 40942940
40 PROD(M)=PROD(M)+(A(IsK)*¥A(LsK))
SOM(M) =SOM{M)+A(IsK)
SUM(M)=SUM(M)+A(LsK)
SQERE(M)=SQERE(M)+(A(IsK)%¥%2)
SQUARE (M) =SQUARE (M) +(A(LsK)*%2)
TOTAL(M)=TOTAL(M)+1e
42 CONTINUE
WRITE TAPE JTAPE #{((PROD(J) sSOM(J)sSUM(J)sSQERE(J),
1SQUARE (J) s TOTAL(J) ) 9J=1sNA)
44 CONTINUE
REWIND ITAPE
END FILE JTAPE
REWIND JTAPE
49 ASSIGN 32 TO NEW
ASSIGN 34 TO JUMP
50 CONTINUE
READ INPUT TAPE T#52sNEW
52 FORMAT(I10)
WRITE OUTPUT TAPE 69534NEW
53 FORMAT(38H1 CORRELATION MATRIX JOB NUMBER 110 )
DO 54 M=1sNA
54 JA(My1)=K+M
" DO 90 LE=1sLY
NFIRST=NX(LE)
NLAST=NY(LE)
DO 90 I=NFIRSTsNLAST
READ TAPE JUTAPEs{((PROD(J) sSOM(J) sSUM(J) #SQERE(J) s
1SQUARE(J) s TOTAL(J) ) sJ=19NA)
DO 80 M=1yNA
IF (TOTAL(M)=24) 60360461
60 PROD(M)=94999
SUM(M)=94999
TOTAL(M)=TOTAL(M)=2
GO TO 80
61 CA=(TOTAL(M)*(TOTAL(M)~14))
CC=((TOTAL(M)*SQUARE (M) )=(SUM(M)®*%2))
CB=(({TOTAL(M)*SQERE(M))=~(SOM(M)%%2))
62 IF (CB) 60960564
64 IF (CC) 60960466
66 CB=SQRT(CB/CA)
CC=SQRT(CC/CA)
CB=CA*CB*CC
CC=((TOTAL(M)*PROD (M) )=(SOM(M)*SUM(M)))
PROD(M)=CC/CB
TOTAL{M)=TOTAL(M)=2e
CC=PROD (M) *x2
IF {1e=CC) 7171972
71 SUM(M)=8.,888
GO TO 80
72 SUM(M)=(PROD(M)/(SQRT(1e~CC)) ) *(SQRTITOTAL(M)))
80 CONTINUE
WRITE OUTPUT TAPE 696919 ({JA(Ms1l) sPROD(M)sTOTAL(M)4SUM(M)) sM=13sNA)
6 FORMAT(1HOI7/(1H 1109F9439F9¢09F9e391H 110sF9e39F9,09F9e391H 110sF
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19,39F3e¢09F9e3))
IF (CARD) 83490481
81 PUNCH 82s(PROD(M)sM=14¢NA)
82 FORMAT(12F6e3)
83 IF (TVALUE) 9049084
84 L=0
DO 87 M=1sNA
CC=ABSF(SUM(M))
IF (CC-TVALUE) 8786486
86 L=L+1
SUM{L)=SUM(M)
PROD (L) =PROD (M)
TOTAL(L)=TOTAL(M)
JA(L2)=JA(My1)
87 CONTINUE
IF (L) 9090488
88 WRITE OUTPUT TAPE 696919 ((JA(Ms2)sPROD(M)sTOTAL(M)sSUM(M))sM=1sL)
90 CONTINUE
REWIND JTAPE
Go TO 1
END
$SDATA
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSsEXECUTE sDUMP

(=

10

11
13

14

20

21

22

23

28

R2B200

DIMENSION SUM(200)sR{200+100)9SIGMA(200)9PROD(200)sJA(20091001)

1TEE(200)sNX(25) sNY(25)9FORM(13)

EQUIVALENCE (JAR)

READ INPUT TAPE T792sNsNBEGININENDsLYsCOUNTsTVALUESCARD

FORMAT(4169F6403sF4429F240)
REWIND 3

REWIND 4

MFIRST=100

M1=MFIRST

READ INPUT TAPE T3 (NX(I)sI=1sLY)
FORMAT(2413)

READ INPUT TAPE 7939 (NY(I)sI=1slY)
READ INPUT TAPE T7s4s(FORM(I)s1=1413)
FORMAT(13A6)

JUMP=COUNT

LG={ JUMP/MFIRST)
MLAST=(MFIRST*LG)

IF (JUMP-MLAST) 69596
MLAST=MFIRST

Go TO 7

LG=LG+1

MLAST=JUMP=-MLAST

DO 10 J=1sNEND
SIGMA(J)=040

SUM(J)=0.0

CONT INUE

ASSIGN 21 TO LOOP

ASSIGN 28 TO NEW

ASSIGN 36 TO JUMP
NA=NEND~-NBEGIN+1
K=NBEGIN~-1

DO 50 LA=1sLG

IF (LG=LA) 11411513
M1=MLAST

DO 14 K=1lsM1

READ INPUT TAPE T7sFORMs(R({IsK)sI=19N)
CONTINUE

DO 20 I=19sNEND

DO 20 K=1sMl
SUM(1)=SUM(TI)+R(IsK)
SIGMA(I)=SIGMA(I)+(R{IsK)*%2)
CONTINUE

GO TO LOOPs(21+22)

ASSIGN 22 TO LOOP

ITAPE=3

JTAPE=4

Go T0 23

ASSIGN 21 TO LOOP

JTAPE=3

ITAPE=4

DO 44 LE=1sLY
NFIRST=NX(LE)

NLAST=NY (LE)

DO 44 I=NFIRSTsNLAST

M=0

GO TO NEW»(28+32)

DO 30 J=1sNA

PROD(J)=060
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30
32
34
36

40
42

44

49
50
52
53

54

55

60

65

71

72
80

81
82
83
84

CONTINUE

GO TO JUMPs{34436)

READ TAPE ITAPEss(PROD(J)sJ=1sNA)
DO 42 L=NBEGINJINEND

M=M+1

DO 42 K=1yM]
PROD(M)=PROD(M)+(R{IsK)*¥R(LsK))
CONTINUE

WRITE TAPE JUTAPES(PROD(J)sJ=19NA)
CONTINUE

REWIND ITAPE

END FILE JTAPE

REWIND JUTAPE

ASSIGN 32 TO NEW

ASSIGN 34 TO JuMmP

CONTINUE

READ INPUT TAPE 7952sNEW
FORMATI(I110)

WRITE OUTPUT TAPE 6953 4NEW
FORMAT(38H1 CORRELATION MATRIX JOB NUMBER
DO 54 M=19NA

JA(My1)=K+M

CA=COUNT*{COUNT~=14)

DF=COUNT=2.

SDF=SQRT(DF)

DO 55 I=NFIRSTsNEND
CB=(COUNT*SIGMA(I))=(SUM(I)#%2)
SIGMA(I)=SQRT(CB/CA)

CONTINUE

DO 90 LE=1sLY

NFIRST=NX(LE)

NLAST=NY(LE)

DO 90 I=NFIRSTsNLAST

M=0

READ TAPE JUTAPEss(PROD(J)9sJ=19sNA)
DO 80 L=NBEGINsNEND

M=M+1
TOP=(COUNT*PROD(M) }=(SUM( I)*SUM(L))
BELOW=CA*{SIGMA(I)*SIGMA(L))

IF (BELOW) 60460565
PROD (M) =9,999

TEE(M)=94999

GO TO 80

PROD (M) =TOP/BELOW

CC=PROD (M) #%2

IF (1e=CC) 71971972

TEE(M)=8.888

GO TO 80
TEE(M)=(PROD(M)/(SQRT(1e=CC)) ) *#SDF
CONTINUE

WRITE OUTPUT TAPE 698sIsDFs((JA(Ms1)9sPROD(M)sTEE(M))gM=14NA)

FORMAT(1HOI79F8e0/4(1H I18sF10e39F10e3))
IF (CARD) 83990,81

PUNCH 829 (PROD(M)sM=14NA)
FORMAT(12F643)

IF (TVALUE) 9090984

L=0

DO 87 M=1,NA
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CC=ABSF(TEE(M))
IF (CC=TVALUE) 87486486
86 L=L+1
TEE(L)=TEE (M)
PROD(L)=PROD(M)
JA(L92)=JA(My1)
87 CONTINUE
IF (L) 90990488
88 WRITE OUTPUT TAPE 698s1sDFs((JA(Ms2)sPROD(M) s TEE(M))yM=1sL)
90 CONTINUE
REWIND JTAPE
Go 70 1
END
$DATA
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$SCOMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTSEXECUTE sDUMP

—

10
12
13
14
15

16

17
18
19

20

22
23

24

DIMENSION R(2009100)sC{2V0)9»JA(200) sFORM(13)
READ INPUT TAPE T792sNsNAsDIAGs INVERSsCARDS

FORMAT(2169F2eUsl29F2e0)
READ INPUT TAPE 793 (JA(I)sI=19NA)
FORMAT(2413)

REWIND 2

REWIND 3

REWIND 4

MFIRST=100

LG=N-NA

READ INPUT TAPE 7949 (FORM(I)sI=1913)
FORMAT{13A6)

L=1

M=1

M1=NA-1

IF (LG) 6916916

DO 15 K=1sM1

J=M

L=L+1

LG=0

ASSIGN 8 TO NEW

READ INPUT TAPE TsFORMs{(C(I)sI=LsNA)
DO 10 I=LsNA

IF (I=JA(I)) 109797

GO TO NEWs(8s9)

LG=LG+1

M=M+1

ASSIGN 9 TO NEW

J=Jd+1

C(Jd)r=C(1n)

CONTINUE

IF (LG) 15915412

IF (INVERS) 14414413

PUNCH 1205(C(1)sI=MsN)
WRITE TAPE 24(C(I)sI=MyN)}
CONTINUE

GO TO 18

DO 17 K=1yM1

L=L+1

READ INPUT TAPE Toe4s(C(I)sI=LsNA)
WRITE TAPE 2 (C(I)sl=LsNA)
CONTINUE

READ INPUT TAPE 7919 sNEW
FORMAT(110)

WRITE OUTPUT TAPE 69209NEW
FORMAT (40H1 COMPLETED CORRELATION
END FILE 2

REWIND 2

ASSIGN 32 TO NEW
LG=N/MFIRST
MLAST=MFIRST*LG

IF (N=-MLAST) 234922423
MULAST=MFIRST

GO TO 24

LG=LG+1

MLAST=N=MLAST

L=1

Ia=1

215

MATRIX

110

RCOMZ200



26

27
28

31
32

33

34
35

36

40
42
43

45
46

47
48

50

KA=0

I8=0

M1=0

L1=1

DO 36 LA=1sLG

IF (LG=LA) 26926927
M1=MLAST=-1

ASSIGN 31 TO NEW

GO TO 28

M1=MFIRST

DO 30 K=1yMl

L=L+1

READ TAPE 2s(R(IsK)eI=LsN)
CONTINUE

GO TO NEWs(314932)
M1=M1+1

IR=1B+M1

I1=0

DO 35 1=1A»IB
I1=11+1

K1=KA

DO 35 K=1sM1
K1=K1l+1

IF (I1=K) 34933435
R{IsK)=10

GO TO 35
R{IsK)=R(K1sIl)
CONTINUE

WRITE TAPE 39 ((R(IsK)pI=IAWN)sK=19M1)
IA=TA+M1

KA=KA+M1

CONTINUE

END FILE 3

REWIND 3

REWIND 2

12=0

DO 80 LA=1»LG

I1=0

Ic=1

DO 55 LB=1sLA

IF (LG=LB) 40940942
M1=MLAST

GO TO 43

M1=MFIRST

READ TAPE 39 ((R(I9K)sI=ICeN}sK=19M1)
IC=1C+M1

IF (LB=LA) 45955955
IF (LG=LA) 46946947
M2=MLAST

GO TO 48

M2=MFIRST

DO 50 K=1sMl
I1=11+1

Ig=12

DO 50 I=1sM2
IB=1B+1
R(I1sI)=R(IBsK)}
CONTINUE
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55 CONTINUE
60 WRITE TAPE 49 ((R{IsK}sI=1aN)sK=1sM1)
REWIND 3
I12=12+M1
80 CONTINUE
END FILE 4
REWIND 4
KA=0
DO 135 LA=1sLG
IF (LG=LA) 86986987
86 M1=MLAST
GO TO 88
87 M1i=MFIRST
88 READ TAPE 49 ((R({TeK)sI=1sN)sK=19M1)
DO 130 K=19M1
KA=KA+1
IF (DIAG) 894899113
89 CMAX=040
Do 100 I=1sN
IF {I-KA) 90910049C
90 CMIN=ABSF(R(I4K))
IF {CMAX=CMIN) 954910091 0uU
95 CMAX=CMIN
100 CONTINUE
R{KAsK)=CMAX
113 IF (CARDS) 12251224115
115 PUNCH 120s(R(IsK)sI=1sN)
120 FORMAT(12F643)
122 WRITE QUTPUT TAPE 69125sKAs (R{IaK)sI=1¢N}
125 FORMAT(1HOsIG/ (1H 13F943))
130 CONTINUE
135 CONTINUE
REWIND 4
Go TO 1
END
$DATA
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$COMPILE FORTRANSPRINT OBJECT9»PUNCH OBJECTsEXECUTE sDUMP

12

15
18

19
20

21
23
100

24

25
30

35

36
38

39
40

DIMENSION A(1509150)9E(15U)sRI150U)sJA(300)sF(300)
EQUIVALENCE (E(1)sF (L))o (R(1)sF(151))

READ INPUT TAPE T792sNsNAsDIAGy SMCINVeSMC9CARDS
FORMAT(21394F24.0)
REWIND 2

REWIND 3

L=1

M=NA~-1

ASSIGN 39 TO NEW

ASSIGN 86 TO JUMP

READ INPUT TAPE 793s (JA(I)sl
FORMAT(2413)

I1=0

DO 18 IB=1sM

J=I+1

L=L+1

Ia=L

READ INPUT TAPE Ts4s (F(K)s K
FORMAT (12F643)

IF (IB=JA(IB)) 18910510
I=1+1

DO 15 K = TAsNA

IF (K=JA(K)) 15912912
J=J+1

A (IsJ) = F (K)
CONTINUE

CONTINUE

DO 20 I=1sN

AllsI)=040

DO 20 K=1»N

IF (I-K) 19920420
A(KeI)=A(I9K)

CONTINUE

IF (DIAG) 24921921

DO 23 I=1»sN

A{lsI)=1e

CONTINUE

IF (SMCINV) 100936436
ASSIGN 190 TO JUMP

GO TO 105 ~

DO 35 I=1sN

CMAX=0e0

CO 30 K=1sN
CMIN=ABSF(A(IsK))

IF (CMAX-CMIN) 25930430
CMAX=CMIN

CONTINUE

A(IsI)=CMAX

CONTINUE

GO TO 100

DO 38 I=1sN

WRITE TAPE 2s(A(IsK)sK=1sN)
END FILE 2

REWIND 2

DO 81 I=1sN

GO TO NEW»s(39481)

IF (A(IsI)) 42940942
ASSICN 81 TO NEW

1]

1sNA)

LsNA)

i
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42
4y

46
48

52
54

56
58
60
65
67
65
75
80
81
105
82
83

84
85

856

87

88

9C

94
95

130

135
145

ASSIGN 84 TO JuUMP

GO 7O 81

DO 48 K=19sN

IF (I-K) 44948946
RIK)Y=A(TsK)/A(Is])

GO TO 48
RIK)=A(KsI)/A(Is1)
CONTINUE

DO 65 J=1sN

LF (J=1) 50965450

DO 60 K=1sN

IF (K=1) 56460452

IF (J=K) 54954960
A(JsK)=A(JsK)=R(J)FA(IsK)
GO TO 60

IF (J-K) 58458460
A(IsK)=A(JoK)=RIJ)*A (K1)
CONTINUE

CONTINUE

DO 80 K=1sN

IF (K=I) 67969975
A{Ksl}=R(K)

GO TO 80
A(lsl)==1a/A(Is1)

Go TO 80

AlTeK)=R(K)

CONTINUE

CONTINUE

READ INPUT TAPE 798291
FORMATI(110)

WRITE OUTPUT TAPE 638341
FORMAT (44H1 INVERTED MATRIX JOB NUMBER
GO TO JUMP s (8448649190)
WRITE OQUTPUT TAPE 61385
FORMAT (40H1 DIAGONAL ELEMENT IS ZERO
Go T0 1

DO 95 I=1sN

DO 90 K=1sN

[F (I-K) 87588490
AlleK)==A(1sK)
A(KsI)=A(T19K)

GO TO 90

A(T9K)==A(IsK)

CONTINUE

WRITE QUTPUT TAPE 6954919 (A(I1eK)sK=1sN)
FORMAT(1HOI8/(1H 10F11e3))
CONTINUE

DO 145 I=1sN

READ TAPE 29 (R(K)sK=19N)
DO 130 L=1sN

E(L)=040

DO 130 J=1sN
E(LI=E(L)+(R(JI*A(JsL))
CONTINUE

WRITE OQUTPUT TAPE 6913591 9(E(K)9sK=19sN)
FORMAT(1HOIB/(1H 16F742))
CONTINUE

REWIND 2
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DO 150 I=1sN
150 E(I)=1e/A(1s1)
IF (SMC) 15591904170
155 DO 165 I=1sN
READ TAPE 29 (R(K)sK=1sN)
DO 160 K=1sN
160 A(IsK)=(E(I)*A(TsK)¥E(K))I+R(K)
A{TsI)=A(Isl)=(2e%E(I))
165 CONTINUE
GO TO 190
170 DO 180 I=1»sN
READ TAPE 2e(A(IsK)sK=1sN)
180 A(IsI)=1le=E(T)
190 DO 250 I=1sN
IF (CARDS) 22092204195
195 PUNCH 2009 (A(I9K)sK=19sN)
200 FORMATI(12F643)
220 WRITE OQUTPUT TAPE 699491 (A{I19K)sK=1sN)
250 CONTINUE
Go TO 1
END
$DATA
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$COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECTsEXECUTE sDUMP
DIMENSION A(150)sC(150)9sD(150)9E(150)9sR(1509150) sFORM(13)
READ INPUT TAPE T#2sNsTOTCOMsNO»CHECK 9ENDSPASENT9EPSLON
FORMAT(I69F2e09139F4e29F3409F4429F645)

[y

10

12

13
14
15

25
30
32
33

34
36

40
44
45

46

REWIND 2

REWIND 3

REWIND &
MFIRST=150
M1=MFIRST

ASSIGN 33 TO LOOP
ASSIGN 75 TO LOOK
ASSIGN 175 TO LOAD
ASSIGN 182 TO LOAN
ASSIGN 190 TO NEW
LG=N/MFIRST °
MLAST=MFIRST*LG

IF (N=MLAST) Ts6s7
MLAST=MFIRST

GO TO 8

LG=LG+1
MLAST=N=MLAST

IF (N=MFIRST) 959510
ASSIGN 34 TO LOOP
ASSIGN 76 TO LOOK
ASSIGN 176 TO LOAD
ASSIGN 185 TO LOAN
ASSIGN 55 TO NEW
VER=0.0

KA=0

Lc=1

SOM=040

ITAPE=2

JTAPE=3

IF (TOTCOM) 12412413
VAR=060

GO TO 14

VAR=N

READ INPUT TAPE T7s15(FORM(I)s1=1413)

FORMAT(13A6)

DO 45 LA=1sLG

IF (LG=LA) 25525530
M1=MLAST

DO 32 K=1sM1

READ INPUT TAPE 7sFORMe(R(IsK}sI=1yN)

CONTINUE
GO TO LOOPs(33434)

WRITE TAPE JUTAPEs{(R(IsK)sI=19N)sK=19M1)

IF (TOTCOM) 36936945
DO 44 K=1sM]

KA=KA+1

DO 44 I=1sN

IF (I-KA) 44440944
VAR=VAR+R (I sK)
CONTINUE

CONTINUE

END FILE JUTAPE
REWIND JUTAPE

READ INPUT TAPE T7s464J
FORMAT(I10)
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47
50
55
58

60
65

70
T4
75
76

90

92

95
100

105

110
115
120

130
135

140

145

150

WRITE OUTPUT TAPE 69474J
FORMAT (43H1 FACTOR ANALYSIS PROGRAM JOB
DO 50 J=1sN

C(J)=040

DO 58 I=1sN

All)=1,

SUM’-‘0.0

DO 65 J=1sN

D(J)=040

MA=0

M1=MFIRST

DO 92 LA=19LG

IF (LG=LA) 70470475
M1=MLAST

GO TO LOOKs{75976)

READ TAPE JUTAPES((R{IsK)sI=19N)sK=1yM1)
DO 90 I=1»N

KA=MA

DO 90 K=1sM1

KA=KA+1
D(IN=D(I)+(R{IsK)XA(KA))
CONTINUE

MA=MA+M1

CONTINUE

REWIND JUTAPE

I=1

CMAX=ABSF(D(I})

DO 100 JU=2sN
CMIN=ABSF(D{(J))

IF (CMAX-CMIN) 9551004100
CMAX=CMIN

I=J

CONTINUE

DO 105 J=1sN
A(J)=D(J)/D(1)

Kg=1

DO 120 JU=1sN
DIFF=ABSF(A(J)=C(J)}

IF (DIFF-EPSLON) 11041104115
KB=KB+1

CtJ)y=A(J)

CONTINUE

IF (KB=N) 609609130

DO 135 J=1N
SUM=SUM+(C(J) #*2)
E(LC)=D(I)

IF(E(LC)) 240491409140
SOM=SOM+E (LC)

ROOT=SQRT (CMAX)

SUM=SQRT (SUM)

DO 145 J=1sN
C(JI=ROOT*(C(J)/SUM)
VER=VER+(C(J)®*%*2)

WRITE TAPE 49 (C{J)sJd=1sN)
WRITE OQUTPUT TAPE 643455 (C(J)sJ=19N)
PUNCH 280s(C(J)sJ=19sN)
IF(E(LC)=CHECK) 23542354150
QUIT=VER/VAR
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155

160
165

170
174
175
176

180
182

185

190

200

220
221

225
226

230
231

235
236

240
261

250

255

270

IF(QUIT=PASENT)

15592309230

STOP=E(1)/E(LQC)

IF(STOP-END) 160922549225
IF(LC=NO) 16542204220
M1=MFIRST

MA=0

DO 185 LA=1sLG

IF (LG=LA) 17041705175
M1=MLAST

GO TO LOADs{(175+176)
READ TAPE JTAPEs{((R(I9K)sI=1sN)sK=1sM1)

DO 180 I=1sN
KA=MA

DO 180 K=1sM1

KA=KA+1

R(I#K)=R(T9K)=(C(I)*C(KA))

CONTINUE

GO TO LOANs(1829185)
WRITE TAPE ITAPEs{((R(IsK)sI=19sN)sK=1sM1)

MA=MA+M1
CONT INUE

END FILE ITAPE

REWIND ITAPE
REWIND JTAPE
LC=LC+1

GO TO NEWs(190+200955)

JTAPE=2
ITAPE=3

ASSIGN 200 TO NEW

GO TO 55
JTAPE=3
ITAPE=2

ASSIGN 190 TO NEW

GO TO 55
WRITE OUTPUT
FORMAT (40HO
GO TO 250
WRITE OUTPUT
FORMAT ( 55H0
GO TO 250
WRITE OUTPUT
FORMAT ( 35H0
Go TO 250
WRITE OUTPUT
FORMAT (55H0
Go TO 250
WRITE OUTPUT
FORMAT ( 30HO
LC=LC~1

END FILE 4
REWIND &
REWIND JTAPE
REWIND ITAPE
WRITE OUTPUT
FORMAT ( 20HO
SUM=040

DO 270 I=1sN
Ct1)=040

TAPE 69221
DESIRED NUMBER OF FACTORS EXTRACTED )

TAPE 69226
LATENT ROOT LESS OR EQUAL TO FRACTION OF 1ST ROOT

TAPE 69231
REQUIRED PERCENTAGE ACHIEVED )

TAPE 65236
LATENT ROOT LESS THAN OR EQUAL TO DESIRED VALUE

TAPE 619241
FIRST NEGATIVE LATENT ROOT )

TAPE 69255
FACTORS )
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272

295

280

285
298

300
305

307
310
312
314
315
320
330
335
340
345

350

351

$DATA

IF (LC~MFIRST) 300930049272
Do 298 J=1»sN

DO 295 K=1»sLC

READ TAPE 49 (A(I)sI=19N)
D(K)=A(J)
ClLI)=ClI)+(D(K)Y*%2)
CONTINUE

REWIND 4

PUNCH 280»(D(I)sI=1sLC)
FORMAT (12F643)

WRITE QUTPUT TAPE 692853Js(D(1)sI=1sLC)
FORMAT(1HOI8/({1HO10F1143))
CONTINUE

GO TO 312

DO 305 K=1lslLC

READ TAPE 439 (R(IsK)sI=1sN)
REWIND 4

DO 310 I=1sN

PUNCH 280s (R({(IsK)sK=1sLC)
WRITE OUTPUT TAPE 6928591 9(R(19K}sK=19LC)
DO 307 J=1sLC
CtIN=ClI}+(R(IsJ)%%x2)

CONTINUE

DO 314 I=1sN

SUM=SUM+C (1)

WRITE OUTPUT TAPE 64315

FORMAT {20HO LATENT ROOTS )

WRITE OQUTPUT TAPE 693209 (E(J)sJ=1yLC)
FORMAT(1HO(Fl6e3912F843))

WRITE OUTPUT TAPE 65330

FORMAT (30HO SUM OF LATENT ROOTS )
WRITE OQUTPUT TAPE 69335,S50M
FORMAT(1HOF2043)

WRITE OUTPUT TAPE 69340

FORMAT (20HO COMMUNALITIES )

WRITE OUTPUT TAPE 69345, (C(1)sI=1sN)
FORMAT (1HO10F11e3)

WRITE OQUTPUT TAPE 69350

FORMAT (30HO SUM OF COMMUNALITIES )
WRITE OUTPUT TAPE 69335y SUM

WRITE OUTPUT TAPE 64351

FORMAT (40HO SUM OF STARTING COMMUNALITIES
WRITE OUTPUT TAPE 693359VAR

Go TO 1

END
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$SCOMPILE FORTRANSPRINT OBJECTsPUNCH OBUECTSEXECUTE »DUMP
DIMENSION C(300)sR(300950)sE(50)9sH{300)
READ INPUT TAPE 792sNsLCoyCHECKsCRITsITERsNOMVAR s CARD

—

£ W

12
15

20

22

23

25

26
27
28
30

31

33
34

35

FORMAT(2169F6e59F8eT9139212)
REWIND 3

REWIND ¢4

MFIRST=300
M1=MFIRST

ITR=ITER

JTAPE=4

ITAPE=3

L=0

ASSIGN 45 TO JUMP
TESTS=N

ASSIGN 80 TO LOOK
ASSIGN 95 TO NEW
ASSIGN 143 TO LOOM
ASSIGN 190 TO JEMP
WRITE OUTPUT TAPE 698
FORMAT(23H1 INPUT FACTORS
IF (N-MFIRST) 34344
ASSIGN 44 TO JUMP
LG=N/MFIRST
MLAST=MFIRST*LG

IF (N—-MLAST) 69546
M{UAST=MFIRST

Go 70 7

Le=LG+1
MLAST=N-MLAST

DO 11 I=1sN
H{1}=040

DO 30 LA=1sLG

IF (LG=LA) 12512915
M1=MLAST

DO 22 I=1.M1

READ INPUT TAPE 7920y (R(IsK)sK=1sLC)

FORMAT(12F643)

WRITE OUTPUT TAPE 6919991 s(R(IsK)sK=1yLC)

CONTINUE

IF (NOMVAR) 28+28923
DO 27 I=1sM1

L=L+1

DO 25 K=1slLC
H(L)=H(L}+(R{IsK)*%2)
H(L)=SQRT(H(L)}

Do 26 K=1sLC
R(IsK)=R(IsK)/H(L)
CONTINUE

WRITE TAPE ITAPEs((R(I9K)sI=19M1)sK=1sLC)

CONTINUE

END FILE ITAPE

REWIND ITAPE

READ INPUT TAPE 7s31,L00P
FORMAT(I10)

IF (NOMVAR) 33435937

WRITE OUTPUT TAPE 69344L0O0P
FORMAT (43H1
GO TO 39
WRITE OUTPUT TAPE 6»365L00P
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36
37

38
39

40

42

44

45
46
47

50

51

52
54

55
60

70

FORMAT (43H1 QUARTIMAX PROGRAM JOB NOs
Go TO 39

WRITE OUTPUT TAPE 6938:L0O0OP
FORMAT(43H1 NORMAL VARIMAX JOB NOe
ASSIGN 110 TO LOOP

M=LC=-1

XCRIT =040

M1=MFIRST

DO 140 J=1M

L=J+1

DO 140 K=L»sLC

SUMX=0e0

SUMY =040

SQXSQY=060

SUMXY=040

DO 54 LA=1sLG

IF (LG=LA) 42942945

M1=MLAST

GO TO JUMPs(44945946)

ASSIGN 46 TO JUMP

ASSIGN 82 TO LOOK

ASSIGN 100 TO NEW

ASSIGN 140 TO LOOP

ASSIGN 144 TO LOOM

ASSIGN 192 TO JEMP

READ TAPE ITAPEs((R(IsK1)eI=1eM1)sK1=1sLC)
IF (NOMVAR) 4795147

DO 50 I=1eM1

Xz(R(I9J)%¥%2) = (R(IyK)%%2)
Y=2e*R(I9J)®R(I9K)
SUMX=SUMX+X

SUMY=SUMY+Y

P=X%%2

S=zY¥*%2

SUMXY=SUMXY+(2¢*¥( X¥#Y))
SQXSQY=SAXSQY+P-S

CONTINUE
SUMXY=(TESTS*SUMXY ) ={2¢* { SUMX*¥SUMY) )
SQXSQY=( TESTS*SQXSQY )~ { SUMX#¥2 )+ SUMY#*2 )
GO TO 54

DO 52 I=1yM1
Xz(R(IoJ)¥%2)=(R(I9K)R%2)
Y=2e%¥R(I9J)%R( 1K)

P=X%%2

S=Y%*2

SUMXY=SUMXY+2 ¢ ¥ ( X*Y)
SQXSQY=SQXSQY+(P=S)

CONTINUE

CONTINUE

REWIND ITAPE

M1=MFIRST

Z=ATN1 (SUMXY +sSQXSQY)
IF{Z~3e1415927) 60960455
l122-642831853

2=0425%2

IF (ABSF(Z)=CHECK) 1409140470
F1=C0S(Z)

F2=SIN(2)
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72
75

80
82

90

95
100

110

120

140

141

142
143
144

145
146
148

152

153
154

155
156

157
158

DO 100 LA=1
IF (LG-LA)
M1=MLAST

GO TO LOOK
READ TAPE I
DO 90 I=1.M
TEMP=(R(IsJ
R{IsK)= =R(
R{IsJ)=TEMP
CONTINUE

GO TO NEWs(
WRITE TAPE
CONTINUE

sLG
75975980

{80982)

TAPEs ((R{T9K1)sI=19M1)9K1=1yLC)
1

J¥F1)+(R{T9K)%F2)
ToJ)*F2+R (I 9K)*F1

954100)
JTAPEs{(R(I9K1)sI=19sM1)sKil=1sLC)

END FILE JTAPE
REWIND JTAPE
REWIND ITAPE

GO TO LOOP)y

(11091209140)

ASSIGN 120 TO LOOP

JTAPE=3
ITAPE=4
GO TO 140

ASSIGN 110 TO LOOP

JTAPE=4
ITAPE=3
CONTINUE
M1=MFIRST

REWIND ITAPE
REWIND JTAPE

SUYMX=040
SUMY=0,0

DO 141 K=1sLC

C(K)=040
E(K)=040

DO 148 LA=1
IF (LG=LA)
M1=MLAST

GO TO LOOM,

' LG
14291429143

(1439144)

READ TAPE ITAPEs{(R{IsK1)sI=1sM1)sK1l=1ysLCQ)
DO 148 K=1sLC
DO 148 I=1sM1

IF (NOMVAR)

14591469145

C(K)=C{K)+(R(I oK) *%2)
E(K)=E(K)+(R{I9K)*%4)

CONTINUE
DO 152 K=1»
SUMX=SUMX+ (

LC
C(K)*%2)

SUMY=SUMY+E (K)

CONTINUE

IF (NOMVAR) 15351549153
SUMY=(TESTS*SUMY ) =(SUMX)
XCRIT=SUMY-XCRIT

IF (XCRIT) 15991559155

IF (XCRIT=CRIT) 16591655156
XCRIT=5SUMY

ITR=ITR=~1

IF (ITR) 1574157440

WRITE OUTPUT TAPE 69158
FORMAT (55H0 NO CONVERGENCE EVEN AFTER DESIRED ITERATIONS
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XCRI T=SUMY
Go TO 170
159 WRITE OUTPUT TAPE 69160
160 FORMAT(55H0 CRITERION VALUE DECREASED FOR SOME UNKNOWN REASON )
165 XCRIT=SUMY
170 SUMY=040
WRITE OUTPUT TAPE 69172
172 FORMAT(20HO FACTORS )
I=ITER-ITR
WRITE OUTPUT TAPE 6917591
175 FORMAT(30HO NO OF ITERATIONS 110)
M1=MFIRST
J=0
L=0
DO 178 I=1»N
178 C(1)1=040
DO 180 I=1sLC
180 E(I1)=040
DO 205 LA=1sLG
182 IF (LG-LA) 18591859190
185 M1=MLAST
GO TO JEMP(19045192)
190 READ TAPE ITAPEs((R{IsK)sI=19M1)9sK=1sLC)
192 DO 205 I=1sM1
IF (NOMVAR) 198391989194
194 L=L+1
DO 195 K=1sLC .
195 R({I9K)=R(IsK)*H(L)
198 WRITE OQUTPUT TAPE 691999 1s{R(1sK)sK=1sLC)
199 FORMAT(1H 165X (15F743))
IF (CARD) 20242025200
200 PUNCH 201sI1s(R({I9sK)sK=1sLC)
201 FORMAT(1593Xs(12F643))
202 J=J+1
Do 205 K=1sLC
C(II=ClJI)+(R{TsK)%¥%2)
E(K)=E(K)+(R{TIsK)*%2)
205 CONTINUE
DO 210 K=1slLC
210 SUMY=SUMY+E(K)
WRITE OUTPUT TAPE 69220
220 FORMAT (40HO SUM OF SQUARES OF COLUMNS )
WRITE OQUTPUT TAPE 692259 (E(J)sJd=1sLC)
225 FORMAT (1HO(F1l6e3912F843))
235 FORMAT (1HOF20.3)
WRITE OQUTPUT TAPE 69240
240 FORMAT(20HO COMMUNALITIES )
WRITE OUTPUT TAPE 692454 (C({I)sI=1sN)
245 FORMAT (1HO10F1143)
WRITE OUTPUT TAPE 69250
250 FORMAT(30HO SUM OF COMMUNALITIES )
WRITE QUTPUT TAPE 69235sSUMY
WRITE OUTPUT TAPE 69255

255 FORMAT(30HO CRITERION VALUE )
WRITE OUTPUT TAPE 692359 XCRIT
Go TO 1
END
$DATA
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