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The Scientific Subroutine Package (SSP) is a collection of
over 250 FORTRAN subroutines divided, for the sake of
presentation, into two groups: statistics and mathematics.
Also, over 200 subroutines are presented in both single and
double precision mode. SSP is a collection of input/output-
free computational building blocks that can be combined with
a user's input, output, or computational routines to meet
his needs. The package can be applied to the solution of
many problems in industry, science, and engineering.

Version 3 of the Scientific Subroutine Package for
System/360 incorporates and extends'the capabilities of
the original SSP/360. This version provides over 40 new
mathematical and statistical subroutines 24 of which are in
both single- and double-precision FORTRAN, Examples of
the new capabilities are the use of the QR iteration for
obtaining eigenvalues of a matrix, and the nonparametric
test of Kolmogorov-Smirnov.

This manual contains sufficient information to permit the
reader to understand and use all of the subroutines of the
Scientific Subroutine Package.
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PURPOSE AND OBJECTIVES OF THE PACKAGE

The Bceientific Subroutine Package is a set of basic
computational subroutines intended to aid the user in
the development of his own FORTRAN subroutine
library. While this package may provide many of
the tools necessary to solve the more commonly
encountered problems in engineering and science,
there is no intent to imply that these subroutines
represent the current state of the art in statistics
or numerical analysis. As with all tools, the user
should understand their capabilities and their appli-
cation to his functional requirements before de-
ciding to use them.

AREAS OF APPLICATION

Individual subroutines, or a combination of them,
can be used to carry out the listed functions in the
following areas:

Statistics

Probit analysis

Analysis of variance (factorial design)
Correlation analysis

Multiple linear regression

Stepwise regression

Polynomial regression

Canonical correlation

Factor analysis (principal components,
varimax)

Discriminant analysis (many groups)
Time series analysis

Data screening and analysis
Nonparametric tests

Random number generation (uniform, normal)
Distributfion functions

Mathematics

Inversion

Eigenvalues and eigenvectors

Simultaneous linear algebraic equations

Transpositions

Matrix arithmetic (addition, product, etc.)

Matrix partitioning

Matrix tabulation and sorting of rows or

columns

Elementary operations on rows or columns of

matrices

® Mafrix factorization

e Integration and differentiation of given or
tabulated functions

e Solution of systems of first-order differential

equations

e Tourier analysis of given or tabulated
functions

e Bessel and modified Bessel function
evaluation

e Gamma function evaluation

e Jacobian elliptic functions

e Elliptic, exponential, sine cosine, Fresnel
integrals

e Finding real roots of a given function

e Finding real and complex roots of a real
polynomial

e Polynomial arithmetic (addition, division, etc.)

e Polynomial evaluation, integration,
differentiation

e Chebyshev, Hermite, Laguerre, Legendre
polynomials

e Minimum of a function

e Approximation, interpolation, and table
construction

CHARACTERISTICS

Some of the characteristics of the Scientific Sub-
routine Package are:
e All subroutines are free of input/output
statements.
e Subroutines do not contain fixed maximum

dimensions for the data arrays named in their

calling sequences.

o All subroutines are written in FORTRAN,

o Many matrix manipulation subroutines handle
symmetric and diagonal matrices (stored in
economical, compressed formats) as well as
general matrices. This can result in con-
siderable saving in data storage for large
arrays.

® The use of the more complex subroutines (or
groups of them) is illustrated in the program

documentation by sample main programs with

input/output.
e All subroutines are documented uniformly.

The subroutines in SSP have been programmed in

the subset of the FORTRAN IV language, which is
compatible with all of the FORTRAN processors
announced for System/360. Many of the larger
functions such as those in statistics have been pro-
grammed as a series or sequence of subroutines.

An example of the use of sequences of subroutines

is the statistical function called factor analysis.
Factor analysis is a method of analyzing the inter-
correlations within a set of variables. It deter-
mines whether the variance in the original set of
variables can be accounted for adequately by a
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smaller number of basic categories; namely, fac-
tors. In the Scientific Subroutine Package, factor
analysis is normally performed by calling the fol-
lowing five subroutines in sequence:

1. CORRE - to find means, standard deviations,
and correlation matrix

2. EIGEN - to compute eigenvalues and asso-
ciated eigenvectors of the correlation matrix

3. TRACE - to select the eigenvalues that are
greater than or equal to the control value specified
by the user

2 Purpose and Objectives of the Application

4. LOAD - to compute a factor matrix
5, VARMX - to perform varimax rotation of the
factor matrix

The multiple use of subroutines is illustrated by
the fact that subroutine CORRE is also utilized in
the multiple linear regression and canonical corre-
lation. Subroutine EIGEN is used in canonical cor-
relation as a third-level subroutine.



OVERALL RULES OF USAGE

GENERAL RULES

All subroutines in the Scientific Subroutine Package
(SSP) are entered by means of the standard
FORTRAN CALL statement. These subroutines are
purely computational in nature and do not contain

any references to input/output devices. The user
must therefore furnish, as part of his program, what-
ever input/output and other operations are necessary
for the total solution: of his problem. In addition, the
user must define by DIMENSION statements all
matrices to be operated on by SSP subroutines as
well as those matrices utilized in his program.  The
subroutines contained in SSP are no different from
any user-supplied subroutine. All of the normal
rules of FORTRAN concerning subroutines must
therefore be adhered to, with the exception that the
dimensioned areas in the SSP subroutine are not
required to be the same as those in the calling
program.

The CALL statement transfers control to the sub-
routine and replaces the dummy variables in that
subroutine with the value of the actual arguments that
appear in the CALL statement if the argument is a
constant or a variable.. When the argument is an ar-
ray or function subprogram name, the address of
the array or subprogram is transmitted to the called
subroutine.

The arguments ina CALL statement must agree
in order, number, and type with the corresponding
arguments in the subroutine. A number may be
passed to a subroutine either as a variable name in
the argument list or as a constant in the argument
list. For example, if the programmer wishes to add
matrix AR1 to matrix AR2 in order to form matrix
AR3 using the SSP subroutine GMADD, and if AR1
and AR2 are both matrices with ten rows and twenty
columns, either of the two following methods can
be used:

Method 1

CALL GMADD(AR1, AR2, AR3, 10, 20)
Method 2 .
N=10
M= 20
CALL GMADD(AR1,AR2, AR3, N, M)

Many of the subroutines in SSP require the name
of a user function subprogram or a FORTRAN-
supplied function name as part of the argument list

in the CALL statement. If the user's program con-~
tains such a CALL, the function name appearing in
the argument list must also appear in an EXTERNAL
statement at the beginning of that program.

For example, the SSP subroutine RK2 integrates
a function furnished by the user. The user must
therefore program the function and give the name
of the function to RK2 as'a parameter in the CALL
statement. If the user wishes to integrate the func-
tion dy - 3.0 x+ 2,0Y, his main program may
appear as:

EXTERNAL DERY

CALL RK2(DERY, .....)

RETURN
END

His function subprogram can be:
FUNCTION DERY (X,Y)
DERY= 3. 0%X+2,0*Y
RETURN
END

The user's main program gives the name of the
programmed function to RK2 by including that name

in the CALL statement and in an EXTERNAL state~
ment. RK2, in turn, goes to the function DERY

each time it requires a value for the derivative. The
subroutine RK2 is not modified by the programmer.
The dummy function name FUN in subroutine RK2 is,
in effect, replaced by the name appearing in the user's
CALL statement during execution of the subroutine.

MATRIX OPERATIONS

Special consideration must be given to the subroutines
that perform matrix operations. These subroutines
have two characteristics that affect the format of the
data in storage--variable dimensioning and data
storage compression.

Variable Dimensioning

Those subroutines that deal with matrices can oper-
ate on any size array, limited in most cases only

by the available core storage and numerical analysis
considerations. The subroutines do not contain fixed
maximum dimensions for data arrays named in their
calling sequence. The variable dimension capability

Overall Rules of Usage 3



has been implemented in SSP by using a vector storage
approach. Under this approach, each column of a
matrix is immediately followed in storage by the next
column. Vector storage and two-dimensional storage
result in the same layout of data in core, so long as
the number of rows and columns in the matrix are

the same as those in the user's dimension statement.
If, however, the matrix is smaller than the dimen-
sioned area, the two forms of storage are not
compatible.

Consider the layout of data storage when operat-
ing on a 5 by 5 array of numbers in an area dimen-
sioned as 10 by 10. If the programmer has been
using double-subscripted variables in the normal
FORTRAN sense, the 25 elements of data will appear
as shown in Figure 1. FORTRAN stores double~
subscripted data by column based on the column
length specified in the DIMENSION statement, Thus,
in the example, sequential core locations will con-
tain data elements 1 to 5, five blank locations, data
elements 6 to 10, five blank locations, and so on,
The matrix subroutines take a vector approach in
storing arrays by column, which means that they
assume the data is stored as shown in Figure 2.
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Figure 1. Double-subscripted data storage
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Figure 2. Vector storage
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As stated previously, if the dimensioned area is
the same as the matrix size, the two approaches
will have the same data storage layout, and the user
can proceed in a regular double~-subscripted fashion.
If, however, he is operating in a mode where the
dimensioned area is larger than the arrays, and if
he wishes to use the SSP subroutines, he must be
certain that his data is stored in the vector fashion
illustrated by Figure 2, A subroutine called
ARRAY is available in SSP to change from one form
of storage to the other. In addition, a subroutine
called LOC is available to assist in referencing ele-
ments in an array stored in the vector fashion.

Storage Compression

Many subroutines in SSP can operate on compressed
forms of matrices as well as on the normal form .
By using this capability, which is called "storage
mode", considerable savings in data storage can be
obtained for special forms of large arrays. The
three modes of storage are termed general, sym-
metric, and diagonal. In this context, general mode
is one in which all elements of the matrix are in
storage. Symmetric mode is one in which only the
upper triangular-portion of the matrix is retained
columnwise in sequential locations in storage, (The
assumption is made that the corresponding elements
in the lower triangle have the same value,) Diagonal
mode is one in which only the diagonal elements of
the matrix are retained in sequential locations in
storage, (The off-diagonal elements are assumed
to be zero.) This capability has been implemented
using the vector storage approach.

Figure 3 illustrates the effect of the storage mode
capability. A symmetric matrix is shown in Figure
3A. I this array is to be manipulated using the SSP
matrix subroutines with storage mode capability,
the array may be stored as shown in Figure 3B.
This is the upper triangular portion of the array and
corresponds to a storage mode code of 1, Sym-
metric matrices of order N may be stored in a vec-
tor of only N*(N+1)/2 locations rather than N*N
locations. For larger matrices, this will be a
saving of almost one half. v

The effect of storage mode when dealing with
diagonal matrices is even more pronounced. Diago-
nal matrices of order N may be stored in a vector
only N locations long., Figure 3C shows a 3 by 3
diagonal matrix, If this array is to be manipulated
using the SSP matrix subroutines with storage mode
capability, only the diagonal elements of the array
need be stored. This is shown in Figure 3D and
corresponds to a storage mode code of 2,

General matrices of order N by M require a
vector N*M long and use a storage mode code of 0.
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Figure 3. Storage mode

Thus, if the programmer wishes to use SSP sub-
routines on matrix A, which is general, matrix B,
which is symmetric, and matrix C, which is diagonal,
and all matrices are 10 by 10 or smaller, the di-
mension statement in his program can be:

DIMENSION A(100), B(55), C(10)

Matrix Element References

Subroutine LOC in the Scientific Subroutine Package
may be used to reference elements within a matrix
stored in a vector fashion, and may involve storage
mode compression., The calling sequence for LOC
is:

CALL LOC (I, J, 1J, N, M, MS)

The capabilities of subroutine LOC are as follows.
If reference is required to the element at row I and
column J of matrix A whose dimensions are N by M,
and if the storage mode code is MS, a CALL to the
LOC subroutine as shown above will result in the

computation of the subscript IJ such that A(1J) is the
desired element. The parameters represented by I,
J, N, M, MS can be either integer variables or
integer constants., The parameter represented byIJ
is an integer variable. Note that the user must di-
mension the array A as a single-subscripted variable
to meet the restrictions of some FORTRAN systems.
To illustrate the use of LOC, if reference is re-
quired to the element at row 2, column 2 of the 3 by
3 symmetric matrix illustrated in Figure 3A and
stored as shown in Figure 3B (storage mode code
1), the sequence may be:
' CALL LOC (2, 2, 1J, 3, 3, 1)
The value of IJ computed by LOC will be 3, meaning
that the proper element is the third element in the
specially stored symmetric matrix (Figure 3B). If
the storage mode code is for a symmetric matrix
where only the upper triangular portion is retained
in storage, and if I and J refer to an element in the
lower triangular portion, IJ will contain the sub-
script for the corresponding element in the retained
upper triangle. Thus if the user wanted the element
in row 3, column 1 of the matrix shown in Figure
3A, and the array was stored as in Figure 3B, the
statement:
CALL LOC (3, 1, 1J, 3, 3, 1)

would result in IJ having the value of 4; that is, the
fourth element in Figure 3B. If a matrix is stored
as shown in Figure 3D (storage mode 2), and LOC
is used to compute the subscript for an off-

diagonal element (I not equal to J), the result in IJ
will be zero. This is due to the fact that the ele~
ment does not exist in storage. In this situation,
the user must not utilize IJ as a subscript. Fol-
lowing is an illustration of how to take care of this
condition and also handle the case where the current
storage mode is unknown,

If the user wishes to set a variable X equal to the
element in the third row and fourth column of a 10
by 10 array named A, for either a symmetric,
diagonal, or general matrix, the required program
can be implemented for any storage mode MS as
follows:

CALL LOC (3, 4, 1J, 10, 10, MS)

X = 0.0
IF(13)20, 30, 20
20 X = A(L9)

(MS is assumed to have been set at 0, 1, or 2 at
some earlier point in the program.) This sequence
will then set the proper value for X, given any
storage mode that may be encountered. The second
and third statements take care of the off~diagonal
condition for a matrix with a storage mode of 2.
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As‘a special case, LOC can be used to compute
the total length of an array in storage with a state-
ment such as:

CALL LOC (N, M, IJ, N, M, MS)

For example, if the user has a 3 by 3 matrix whose
storage mode is 1 (Figure 3B), the statement:

CALL LOC (3, 3, 13, 3, 3, 1)

6 Overall Rules of Usage

will result in 1J being set to 6. This is not only the
proper subscript to reference element 3, 3, but is

also the actual length of the vector in storage.
The information contained in the fifth parameter

(number of columns) in the calling sequence for
LOC is not actually used in the calculations per-
formed by LOC. It has been included in the calling
sequence in case the user wishes to expand LOC to
cover other forms of data storage.



PROGRAM MODIFICATION

ADVANCED FORTRAN FEATURES

The user may wish to take advantage of more ad-
vanced FORTRAN compiler features. For example,
the larger FORTRAN systems include a subroutine
multiple entry point capability. Some of the sub-
routines in SSP can be combined by using this feature.
To illustratethis, GMADD and GMSUB (addition and
subtraction of general matrices) can be combined as
shown in Figure 4. This will in no way affect the
programs using these subroutines but will reduce the
total program storage requirements.

SUBROUTINE GMADD (A,B,R,N,M)
DIMENSION A(1),B(1),R(1)
K=0
GOTO 10
ENTRY GMSUB (A,B,R,N,M)
K=1
10 NM=N*M
DO 40 I=1,NM
IF(K) 29,20,30
20 R(I)=A(1)+B(!)
GO TO 40
30 R()=A(1)-B(1)
40 CONTINUE
RETURN
END

Figure 4. Multiple entry point

OPTIMIZATION OF TIME

The subroutines in SSP are designed to conserve
storage for data. If the user wishes to exchange
space for time, there are several ways in which SSP
may be modified to effect this end. For example,
many of the subroutines in SSP make use of the LOC
subroutine to handle vector storage and storage mode
referencing. The execution time of these sub-
routines can be substantially reduced by implement-
ing LOC in Assembler Language. (The distributed
version of LOC is implemented in FORTRAN.)
Another approach is to incorporate the function of

LOC within each subroutine and thus avoid the '"set-
up' costs of repeated calls to LOC. This has the
effect of reducing execution time but at some cost

in subroutine storage and in the ease with which other
modes of storage, such as triangular matrix storage
or storage by row rather than by column, can be
implemented. Figure 5 shows how matrix addition
and the LOC capabilities can be implemented within
the same subroutine.
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DOUBLE PRECISION

The accuracy of the computations in many of the SSP
subroutines is highly dependent upon the number of
significant digits available for arithmetic operations.
Matrix inversion, integration, and many of the statis-
tical subroutines fall into this category. The user
may, therefore, wish to use double-precision
versions of these subroutines.

Many of the subroutines in SSP have been provided
in both single- and double-precision versions. In
others, instructions for converting to double preci-
sion are included as part of the subroutine descrip~
tion. FORTRAN double~precision statements have
been included in each of these subroutines in the form
of a comments card. In most cases, the double-
precision version of the subroutine can be obtained
merely by removing the C from column 1 of the
double-precision statement card(s) before compila-
tion. In a few cases, additional instructions are
given for changing references to FORTRAN-furnish-
ed functions; for example, SQRT to DSQRT and ABS
to DABS; inother cases, new constants are given.

The use of double~precision subroutines requiresa
detailed knowledge of the FORTRAN rules concerning
double precision. A few of the more basic ones are
as follows:

1. Any real variable, vector, or array name
contained in the argument list of a CALL to adouble~
precision subroutine must be declared as double
precision in the calling program. For example, if
the SSP matrix inversion subroutine MINV has been
modified for double precision, and if the user's pro-
gram contains the statement:

CALL MINV (AR1, N, DET, MY1, MY2)
where:

AR1 is the array name (real, double-precision
array)
N is the dimension (integer variable)

8 Program Modification

DET is the determinant (real, double-precision
variable)

MY1 is a work vector (integer array)

MY2 is a work vector (integer array)

then the program must also have at its beginning the
specification statement:

DOUBLE PRECISION AR1, DET

The other variables are integer variables and should
not be included in the specification statement.

2. Any user-supplied function named in the CALL
statement for a double-precision SSP subroutine must
be programmed as a double-precision function. For
example, the sample program for Runge-Kutta inte-
gration performs the integration on a sample function
called FUN using subroutine RK2, This function is
programmed as:

FUNCTION FUN (X, Y)

FUN = 1. 1I*X
RETURN
END

If a double-precision version of RK2 is used, the
function must also be double precision. The sample
function will then be:

DOUBLE PRECISION FUNCTION FUN (X, Y)

DOUBLE PRECISION X, Y

FUN = 1,1*X
RETURN
END



FORMAT OF THE DOCUMENTATION

The major portion of this manual consists of the
documentation for the individual subroutines and
the sample programs.

SUBROUTINE DESCRIPTIONS

Subroutine and sample program guides, both categori-
al and alphabetic, designed to aid in locating any

particular subroutine are given in the pages that follow.

Each of the subroutine descriptions consists of a
program listing and, in some cases, a mathematical
description. The first part of the program listing
is a set of comment cards containing the subroutine
name, its calling sequence, description of param-
eters, remarks, names of other subroutines re-
quired, and method. References to books and
periodicals will be found under the method section of
the description. The mathematical description
pages do not, in most cases, indicate the derivation
of the mathematics. They are intended to indicate
what mathematical operations are actually being
performed in the subroutines. Some of the major
statistical functions are performed by a sequence of
SSP subroutines. An explanation of this sequence
will be found just before the description of the first
subroutine that is specific to this function.

SAMPLE PROGRAM DESCRIPTIONS

The sample program listings are given in Appendix
B.

Each sample program consists of a detailed
description including information on the problem,
the program, input, output, program modification,
operating instructions, error messages, timing and
machine listings of the programs, input data and
output results. The sample programs have been

chosen to (1) illustrate a sequence of SSP subroutines,
(2) illustrate the use of a complex subroutine, or

(3) show the way in which one member (such as
matrix addition) of a large set of simple subroutines
might be used.

As part of the development of the sample programs,
some special sample subroutines have been imple-
mented that may prove useful to the programmer.
These include:

HIST - print a histogram of frequencies

MATIN - read an input matrix into storage in
vector form for use by SSP matrix
subroutines

PLOT - plot several variables versus a base
variable

MXOUT - print a matrix stored in the SSP
vector format

Listings of the above subroutines are included after the
sample program documentation in this manual. The
source decks are part of the sample program source
decks on the distributed magnetic tape.

The sample programs have been implemented for
execution on a 32K byte (8K word) System/360 using
Basic Programming Support FORTRAN (Tape).
Instructions for modifying the sample programs for
different data capacities are included in the docu-
mentation. In addition, those sample programs that
illustrate potentially double-precision subroutines
include double-precision statements in the form of
comment cards. These comment cards are con-
tained in the sample program source decks.
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OPERATING NOTES

It is recommended that those SSP subroutines that
will be frequently used in an installation be compiled
and the relocatable decks placed on the FORTRAN
system's residence device. In the case of Basic
Programming Support FORTRAN (Tape), this will
be the library portion of the system tape. Informa-
tion on the method for updating the system to include

10 ~ Operating Notes

user-supplied subroutines will be found in the
appropriate FORTRAN programmer's guide. SSP
subroutines are handled in the same manner as user-
supplied subroutines. If the subroutines are not
placed on the FORTRAN system’s residence device,
those required by a particular program will have to
be included in that program each time it is run.



CATEGORIAL GUIDE TO SUBROUTINES AND
SAMPLE PROGRAMS

(Subroutines added in Version III are marked with
an asterisk)

STATISTICS
Data Screening
TALLY-~totals, means, standard
deviations, minimums, and

maximums

BOUND--selection of observations within
bounds

SUBST--subset selection from observation
matrix

ABSNT -~detection of missing data
TAB1--tabulation of data (one variable)
TAB2--tabulation of data (two variables)

SUBMX-~building of subset matrix

Correlation and Regression (See Smoothing,
Factorization)

CORRE--means, standard deviations, and
correlations

*MISR--means, standard deviations, third
and fourth moments, correlations,
simple regression coefficients and
their standard errors; considers
that data may be missing

ORDER--rearrangement of intercorrela-
tions

MULTR--multiple linear regression

GDATA --data matrix generation for
polynomial regression

*STPRG--stepwise multiple linear
regression

*PROBT--probit analysis

CANOR--canonical correlation

27

27

28

28

29

30

31

32

33

36

37

39

41

44

47

Design Analysis (See Smoothing, Regression,

Factorization)
AVDAT--data storage allocation
AV CAL--Z and Aoperation

MEANQ--mean square operation

Discriminant Analysis

DMATX--means and dispersion matrix

DISCR--discriminant functions

Factor Analysis (See Eigenanalysis)

TRACE~-~cumulative percentage of
eigenvalues

LOAD--factor loading

VARMX--varimax rotation

Time Series (See Smoothing)

AUTO--autocovariances

CROSS--cross covariances

SMO--application of filter coefficients
(weights)

EXSMO--triple exponential smoothing

Nonparametric Statistics

*KOLMO~-~-Kolmogorov-Smirnov one-
sample test

*KOLM2--Kolmogorov-Smirnov two-
sample test

*SMIRN--Kolmogorov-Smirnov limiting
distribution values

2
CHISQ--X" test for contingency tables
KRANK--Kendall rank correlation

*MPAIR-~-Wilcoxin's signed ranks test

Categorial Guide to Subroutines
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53

55

56

56

59

60

61

62

63

65

66

68

69

70
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QTEST-~Cochran Q-test
RANK--rank observations
*SIGNT-~sign test
SRANK--Spearman rank correlation

TIE--calculation of ties in ranked obser-
vations

TWOAV-~Friedman two-way analysis of
variance statistic

UTEST--Mann-Whitney U-test

WTEST--Kendall coefficient of
concordance

Generation of Random Variates -
Distribution Functions

RANDU--uniform random deviates
GAUSS--normal deviates
*NDTR--normal distribution-function
*BDTR--beta distribution function
*CDTR——X2 distribution function

*NDTRI--inverse of normal distribution
function

Elementary Statistics and Miscellany

MOMEN--first four moments
TTEST--test on population means
*BISER--biserial correlation coefficient
*PHI-~phi coefficient

*POINT--point-biserial correlation
coefficient

*TETRA~-tetrachoric correlation
coefficient

*SRATE-~survival rates

Matrices: Storage

MCPY--matrix copy

12  Categorial Guide to Subroutines

71

71

72

73

74

74

75

76

77

77

78

78

81

33

85

86

87

88

89

90

92

94

RCPY--copy row of matrix into vector
CCPY--copy column of matrix into vector
DCPY--copy diagonal of matrix into vector
XCPY--copy submatrix from given matrix
MSTR--storage conversion

LOC-~location in compressed-stored
matrix

CONVT--single-precision/double-precision

conversion

94

95

95

96

96

97

97

ARRAY--vector storage/double-dimensioned 98

storage conversion

Matrices: Operations

GMADD~~add two general matrices
GMSUB--subtract two general matrices
GMPRD-~product of two general matrices
GMTRA-~transpose of a general matrix

GTPRD-~-transpose product of two general
matrices

MADD~-add two matrices
MSUB--subtract two matrices
MPRD--matrix product (row into column)
MTRA-~transpose a matrix

T PRD~~transpose product

MATA--transpose product of matrix by
itself

SADD~-add scalar to matrix
SSUB--subtract scalar from a matrix
SMPY --matrix multiplied by a scalar
SDIV--matrix divided by a scalar
SCLA--matrix clear and add scalar

DCLA--replace diagonal with scalar

98

99

99

100

100

101

101

102

102

103

103

104

104

105

105

106

106



RADD-=-add row of one matrix to row of
another matrix

CADD--add column of one matrix to column
of another matrix

SRMA--scalar multiply row and add to
another row

SCMA~-scalar multiply column and add to
another column

RINT~~interchange two rows
CINT-~interchange two columns
RSUM--sum the rows of a matrix
CSUM=-~-sum the columns of a matrix
RTAB-~tabulate the rows of a matrix
CTAB--tabulate the columns of a matrix
RSRT-~-sort matrix rows

CSRT--sort matrix columns
RCUT--partition by row
CCUT--partition by column
RTIE--adjoin two matrices by row
CTIE--adjoin two matrices by column

*MPRC, DMPRC--permute rows or
columns

MFUN--matrix transformation by a
function

REC P--reciprocal function for MFUN

Matrices: Inversion, Systems of Linear

Equations and Related Topics

MINV==matrix inversion

*SINV, DSINV--invert a symmetric
positive definite matrix

SIMQ--solution of simultaneous linear,
algebraic equations

GELG, DGELG--system of general simul-
taneous linear equations
by Gauss elimination

107

107

108

108

109

109

110

110

111

112

112

113

113

114

114

115

115

117

117

118

119

120

121

*RSLMC--solution of simultaneous linear
equations with iterative refine-
ment

*FA CTR--triangular factorization of a
nonsingular matrix

MFGR, DMFGR--matrix factorization and
rank determination

GELS, DGELS--system of general simul-
taneous linear equations
with symmetric coeffi-
cients

GELB, DGELB--system of general simul-
taneous: linear equations
with band-structured
coefficients

*MTDS, DMTDS--divide a matrix by a
triangular matrix

*MLSS, DMLSS--solution of simultaneous
linear equations with
symmetric positive
semidefinite matrix

*MCHB, DMCHB--triangular factorization
of a symmetric positive
definite band matrix

*MFSS, DMFSS--triangular factorization
and rank determination of
a symmetric positive
semidefinite matrix

¥MFSD, DMFSD-~triangular factorization
of a symmetric positive

definite matrix

L1.8Q, DLLSQ--solution of linear least-
squares problems

Matrices: Eigenanalysis and Related Topics

EIGEN--eigenvalues and eigenvectors of a
real, symmetric matrix

NROOT--eigenvalues and eigenvectors of a
special nonsymmetric matrix

*ATEIG--eigenvalues of a real almost
triangular matrix

*HSBG--reduction of a real matrix to
almost triangular form
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148

152

158

160
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166

167
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Polynomials: ' Operations

PADD--~add two polynomials

PSUB--subtract one polynomial from
another

PMPY--multiply two polynomials
PDIV--divide one polynomial by another
PCLA--replace one polynomial by another

PADDM--multiply polynomial by constant
and add to another polynomial

PVA L--value of a polynomial

PVSUB--~substitute variable of polynomial
by another polynomial

PILD--evaluate polynomial and its first
derivative

PDER--derivative of a polymonial
PINT--integral of a polynomial

PQSD-~-quadratic synthetic division of a
polynomial

PCLD--complete linear synthetic division

PGCD-~greatest common divisor of two
polynomials

PNORM--normalize coefficient vector of
polynomial

PECN, DPECN--economization of a poly-
nomial for symmetric
range

PECS, DPECS--economization of a poly-
nomial for unsymmetric
range

Polynomials: Roots

14

POLRT--real and complex roots of a real
polynomial

PRQD, DPRQD--roots of a real polynomial

by QD algorithm with dis-
placement

Categorial Guide to Subroutines

171

171

172

172

173

173

174

174

175

175

176

176

177

177

178

178

180

181

183

Pt

*PRBM, DPRBM--roots.of a real poly- 189
nomial by Bairstow's
algorithm

*PQFB, DPQFB--determine a quadratic 193

factor of-a real poly-
nomial
Polynomials: Special Types

CNP, DCNP--value of NP Chebyshev 198

polynomial

CNPS, DCNPS~~value of series expansion 199

in Chebyshev polynomials

TCNP, DTCNP-~transform series expansion 200
in Chebyshev polynomials
to a polynomial

CSP, DCSP--value of nth shifted Chebyshev 201
polynomial

CSPS, DCSPS--value of series expansionin 202
shifted Chebyshev poly-
nomials

TCSP, DTCSP-~-transform series expansion 203
in shifted Chebyshev poly=
nomials to a polynomial

HEP, DHEP~-value of Hermite polynomial 205

HEPS, DHEPS--value of series expansionin 206
Hermite polynomials

THEP, DTHE P-~transform series expan- 207
sion in Hermite polynomials

to a polynomial

LAP, DLAP--value of Laguerre polynomial 208

LAPS, DLAPS--value of series expansion _ 209
in' Laguerre polynomials

TLAP, DTLAP--transform series expan= 210
sion in Laguerre poly-
nomials to a polynomial

LEP, DLEP--value of Legendre polynomial 212

LEPS, DLEPS~~value of series expansion = 213

in Legendre polynomials




TLEP, DTLEP--transform a series expan-
sion in Legendre poly-
nomials to a polynomial

Roots of Nonlinear Equations

RTWI, DRTWI--refine estimate of root by
Wegstein's iteration

RTMI, DRTMI--determine root within a
range by Mueller's iteration

RTNI, DRTNI--refine estimate of root by -
Newton's iteration

Extremum of Functions

FMFP, DFMFP-~unconstrained minimum
of a function of several
variables~~Davidon
method

FMCG, DFMCG--unconstrained minimum
of a function of several
variables --conjugate
gradiant method

Permutations

*PPRCN--composition of permutations

*PERM--operations with permutations
and transpositions

Sequences: Sums and Limits

TEAS, DTEAS--limit of a given sequence.

TEUL, DTEUL~-sum of a given function
sequence

Interpolation, Approximation, and
Smoothing

ALI, DALI--Aitken-Lagrange interpolation
AHI, DAHI--Aitken-Hermite interpolation

ACFT, DACFI--continued fraction inter-
polation

ATSG, DATSG--table selection out of a
general table

ATSM, DATSM--table selection out of a
monotonic table

214

215

217

220

221

225

231

232

234

238

241

243

245

248

250

ATSE, DATSE-=-table selection out of an 251
equidistant table
*3G13, DSG13--local least-squares 253
smoothing of tabulated
functions
*SE13, DSE13
*SE15, DSE15
*SE35, DSE35--local least-squares 255
smoothing of equidistantly
tabulated functions
*APFS, DAPFS--solve normal equations 260
for least-squares fit
*A PCH, DAPCH--least-squares polynomial 263
approximation
*ARAT, DARAT
*FRAT, DFRAT--rational least-squares 265
approximation
*APLL, DAPLL--linear least-squares 271
approximation
FORIF--Fourier analysis of a given function 274
FORIT--Fourier analysis of a tabulated 275

function

HARM, DHARM--complex three-dimensional 276
Fourier analysis

RHARM, DRHARM--real one-dimensional

281
Fourier analysis
*APMM, DAPMM--linear Chebyshev 283

approximation over a
discrete range

Numerical Quadrature

QTFG, DQTFG--integration of monotonically 289
tabulated function by
trapezoidal rule

QTFE, DQTFE--integration of equidistantly 290
tabulated function by
trapezoidal rule

QSF, DQSF--integration of equidistantly
tabulated function by Simpson's
rule

291

QHFG, DQHFG-~integration of monotonically 293
tabulated function with first
derivative by Hermitian
formula of first order
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QHFE, DQHFE~--integration of equidistantly 294
tabulated function with first
derivative by Hermitian
formula; of first order

QHSG, DQHSG--integration of monotonically 295
tabulated function with first
and second derivatives by
Hermitian formula of first
order

QHSE, DQHSE-~integration of equidistantly 296
tabulated function with first
and second derivatives by
Hermitian formula of
second order

QATR, DQATR--integration of a given 297
function by trapezoidal rule
together with Romberg's
extrapolation method

QG2-QG10, DQG4-DQG32~-integration of a= 299
given functionby
Gaussian quad-
rature formulas

QL2-QL10, DQL4~-DQL32-integration of a 303
given functionby
Gaussian-
Laguerre quad-
rature formulas

QH2-QH10, DQH8-DQH64~integration of a 308
given functionby
Gaussian-
Hermite quad-
rature formulas

QA2-QA10, DQA4-DQA32~-integration of a 314
given functionby
associated
Gaussian=
Laguerre quad-
rature formulas

Numerical Differentiation

*DGT3, DDGT3-~differentiation of a tabu- 319
lated function by parabolic
interpolation

*DET3, DDET3

*DETS, DDET5--differentiation of an 320
equidistantly tabulated
function

l6: Categorical Guide to Subroutines

*DCAR, DDCAR--derivative of a function
at the center of an inter-
val

*DBAR, DDBAR--derivative of a function
at the border of an
interval

Ordinary Differential Equations

RKl1--solution of first-order differential -
equation by Runge-Kutta method

RK2--tabulated solution of first-order
differential equation by Runge-Kutta
method

RKGS, DRKGS--solution of system of first-
. order ordinary differential
equations with given initial
values by the Runge-Kutta
method

HPCG, DHPCG--~solution of general system
of first-order ordinary
differential equations with
given: initial values by
Hamming's modified
predictor-corrector
method

HPCL, DHPCL~--solution of linear system
of first-order ordinary
differential equations with
given initial values by
Hamming's modified
predictor-corrector
method

LBVP, DLBVP--solution of system of
linear first-order ordinary
differential equations with
linear boundary conditions
by method of adjoint
equations

Special Functions

GMMMA ~-gamma function
*DLGAM--log of gamma function
BESJ--J Bessel function
BESY--Y Bessel function

10-~I Bessel function, I0

INUE——In Bessel function

BESK--K Bessel function

324

327

331

332

333

337

343

350

361

© 362

363
364
365

366

366



EXPI--exponential integral 368
SICI--sine cosine integral 370
CS--Fresnel integrals 372

CEL1, DCELl--complete elliptic integralof 374
the first kind

CEL2, DCEL2~-complete elliptic integralof 376
the second kind

ELI1, DELI1-~generalized elliptic integral = 378
of the first kind

E1I2, DELI2--generalized elliptic integral 380
of the second kind

JELF, DJELF--Jacobian elliptic functions 382

GUIDE TO SAMPLE PROGRAMS

Data Screening

DASCR--Sample Main Program 400
Ilustrates use of:

SUBST-~subset selection from observa-
tion matrix

TAB1--tabulation of data (one variable)

LOC--location in compressed-stored
matrix

Special sample subroutines are:
BOOL--Boolean expression
HIST--histogram printing

MATIN--matrix input

Multiple Linear Regression

REGRE--Sample Main Program 404
IlMustrates use of:

CORRE--means, standard deviations,
and correlations

ORDER--rearrangement of intercorrela-
tions

MINV--matrix inversion

MULTR--multiple regression
Special sample subroutine is:

DATA--sample data read

Polynomial Regression

POLRG--Sample Main Program
Ilustrates use of:
GDATA-~-data generation

ORDER--rearrangement of intercorrela-
tions

MINV--matrix inversion

MULTR--multiple regression
Special sample subroutine is:

PLOT--output plot

*Stepwise Multiple Regression

*STEPR--Sample Main Program

Ilustrates use of:

CORRE--means, standard deviations, and
correlations

MSTR--storage conversion

*STPRG~-stepwise multiple regression

LOC--location in compressed-stored
matrix

Special sample subroutines used are:

*STOUT--sample stepwise regression
oufput subroutine

DATA--sample data read subroutine

Canonical Correlation

MCANO--Sample Main Program
Hlustrates use of:

CORRE--means, standard deviations, and
correlations

Categorial Guide to Subroutines
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CANOR--canonical correlation Special sample subroutine is:

MINV --matrix inversion DATA--sample data read
NROOT-~eigenvalues and eigenvectors of a *Kolmogorov-Smirnov Test:
special, nonsymmetric matrix
*KOLM-~-Sample Main Program 433
EIGEN--eigenvalues and eigenvectors of a
symmetric matrix Tllustrates use of:
Special sample subroutine is: *KOLMO--one-sample test
DATA--sample data read *KOLM2--two-sample test
Analysis of Variance *SMIRN--Kolmogorov-Smirnov limiting dis-

tribution function
ANOVA--Sample Main Program- 422
*NDTR--normal distribution function
Tllustrates use of:
Triple Exponential Smoothing

AVDAT--data storage allocation
EXPON--Sample Main Program 439
AV CAL--XZ and Aoperations
‘ Hlustrates use of:
MEANQ--mean square operation
EXSMO-~-triple exponential smoothing
Discriminant Analysis

Matrix Addition
MDISC--Sample Main Program 425

ADSAM--Sample Main Program 441
Nlustrates use of:

Hlustrates use of:
DMATX--means and dispersion matrix

MADD--matrix add
MINV --matrix inversion

LOC-~location in compressed-stored

DISCR--discriminant functions matrix
Factor Analysis Special sample subroutines are:
FACTO--Sample Main Program 429 MATIN--matrix input
Nlustrates use of: ; MXOUT--matrix output
CORRE--means, standard deviations, and Numerical Quadrature Integration
correlations
QDINT--Sample Main Program 443
EIGEN--eigenvalues and eigenvectors of a
real, symmetric matrix Tlustrates use of:
TRA CE--cumulative percentage of QSF--numerical quadrature integration
eigenvalues (Simpson's rule)
LOAD--factor loading Runge-Kutta Integration
VARMX--varimax rotation RKINT«—Sample Main Program 445
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TNlustrates use of: the Scientific Subroutine Package. The figures
given were obtained by using Basic Programming
RK2--Runge-Kutta integration Support FORTRAN (Tape), Version 3, Level 0.
The use of other FORTRAN compilers on System/
Special sample function is: 360 may cause deviations from these figures.
FUN--definition of differential equation The double-precision version of the subroutines
in the Scientific Subroutine Package are listed
Polynomial Roots immediately following their alphabetized single-
precision counterparts. Main line routines are
SMPRT--Sample Main Program 447 asterisked.
Ilustrates use of: Storage
Required
POLRT--real and complex roots of Name (Label) (Bytes) Page
polynomial
ABSNT (ABSN) 428 28
Solution of Simultaneous Equations
ACF1 (ACFD) 1214 245
SOLN--Sample Main Program 449
DACFI (DACF) 1286 245
Illustrates use of:
| *ADSAM (ADSA) 13244 443
SIMQ--solution of simultaneous equations
‘ AHI (AHI) 1084 243
LOC--location in compressed-stored
matrix DAHI (DAHI) 1116 243
Special sample subroutines are: ALl (ALY 760 241
MATIN--matrix input DALI (DALY) 784 241
MXOUT--matrix output | *ANOVA (ANOV) 14624 425
Special Sample Subroutines APCH (APCH) 1492 263
BOOL--Boolean expression 452 DAPCH (DAPC) _ 1548 263
DATA--sample data read 452 APFS (APFS) 1602 260
FUN--definition of differential equation 452 DAPFS (DAPF) 1626 260
HIST--~histogram printing 452 APLL (APLL) 836 271
PLOT--output plot 452 DAPLL (DAPL) 860 271
MATIN--mafrix input 453 APMM (APMM) 4694 283
MXOUT--matrix output 454 DAPMM V (DAPM) 4728 283
*STOUT--stepwise regression output 454  ARAT (ARAT) 3004 265
ALPHABETIC GUIDE TO SUBROUTINES WITH DARAT (DARA) 3090 265
STORAGE REQUIREMENTS
: ARRAY (ARRA) 670 98
The following table lists the number of characters :
of storage required by each of the subroutines in | ATEIG (ATEY 4538 167
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Name (Label)
ATSE  (ATSE)
DATSE = (DTSE)
ATSG ~ (ATSG)
DATSG (DTSQ)
ATSM (ATSM)
DATSM (DTSM)
AUTO (AUTO)
AVCAL (AVCA)
AVDAT (AVDA)
BDTR (BDTR)
BESJ (BESJ)
BESK (BESK)
BESY  (BESY)
BISER  (BISE)
BOOL (BOOL)
BOUND (BOUN)
CADD (CADD)
CANOR (CANO)
CCPY (CCPY)
ccur (CCUT)
CDTR (CDTR)
CEL1 (CEL1)
DCEL1 (DCE1)
CEL2 (CEL2)
DCEL2 (DCE2)
CHISQ (CHIS)

Storage
Required
(Bytes)
1022
1050
852
892
1124
1148
624
802

926

3354

1466
2022
1968
1182
164
784
550
2836
500
716
3390
544
584
718
774

1220
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Page
251
251
248
248
250
250
59
50
49

8

363
366
364
87
452
27
107
47
95
114
81
374
374
376
376

68

Name

CINT
CNP
DCNP
CNPS
DCNPS
CONVT
CORRE
CROSS

| cs
CSP
DCSP
CSPS
DCSPS
CSRT
CSUM

| CTAB
CTIE
*DASCR
DATA
DBAR
DDBAR
DCAR
DDCAR
DCLA
DCPY
DETS

DDET3

(Label)
(CINT)
(CNP )
(DNP )
(CNPS)
(DNPS)
(CONV)
(CORR)
(CROS)
(Cs )
(CSP )
(DSP )
(CsPS)
(DSPS)
(CSRT)
(CsUM)
(CTAB)
(CTIE)
(DASC)
(DATA)
(DBAR)
(DDBA)
(DCAR)
(DDCA)
(DCLA)
(DCPY)
(DET3)

(DDT3)

Storage
Required
(Bytes)

364

340

364

442

482

538

2950

750

906

352

376

458

506

978

502

826

746

6848

308

1252

1354

1308

1392

392

394

554

594

Page
109
198
198
199
199

97
32
60
372
201
201
202
202
113
110
112
115
403
452
327
327
3247
324
106
95
320

320



Form H20-0205-3

Page revised 2/14/69
By TNL N20-1944
Storage Storage
Required Required
Name (Label) (Bytes) Page Name (Label) (Bytes) Page
DET5  (DET5) 752 322  GDATA (GDAT) 1764 39
DDET5 (DDT5) 832 322  GELB (GELB) 2640 - 137
DGT3  (DGT3) 738 319 DGELB (DELB) 2674 137
DDGT3 (DDGT) 770 319 GELG (GELG) | 1882 121
DISCR  (DISC) 2532 53  DGELG (DELG) 1920 121
DLGAM (DLGA) 826 362 GELS (GELS) 1990 133
DMATX (DMAT) 1170 52  DGELS (DELS) 2028 133
EIGEN = (EIGE) 2556 164  GMADD (GMAD) 288 98
ELIl (ELI1) 836 378  GMMMA (GMMM) 826 361
DELIl  (DEL1) 900 378  GMPRD (GMPR) 570 99
ELI2  (ELI2) 1254 380  GMSUB (GMSU) 288 99
DELI2 (DEL2) 1356 380  GMTRA (GMTR) 358 100
EXPI  (EXP)) 1032 368  GTPRD (GTPR) 566 100
*EXPON (EXPO) 8952 440 | HARM  (HARM) 5988 276
EXSMO (EXSM) 620 62 | DHARM (DHAR) 6070 276
*FACTO (FCTO) 11212 432 HEP (HEP ) 398 205
FACTR (FCTR) 1586 126  DHEP (DHP ) 422 205
FMCG  (FMCG) 2820 225 HEPS  (HEPS) 454 206
DFMCG (DFMC) 2956 225 DHEPS (DHPS) 486 206
FMFP (FMFP) 3580 221 HIST  (HIST) 1778 452
DFMFP (DFMF) 3702 221 HPCG (HPCG) 5560 337
I 744 337
FORIF  (FRIF) 990 74 ~ DHPCG (DHCG) 5 _
: HPCL (HPCL) 5606 343
. 275
FORIT  (FRIT) 946 DHPCL (DHCL) 5798 343
FRAT  (FRAT) 912 269 HSBG (HSBG) 1440 169
4 365
DFRAT (DFRA) 944 271 Io {10 546

INUE  (INUE) 768 366
FON - (FUN) 186 452 JELF  (JELF) 1254 382
GAUSS (GAUSy 430 77 DJELF (DJEL) 1416 382
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Name (Label)
*KOLM (KOLM)
KOLMO (KLMO)
KOLM2 (KLM2)
KRANK (KRAN)
LAP (LAP )
DLAP (DAP )
LAPS (LAPS)
DLAPS (DAPS)
LBVP  (LBVP)
DLBVP (DLBV)
LEP (LEP )
DLEP (DEP )
LEPS (LEPS)
DLEPS (DEPS)
LLSQ (LLSQ)
DLLSQ (DLLS)
LOAD  (LOAD)
LOC (LocC )
MADD (MADD)
MATA  (MATA)
MATIN (MATID)
*MCANO (MCAN)
MCHB (MCHB)
DMCHB (DMCH)
MCPY (MCPY)
*MDISC (MDIS)
MEANQ (MEAN)

Storage
Required
(Bytes)
7952
1704
1514
1598
408
432
472
512
8000
8256
400
424
464
496
2938
2986
490
492
942
790
1180
8196
2286
2270
410

15368

1708
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Page
438
63
65
69
208
208
209
209
350
350
212
212
213
213
160
160
56
97
101
103
453
421
148
148
94
428

51

Name

MFGR

DMFGR

MFSD

DMFSD

MFSS

DMFSS

MFUN

MINV

MISR

MLSS

DMLSS

MOMEN

MPAIR

MPRC

DMPRC

MPRD

MSTR

MSUB

MTDS

DMTDS

MTRA

MULTR

MXOUT

NDTR

NDTRI

ORDER

(Label)
(MFGRY)
(DMGR)
(MFSD)
(DMSD)
(MFSS)
(DMSS)
(MFUN)
(MINV)
(MISR)
(MLSS)
(DMLS)
(MOME)
(MPAI)
(MPRCQ)
(DMPR)
(MPRD)
(MSTR)
(MSUB)
(MTDS)
(DMTD)
(MTRA)
(MULT)
(MXOU)
(NDTR)
(NTR)
(NROO)

(ORDE)

Storage
Required
(Bytes)

2092

2120

904

906

2688

2664

446

1874

2856

2020

2004

1288

1380

810

822

590

942

1436

1428

552

1356

1440

488

758

1940

682

Page
127
127
158
158
152
152
117
118

33
145
145

85

70
115
115
102

96
101
142
142
102

37
454

78

83
166

36



Name
PADD
PADDM
PCLA
PCLD
PDER
PDIV
PECN
DPECN
PECS
DPECS
PERM
PGCD
PHI
PILD
PINT
PLOT
PMPY
PNORM
POINT
*POLRG
POLRT
PPRCN
PQFB
DPQFB
PQSD
PRBM

DPRBM

(Label)
(PADD)
(PDDM)
(PCLA)
(PCLD)
(PDER)
(PDIV)

(PECN)
(DPCN)
(PECS)

(DPCS)

(PERM)
(PGCD)
(PHI )

(PILD)

(PINT)

(PLOT)
(PMPY)
(PNOR)
(POIN)

(PLRG)
(PLRT)
(PPRC)
(PQFB)
(DPQF)
(PQSD)

(PRBM)

(DPRB)

Storage
Required
(Bytes)

474

510

282

314

350

794

848

862

746

766

1024

566

1390

402

344

2500

506

258

1144

9282

2086

704

2252

2384

382

2400

2476

Page
171
173
173
177
175
172
178
178
180
180
232
177

88
175
176
452
172
178

89
411
181
231
193
193
176
189

189

Name
PROBT
PRQD
DPRQD
PSUB
PVAL

PVSUB

DQA32
+QDINT
QG2
QG3

QG4

(Label)
(PROB)
(PRQD)
(DPRQ)
(PSUB)

(PVAL)

(PVSU)

(QATR)
(DQAT)
QA2 )
(QA3 )
QA4 )
(DQA4)
(QA5 )
(QA6 )
QAT )
QA8 )
(DQAS)
(QAS )
(QA10)
(DA12)
(DA16)
(DA24)
(DA32)
(QDIN)
QG2 )
(QG3 )
QG4 )

Storage
Required

(Bytes)
2466
4572
4636

476
302
714
1128
1190
330
376
422
462
468
514
560
606
678
652
698
894
1110
1542
1974
2016
442
468

538
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Page

183
183
171
174
174
297
297
314
314
314
315

315

315
315
316
316
316
316
317
317
318
318
445
299
299

300
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Storage Storage

Required Required
Name (Label) (Bytes) ' Page Name (Label) (Bytes) Page
DQG4  (DQG4) 598 300 DQH8  (DQHS) 622 310
QG5 (QG5 ) 576 300 QHY (QH9 ) 616 310
QGs (QGS6 ) 638 300 QH10 (QH10) 652 310
QG7 (QG7 ) 676 301 DQH16  (DH16) 982 311
Qa8 (QGS8 ) 738 301 DQH24  (DH24) 1342 311
DQGS (DQGS) 814 301 DQH32  (DH32) 1702 312
QG9 (QG9 ) 776 301 DQH48  (DH48) 2422 312
QG10 (QG10) 838 302 DQH64  (DH64) 3142 313
DQG12  (DG12) 1030 302 QL2 QL2 ) 330 303
DQG16  (DG16) 1246 302 QL3 (QL3 ) 376 304
DQG24  (DG24) 1678 302 QI4 Q14 ) 422 304
DQG32  (DG32) 2110 303 DQL4 (DQL4) 462 304
QHFE  (QHFE) 434 294 QL5 (QL5 ) 468 304
DQHFE (DQHE) 482 294 QL6 (QLS6 ) 514 305
QHFG  (QHFG) 414 293 QL7 (QL7 ) 560 305
DQHFG (DQHG) 454 293 QLS (QLs ) 606 306
QHSE (QHSE) 478 296 DQLS (DQLS) 678 305
DQHSE (DQHS) 542 296 QL9 QL9 ) 652 306
QHSG  (QHSG) 462 295 QL10 (QL10) 698 306
DQHSG  (DHSG) 514 295 DQL12 (DL12) 894 306
QH2 QH2 ) 324 308  DQL16 (i)Lm) 1110 306
QH3 (QH3 ) 370 308  DQL24  (DL24) 1542 307
QH4 (QH4 ) 406 309 DQL32 (DL32) 197; 307
QH5 (QH5 ) 452 309  QSF (QSF ) 1286 291
QH6 (QH6 ) 488 309 DQSF  (DQSF) 1358 201
QHT (QH7 ) 534 309 QTEST (QTES) 710 71
QH8 (QHS ) 570 310 QTFE (QTFE) 382 290
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Name (Label)
DQTFE (DTFE)
QTFG (QTFG)
DQTFG (DTFG)
RADD (RADD)
RANDU (RAND)
RANK (RANK)
RCPY (RCPY)
RCUT (RCUT)
RECP (RECP)
*REGRE (REGR)
RHARM (RHAR)
DRHARM (DRAR)
RINT (RINT)
RKGS (RKGS)
DRKGS (DRKG)
*RKINT (RKIN)

| RK1 (RK1 )
RK2 (RK2 )
RSLMC (RSLM)
RSRT (RSRT)
RSUM (RSUM)

| RTAB (RTAB)
RTIE (RTIE)
RTMI (RTMI)
DRTMI (DRTM)
RTNI (RTNI)

DRTNI  (DRTN)

Storage
Required
(Bytes)
422
370
402
538
310
672
500
716
224
13736
1660
1762
376
2878
3018
2704
1420
770
1830
1034
502
826
778
1510
1582
724

770

Page
290
289
289
107

‘7
71
94

113
117
407
281
281
109
333
333
446
331
332
124
112
110
111
114
217
217
220

220

Name

RTWI
DRTWI
SADD
SCLA
SCMA
SDIV
SE13
DSE13
SE15
DSE15
SE35
DSE35
SG13
DSG13
SICI
SIGNT
SIMQ
SINV
DSINV
SMIRN
SMO
*SMPRT
SMPY
*SOLN
SRANK
SRATE

SRMA

(Label)
(RTWI)
(DRTW)
(SADD)
(SCLA)
(SCMA)
(SDIV)
(SE13)
(DE13)
(SE15)
(DE15)
(SE35)
(DSE3)
(SG13)
(DSG1)
(SICD)
(SIGN)
(SIMQ)
(SINV)
(DSIN)
(SMIR)
(SMO )
(SMPR)
(SMPY)
(SOLN)
(SRAN)
(SRAT)

(SRMA)

Storage
Required
(Bytes)

770

804

434

420

430

470

460

500

588

620

564

604

648

696

1192

1170

1286

1092

1080

700

542

1792

434

11754

1260

1534

442
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Page
215
215’
104
106
108
105
255
255
256
256
258
258
253
253
370

72
120
119
119

66

61
449
105
451

73

92

108
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Name (Label)
SSUB (SSUB)
*STEPR (STEP)
STOUT (STOU)
STPRG (éTPR)
SUBMX (SUBM)
SUBST (SUBS)
TAB1 (TAB1)
TAB2 (TAB2)
TALLY (TALL)
TCNP  (TCNP)
DTCNP (DTCN)
TCSP (TCSP)
DTCSP (DTCS)
TEAS (TEAS)
DTEAS (DTEA)
TETRA (TETR)
TEUL (TEUL)

Storage
Required

(Bytes)
434
11584
1684
3200
512
888
1636
2806
1206
678
726
706
754
2024
2096
2038

844
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Page

104

417

454

41

31

28

29

30

27

200

200

203

203

234

234

90

238

Name
DTEUL
THEP
DTHEP
TIE
TLAP
DTLAP
TLEP
DTLEP
TPRD
TRACE
TTEST
TWOAV
UTEST
VARMX
WTEST

XCPY

(Label)
(DTEU)
(THEP)
(DTHE)
(TIE )
(TLAP)
(DTLA)
(TLEP)
(DTLE)
(TPRD)
(TRAC)
(TTES)
(TWOA)
(UTES)
(VARM)
(WTES)

(XCPY)

Storage
Required
(Bytes)
924
712
768
640
776
820
716
772
904
560
1794
1108
1064
2914
1488

670

Page
238
207
207

74
210
210
214
214
103

55’

86

74

75

56

76

96
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SUBROUTINE DESCRIPTIONS AND LISTINGS

Listed below are the subroutines., A brief descrip- ‘Subroutine BOUND
tion precedes those subroutines that require further . m
ifi i c eesessveccnssunan 20
elarification. RN n
€ SUBROUTINE BOUND 0
¢ 50
- c pUNSCSE 40
STATISTICS ¢ SELECT FROM A SET (OR A SUBSET) OF CASERVATICNS THE NUMBER BOUN 70
c OF OBSERVATIONS UNDER, BETWEEN AND OVER TWO GIVEN BOUNDS ~ BOUN 40
¢ FOR EACH VAREABLE SOUN: 90
4 ANUN 100
i [3 SAGE BOUN 110
Data Screening c CALL SGUND Ay SsBLO+BHI UNDER ,BETH)OVER(NC NV, TER) BOUN 120
B — c BOUN 130
c DESCRIPTION OF PARANETERS ADUN. 149
3 < OBSERVATION WATRIX, NO BY NV BOUN 150
Subroutine TALLY [ s ~ VECYOR. INDICATING SUBSEY DF A. ONLY THOSE AQUN 160
€ UBSERVATIONS WITh A NON-ZERD $(J) ARE CONSIDERED.  8DUN 170
. c VECTOR LENGTH (S AOUN 180
P Al 1o c sLC - INPUT VECTOR OF uweu BOUNDS’ ON AL VARIABLES. SOUN- 190
[ sssrssnsensasavassnse TALL 20 € VECTOR LENGTH 1S Raun. 200
< laL 20 ¢ BHI - Jueus VECTON GF UPPER BOUNDS ON AL VARIABLES. BOUN. 210
b SUBRCUTINE TALLY TaLL 0 € VECTOR LENGYN LS. NV, ROUN 220
¢ AL e c 'UNGER = QUTPUT VECTOR INDICATING; FCR EACH VARIABLE. NUMBER SOUN 230
b puRRGSE T m o e GF GBSERVATIONS UNGER LCWER SOUNDS. VECTOR LENGTN  BOUN 240
’ ¢ 1S NV,
c CALCULATE TOTAL, MEAN,: STANDARD.DEVIATION, YININUM; WAXIWUM TALL T
3 PETL - CLYPUT VECTOR INCICATING, FCR EACH VARIABLE, NUNSER BOUN 260
£ FOR EACH VARIABLE IN A SET (OR A SUBSET) NF OBSERVATIONS  Tatt 730 3 OF OBSERVATIONS EGUAL TO OR BETWEEN LONER AND UPPER BOUN 270
€ UsAGE TALL 100 ‘ CvER Eﬁ'x"r‘ﬁiu!ﬁzﬁ";tﬁ?ﬁl?.{é "PER EACH VARIABLE, KUMBER Soun 590
- v .
g Clll TALLY{AsSsTCTALyAVER s SO+ VMIN:VMAX¢NOsNV ¢ IER} ;:tt :;g c OF OBSERVATIGNS OVER UPPER BOUNDS. VECTOR LENGTH :g::,o:
< 15 NV 31
¢ DR T LN O warion MaTRIKy ND BY NV Mt I3 AC > MUNBER GF CBSERVATICNS BOUN: 320
H 0 € MV - NUMBER OF VARIABLES FOR EACH CBSERVATION BOUN 330
c § 2 NPT VECTOR INDICATING SUBSEY OF A. ONLY THUSE TALL 159 c R - L R e H SCUN 331
c AT aen 1 4/yg, \NTEERD S1Ib ATE CONSIOERED.  TAE 130 c Z 1. IF LOWER BOUAC IS GREATER THAN THE UPPER BOUNC  BOUN 332
c YOTAL - CUTPUT VECTOR OF TOTALS OF EACH VARIABLE. VECTOR © -TALL 180 < FOR. SCRE VARIABLE souN: 333
c BCUN 340
c LENGTH 1S NV. TALL 190 3 REFARKS SouN 390
C AVER - DUTPUT VECTOR OF AVERAGES OF EACH VARIABLE. VECTNR TALL 200 3
c MONE BCUN 360
c LENGTH 1S NV. L 210 ¢ areead
b 0 R O o Leacon 15 oy TIONS OF EACH Tau 220 c SUSRCLTENES #NG. FLNCTION SUEFRGGRAMS REQUIRED BOUN. 380
c VNIN ~ QUTPUT VECTOR OF WINIMA OF EACH VARTABLE. VECTOR & TALL 240 ¢ b oouN 20
c LENGTH IS NV. TALL 250 ¢ rETHCE BoUN 410
¢ VRAK - DUTPUT VECTOR OF MAXTMA OF EACM VARIABLE. vECTCR - TDh% 270 c EACH HE' [COSERVATION) CF MATAIX A WITH CORRESPCNOING BOUN 420
< NG - N Or DOSERVATIONS AL 20 c ACN-ZERC ELEWEAT IN S VECTCR IS TESTED. CESERVATIONS ARE  BCUR 430
H N o e arLrsThae eAcH oBsERVATION A 2 c COFPAREC WITh SPECIFIED LUWER ANG UPPER VARIABLE BOUNDS AN BOUN: 440
¢ A A TaL 290 c & CCUNT IS KEPT IN VECTCAS UNDER, BETMEEN; ANC OVER. BOUN. 450
[ = 1¢ IF S IS NULL. VMIN®~1.ET5, VMAX=SO=AVER=},.E7S. TALL 29? z “ :g:: ::g
¢ DR Ny e NoNeiERD ELERENT wMINAVRAX TALL 29 < seaoeressnerbebestasiaaatareiaietasetide s dn e s d i s e n e o BEUN 470
H s0%0.0 L e SUBRCUTINE BELAC{A+SsBLCoBHEUNCER (BETHICVERINCHAV) 80UN 490
< REMARKS Tt A CISERSICA AT1)oS{11+ELCI1D+BRIIL1JUNDERTL) BETHELD JCVEREL) BOUN 500
c KONE TALL 320 < 8GuN 510
p4 e ae < CLESR CUTPLT VECTERS. scun 520
c SUBRCUTINES AND FUNCTION SUBPROGRAMS REQUIRED TALL 340 ¢ oy
[ KCNE TALL 350 1ER=C BOUN 531
< AL aen LC 1C inTshV BcuN 532
b ETHOD Mo I (ELCITI-BRIEIN) 1€, 10011 80UN 533
c ALL. OBSERVATIONS CORRESPONDING YO A NON-ZERQ ELEMENT IN S TALL 310 L L UM e
€ VECTOR ARE ANALYLED FOR EACH VARTABLE IN WATRIX A. TALL 390 PR SN 336
c TOTALS ARE ACCUMULATED AND WININUM AND NAXIMUN VALUES ARE  TALL 400 e NI B 210
< FOUND. FCLLONING THESs MEANS AND STANDARD OEVIATIONS ARE - TALL -41¢ Cln oy e
€ CALCULATED. THE DIVISOR FOR STANDARD DEVIATION IS ONE LESS TALL 420 eSS SN 329
c THAN THE NUMBER OF DBSERVATIONS USED. TALL 430 . . o 270
< TALE San I CVERIK)=C.0 souK 370
: ..................................................................;::t 450 H YESi SLESET vECTOR . BOUN. 590
SUBRCUTINE TALLY(A,SoTCTALyAVERy SDsVNINVHAXNOyNV) TALL 479 € 8 deEang Soun ot
CIMENSTON ACL)oSU1), TOTALEL) o AVER (L5 SDTR) sVAING L} VHAX( LY TALL &80 ¢ rrdid
[ TALL 490 #I?I:f. 24002 BCUK 630
c CLEAR QUTPUT VECTORS AND INITIALIZE VMIN,YRAX TALL 500 s o0 BOUN: 840
€ tER=0 L o c CCPPARE CESERVATICNS WITH BCUNDS scun 630
c
O 1 Kel,NV TALL 520
TOTAL(K)=0.0 TALL 530 2 :.‘:-:Ji;é'" :gg: ::g
AVERIK)=1.0875 TALL 540 FUALLIN-BLOEED) 54243 BGUN 690
SDIK)=1,CE? VALL $%0 ! M o2
Sl b e AL g FIFLAGIII-ERITID] 4ekek . 80uN 700
1 VPAK(K)=1.0E75 TaLL 570 ¢ ot o 139
¢ TALL 580 < BOUN 730
¢ TEST SUBSEY VECTOR TALL 390 4 EETRLIIEETR(1101.0 Scu 740
ol Lo Taste # UACER(IISLACERLI}e1.cC BouN 760
3
e ez i b € CVER(1)SCVER(ED#RLC BOUN 780
2 SCNTASCNT+1,0 TALL 650 e o van
¢ TALL s60 1Z RETURN BOUN 810
€ CALCULATE TOTAL, NINIMA, MAXIMA TALL 670 BO0UN 820
c TALL 680 EnC
00 & ToloNV TALL 690
13=1JeKC TALL 700
TOTAL(LISTOYALCI19AS 19D TALL 710
IF(ATLII-VAINCID) 3.4,4 TALL 720
3 VKINCTI=At1d) TALL 730
& IF(ALSII-VMAX(IDY 8,6,5 TALL 740
5 YNAXCED=ALI) TALL 750
6 SDU1)aSOULIALIIISACLS) TALL 760
T CONTINUE TALL 770
c TALL 780
c CALCYLATE NEANS AND STANDARD DEVIATIONS TALL T90
c TALL 800
IF (SCATI8,8,9 TALL 801
o 1ERsL TALL 802
GG Y0 15 TALL 503
9 00010 I=I,NV TALL 810
10 AVER(I)=TOTAL(13/SCNT TALL 820
IF (SCAT=1.01 13,1113 TALL 821
11 1€R=2 TALL 822
00 12° I=1,N¥ TALL 823
12 50(11=0.0 TALL 824
66 T0 18 TALL 828
12 00 14 I=i,N TALL 826
14 SOU11eS0RTEABS((SOET 1-TOTALIT)TOTALUT)/SCNTI/USCNT-1.00 )} TALL 830
15 RETURN TALL 840
END TALL 850
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Subroutine SUBST

c suBS 10
3 cracennse PrsmrsesssrstsiucennanasrasunvassersonsveassnnacssSUBS 20
[ UBS 30
¢ SLERCUTINE suasT SUBS 40
¢ 5UBs’ 50
¢ PLRFCSE suss &0
c CERIVE 4 SUBSET VECTOR INDICATING WHICH CBSERVATIONS IN A SUBS 70
4 SET hAVE SATISFIED CERTAIN CONDITIGNS ON THE VARIABLES. SUBS 80
¢ SUBS 90
c USAGE suus 100
c CALL SLBST (A4CoReBySoNCNVINC) SLBS 110
4 FARMMETER B MLST BE DEFINED 8Y AN EXTERNAL STATEMENT IN THE SUBS 120
c CALLING FRCGRAN suas 130
4 Su8s 140
C CESCRIPTICN GF PARMNETERS suas 150
¢ ~ CBSERVATICN MATRIX, NC BY NV SUBS 160
¢ € - INPLY MATRIX, 3 BY ACy OF CONDITIONS TG BE CONSIDERED. SUBS 170
C ThE. FIRST ELEMENT. CF EACH COLUMN OF C REPRESENTS THE SUBS 180
c NUPBER GF' THE VARIABLE (COLUMN OF THE MATRIX A) 70 BE SUBS 190
c TESYEC, THE SECONC ELEMENT OF EACH CCLUMN IS A 5u8S 200
C RELATIONAL CODE AS. FOLLONS suBs 210
c 1. FCR LY (LESS THAN) ) suas 220
4 2, FCR LE (LESS YHAN OR E€QUAL TO) SuBs 230
[4 3. FOREC (EQUAL T0) SUBS 240
C 4. FCR_NE. (NOT EQUAL TC SuBS 250
c 5. FCR GE (GREATER: THAN uu EQUAL TO} SUBS 260
c T (GREATER THAN) suss 270
3 THE Irxnn ELEMENT CF EACH COLUMN IS A QUANTITY T BE  SUBS 280
c USEC_FCR CCNPARISON wITH THE OBSERVAVION VALUES. FOR  SUBS 290
3 EXAMPLE, THE FOLLCHING COLUMN IN € suas 300
t Ze suBs 310
C S. suss 320
C §2.5 suBs 330
3 CAUSES THE SECOND VARIABLE 7O 8E TESTED FOR GREATER  SUBS 340
4 THAN. GR EQUAL TQ 92,5 suBS 350
c R < WGRKING VECTCR USEL 1C STORE INTERMEDIATE RESULTS OF  SUBS 340
3 ABCVE TESTS ON A SINGLE OBSERVATION. IF CCNDITION IS  SuBS 370
3 SATISFIED, REI) IS SET TG 1. IF IT I§ NCT, R{I) IS SET SUBS 380
3 T0 Q. VECTCR. LENGTF IS NC. suss 190
3 E - MAME OF SUBROUTINE TC BE SUPPLIED BY TME USER. IT SUBS 400
t CGNSISTS OF A BOOLEAN EXPRESSICN. LINKING THE 5uBS 410
C INTERMECTATE VALUES STORED. IN VECTOR R.. THE BOOLEAN  SUBS 420
4 GPERATORS ARE "&' FCH*AND®, *¢¢ FOR 'CRY, EXAMPLE SUBS 430
3 SLBRCUTINE BLCLIR,T) SUBS 440
3 DIMEASICN R(3) SUBS 450
t T=R{LIHIR(2D4RI3 DD SUBS 460
t RETLRN 5u8S 470
£ ENE suas 480
3 THE ABGVE EXPRESSICA IS TESTED FOR SUBS 490
c RE1DANDO(R{2Z}CRLRIZDD SuBS 500
C § - CUTPUT VECTOR. INDICATING, FOR EACH OBSERVATION, SUBS 510
3 WHETHER. CR NCT. PROPCSITION & IS SATISFIED. If IT 1S,  SUBS 520
c SC1) 1S NGN-ZERD. IF IV.1S KOT, SUI} [S. ZERG. VECTOR  SUBS 530
c LENGTH. IS, AC. 5UBS 540
c AC - AUPBER CF CBSERVATICAS. NO MUSY BE > OR = 10 1. SuBS 550
[4 AV - KUMBER OF VARIABLES. Nv AUST BE > OR = 1C 1. SUBS 560
c MC - MUMBER OF BASIC CCACITIONS TO BE SATISFIEO. NC MUST BE SUBS 570
13 GREATER. THAN.OR. EQUAL TG 1. SUBS 571
c SuBs 580
4 REFARRS SUBS 390
[3 ACAE SUBS 600
c SUBS 610
c SLBICHYINES AND FUNCTION SUBPRUGRAES REQUIRED SUBS 620
c THE MAME OF ACTUAL SUBRCUTINE SUPPLIED BY THE USER WAY. ' SUBS 530
c BE CIFFERENT (€.G.y BCOL), BUY SUBROUTINE. SUBST ALWAYS  ~ SUBS 640
4 CALLS IT AS B. IN CRCER FOR SUBROUTINE SUBST tu 00" THIS,SUBS 450
c THE NAPE CF THE USER-SUPPLIED SUBROUTIME PUST B SUBS 660
c CEFINEC BY AN EXTERNAL STATEWENT IN THE CALllNG PRUGRAM,  SUAS 670
c ThE NAME MUST ALSD BE LISTED IK THE */CALL SUBST!! SuBs 680
¢ STATEMENT, {SEE USAGE ABOVE} 5UBS 490
3 SUBS 700
c METHCL suBs 110
3 THE FCLLOWING IS DONE FCR EACH GBSERVATION. SUBS 720
c CCACITICN MATRIX IS ANALYZED TO QETERMINE. WHICH. VARIABLES  SUBS 730
c BRE TC BE EXAMINED. INTERWECIATE VECTOR R IS FCRNED. THE  SUBS 740
3 BCCLEAN EXPRESSION {IN SLBROUTINE B) IS THEN EVALUATED 70 SUBS 750
3 CERIVE THE ELEPENT IN SLESET VECTOR S CORRESPONDING TO THE SUBS 740
3 CESERVATION. suBs 770
C Sues 740
C eeeeersmsestracrntrattisrsacsstnctnrnesonesurrassaiscasiasasasacsSUBS 750
3 SUBS 800
SLERCLTEME SUBSTALCIRsB,SeNCoNV,NC) suss 810
CIFENSICN ACL34CELD4RELD,S(1) sues' 820
c Suss 830
£C 5 I=d.AC SUBS 840
IG=1-NC SUBS' 850
Kx-2 SUBS. 860
CC & Jad.hC suBs 870
4 SUBS: 880
C CLEAR R VECTCR Suss’ 490
c Su8S' 900
RtJ1=c.C suas: 910
¢ . SUBS. 920
c LCCATE ELEMENY IN CBSERVATIGN MATRIX AND RELATICNAL CODE SuBS 930
3 SUBS: 940
Kwke1 SUss: 950
12sC(K} 5UBS 960
TA=EC+I24AC Suss 970
1GC=Cike 1) Suss 980
t SUBS: 990
3 FCRM & VECTOR 5U851000
3 sues1010
CoACRAI-CIKe2) Su8s1020
GC TCUlv2eo4s5e824160 Su8S1030
1 OIEICH Yok suast040
Z IFIC) Tel148 Suas1a50
2 IF(C) EeT48 Suas1060
& IF(C) T4E.7 Sussio70
5 IFIC) €141 suasioso
¢ IF(C) Eoka? SuBS1090
7 R(JI=LLC Su8S1100
4 COMIME : suasiiio
T suns1120
c CALCLLATE § VECTCR suasiilo
c suasiiso
S CALL BiR,S{1)} suasil1so
FETURN SUBSL160
ENC suesi170
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Subroutine' ABSNT

fak Al Tyl Y Y Y Y N L TS

[

ic
2¢

R L D

SLERCUTINE ABSANT

FURFCSE
TEST PISSING CR' ZERC- VALLES FOR EACH CBSEAVATICN IN
PATRIX A,

USACE

C2LL RBSNE (A, 54NC,NY)
CESCRIPTICA CF PARAMETERS

& ~ CBSERVATICA MATRIX, AC BY NV ABSN
§ = CLTPUT VECICR OF LENGTh NO INDICATING YHE FOLLONING ABSN
CCTES FGR EACK CBSEAVATICA. ABSN
1 THERE 1S NCT A FISSING CR ZERC VALUE. ABSN
C AT LEAST GNE VALLE 1S MISSING OR ZERC. ABSN
AC - AUFBER CF CBSERVATICNS. NO MLST BE > OR = 70 1. ABSN
MY - ALFEER OF VARIABLES FCR EACH CBSERVATION. NV MUST BE  ABSN
GREATER THAN OR EQULAL TC I. ABSN
ABSN
REFARKS ABSK
MAE ABSN
ABSN
SUBRCLTIAES AND FUNCTION SUEPRCGRANS REQUIRED ABSN
MONE ABSN
ABSN
PETHCT ABSN
4 TEST IS MADE FCR EACH RCW (CBSERVATSCN} OF THE MATRIX 4. ABSN
IF THERE IS NCT A MISSING QR ZERQ VALUE, 1 IS PLACED IN BSN
::4;; :s AT LEAST CNE VALUE IS NISSING OR IEIC. 0 1S PLACED A!SN

3
ABSN
S AeseeceecantetattetttrattattittttratonnsnnnntsacnnsaansasiennessABSN

S

SUBRCLTINE BESNT(AeS,AC,NV) Aasx
CIVEASICN AL13,5(1) ABSN
EC 2C Jx14AC ::::
1d=J=AC ABSN
Stdl=i.C ABSN
LC IC: I=1,NV ABSN
= TJ4AC ABSK
IFGALLGI) 1Ce541C ABSN
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Subroutine TAB1

This subroutine tabulates, for a selected variable in
an observation matrix, the frequencies and percent
frequencies over class intervals. Interval size is
computed as follows:

UBO,_, - UBO
k= ——2 3 1)
UBO_ -2 (
2
where UBO:l = given lower bound
UBO2 = given number of intervals
UBO 3 = given upper bound
If UBO; = UBOg, the subroutine finds and uses the

minimum and maximum values of the variable.

A table lookup is used to obtain the frequency of
the ith class interval for the variable, wherei = 1,
2, ..., UBO,. Then each frequency is divided by
the number of observations, n, to obtain the percent
frequency:

100F;
P, = —— 2)

In addition, the following statistics are calculated

for the variable:
n

T= 2 X
i1

Total: .
ij 3)

where j = selected variable

Mean: X = =
n

4)

Standard deviation:

=1 3 \y=q U n ®)
s E—1
-1
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vegtal. TABL 310
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ubroutine TAB2

'his subroutine performs a two-way classification
f the frequency, percent frequency, and other
tatistics over given class intervals, for two se-
ected variables in an observation matrix.

Interval size for each variable is computed as
ollows:

UBO;, - UBO.,
ky = U%Jo 3 2 @
2j
/here U'BOlj = given lower bound
UBO2j = given number of intervals
U’BO3]. = given upper bound
j=1, 2

f UBO1j = UBOgj, the subroutine finds and uses the
ninimum and maximum values of the jtb variable.

A frequency tabulation is then made for each pair
f observations in a two-way table as shown in
"igure 6.

Symbols = and < in Figure 6 indicate that a count
s classified into a particular interval if the data
oint is greater than or equal to the lower limit of
hat interval but less than the upper limit of the same
nterval.

Then, each entry in the frequency matrix, Fij, is
ivided by the number of observations, N, to obtain
he percent frequency:

100F .
4

P k-3
ij N (2)
vherei = 1, 2, ..., UBO21
i=1,2 ..., UBO22

\s data are classified into the frequency matrix, the
ollowing intermediate results are accumulated for
rach class interval of both variables:

1. Number of data points, n

n
2. Sum of data points, iz: lxi

N

n
¥ X
i=1

3. Sum of data points squared,

[

From these, the following statistics are calculated
for each class interval:

n
15 1Xi
Mean: ®= = ©)

0 : Statistics~-Data Screening

Standard deviation:

noo, n 2
z Xi - = Xi A
i=1 i=1
8= 4)
n-1
Frequency matrix
Fia | Fa2
lower <
bound
F
21
&
2
C <
=
o
>
-
[
[
upper
bound
lower upper
bound bound
Second variable
Figure 6. Frequency matrix
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Correlation and Regression (see Smoothing,
Factorization)

Subroutine CORRE

This subroutine calculates means, standard devia~-

tions, sums of cross-products of deviations from

means, and product moment correlation coefficients

from input data Xij’ where i=1, 2, ...,n implies ob-

servations and j= 1, 2, ..., m implies variables,
The following equations are used to calculate

these statistics,

Sums of cross~products of deviations:

n
ik i=1 ij j ik k
n n
z: X, -T _s_: X, -T
P s s 1
= i j £t ik k) (1)
i)
where j = 2, oo, myk=1,2, ..., m
m
3,
i=1
Tj— = (2)

(These temporary means Tj are subtracted
from the data in equation (1) to obtain compu-
tational accuracy.)

n

X,
ij

- @)

i=1

Means: X =

where j = 2, see, M

Correlation coefficients:

S,
r, = Jk @
Jie S S
1] kk
where j= 1 2, veo, m; k=1, 2, ..., m

Standard deviations:

V5

n-1

(%)

e

where j=1, 2, ..., m
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CCRR 90

USACE CORR 100
CALL CCRRE INoMyTCo Ko XEAR STDRXR 4890, 7) CORR 110

. CGRR 120

CtSCFlF‘IEN CF PAHAMETERS CCRR 130

KUMBER CF CBSERVATICNS. N MUST BE > OR = TC 2, CCRR 140

F = AUFEBER GF VARJABLES. ™ MUST BE > CR = 10 . CORR 150

1c = CPTICN GCCE FCR INPUT QATA CCRR 160

G IF CATA ARE TU EE REAC IN FRCP INPLY QEVICE INK THECCRR 170

SPECIAL SUBRCUTINE NAMED -CATA. (SEE SUBROUTINES CORR 180

LSEC MY THIS SLERCUTINE BELCW.) CORR 190

1 IF ALL CATA ARE ALREALY IN CCRE- CCRR 200

X ~ IF J0=Cy TRE VALLE CF X IS 0. R 210

IF ICs3,-X IS TFE INPUT Fl'lllll (43 l' L4} CUN"A!NING CORR 220

CatA. 230

XEAR - CLIPLT VECTCR OF LENGTH M CCATAINING PEANS. COII 240

SIC -~ CLYPUT VECTOR CF LENGTH M. CONTAINING STANDARD CORR 2350

CEVIATICNS. CORrRR 260

(3] = CLIPLT PATRIX (# X P} CONTAINING SUMS OF CROSS-— CGRR 270

PRCLLCTS CF OEVIATIONS FROM MEANS. CURR- 280

R =~ CUTPLT PATRIX [CALY UPPER TRIMGULAR PORTION OF THE CORR 290

SYPMETRIC MATRIX CF M oY M} CONTAINING CORRELATION CORR 300

CCEFFICIENTS. (STORAGE MGCE CF 1) CCRR- 310

13 = CLTPUT VECTGR CF . LENGTH M CONTAINING THE DIAGCNAL = CORR 320

OF THE MWATRIX OF SUFS GF CRCSS-PRODUCTS OF CCRR 330

CEVIATICNS FRLM FEAAS. CORR 340

T = mCRKING VECTCR CF LENGTR Mo CORR 350

T - WGRAKINEG VECTCR CF LENGTER ¥. CGRR 360

CCRR 370

REFAFKS CORR 380

CCFKE WILL NCT ACCEPT A CCASTANT VECTCA, CORR 390

: CCRR 400

SLERCLTINES ANC "FUACTION SLEFRCCRAMS RECUIREC CORR 410

CATALF L} = THIS. SLBRCUTINE PUST 8€ PRCYIDED EY THE USER. CORR 420

(1) IF I1C=Cy THES SLBROUTINE IS ENPECTED TC CORR 430

FURNISKH AN COSERVATION [N VECTICA D FRCM AN CCRR 440

TEXTERNAL - INPUT CEVICE. CCRR 450

(2} IF IC=1, THIS SLBRCUTIAE LS NCY USED 8Y CCRR 460

CCRKE BLT ¥LST EXIST IN JOB CECK. IF USER CCRR 470

FAS RCT SLPPLIEC A SUBROUTINE MAMEQ DATAy . CORR 480

TRE FCLLCWING IS SUGGESTED. CCRR' 490

SUBRCLTINE CATA CCRR' 500

RETLAA CCRR 510

EN CCRR 520

CORR 530

L3141 CORR 540

FRCCLCT-MCMERT CCRRELATICA COEFFICIENTS ARE CCMPUTED. CORK: 550

susess

asens

SUERCUTIAE CCFRE (No® o ICoXoXEAR,STCyRX R 484D, T) :
CIPERSICN XU1)oXBARILISSTDEIDWRX{LILRELDBELIH0E1)5T(1)

........ccun 620
ORR 630

IF' 4 CCLELE PRECISICN VERSICA CF THIS ROUTINE 1S CESIRECY THE cun 640

€ IN CCLUMM 1 SHCLLEC BE REPCYEC FROM THE DOUBLE PRECISION CORR 650
STATEREAT WkICH FCLLCWS. CCRA 680

) CORR 570

CCUELE PRECTSICA XBARySTOsRXoRoB,T CCRR 680
- GRR 690

THE C PLST ALSO EE REMCVEC FRCM DGUBLE PRECISION STATENENTS  CORK 700
APPEARING IN CTRER RCUTIAES LSEO IN CONJUNCTION WITH THiS CORK 710
RCLTIAE. CCRA 720
CORR 730

THe CCUBLE PRECISION VERSICK CF THIS SUBRCUTINE NUST- ALSC CORR" 740
CONTALN CCUBLE PRECISION FCRTRAN FUNCTICNS. = SQRY AND ABS ln CGRR 750
STATEPENT 22C MLST BE CRANGET VO DSQRT AND DABS. CORR: 760
CORR 770
esneeucanuactersrintttsstscsontssrcsnrncacesessnsoneseiscnsnisaCORR THO
CORR 790

INTTIALL2ATICN CORR 800
) CORR_ 610

€C 16C Jslow CORR 820
El4ng.C CORR 830
TEdieCLC CORR 840
K=iporerisz CORR 650
£C 182 IsleX CURK. 860
@ Htlisc.c CORR 870
FAsA CORR 880
(= CORR 890
CAIRR. 900

1EGIC) 3C%, 327, 1CS CORR 910
cork 920

CATA ARE ALREACY IN CCRE CORR 930
. CORR' 940
LE 1ce Jnlyp CORR 930
£C 1CT faluh CORR 960
Leiel CORR. 970
T =T ex(t) CORR 980
XBARLJI=TIS) CORR 990
T(II=TLIIIFN CORREGO0
CORREOLO

€C 115 F=lep CORR1020
dKag CCRR1030
Lat-a CORR1040
TC 1IC Julep CORR1050
LeLen CORR1060
[T T CORRLOTO
ELSIRdIIC (4D CGRR1LOBO
EC 115 J4el,0 Car%1090
£C 115 Kaled CORR1100
dNagel CORR1L10.
EUREIKIR{IKISL LI IOC (KD CCRRIM20
&€ TC 2C3 CORRI130
CCRR1140

REAC CESERVATICNS ANC CALCULATE TEMPCRARY CORR1150
PEANS FHCH THESE CATA IN T(J) CoRRL160
: CCRR1170

IF(R-p3 13C, 130, 12¢ CORR1180

[ L1 CCRR1190

¢ TcaNn CCRRE200
L CCRR1210
CC 14C Ix]skK CGRR1220
CALL CATA troC) CCRR1230
EC 14C Jalor CCRR1240
TtdisTldbeciy} CORR1250
el CORR1I260
RX{L)aCid} CCRAL270
FREuxK CORRE 280
£C 15C Jelsp CCRR1290:
L LLIR AN EY] CCRR1300
TUIIaT(JIIFRK CCRR1310
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CALCLLATE SLMS CF CRCSS-PRCLUCYS CF DEVIATICNS
FRCM TEFFCRARY FEANS FOR M GESERVATICNS

tC lIC I=JeKK

Et ITC dele¥

L=bLel

CUJI=RRELI-TE)

CC 18C J=1,¥
ELJI=ELIISCLIY

EL 1BC k=1,

FLEFLEAY

RUJK)=R (JK)SLLIIPEUKD

IF(N-KK) ZC%y 2C%, 1ES

REAC T+E REST CF CBSERVATICAS CME AT & TIFE, SUNF
ThHE CESERVATICA, ANC CALCULATE SLPS CF CRCSS-
FRCOLCTS CF CEVIATICNS FROM TEMPORARY MEAKS

KKsh=KK

€L ZCC I=14KK

JK=C

CALL CATA (¥olY

£C ISC yslyk
PEAR{JI=NEARLJIGCIIY
CLII=lldI=TEJ)
ELJ)=E(J)eLt)

CC 2CC J=laF

€C ZCC K=led
dK=JRe]. T
llJl)-ﬁ(Jl)oClJl‘ﬁ(K)

CALCULATE MEMNS

Jk=C
€C Z1C Jsly
X!lﬂlJ)tl!‘l(Jlth

AUJLST SLPS CF CRUSS-PRCTUCTS CF DEVIATICAS
FRCP TERFCRARY MEANS

Le z1¢ KII-J
FLENLES
l(Jx)-F(JII ECJISEIKRIZFN

CALLULATE CCRRELATICA CCEFFICIENTS

JKaC

LC 24C JaloF

ELAS LY

SIC{dI= SCRT( BESIRIJKIN)
LC 23C Jul.F

L0 220 k=doF

KeJe{RIK-K)/2

Lapd{J-1)9K

AXILI=R(JIR}

Labeix-1)ed

RX(L)=REJRY
TIF(STCLJIOSTCIKE) 22%¢ 2224 2%
ﬂlJIlt(-C

€C ¥C 2%
ﬁ(JKD-“IJK)IIS‘CIJI"YB(K))
CCATIME

CALCLLATE STANCARC CEVIATICAS

FRSCRTIFA-1.C)
CC 24C y=1.0
STLUJpaSTLLIM/FN

CCPY THE CIAGCAAL CF THE MATHIN (F SUPS CF CRCSS-PRCOUCYS CF
CEVIATICMNS FRCK PEARS.

La=p

€L Z5C I=L,»
Lebepel
[ISRELIER¢N)
FETULRA
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Subroutine MISR

The

1. Compute means:

n
3 x
=1

n

j=1,2,..., m implies variables
number of nonmissing values for the jth

variable

n
=Y g~ ®) (qi-F) -

where X, X

a=1

n'
Z (Rgi =%) D5 (Koj = %)
o= a=1

n

puted as above
n’ = number of sets where the ith and
variables are both present

3. Compute product~moment correlations:

S

e

4. Compute regression coefficients, intercepts,
and standard errors of regression coefficients:

as dependent:

S, .
i

Sii

Regression coefficient: bij =

Intercept: ajj=Xj -bijjx;°

Statistics--Correlation and Regression

This subroutine computes means, standard devia-
tions, third and fourth moments, correlation coef-
ficients, regression coefficients, and standard
errors of regression coefficients when there is
missing data. Effective sample sizes are also pro-

| vided. Missing observations or certain values of the -
data can be skipped at the user's option.
computational steps are as follows:

(1)

2. Compute sums of cross-products of deviations
from means for complete sets of ith and jth variables:

2)

= means of ith and jth variables com~

jth

(3)

a. ith variable as independent and jth variable‘

(4)

(5)

33



Standard error regression coefficient:

2
S5 - T Sy
(n

"9 8y

jth variable as independent and ith variable
as dependent:

Sbij (6)

Regression coefficient: by, = S (7)
Intercept: aj = % - by; X5 8

Standard error of regression coefficient:
_Sii - v8 Sy
@’ - 2) 8jj

sbji )

5. Compute standard deviations:

(10)
where n = number of nonmissing values forujth
variable

6. Compute skewness and kurtosis, s and k:
n .
Letp;. = A
etu;, az=:1 (5; = %) */n
Then sj = p3; S/ (#2 ) 3/2 (11)
2
and k; = =3
k; (u4j/nz]) (12)

Note: This subroutine cannot distinguish between a
blank and a zero. Therefore, if a blank is
specified as a missing data code in input cards,
it will be treated as 0 (zero).

For reference 'see B. Ostle, Statistics in Re-

gsearch.

The Iowa State College Press, 1954,

chapter 6

34  Statistics--Correlation and Regression
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MISR 10

cearssessevssscucnraraces eeees MISR 20

MISR 30

SUBKOUTINE MISR MISR 40

MISR 50

PURPOSE ISF - 60

COMPUTE MEANS, STANDARD DEVIATIONS, SKEWNESS AND KURTOSIS, MISR 70

CURRELATION COEFFICIENTS, REGRESSION CDEFFICIENTS, AND MISR 8O

STANDARD ERRORS UF REGRESSION COEFFICIENTS WHEN THERE ARE - MISR 90

MISSING DATA POINTS. THE USER IDENTIFIES THE MISSING DATA - MISR 100

BY MEANS OF A NUMERIC CDDE. THOSE VALUES HAVING THIS CODE: MISR 110

ARE SKIPPED IN COMPUTING THE STATISTICS. 1IN THE CASE OF THEMISF 120

CORRELATION COEFFICIENTS, ANY PAIR DF VALUES ARE SKIPPED: IF MISR 130

EITHER ONE OF THEM ARE MISSING. MISR 140

MISR 150

USAGE MISR 160

CALL MISR (NGyMyX,CO0Es XBAR»STOySKEWsCURT sRyNyAsB, Sy TERY MISR 170

ISR 180

UESCRIPTION OF PARAMETERS MISR 190

NO - NUMBER.OF OBSERVATLONS MESR 200

M~ NUMBER OF: VARIABLES MISR 210

X = INPUT DATA MATRIX OF 'SIZE NO'X M MISR 220

CODE - INPUT VECTOR OF LENGTH Ms WHICH CONTAINS A NUMERIC  MISR. 230

MISSING DATA CODE FOR EACH VARIABLE. ANY OBSERVATION MISR 240

FOR A GIVEN VARIABLE MAVING A VALUE EQUAL 'TO THE CODEMISR 250

WILL BE DROPPED FOR THE COMPUTATIDNS. MISR 260

XBAR - OUTPUT VECTOR OF LENGTH M CONTAINING MEANS MISR 270

STO - OUTPUT VECTOR OF LENGTH K CONTAINING STANDARD DEVI-- MISR. 280

ATIONS MISR 290

SKEW - DUTPUT VECTOR OF LENGTH M CONTAINING SKEWNESS MISR 300

CURT - OUTPUT VECTOR OF LENGTH M CONTAINING KURTOSIS MISK 310

R - GUTPUT MATRIX OF PRODUCT-MOMENY CORRELATION MISR. 320

COEFFICIENTS. THIS WILL BE THE UPPER TRIANGULAR MISR 330

MATRIX ONLY, SINCE THE M X M MATRIX OF COEFFICIENTS: MISR 340

1S _SYMMETRIC. (STORAGE MODE 1) MISR 350

N - OUTPUT MATRIX OF NUMBER OF PAIRS OF OBSERVATIONS USEDMISR' 360

IN COMPUTING THE CORRELATIDON COEFFICIENTS. . ONLY THE MISR 370

UPPER TRIANGULAR PORTION DF THE MATRIX IS GIVEN. MISR 380

(STORAGE MODE 1) MISR; 390

A~ OUTPUT MATRIK (M BY M) CONTAINING INTERCEPTS OF MISR 400

REGRESSION LINES (A} OF THE FORM YsA#BX.:: THE FIRST: MISR 410

SUBSCRIPT OF THIS MATRIX REFERS TO THE. INDEPENDENT  MISR.420

VARIABLE AND: THE :SECOND TO THE DEPENDENT. VARIABLE.. .-MISR. &30

FOR EXAMPLE, A{143)} CONTAINS THE INTERCEPT:OF -THE MISR. 440

REGRESSION LINE FOR TWO VARIABLES WHERE VARIABLE 1  MISR 450

IS INDEPENDENT AND VARIABLE 3 IS DEPENDENT.. NOTE. - MISR 460

THAT MATRIX A IS STORED IN A VECTOR FORM. MISR 470

8 - DUTPUT MATRIX {N BY M) CONTAINING REGRESSION MISR 480

COEFFICIENTS (8) CORRESPONDING TO THE VALUES OF MISR 490

INTERCEPTS CONTAINED IN- THE: DUTPUT MATRIX. A. 1SR 500

S -~ OUTPUT MATRIX (M BY M) CONTAINING STANDARD ERRORS  MISR 510

OF REGRESSION COEFFICIENTS CORRESPONDING TO THE MISR 520

COEFFICIENTS CONTAINED IN THE OUTPUT MATRIX Be MISR 530

1ER - Oy NO ERROR, ISR 540

1y IF NUMBER OF NON-MISSING DATA-ELEMENTS FOR J-TH - MISR 550

VARIABLE IS TWO OR LESS. IN THIS CASE, STO{J), MISK 560

SKEW(J )y AND CURT{J) ARE SET TO 10#%75. . ALL MISR 570

VALUES OF Ry Ay By AND S RELATED TO THIS VARIABLE nxsn s80

ARE ALSO. SET TO 10%#75. ISR 590

2, IF VARIANCE OF $-TH VARIABLE IS LESS THAN nxsn 600

10%%{-20). 1IN THIS CASE, STD{J)s SKEW(J)s AND: - MISR 610

CURT{J)} ARE SET TO 104#75. ALL VALUES OF Ry A, - - MISR 620

By AND 5 RELATED TO THIS VARIABLE ARE ALSO SET YD MISR 630

10%275, MISR 540

MISR 650

REMARKS n:sn 660

THIS SUBROUTINE CANNDT DISTINGUISH A BLANK AND A ZERD. SR 670

THEREFORE, IF A BLANK IS SPECIFIED AS A MISSING DATA CODE xunxsn 680

INPUT CARDS, IT WILL BE VREATED:AS 0 (ZERO). SR 690

HISR 700

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED MISR 710

NONE MISR 720

MISR 730

METHOD MISR: 740

LEAST SQUARES REGRESSION LINES AND: PRODUCT-MOMENT. CORRE- : : MISR 750

LATION COEFFICIENTS ARE COMPUTED. ISR 760

MISR 770

F A PPN LS IR ()

1SR 790

SUBROUTINE MISR (NOsMyXyCODEyXBAR,STDsSKEWsCURT 4R sNeAs8+S s 1ER) ng: :gg

DIMENSION X(1),CODE(1),XBAR(1),STD(1),SKEW{1},CURTI1),RI1),NI1) - MISR 820

DIMENSION Af1)4BU1}4SE1} SR 830

MISR 840

COMPUYE MEANS MISR 850

MISR 860

1ER=0 MISR 870

= MISR BBO

D0 20 JuiyN MISR: 89O

FN=0.0 MISR 900

XBARLJ}=0,0 MISR 910

00 15 Isl.NO MISR 920

Lulel MKISR 930

IFIX(LI-CODE(J}) 12, 15, 12 MISR 940

12 FN=FN¢1.0 MISR 950

XBAR(J )= XBARLID XL MISR 960

15 CONTINUE MISR 970

IF(FN) 16, 16, 17 MISR 980
1 stu(J)-o.o MISR: 9

G0 10 MISR1000

17 quA«J)sxaARlJIIFn MISRI010

20 CONTINUE MISR1020

. MISR1030

SET~UP WORK AREAS AND TEST WHETHER DATA IS MISSING MISR1040

#ISR1050

L=0 MISR1060

DG 55 Jxl, M MISR1070

LJd=NO*(J-1) MISR1080

SKEW(J}=0.0 MISR1090

CURT(J}=0.0 KISR1100

KIzM®({J-1} MISRLLIIO

KJ=d~M MISRi120

DU 54 I=14d MISR113gQ

KI%KI+1 MISRIL40

KJ=KJ+M MISRIIS0

SUMX20.0 MISRII60

SUNY=0.0 MISR1LTO

TI%0.0 MISR1180

1440.0 MISR1190

T1150.0 MISR1200

TI420.0 MISRIZ10

TI 20,0 MISR1220

NIJ=0 MISR1230

LI=NOS(I-1} MISR1240

LdeLdd MISR1250

Lulel MISR1260

DO 38 K«14NO MISRIZ2T0

Li=Llel MISREZ8O

Ly=Ldel MISR1290

FFOX(LII~CODELT}} 30, 38, 30 MISR1300

30 IF{X{LI}~CODE(JI) 35, 38, 39 MISR1310



aoo

3

w

~

3
38

3

o

40
[3)
42

43

45

BOTH DATA ARE PRESENT

XX=X{LI)-XBAR(I}
YY=X(1J)-XBAR(JS)
TI=TI+XX
TIT=TII+XX*%*2
TJI=TJeYY
TdI=TJJ+YVRR2
TLo=TIJ+XXEYY
NIJ=N1J+1
SUMX=SUMX+X(LT)
SUMY=SUMY+X{LJ)
IF(1-4) 38y 37y 37
SKEW{J}=SKER(J)+YY#e3
CURT{JF=CURTIJ) *YY**4
CONT INUE

COMPUTE SuM OF CROSS-PRODUCTS OF DEVIATIONS

IFINEJ} 40,y 404 39
EN=NIJ
RILY*TLI-TI*TI/FN
N{LI=NTS
TII=TII-TISTI/FN
TIS=TII-TI.TIFN

COMPUTE STANDARD DEVIATION, SKEWNESS, AND KURTOSIS

IF(I~J) 4Ty 41y 47
IF(NIJ-2) 42142443
1ER=1

RULI=L.OETS
A{KI)=1.0ETS
BIKI)=1.0€75
S{KI)=1.0E75

60 TD. 45

STDLJI=RIL)
R(L}I=1.0
AtLKT)=0.0
8(Kil=1.0
S(KI}=0.0

IFLSTD(IY={L.0E—~20)) 44y 44946
FER=2

STO(J}=1.0E?5

SKEW(J}=1.0E75

CUBT(JI=1.0ETS
cd’:o 55

MISR1320
HISR1330
MISR1340
MISR1350
MISR1360
MISR1370
MISR13B0
MISR1390
MISR1400
MISR141Q
MISR1420
MISR1430
MISR1440.
MISR1450
MISR14560
MISR14T0
MISR1480
MISR1490
NESR1500
MISR1510
HISR1520
RISR1530
MISR1540
MISR1550
NISR1560
MISR1570
MISR1580
MISR1590
MISR1600
MISR1610
MISR1620.
MISR1630
MISR1640.
MISR1650
MISRI&60
MISRLETO:
MISR18BG
MISR16%0
MISRLTOQ
MISR1TIO
MISRLT20
MISR1730
MISR1T40
MISR1750
NISR1760
MISRLITTO
MISR1TEBO
MISR1790
MISR1800
MiSR1810

noo

can oen

46

47
49

50
5i
52

5

w

54
55

WORK=STO{J)/FN

SKEW(J )= (SKEW(J)/FN)/ {WORK*5QRT{ WORK } )
CURT{J )= {CURTEJ)/FN)/NORK*#2)-3,0
STOLJI=SQRTISTO(JI/{FN-1.0))

G0 To 55

COMPUTE REGRESSION COEFFICIENTS

IF{NIJ~2) 48,48+50
1ER=1

R{LISL.0ETS
A{Kl)=1.0E7S
BLKI}=1.0€TS
S{KI)=1.0E75
AlLKJ)=1.0ET5S
BIKJI=1.0E7S
S{KII=1.0ETS

60 TO 54

TE{TII~{1.0E-20)) 52,452,51
IFITJU-{1.0E-20}) 52952453
1ER=2

GD YO 49

SUMX=SUMX/FN
SUMY=SUMY/FN
BIKI)=R(L}/TIL
AUKI}=SUMY-B{KI)*SUMX
BAKJI=RILI/TJJ
A(KJI)=SUMX~BIKJI ] *SUMY

COMPUTE CORRELATION COEFFICIENTS
ROLI=R{L)/(SQRT{TII}*SQRTITIII}

COMPUTE STANDARD ERROURS OF REGRESSION COEFFICIENTS
RR=R{L}**2
SUMX={ TJJ-TIJRRR}/ (FN-2}
SIKI}=SQRY(SUMX/TII}
SUMY=(TII-TEI*RR)/{FN-2)
S(KII=SQARTLSUMY/TIS

CONTINUE
CONTINUE

RETURN
END

Statistics-- Correlation and Regression
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MISR1820
MISR1630
MISR1840
MISR1850
MISR1860
MISR1670
MISR188Q
MISR1890
MISRI9QO
MISR1910
MISR1920
MISR1930
MISK1940
MISRI9S0
MISR1960
MISR19TO
MISR1980
MISR1990
MISR2000
MISR2010
MISR2020
MISR2030
MISR2040
MISR2050Q
MISR2060
KISRZOTO
MISR2080
NISR2090
MISR2100.
MISR2110
MISR2120
MISR2130
MISR2140
MISRZ2150
MISR2160
MISR2170
MISR2180
MISR2190
MiSR2200.
MISR2210
MISR2220
MISR2230
MISR2240
MISR2250
MISR2260
MisR2270
MISR2280
MISR2290
HISR2300
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Viultiple Linear Regression

In the Scientific Subroutine Package, multiple
linear regression is normally performed by calling
four subroutines in sequence.

1. CORRE - to find means, standard deviations,
and correlation matrix

2. ORDER =~ to choose a dependent variable and
a subset of independent variables from a larger set
of variables

3. MINV - to invert the correlation matrix of the
subset selected by ORDER

4, MULTR ~ to compute the regression coeffi-
cients by, by, b2, ..., bm, and various confidence
measures

The subroutine CORRE works in either of two
ways: (1) it expects all observations in core, or
(2) it triggers a user-provided input subroutine,
DATA, to read one observation at a time into a work
area. In either case, the user must provide a sub-
routine named DATA (see '"Subroutines Required' in

the comment cards description of subroutine CORRE).
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Subroutine ORDER
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A SUBSET MATRIX CF INTERCCRRELATICAS AMONG INCEPENDENT ORDE
VARIABLES AMNL A VECTCR CF INTERCCRRELATIGAS OF INDEPENDENT GRDE
VARIAELES »1Th CEPENDENT VARIABLE. TrIS SUBRCUTINE IS CRDE
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LSACE OROE
CALL CRCER (M R,NCEP,KJISAVE,RX,RY) ORDE
QRDE

LESCFIFTICN CF PARAMETERS GRDE
» = NuUPBER CF VARIAELES AND CROER CF FATRIX R. ORDE

k = INFLT MATRIX CCNTAINING CCRRELATICN CLEFFICIENTS. ORDE
THIS SLBRCUTINE EXPECTS CALY LPPER TRIANGULAR QROE

PGATICAN CF THE SYFMETRIC MATRIX TC BE SYORED (BY CORDE

CCLUPAY IN R.  (STCRAGE MCCE CF L) ROE
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APCAG INDEPENDERT VARIABLES TC BE USEC IN FORTH- CRDE

CCPEING HEGRESSICA. CRDE

RY = CLUTPLTY VECTOR CF LENGTH K CCNTAINING IAVERCORRELA~ ORDE
TICAS CF INDEPENCENT VARIABLES wITH CEPENDENT ORDE

VARIABLES. CRDE

QRDE

REFARKS QRDE
MME ORDE
CROE
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MME CRDE
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CRDE
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GRDE

CCPY INTERCCHRELATECNS CF INCEPENCENT VARTABLES ORDE
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CROE
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LC 12C J=1.K CROE
LZ=ISAVE () GROE
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CROE
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CRDE

CC 03¢ IaleK, ORDE
L1=ISAVE(T) ORDE
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FLACE THE SLESCRIPT NUMBER CF ThE DEPENCENT CRDE
VERIAELE IN 1SAVE(K41) ORDE
CRDE

ISAVEK®1)=NCER CRDE
FETURN ORDE
1Y ORDE




Subroutine MULTR

This subroutine performs a multiple regression
analysis for a dependent variable and a set of inde-
pendent variables.

Beta weights are calculated using the following
equation:

k

. o
% 2 Tiy * T )

i=1

where r, = intercorrelation of ith independent
variable with dependent variable

rij = the inverse of intercorrelation rij

i,j=1,2, ..., kimply indepehdenf variables

riy and rij_1 are input to this subroutine.

Then, the regression coefficients are calculated as
follows:

Sy ‘

b' = 3, ¢emtn 2

i B_, 5 (2)
)

where Sy = standard deviation of dependent variable

s, = standard deviation of jth

variable

independent

j=1,2 «uu, k

Sy and sj are input to this subroutine.

The intercept is found by the following equation:
k

4% @)

where Y = mean of dependent variable

X]. = mean of jth independent variable

Y and X_j are input to this subroutine.

Multiple correlation coefficient, R, is found first
by calculating the coefficient of determination by the
following equation:

k
R2- D ar, @
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and taking the square root of R2:

R- VRE ).

The sum of squares attributable to the regression
is found by:

SSAR = R2 *D (6)
yy

= sum of squares of deviafion‘s from
mean for dependent variable

where D
Dyy is input to this subroutine.

The sum of squares of deviations from the re-
gression is obtained by:

SSDR=D__ - SSAR (7)
Yy

Then, the F-value for the analysis of variance is
calculated as follows:
SSAR/k

F = SSOR/(k-1) -

SSAR(n-k-1)
SSDR(K) ®

Certain other statistics are calculated as follows:
Variance and standard error of estimate:

2 _ SSDR

S n—k-1 @)

v.12...k

where n = number of observations

[ 2
Sy.12...k P Sy. 12...k (10)

Standard deviations of regression coefficients:

-1
=3 —j—j- - 2
Sbj Dy, 5. 12.. .k 11

where Djj = sum of squares of deviations from

mean for jth independent variable.
Dy; is input to this subroutine.

j=1, 2, .., k
Computed t:

P;
t =t (12)
S
]
j= 1, 2, eeey k
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SUBRGUT INE MULTH

PURPOSE

PERFURM A MULTIPLE LINEAR REGRESSIUN ANALYSIS FOR A

DEPENDENT VARIABLE AND A SEY OF INDEPENDENT VARIABLES.
SUBROUT INE IS NORMALLY USED IN THE PERFORMANCE GF MULTIPLE MULT
AND POLYNGMIAL REGRESSION ANALYSES.

USAGE

CALL MULTR {N,KyXBARsSTU+UsRX+RYyISAVE,B45B4T 5ANS)

UtSCRlPYIDN UF PARAMETERS

K
XBAR
510

o

RX

RY

ISAVE

REMARKS

METHUD

NUMBER DF UBSERYVATIONS.
NUMBER OF INDEPENDENT VARIABLES IN THIS REGRESSION. MULT

INPUT VECTOR OF LENGTH M CONTAINING MEANS OF ALL

MULT.
» MULT
MULT
HULT
MULT
MULT

MULT
THISMULT

MULT
MULY
MULT
MuLT
MULT
MULT
MULT

MULT

VARIABLES+ M IS NUMBER OF VARIABLES IN OBSERVATIONS.MULT
INPUT VECTOR OF LENGTH M CONTAINING STANDARD DEVI- MULY

ATIONS UF ALL

VARTABLES.

MULT

INPUT VECTOR OF LENGTH M CONTAINING THE DIAGONAL OF MULT
THE MATRIX OF SUMS UF CROSS-PRODUCTS OF DEVIATIONS MULT
FROM MEANS FOR ALL VARIABLES.

INPUT MATRIX (K X K} CONTAINING THE INVERSE OF
INTERCORRELATIONS AMONG INDEPENDENT VARIABLES,
INPUT VECTYOR OF LENGTH K CONTAINING INTERCORRELA- MULT
TIUNS OF INDEPENDENT VARIABLES WIYH DEPENDENT

VAR [ABLE.

INPUT VECTOR CF: LENGTH K+1 CONTAINING SUBSCRIPTS OF MULT
IMUEP ENDENT VARIABLES IN ASCENDING ORDER, THE

SUBSCRIPT CF THE DEP!:NDENT VARIABLE IS STORED IN

THE LAST, K41, PUSITIO!

GUTPUT VECTOR
COEFF ICIENTS .
GUTPUT VECTOR
DEVIATIUNS OF
QUTPUT VECTOR

oF LENGTH K CONTAINING REGRESSION

OF LENGTH K CONTAINING STANDARD
REGRESSION COEFFICIENTS.
OF LENGTH K CONTAINING T-VALUES.

MULT
MULT
MULT

OUTPUT YECTOR OF LENGTH 10 CONTAINING THE FOLLONING HULY

INFORMATION. o MULT

ANS{1) INTERCEPT MULT

ANS{2) MULTIPLE CORRELATION COEFFECIENT MULT

AN3{3) STANOARD ERRDR OF ESTIMATE MULT

ANS(4) SUM OF SQUARES ATTRIBUTABLE TO REGRES-— MULT

SION (S5SAR} MULY

ANS(5) - DEGREES OF FREEDOM ASSOCIATED wiTH SSAR MLY

ANS(6) MEAN SQUARE OF SSAR MULY

ANS(T) SUM OF SQUARES OF DEVIATEUNS FROM REGRES- NuLT

SION (SSDR) MuLT

ANS{8) OCEGREES OF FREEDOM ASSOCIATED WITH SSDR MULT

ANS{9) MEAN SQUARE OF SSDR MULT
ANS(L0) E-VALUE NULT

MULT

MULT

N MUST BE GREATER THAN Kel. MuLY
MULT

SUBRUUTINES AND FUNCTION SUBPROGRAMS REQUIRED MULT
NONE MULT
HULT

MULT

THE GAUSS~JORDAN METHOD £S5 USED IN THE SQLUTIDN OF THE MULTY
NCRMAL EQUATIUNS. RIFER TO wW. We COGLEY AND P, R. LOHNES, MULT
TMULTIVARIATE PROLEDURES FOR THE BEHAVIORAL SCIENCESY, MULT
JUHN WILEY AND SUNSs 1962, CHAPTER 3, AND B. DSTLE, MULT
PSTATISTICS IN RESEARCH', THE IOWA STATE COLLEGE PRESS, MULT
CHAPTER 8. MULT

1954,

SUBROGUTINE MULTR (N KeXBAR, STODyRX1RY 1 ESAVE,BySE,TANS)

OIHENSIUN XBARCL)ySTYDU1),001)4RX4LI¢RYCLIISAVE(LD oB(L025B11),

1 TUL)+ANSLL)

IF A LOUBLE PRECISION VERSION OF THIS ROUTINE 1§ DESIREL,
© IN CULUMN 1 SHOULD BE REMUVEL FROA THE DOUBLE PRECISION
STATEMENT WHICH FOLLOWS.

THE € MUST AL30 8E REMOVED FRCM DOUBLE PRECISION STATEMENTS

FN o FKy SSARMy SSURM,F

APPEARING IN JTHER ROUYINES USED IN CONJUNCTIGN WITH THIS

ROUTINE.

Statistics—- Correlation and Regression

MuL
THE MULT
MULT
MULT
MULT
DOUth PRECISIUN XBARySTDsDeRXyRYyB8,S8sTrANS»RM,BO,SSARySSDR,SY,  MULT

MULY
MULTY
MULT
MULT
MULT
MULT

I3 XaXalakatal

oceo

aen

oo

aPe o0 0nn Ane

006 000 noo

1c

o

110

122

130

THe ULUBLE PRECISION VERSION CF THIS SUBROUTINE MUST ALSO
CONTAIN uGUiBLc PRECISION FORTRAN FUNCTILNS.
STATEMENTS 122y 125, ANG 135 MUST BE CHANGED TU OSQRT AND DABS.

M=K+l
BETA WEIGHTS

DU 100 J=1yX
B(J)=C.0

GO 11C Jd=1+K
Ll=k#{y-1)
DO 110 i=1.K
L=L1+]
Blul=b{II+RY LI ERXLL)
AM=G.C

oL
Ll=15AVE(MM}
COEFFICIENT OF UETERMINATION

OG 12y I=lyKk
RM=RM+B{11*RY(])

REGRESSIUN COEFFICIENTS

L=1SAVELT)
SCLI=8CLI*{STUILLI/STOLY)

INTERCEPT

o dJ=d0+s{ L )FXBAR(L)

3AR(L1)-BO

SUM OF SQUARES ATTRIBUTABLE TO REGRESSION

SSAR=RM*D{L])

MULTIPLE CORRELATIUN COEFFICIENT

RM= SQRT( ASSIRMI)

SUM OF SQUARES UF DEVIATIUNS FROM REGRESSION

SSOR=D{L1I-S$AR
VARIANCE GF ESTIMATE

FN=N-K=1
SY=SSDR/FN

STANDARU DEVIATIUNS OF REGRESSION COEFFICIENTS

DO 130 J=heK
il= K‘(J lHJ
L=15A

Eld
S8ldi= SQRT( ABS{{RXULL}/O(LII*SYD)

COMPUTED T-VALUES
TeJ)=B1J}/5BLI)

STANDARD ERROA OF ESTIMATE
S¥Y= SQRT{ ABSISY))

F VALUc

F=3SARM/SSGRM

ANS(1)= U

ANS{1C)= F
RETURN
END

MULY 870
MULT 880
MULT 890
MULT 900
MULT 910
MULT 920
MULT 930
MULT. 940
MULT 950
HULT 960
MULT 970
MULT 980
MULT 990
MULTLGOO
MULT1010
MULT1022
MULT1030
MULT1040
MULTI0S0
MULT1060
MULT1C70
MULT1080
MULT1090
MULT1100
MULTLL10
MULT1120
MULT1130
MULT1140
MULT1150
MULTL160
MULT1170
MULTL180
MULT1190
MULT1200
MULTL210
MULT1220
MULT1230
MULT124C
MULT1250
MULTLZ60
MULTL2T0
MULT1280
MULT1290
MULT13C0
MULT1310
MULT1320
MULTL330
MULT1340
MULT1350
MULT13560
MULT1370
MULY1380
MULT13%0
MULT1400
MULTLS10
MULT1420
MULT1430
MULT1440
MULT1450
MULT1460
MULT1470
MULT1480
MULT149C
MULT1500
MULT1510
MULTL520
MULT1530
MULT1540
MULT1550
MULT1560
MULTL5TO
MULT1580
MULT1590
MULT1600
MULT1610
MuLT1620
MULT1I630
MULT1640
MULT1650
MULT1660
MuLTI6TO
MULT1680
MULT1690
MULTITCO
MULTLT10
MULTLT20
MULTL730



Polynomial Regression

In the Scientific Subroutine: Package, polynomial
regression is normally performed by calling the
following four subroutines in sequence:

1. GDATA - to generate the powers of the inde-
pendent variable and find means, standard devia-
tions, and correlation matrix

2. ORDER - to choose a dependent variable and
subset of independent variables from a larger set
of variables

MINV - to invert the correlation coefficient
matrix

4, MULTR - to compute the regression coeffici~
ents- bg, by, by, «v.; by, and various confidence
measures

Subroutine GDATA

This subroutine generates independent variables up
to the mth power (the highest degree polynomial
specified) and calculates means, standard deviations,
sums of cross-products of deviations from means,
and product moment correlation coefficients.

Xil denotes the ith case of the independent variable;

th
Xip denotes the i case of the dependent variable,
where i=1, 2, ..., n
n = number of cases (observations)

p=m+1

m = highest degree polynomial specified

The subroutine GDATA generates powers of the
independent variable as follows:

i2 il il
X3~ %2 *u 1)
Xa~ %3 %

im - Xi,m-1 il

where i and m are as defined as above.
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Then, the following are calculated.

Means:
n
z X..
1)
X = i=1
] n

where j=1, 2, ..., P

(2

Sums of cross~-products of deviations from means:

i=1
; <X1] - ij) Z::l(xik - ik)

where j=1, 2, «v., p; k=1, 2, ..., P

Correlation coefficients:

where i=1, 2, ..., P; =1, 2, «uey D

Standard deviations:

where j=1, 2, ..., P

SUBROUTING GOATA

PURPGSE
GENERATE INDEPENDENT VARIABLES UP TO THE M~TH POWER (THE
HIGHESY DEGRE: POLYNOMIAL SPECIFIED) AND COMPUTE MEANS,
STANDARD OEVIATIONSs AND CORRELATION COEFFICIENTS. THIS
SUBROUT INE IS NURMALLY CALLED BEFDRE SUBROUTINES ORDERs
MEINV AND MULTR EN THE PERFORMANCE OF A POLYNOMIAL
REGRESSION,

USAGE
CALL GDATA (NsMyX,XBAR,STD,D,SUMSQ)

DtSCRlPYION OF PARAMETERS
- NUMBER OF OBSERVATEGNS.
N = THE HIGHEST DEGREE POLYNOMIAL YO BE FITTED.
X ~ INPUT MATRIX [N 8Y M+L) . WHEN THE SUBROUTINE IS
CALLEUy UATA FOR YHE INDEPENDENT VARTABLE ARE

THE DEPENDENT VARIABLE ARE STORED IN THE LAST
COLUMN OF THE MATRIX. UPON RETURNING TO THE

VARIABLE ARE STORED IN COLUMNS 2 THROUGH M.
X8AR -~ DUTPUT VECTOR OF LENGTH M+l CONTAINING HEANS OF
INUEP ENDENT AND DEPENDENT VARIABLES.
UUTPUT VECTOR OF LENGTH M+l CONTAINING STANDARD
DEVIATIONS OF INDEPENVENT AND DEPENDENT VARIABLES.
QUTPUT NATRIX [ONLY UPPER TRIANGULAR PORTION OF THE

«

=2

©
]

<
0

TION COEFFICIENTS. (STORAGE MODE OF 1)

SUMSQ ~ QUTPUT VECTOR DF LENGTH M+l CONTAINING SUMS OF
PRODUCTS OF DEVIATIONS FROM MEANS OF IMOEPENDENT
AND DEPENDENT VARIABLES.

REMARKS
N MUST 3E GREATER THAN M+l.
IF M IS EQUAL TO 5 OR GREATER» SINGLE PRECISION MAY NOT SE
SUFFICIENT TO GIVE SATISFACTORY COMPUTATIONAL RESULTS.

LA Ty Y T Y Y L R Y Y Y N L R P R T Y T
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SYMMETRIC MATREX OF Mel 8Y Mel) CONTAINING CORRELA-
G

3

(4)

(%)

GDAT 10

RaRserecsersseusursuraeraasesstusuavessserncotinnorravsasoarnsenesGDAT 20

STORED IN THE FIRST COLUMN OF MATRIX X, AND DavTA FDlGDAY 220

CALLING ROUTINEs GENERATED POWERS OF THE INDEPENDENTGDA' 250

39




E SUBRUUTINLS AND FUNCTION SUBPROGRAMS REQUIRED gg:; Zgg StepW]'se Multlple Regresslon
¢ none ' G0AT 450
4 METHCD GDAT 460 II). t}l S I 111
c REFER Ti B, OSTLE, 'STATISTILS IN RESEARCH®, THE [UWA STATE GDAT 470 e Scientific Subroutine Package, stepwise mul~
(4 COLLEGE PRcS3s 1954y CHAPTSR 6. GDAT 480 1 11 f d b 11.
§ ettt r s ety oy UPI@ TegTESSION 5 normally performed by calling
¢ guunaqr Iive GULAYA (NvaX!XBAR.SYD'DvS_UHSQl gg::’ ;;g ﬂle folloW]'ng Sllbrouﬁnes.
¢ UIMENSIGON X(1) s X8AR{LY,STO(1) 900 1},5UMSQ(1) gg:: :25 1 CORRE - to find means Standard deViatiOIIS,
ererereuatrnnrnns cesenersucsscssravanns sresvsessrecereceenesns D,
£ GOAT 550 sums of cross-products of deviation matrlx, and
[+ EF A 00UsLE PRECISION VERSION OF THIS ROUTINE IS OtSIRED, THE GDAYT 570
c C IN CULUMN 1 SHOULD BE REMOVED FROM THE DOUBLE PRECISION GDAT 580 orrela,tion ma,trix
(E STATLMENT WHICH FULLUWS, gg:; zgg
< UUUBLE PRECISIUN Xy X8ARsaTDeDy SUNSQ, TL, T2 soat el0 2. MSTR - to save the matrix Of sums of cross-
AT 61
‘C; THE C MUST ALSO BE REMOVED FRO:DO?UELE VREnglUN ?T:TEMENTS GgA¥ :§§ prOduCtS of deViations a‘nd to copy it to a working
PPEARING IN UVHER ROUTINES usl N CONJUNCTION wiTH THIS GDAT 64
H ROUT TNE ! éoar 650 matrix for the purpose of using the same data
A 60
E THE LOUBLE PRECISIUN VERSION OF THIS SUBRUUTINE MUST ALSQ GDAY :70 repeatedly
[ CUNIAAH! DuysLE PRECISEUN FORTRAN FUNCTIONS. SQRT ANU ABS IN GDAT 680
2 STATEMENT 180 MUST BE CHANGED TO GSQRT AND OABS. gg:; (;gg 3. LOC - to compute a vector sub_script fOI' an
E srseseraansecenes sessvasrsans R R A T ..gg:; ;;g element in general and Symmetric matrices. rrhis
C GEMERATE INDEPENDENT VARIABLES GDAT 730
subrout called es MSTR
© eien s tos o ot 1 ine 1s by the subroutine
e T oA Te0 4. STPRG - to compute regression coefficients
Listlsn oA Soar 140 and other statistics for each step of reg;'ession
P oAt 508 The subroutine CORRE works in either of two
100 XtL}=X{K)#x(J} GDAT 820 . -
C L tuare eans Soat 830 ways: (1) it expects all observations in core, or
€ o5 aneter goar ssu (2) it triggers a user-provided input subroutine,
fg;':l gg:j Eég DATA, to read one observation at a time into a wor
Zoanoaa Gour 500 area, In either case, the user must provide a sub-
97 110 J=l+N GDAT 910
Py GDAT 920 routine na d DATA e ! ub d Functio;
110 ;u::unsxsn(nu(u GDAT 930 « me T (Se S »routines an ti 1
o 113 XBAR(D eXuAR (1) /0F GoaT 940 Subprograms Required" in the comment cards
36 oot eorat™ Goar 260 description of the subroutine CORRE). «
GUOAT 9. - 3
€ CALCULATE SUMS OF CROSS-PRODUCTS GF DEVIATIONS GOAT 990 The subroutine STPRG calls an output subroutine
¢ GDAT1000 . s ] :
Lot s/ coatlolo STOUT, in order to print various statistics com-
" =1y P
150 0CH=Ghs gg:itggg puted for each step of regression. The subroutine
200170 sei,mm ATinae STOUT must also be provided by the user.
L2=N®(J-1}+K GDAT10TO
T2=X1L2 1-XBAR{J} GDAT1080
STO(II=3Tu(J)eT2 GDAYIOQD
o4 170 I=144d GDATLIGO
LlzN®([~1)+4K GDATL110
Tl=X(LL)-XBAR{I) GDATL120
L=L+t GDATLI130
17C UtL)=DLL)I+TL*T2 GDAT1140
L=0 GDATL150
OU 175 J=1.MM GDAT1160
DO 175 fsl.4 GDATL170
Lal+]l GDATL180
115 DlLl=D(L)—STO(!I‘S?D(J!IDF GDAT1190
GOAT120C
DO 180 1=1,MM GDAT1210
L=Lel GDAT1220
SUMSH T =0t} GDAY1230
1684 STUlL)= SQRT( AZS(u(LIN} GDAT1240
[ GDAT1250
14 LALCULATE CORRELAYION COcFFICIENTS GDAT1260
[ . GDAT1Z70
L=0 GDAT1280
D3 190 uzl, MM GDAT1290
DO 19C i=1,J GDATI300
L=L+l GOATL310
A9 DILI=DCLM (sFotidesTUlU)) GDAT1320
C GDAT1330
14 LALCULATE STANUARD DEVIATIUNS GDAT134G
L GDAT1350
OF=SQRT (LF-1.01 GDAY1360
00 230 I=1,M4 GDATL370
20C STull}=STull/UF GDAT1380
KETURN GDAT1390

€ND GDAT1400
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Subroutine STPRG

This subroutine performs a stepwise multiple
regression analysis for a dependent variable and a
set of independent variables, * In each step of the
regression i=1,2,...,q, where q is the number of
independent variables, the abbreviated Doolittle
method is used to calculate the following statistics:
The independent variable entering in the regress-
ion is selected, first, by computing the amount of
reduction of sum of squares for each variable:

@

where ajj is initially an element in the sums of
cross-products of deviations matrix
whichwill be modified in successive steps,
1,2,..., q are independent variables

(- # variables deleted and variables
entered hefore the ith step)

y = dependent variable

and, second, by finding the maximum (over j) of C,

j:

Set 8§ = Cj to indicate the sum of squares that

will be reduced in the ith step.
The proportion of Sj to the total is obtained by:
Si
P=5 @)
n
where D =Z . —?)2
=1

n = number of observations

If p is less than the constant specified by the
user to limit independent variables, the analysis
will be terminated without entering the last variable
selected; otherwise, the following calculations are
continued:

The cumulative sum of squares reduced is ob~
tained by

+8, 3

cum (4)

The multiple correlation coefficient is computed
by

R= /P (5)
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and adjusted for degrees of freedom by

R = V1-@1-R% (@-1) / (n-k)

where there are k independent variables in the
regression,
The F-value for analysis of variance is given by

Scum / k ‘

F = ©)
@®-s, )/ @k1)

The standard error of the estimated y is obtained
by the use of the formula

D_Scum
5v.12..4  n-k-1 0

and adjusted by

s =8 +/ (0~1) / (n-k)

[¢]

Then, the following is computed:

2

a 1
a, =a. +t— L (8)
ii ii i

where i = variable entered in the ith step

j =vy1,vg,...,vi-1 are the variables entered
in the regression before the ith step, and

where k = 1,2,...,m are variables including
y (k # variables deleted and the variable

entered in the ith step).

Regression coefficients are computed by:

by =gy

Pi1 T 8y By (10
-2 B2y Pi8(i-2)1 Pi-181-2) (i1

ete.,

and the value of the intercept as
k

b, =35-Y bE 11

0 y ]—21 X (11)
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vhere k = number of independent variables in the

regression.

standard errors of regression coefficients are given

y
s -
b, Vi %12,
where j = vq,vy,...,vj are variables in the
regression, and t-values as
b,
o=l
! b,
3

Perform the reduction to ehmmate the variable
antered in the ith step:

a, = a,
ik ]k 1Bk
where i = variable entered in the ith step

1,2,...,m (j # variables deleted or
variables in the regression)

variable entered in the ith step)

—
1
o

1

a,
1

a =

frie
o
b

For reference see C. A, Bennett and N. L.

(12)

(18)

(14)

1,2,...,m (k # variables deleted and the

(19)

(16)

Franklin, Statistical Analysis in Chemistry and the

Chemical Industry. John Wiley and Sons, 1954,
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ubroutine PROBT

This subroutine obtains maximum likelihood esti-
nates of a and b. for the probit equation Y = a+bX,
sn-iterative scheme is used. The input to the sub-
'outine consists of k different levels Xy, Xg,.. ., Xk
f a stimulus applied to Ny, Ny, ..., Ny objects with
11, Rag, . ..,Rgk responses respectively. . The proce~
lures described here assume that the distribution of
iritical values is normal. The computational steps
re as follows:

1. Compute the proportions of objects responding
o various levels of a stimulus:

Ri
i TN @
i
vherei = 1,2,...,k are levels of a stimulus.

2. Compute the initial estimates of a2 and b for the
yrobit equation, Y = a+bX, as follows:

b = )
a= 3
vhere X; = ith level of a stimulus
Z; = 5 plus the standard normal variable
corresponding to p;
m = number of p values which are not equal

to 0.0and 1.0

3. Compute values of expected probit using the
initial estimates of a and b:

Y, =a +bX; (4)

where i=1,2,...,k
4, Corresponding to each value of Y, compute
‘he following:
a. Weighting coefficient for probit analysis:

i *Pq - ®)

vhere D, = density of the normal curve corre-
sponding to the standard normal vari-
able Yj -~ 5

t4 Statistics--Correlation and Regression

P, = cumulative normal distribution value
i :
corresponding to Y; - 5

Y =1-5
b. Working probit:
For Yis5. 0
P
N i 1
yi=Yi-p * pi‘lTi‘ (€)
For Yi >5.0
R U (1-p)— )
575457 D D
i i
5. Compute:
i 2
X 2 1Z=1: N WXy
8 =§ NWX - @)
N,W,
=
k
K PIRAAS DIAAA
s, =), NWXy - = L
2 = iii k
3 Nw,
= 11
9
i 2
| K \ ‘:"‘1 N Wy
Sq = £ NWy - —x 0
- 6, Compute new estimates of a and b for the
. probit equation:
S .
b =ot ' 1)
1
k
Z NWos 2. NV
a=2L - p. L 12
- - az)
-Z: Niwi Z Niwl
=1 i=1



7. Compute new values of expected probit and
compare them against the values computed in the
previous iteration:

X', =a+bX (13)

2 (14)

k
DsSQ = (Y. - YY)
=t
I the difference between two congecutive values of
DSQ is less than or equal to 10'7, o to step 8 and
compute X2, Otherwise, set Y, =Y, where
i=1,2,...,k, and go back tostep 4 for another
iteration,
8. Compute X2 for the test of the final probit
equation:

2
‘{'NP

~ NP (I-P)

X (15)

cumulative normal distribution value

where Pi =
corresponding to zi

z, = (a+in) -5
a and b are computed for the final probit
equation.

9. Degrees of freedom for x2:

d.f. =k -2
For reference see:
(1) M. G. Natrella, Experimental Statistics -
NBS Handbook 91. National Bureau of Standards,
1963, chapter 10,
(2) D.J. Fimey, Probit Analysis (2nd ed. ).
Cambridge University Press, 1952.

(16)
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SUBROUTINE PROBT

PUR

POSE

70 DBTAIN MAXIMUM LIKELIHDOD ESTIMATES FOR THE PARAMETERS A
AND 8 IN THE PROSBIT EQUATION Y = A + BX. AN ITERATIVE
SCHEME IS USED. THE INPUT TO THE SUBFOUTINE CONSISTS OF K

PROB
PROB
PROB

DIFFERENT DOSAGE LEVELS APPLIED TO K GROUPS OF SUBJECTS, ANDPRO®

THE NUMBER OF SUBJECTS IN EACH GROUP RESPONDING TG THE
RESPECTIVE DOSAGE OF THE DFUG.

USAGE

DESCRIPTION OF PARAMETERS
K

CALL PROBT (KyXsStRyLOUG,ANS whs W2, 1EF)

— NUMBER OF DIFFERENT OOSE LEVELS OF THE DRUG.
8E GREATER THAN 2.

X — INPUT VECTOR OF LENGTH K CONTAINING THE DOSE LEVEL OF
THE DRUG TESTED. X MUST BE NON-NEGATIVE.

S ~ INPUT VECTOR OF LENGTH K CONTAINING THE NUMBER OF
SUBJECTS TESTED AT EACH DOSE LEVEL

k ~ INPUT VECTOK OF LENGTH K CONTAINING THE NUMBER DF
SUBJECTS AT EACH LEVEL RESPONDING TO THE DRUG

LOG — INPUT OPTION CODE

1- 1F IT 1$ DESIRED TO CONVERT THE DOSE LEVELS TO
COMMON LOGARITHMS. THE DCSAGE LEVELS SHOULD BE
NON-NULL IN THIS CASE.

0- IF NO CONVERSION IS DESIRED
ANS - OUTPUT VECTOR OF LENGTH 4 CONTAINING THE FOLLOWING

RESULTS

ANS{1)- ESTIMATE OF THE INTERCEPT CONSTANT A

ANS(2)- ESTIMATE OF THE PRUBIT REGRESSION COEFFICIENT
B

ANS{3)- CHI-SQUAREL VALUE FDR A TEST DF SIGNIFICANCE
OF THE FINAL PROBIT EQUATION

ANS[4)- DEGREES OF FREEDOM FUF THE CHI-SQUARE

STATISTIC

QUTPUT VECTOR OF LENGTH K CONTAINING THE PROPORTIONS
OF SUBJECTS RESPONDING TO THE VARIOUS DOSE LEVELS OF
THE ORUG
OUTPUT VECTOR OF LENGTH K CCNTAINING THE VALUES OF FTHE
EXPECTED PRUBIT FOF THE VAFIOUS LEVELS CF A DRUG
1 EF K IS NUT GREATER THAN 2.
2 IF SOME DOSAGE LEVEL 1S NEGATIVE, OR IF THE INPUT

OPTION CUDE LOG IS 1 AND SUME DOSAGE LEVEL IS ZERD.
3 IF SOME ELEMENT OF S 1S NOT POSIVIVE.
4 1F NUMBER DF SUBJECTS RESPONDING iS GREATER THAN
NUMBEFR 0)F SUBJECTS TESYED.
ONLY IF LER IS ZERGC IS A PROBIT ANALYSIS PERFORMED.
OTHERWISE, ANS, Wls AND W2 ARE SET TG ZERO.

WL -

REMARKS

THE PROGRAM Wili [TERATE ON THE PRUBIT EQUATION UNTIL TwO
SUCCESSIVE SOLUTIONS PFODUCE CHANGES OF LESS THAN LO¥%(-T).

SUBROUTINES AND FUNCTION SUBPRUGRAMS REQUIRED
NDTF

NOTR1

METHOD

REFER TO D. J. FINNEY,
1952)

PROBIT ANALYSIS. 2ND ED. (CAMBRIDGE,

SUBFUUTINE PROBT {KyX25+RyLOG,ANS, W1 W24 IER)

LIMENSION X{1}yS(1)+RULIJANSELD s WIEE)aW21L)

TEST WHETHER LOG CONVERSION 1S NEEDED

1EP=0

IF(K-215+5,7

T1ER =
GO TQ

1
S0

0D 8 1=1,K
IFIX{1)112,8+8
CONTINUE

TF(LOG-1)

DO 15

16y10+16
1=1sK

TEIX{T3112412414%

1ER=2
GO TO
Xt1k=

50
ALDGIOUXTI}}

CONTINUE

PROB
PROB
PROB
PROB
PROB
PROB
PROB

K SHOULDPROB
PROB

PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROS
PROB
PROB
PROB
PROB
PROB
PROB
PROB
pROB
PROS
PROB
PROB
PROB
PROB
PFOB
PROB
PROB
PEOB
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350
360
370
380
350

410
420
430
440
450
460
470
480
490
500
510

530
540
550
560
570
580
590
600
610

630
640

660
670
680
690
700
710
720
730
140

760
770

780
80O
810
820
830
840
850

870

45



aaa

16

18
20

21

22
23

Aanaa

24
25

aon

oon

o
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COMPUTE PROPORTIONS OF DBJECTS RESPONDING

DO 18 I=1,K
IF{SUTI-RITY) 17,18,18
1ER=4

GO TG 90
CONTINUE

DO 23 I=1,K
IFIS{1))21,21,22
1ER=3

60 10 90
WL{I)=R(13/S(1}
CONT INUE

COMPUTE INITIAL ESTIMATES DF INTERCEPT AND PROBIT REGRESSION

COEFFICIENT

SXX=0.
SXY=0.0

D0 30 I=1,K

P=W1(1}

IFtP} 30, 30, 24
TIF{P-1.0) 25, 30, 30
WN=WN+1.0

CALL NDTRI {P,2,0,1ER)

SXY=SXY+X{]}*Z
CONTINUE

B={SXY—{ XBAR*SNWY ) /HN) /[ SXX—{ X3AR®XBAR}/HN)
XBAR=XBAR/WN

SNNY=SANY/WN

A=SNWY-B*XBAR

DO=90.0

COMPUTE EXPECTED PROBIT

DG 31 I=1,4K
W2{11=A+B%X(1)

9

I=14K
Y=W2{1}

FIND A WEIGHTENG COEFFICIENT FOR PROBIT ANALYSIS

b=Y-~5,0
CALL NDTF (8,P,2)

U=1.0~P
W={Z*Z}/(P*Q)

Statistics=- Correlation and Regression

PRCB 880
PROB 890
PROB 900
PROB 910
PROB 920
PROB 930
PROB 940
PROB 950
PROB 960
PROB 970
PROB 980
PROB 990
PROB10O0C
PROB1OLO
PROBLO20
PROB1C30
PROB1040
PROB10OSO
PROBLO6O
PROB1OTO
PROBLOBO
PROBLOSO
PROBL10OO
PROBLILO
PROB1120
PROBL130
PROB1140
PROBL1SC
PROBL160O
PROB1170
PROBL18BO
PROBL190
PROB1200
PROBL210
PROB1220
PROBLZ30
PROB1240
PROB1250
PROB1260O
PROBL270
PROB1280
PROB1290C
PROB1300
PROB1310
PROB1320
PROB1330
PROB1340
PROBL3SO
PROB1360
PROBL370
PRNB1380
PROB1350
PROB1400
PROBL410
PROB1420
PROBI430O
PROB1440
PROB1450
PROB1460
PROBL4TO
PROB148O
PROB1490
PROBLSO0O
PROBLS10
PROBLS20
PROB1530
PROB1540

faa

Ao

acen o

ana

o ane

COMPUTE WORKING PROSIT

IF{Y-5.0) 35, 35, 40
35 WP={Y-P/Z}+WL(1)/2
G0 10 45
40 WP={Y+Q/Z}~(1.0-W1{1))/2Z

SUM INTERMEDIATE RESULTS

45 WN=W*S(])
SNW=SNW+WN
NWX+WNAX (1)
NWY +WN*WP
SNWXX=SNWXX¢WN#X{ [} %22
50 SNWXY=SNWXY+WNEX (T }*kP

COMPUTE NEW ESTIMATES OF INTERCEPT AND COEFF[CIENT

XBAR=SNWX/ SN

SXX=SNBXX~{ SNuX) P (SNNX)/SNW
SXY=SMWXY~( SNuX )™ | SHWY}/SHN
BeSKY/SRX

A= SHWY/SNN-BSXBAR
EXAMINE THE CHAMNGES IN Y

SXX=0.0

D0 60 I=],X

Yahegext]l}

DxW2{1)-¥

SXX=SAX+0%D

H24{1)=¥

IFC1 ABSIDD-SXX) i-{1.0E-T}} 63, 65, 83
63 DO=SXX

&

3

STORE INTERCEPT AND COEFFICIENT

65 AMS(1)=a
ANS{2)=8

COMPUTE CHI-SQUARE

ANS{3)=0.0
00 70 I=l,K
Yoaw2i1)-5.0

CALL WODTR (Y,P,D}

Ap=P{L)-S(I)ep
DO=S{I)ePs(1,0-P}
TO ANS{3)=ANS{3)+AA%AA/D0

DEGREES OF FREEDOM FUR CHI~SQUARE
ANST4)=K~-2

80 RETURM
90 DO 100 I=1,X
Wit{t)=0,0
100 HZ{11%0.0
D0 110 1=1,4
110 ANS(1)=0.0
G0 YO 80
END

PROB1550
PROB1560
PROB1570
PROBI580
PROB1590
PROBLODO
PROBL61O
PROBLIS20
PROBLI&3C
PROB1640
PROBL650
PROB1660
PROBLETO
PROB1680O
PROB1690
PROBLTOQ
PROBLT10
PROB1720
PROBITI0
PROB1T4Q
PROSLTSO
PROBLTRO
PROB1TTO
PROB TS0
PROBITSO
PA081800
PROBISLC
FROB1820
PROB1EICG
PROB1SSO
PROBIESO
PRODLESO
PROGIETO
PROBLESO
#2081890
PROBLIOO
PRD81910
PROBIN20
PROS1930
PRODI94D
PROS1950
PROBLIDSOG
PROBLIITO
PADBL9SC
#ROB1990
PEDB2000
PROB 2010
PRODZO20
PROB2030
PROB2040
PROB20SO

PROB20SC
PROB2090
PROBZLOCG
PROAZ110
#RO32120
PROA 2] 30
PROBZI40
PROB2150
PROS 21560
PrOR2170
PROB218C
PROB2190
#ROB2200
PROB2210



Canonical Correlation

In the Scientific Subroutine Package, canonical
correlation analysis is normally performed by
calling the following five subroutines:

1. CORRE ~ to compute means, standard devia-
tions, and correlation matrix

2. MINV - to invert a part of the correlation
matrix .

3. EIGEN - to compute eigenvalues and eigen-
vectors

4. NROOT - to compute eigenvalues and eigen-
vectors of real nonsymmetric matrix of the form
B-la : Ce
5. CANOR - to compute canonical correlations
and coefficients

The subroutine CORRE works in either of two
ways: (1) it expects all observations in core, or
(2) it triggers awser-provided input subroutine,
DATA, to read one observation at a time into a work
area. In either case, the user must provide a sub-
routine named DATA (see "'Subroutines Required" in

the comment cards description of subroutine CORRE).

Subroutine CANOR

This subroutine performs a canonical correlation
analysis between two sets of variables.

The matrix of intercorrelations, R, is parti-
tioned into four submatrices:

R11 R12

R =g R (1

21 22

Rll = intercorrelations among p variables in
the first set (that is, left-hand variables)

R12 = intercorrelations between the variables in
the first and second sets

R21 = the transpose of R12

R22 = intercorrelations among q variables in the

second set (that is, right-hand variables)
The equation:

-1 -1 _
Rog Rop Byp By ~ AL | =0 @

is then solved for all values of\, eigenvalues, in
the following matrix operation:

Form H20-0205-3
Page revised 2/14/69

By TNL N20-1944

T==r1R 3
T o111 3)

A = R, T @

The subroutine NROOT calculates
elgenvalues (N, ), with associated eigenvectors,
of R'1 A, whete i= 1, 2, veey Qs

For each subscripti=1,2, « + ., 4, the
following statistics are calculated:

Canonical correlation:
CANR = /% (5)
where A = jth eigenvalue
Chi-square: '
9 s
x = = [n—0.5(p+q+1)] logeA (6)

where n = number of observations

..Q

A= qu(l )\),

Degrees of freedom for xz:

[p-@-2] [a- -] )
ith set of right-hand coefficients:
b = Viei (8
where Vi = eigenvector associated with Ai

k=1,2,...,q;

ith set of left~hand coefficients:

q
Z : b Py
=1

% = T CANR ®
wher {t }—- T=R1R
C V4 T YT R Pog
j =1, 2 s, P

Statistics--Correlation and Regression: 47
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CAND 10

#rer4seviteeset st ettt ensnvasrrnrarsertsraesssssnnasnennvassCAND 20
. CANO 30
SUBROUT INE CANOR CAND 40
CANO 50

PURPUSE CAND 60
COMPUTE THc LANONICAL CORKELATIONS BETWEEN TWO SETS OF CANG T0
VARIABLES. CANUR 15 NJRMALLY PRECEDED 3Y A CALL TO SUBROU- CANU 80
TINE CORRE. CANO 90
CANO 100

UsaGtL AND 110
CALL CANGR (N' P,HQ'RR.RUUTS.HLAN'CANR.CHISO.NDF1COEFRp CAND 120
CIEFLy ANO 130

CAND 140

utschPleN UF PARAMETERS CANU 150
« NUMBER OF OJdSERVATIUNS CAND 160

AP ~ NUMBER OF LEFT HAND VARTABLES CAND 170
MQ ~ NUMBER OF RIGHT HANU VARIABLES CANG 180
RK ~ INPUT MATRIX (ONLY UPPER TRIANGULAR PURTION OF THE CAND 190
SYMMETRIC MATRIX OF M X My WHERE M = MP + MQ) CANG 200
CUNTAINING CORRELATIUN COEFFICIENTS. (STURAGE MODE CANU 210

OF 1) NC. 220

RUUTS ~ OQUTPUT. VECTOR OF LENGTH MQ CONTAINING EIGENVALUES CANG 230
COMPUTED IN THE NROUT SUBROUTINE. AND 240

WLAM - UUTPUT VECTUR OF LENGTH MQ CONTAINING LAMBDA. AN 250
CANK = QUFPUT VECTOR OF LENGTH M4 CONTAINING CANONICAL CANO 260
CURRELAYIONS, ANG 270

CHISQ - DUTPUT VECTOR OF LENGTH MQ CONTAINING THE CAND 280

. VALUES OF CHI-SQUARES. NO 290

NOF =~ QUTPUT VECTUR OF LENGTH MU CONTAINING THE DEGREES CANG 300
OF FREEDOM ASSOCIATED WITH CHI-SQUARES. ANO 310

COEFR - OUTPUT MATRIX (MU X MQ) CONTAINING MQ SETS OF CAND 320
RIGHT HAND COEFFICIENTS COLUMNWISE. CANO 330

CUEFL = QUTPUT MATRIX [MP X MQ} CONTAINING MQ. SETS OF CAND 340
LEFT HAND COEFFICIENTS CULUMNWISE, CANO 350

R - WURK MATRIX {M X H} CANO 360
CANO 370

REMARKS ANG 380
THE NUMBER OF LEFT HAND VARIABLES (MP) SHOULD BE GREATER CANQ: 390
THAN UR EQUAL TO THE NUMBER OF RIGHT HAND VARIABLES (MQ). CANO 400
THE VALUES OF CANONICAL CORRELATIONe LAMBDA, CHI-SQUAREs CANG 410
DEGRELS UF FREEDOM» AND CANONICAL COEFFICIENTS ARE COMPUTED CAND 420
ONLY FOR THOSE EIGENVALUES IN R0OTS WHICH ARE GREATER THAN CAND 430
ZERT. ANG 440
CANO 450

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED CAND 460
M CANO 470
NRJOT  (WHICHy IN TURN, CALLS THE SUBRUUTINE EIGEN.} CANO 480
CAND 490

HETHOD ANQ 500
REFER TO We We COOLEY AND P. R. LOHNES, 'MULTIVARIATE PRO— CANO 510
CEUURES FUR THE BEHAVIORAL SCIENCES's JOHN WILEY AND SONSs CANO 520

1962+ CHAPTER 3.

ssssarcensavare

SUBROUY INE CANOR IN.HP.HQ'}MDOIS.nLM.CANl,CNlSQ;NDF.COEFR.
COEFi

ANO
UIMENS £0N RR{1) ¢ROOTS{ ll'HLAHl )¢ CANRELD 4CHISQULY o NDFLLY .CDEFR(N'CANE 590
1 COEFLI11,ROLD

1F "a OJUBLE PRECISION VERSION OF THIS ROUTINE IS DESIRED, THE

C IN CULUNN 1 SHOULD BE REMOVED FROM THE DOUBLE PRECISEION
STATEMENT WHICH FOLLOWS.

D0UBLE PREUISION KRSROOTS s Wi AMeGANR ¢CHISQsCUEFRCOEFLRyDET +SUM

THE C MUST ALSD BE REMOVED FROM DOUBLE PRECISION STATEMENTS
APPEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THiS
AUUT INc .

THE OUJoLE PRECISION VERSION OF THIS SUBROUTINE NUST ALSO
CONTAIN OOUBL: PRECISION FORTRAN FUNCTIONS.
L65 MUST 3E CHANGED TD OSQRT.
CHANGED TO DLIG.

ALOG. IN STATEMENT 175 MUST BE

eessasressannane

eesnansse

PARTIT [ON INTERCORRELATIUNS AMONG LEFT HAND VARIABLES: BEVWEEN
LEFT ANQ AIGHT HANU VARIABLES, AND AMONG RIGHT HANO VARIABLES.

M=MP+HQ

N1=0

DO 105 l«l,H
DU LC5 J=1,M
IFE-J) 102y 103, 103
Lalelssd-di/2
50 TU 134
L=Jeil*i-11/2
Nl=Nl+1
RINLI=RRIL)
L=MP

vd 138 J=2,MP
Nl=Ms{J-1)

DO 138 [=le4P
L=L+l

Nl=Nl+1l
RLI=R{NL}
N2=MPe |

L=0

00 110 J=N2sM
Ri=xs(i-1}

03 110 I=1.MP
LEL+l

NiaNke)
COEFLEL)=RINL)
L=0

00 120 J=N2M
NL=M*{ J-1) 0P
00 12C I*N2yM
L=+l
Ni=Nle)
COEFR(L)=RIND)

SOLYE THt CANUNICAL EQUATICN
L=MpeMPel

KEL4MP
CALL MINV (RoMP DET yRILISRIKD)

Statistics~~ Correlation and Regression

SQRT IN STATEMENT

CAND 570

CANCI 610
«CANG 620
CANC 630
CANG 640
CANG 650
CAND 560

90
CAND1000
CAND1010
CAND102G
CANO1030
CANOLO4O
CANG1050
CANGL060
CANO10TO
€AND1080
CANO109C
CANO11CO
CANO1110
CAND1 120
CANOE130
CANOL140
CANO1150
CANUL160
CANDLLTC
CANGL16C
CANOL190
CAN1 200
CAND1210
CAND1220

nee

acno

000 afa OO0 00

aneo

13

~

140

150

160

15

17

o

175

18

>

190
200
21¢
220

CALCULATE T = INVERSE OF RIL * RI2

00 140 IalyHp
N2eg

oU 13¢ J=1,MQ
Nl=1-Mp
{00TS{J)=0,0
00 130 K=1,MP
N1=NLeMP
N2=N2¢1
RUUTSEJ)ROUTSEID 4R (N1 1S COEFLINZ)
L=1-Hp

0O 140 J=1,MQ
L=LeNp
RULI=RGOTS(H)

CALCULATE A = RZ1 * T

LEMPEMY
N3=Le]

DO 16T J=lyMQ
N1=0

VD 160 E=1,MQ

N2=MP¥( =11
SUM=0.9

VO 150 R=lyMP
NL=NI¢L
N2=N2el
SUM=SUMSCOEFLINL) *R (N2}
alsl

RiL)=SUM

CALCULATE EléENV‘LUES WITH ASSOCIATED EIGENVECTORS OF THE
INVERSE OF R2Z *= A

L=+l
CALL NROOT {MQsRIN3),COEFR,ROITS,RIL))

FOR EACH VALUE OF I = 1y 24 eeer MQy CALCULATE THE FOLLOWING
STATISTICS

00 21¢ 1si.MQ

TEST WHETHER SIGENVALUE IS GREATER THAN ZERC
IF(ROOTSIL}) 2204 220y 165

CANONICAL CORRELATION
CANR(I)= SWRY(ROOTSLIND

CHI-SQUARE

WLAM(11=1.0

LD 170 Jel.MQ

NLAMUL}=WLAM{ [} #( 1. 0-ROOTS(AI )

ENTN

FHPaup

FHQuMQ

cHlsu(l)=-(FN-o.a‘|Fnﬂornnol 0) 1 *ALOGINLANCT))

OEGREES OF FREEJOM FOR CHI-SQUARE

Ni=l-1
NDF {1 }a (MP-N1)#{MQ-N1}

1~TH SET UF RIGHT HANU COEFFICIENTS

Nl=MQeLI-1)
NZ=HQe(]-1)+L-1
DO 186 J=lyMq
Nl=Nl+l

N2=N2+L
COEFRINL}=RINZ}

I-YH StT OF LEFY HAND COEFFICIENTS

DG 290 u=LoMP

Nl=J-HpP

N2=MQs{I-1}

KeNP#({1~1)+J
COEFLIK)=0.0

00 190 JJ=l,M

Ni=NLleMP

N2ENZ+L
COEFLIKI=COEFL{K)} +R{NL) *CUEFR{NZ)
COEFLUIK)=COEFLIK)/CANRLT)
CONTINGE

KETURN

END

CAND1230
CAND1240Q
CANOL250
CAND1260
CAKDL270
CANU128B0
CANDOLZ50
CAND1300
CANC1310
CANOL32G
CANOL330
CANOL340
CANOL350
CANO1360
CANO1370
CANO1380
CANOL390
CANO1400
CANOL#410
CANOL1420
CANO1430
CAND1440
CANQL450
CAND1460
CANU1470
CANO1480
CANO1430
CANO15G0
CANGLS10
CAND1520
CAND1530
CAND1540
CANO1550
CANO1560
CANO1570
CAND1580
CANO1590.
CANG1600
CANCle10
CAND1620
CANO1530
CANGL640
CANO 1650
CANOD1660
CAND16TQ
CANO1680
CANO1690
CANOLTCO
CAND1T10
CANOLT20
CAND173¢
CANO1740Q
CANDLTS50
CANQLT60
€aNOITT0
CANOL780Q
CANO1790
CANC1800
CANGLB 1O
CANQ1820
CANO1B30
CANOL 840
CAND1850
CANOLB6O
CAND1870Q
CAND1880
CANO1890
CANOL900
CANG1910
CANOL920
CANG1930
CAND1940
CANU1950
CANCL1 960
CANOLSTO
CAND1980
CANDL990
CAND2000
CAND2010
CAND2020
CANO2030
CAND2040
CANDZOSO
CAND2060
CAND2070
CAND2080
CAND2090
CANO2100
CAND2110
CANOZ120



Form H20-0205-3
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3 i i i [ AVDA - 1O
DeS]'gn Ana’lyS]‘S (See SmOOthlng’ Regress"on’ C sessesrasenesrasssannsrvanay .......-.-..----...u----...-..-......AVDA 20
s P < AVOA . 30
Factorization) c SULRGUTINE AVUAT AVOA 40
4 AVDA 50
N < PURPLSE AvDA. 60
In th S N t'f' S b t' P k 1 . f C PLALE DATA FUR ANALYSIS OF VARIANCE IN PROPERLY OISTRIBUTEL AVDA:: 70
an < PUSITIONS OF STORAGE. THIS SUSRQUTINE IS NOKMALLY FOLLOWED AVDA 80
e cj'en 1 lc U rou lne ac age’ a YSIS o < BY CALLS ¥ AVCAL: AND MEANQ SUBROUTINES IN THE PtKFgRNANCE AVEA: 90
i 3 3 — c OF ANALY31S OF VARIANCE FOR A CUMPLETE FACTOREAL DESIGN. AVDA 100
variance is normally performed by calling the fol < P
. ’ ) [+ USAGE AVDA 120
lowing three subroutines in sequence: c CALL AVOAT (KoLEVEL jNsXsLy ISTEPKOUNT?Y AVDA 130
s . . c AVDA 140
1. AVDAT - to place data in properly distributed < ESCKIPTION OF PARAMETCRS AVDA 150
f [+ K - NUMBER OF VARIABLES {FACTORS!. K MUST BE .GI. ONE. AVDA 160
iti [ LEVEL - INPUT VECTOR OF LENGYH K CONTAINING LEVELS (CATE~ AVDA 170
p081t10ns o Storage C GOXRIES) wiTHIW EACH VARIABLE. . AVDA 180
— 3 < N — TUTAL NUMBER OF UATA POINTS READ IN. AVDA 190
2.  AVCAL - to apply the operators sigma and C X ~ WHiN THE SUBROUTINE IS CALLEDs VHIS VECTOR CONTAINS AVDA 200
s . Py 4 DATA IN LDCATIONS X(1} THROUGH X{N).. UPON RETURNINGAVDA 210
delta in order to compute deviates for ana1y51s of c TO THE CALL ING ROUTINE, THE VECTOR CONTAINS THE DATAAVDA 220
. [+ IN PROPERLY REDISTRIBUTED LDCATIONS OF VECTOR Xe AVDA 230
Varlance [+ THE LENGTH OF VECTOR X IS CALCULATED BY (1) ADDING AVDA 240
1 h [ ONE TO EACH LEVEL OF VARIABLE AND (2) UBTAINING THE AVDA 250
- i 4 CUMULATIVE PRODUCT DF ALl LEVELS. {THE LENGTH GF AVDA 260
3. MEANQ - to pool the deviates and compute ¢ LA L T O e S e (LEVELiKIa10e)  AVDA 270
(9 L ~ UUTPUT VARIABLE CONTAINING THE POSITION IN VECTYOR X AVDA 280
sums of squares, degrees of freedom, and mean ¢ T e LASr IRPOT DATA IS STORED. VDA 290
c ISTEP ~ QUTPUT VECTOR OF LENGTH K CONTAINING CONTROL STEPS . AVDA 300
squares c WHICH ARE USED TO LOCATE GATA IN PRUPER POSITIONS — AVDA 310
4 OF VECTOR X. AVDA 320
[4 KOUNT — WORKING VECTOR OF LENGTH K. AVDA 330
< AVDA 340
i [4 REMARKS AVDA 350
Subrou'tlne AVDAT [+ INPUT DATA MUST BE ARRANGEU I[N THE FOLLOWING MANNER. AVDA 360
[ CONSIDER THE 3-VARIABLE ANALYSIS OF VARIANCE DESIGN, WHERE AVDA 370
C ONE VARIABLE HAS 3 LEVELS AND THE OTHER THO VARIABLES HAVE AVDA 380
» s . s < 2 LEVELS. THE DATA MAY BE REPRESENTED IN THE FORM X{I,JsK),AVDA 390
This subroutine places data for analysis of variance < E=lv2e3 J=ly2 K=1,2. IN ARRANGING DATA, THE INNER AVDA 400
. 1 d' t 'b t d ‘t' f t [+ SUBSCRIPT, NAMELY I, CHANGES FIRST. WHEN 1=3, THE NEXT AVDA 410
[+ INNER SUBSCRIPT, Js CHANGES AND SO ON UNTIL I=3, J=2, AND AVDA 420
in properly distributed positions oi storage. ¢ I AYDA 420
i 114 € AVDA 44C
‘ The S]'ze of da’ta‘ a‘rray X requlred for a'n 4 SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRER AVDA 450
s . Y [4 £ AVDA 460
analysis-of-variance problem is calculated as 3 AvDA 470
C METHOD AVDA 480
follows: < THE METHOD IS BASED ON THE TECHNIQUE DISCUSSED BY H. O. AVDA 490
< HARTLEY IN *MATHEMATICAL METHODS FOR OIGITAL COMPUTERS® AVDA S00
4 EDITED BY A. RALSTON AND H. WilFe JOHN WILEY AND SUNS, AVDA 510
k 4 1962, CHAPTER 20. AvDA 520
4 AVDA 530
[+ P T Y R L Y cesecrenusssnaaness AVDA 540
_ [ AVDA 550
n= 10 (L, + 1) (1) SUBROUF INE _AVOAT (K oLEVEL eNyXely ISTEP (KGUNT) AVDA 560
. 1 1 ODEMENSION LEVEL (1), XU11, ISTEP{ 1) ,KOUNTLL) AVDA 570
1 = (4 AVDA 580
[4 sessusasssrsaanee vrarsenue essacessessecvcsracesssasecssanescses AVDA 590
[ AVDA 600
th [+ IF & DOUBLE PRECISION VERSION OF THKS ROUTINE IS DESIRED, THE AVYDA 510
— % [ ¢ IN COLUMN 1 SHOULD BE REMUVED FROM THE DOUBLE PHECISION AYDA 62
where Li = number of levels of i~ factor c o HIcH SoELows. e LE PREC PSRN
c AVDA 54C
4 DOUBLE PRECISION X AVDA 650
C AVDA 660
k = number of factors c THE C MUST ALSD BE REMOVED FRUM JUUBLE PKECISION STATEMENTS  AVDA 670
[+ APPEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS AVDA 680
< RUOUT INE . AVDA 650
[
: : [ srssmsvessavassssencrenseanens
The input data placed in the lower part of the ¢
s < CALCULATE TOTAL OATA AREA REQUIRED
array X are moved temporarily to the upper part <
M=LEVELLL)+]
of ay. From th the data are redi 00 105 =20k
the array rom there, the data are redistributed 1o DO o8 Ik
. - . c
according to the equation (4) below. Prior to that, € nave oara 1o vue uprER PaRT o7 ruc ameaY X
s 2 . z . . : FOR THE PURPOSE OF REARRANGEMENT
multipliers, sj, to be used in finding proper posi- b
. Ni=d+ L
tions of storage, are calculated as follows: Na=Nel
=hei¥
Nl=Nl-1
N2=N2-1
g =1 (2) 107 XINLI=X(N2}
[
1 4 CALCULATE MULTIPLIERS TO BE USED IN FINDING STORAGE LOCATIONS FOR AVDA 890
[+ INPJT DATA AVDA 900
- c AVDA 910
] 1 ISTEPLLI=1 AVDA 920
00 110 I=2yK AYODA 930
s. = I (L_ + 1) (3) 16 lglfNUHSTEP(l-n'(LEVELH—LHU AVDA 940
1 D 15 I=lk AVDA 950
i = 1 c 115 KOUNT(I)=1 AVDA 960
AVDA 970
< PLACE DATA IN PROPER LOCATIONS AVDA 980
s H AVDA 990
where 1= 2,3, - k Nl=NI-1 AVDAL00Q
D0 1335 I=LsN AVDALO10
L=KGUNT (1) AVDALOZO
. . N DO 122 Jd=dsK AVDALO3O
| Then a position for each data point is calculated 120 LLaISTEPLIITAKOUNT ) -1) AvDaLO40
3 i X(L1=x{NL) AVDALQ60
by the following equation: 20 130 dely AvoaLora
TE(KOUNTLII-LEVELEJ)) 124, 125¢ 124 AVDAL080
124 KOUNT(JP=KOUNT(J1+1 AVDALO9C
GO TJ 135 AVDALLCO
k 125 KUUNTHJ)=1 AVDALL1O
+ KOUNT 4 130 cOnTINUE AVDAL120
= l b - 155 CUNTING AVDALL30
S KOUNTl Z S' . ( 3 1) ( ) RETURN AVDALL40
j - 2 J J END AVDALL50

where KOUNT; = value of jth subscript of the data

to be stored.

The subroutine increments the value(s) of sub-
seript(s) after each data point is stored.
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3 4 AVCA 10
Subroutine AVCAL € veerssnieseseiiierteeitensiieasessinsesatesisianresseniesnnss AVEAT 20
c AVCA 30
C SUBROUTINE AVCAL AVCA: . 40
c AVCA 'S0
i i - [ PURPOSE AvCA 60
Thls Subroutlne performs the calculus for the gen < PERFURM THAIEGCALCULUS OF A FACTORIAL ?l?gllsENl’ USING AVg: Yg
3 . < OPERATOR SIGMA AND OPERATUR DELTA. HIS SUBROUTINE IS AV 8
eral k-factor experiment: operator Z and operator ¢ PRECEGED v SUSKOUTINE ADVAT D FOLLONED 37 SUBAOUTINE  AVCA 50
s : c EANJ IN THE PERFORMANCE OF ANALYSIS OF VARIANCE FOR A AVCA L
A. An example is presented in terms of k=3 to c COMPLETE FACTGRIAL DESIGN. AVCA 110
. c AVCA 120
illustrate these operators. < UsASE AVEA 130
[4 CALL AVCAL (KJLEVELeXebrISTEP,LASTS) AVCA l‘g
3 3 ‘ AVCA 15
Let xgpe denote the experimental reading from H SESCRIPTION OF PARAMETERS Avea leo
th th c 1 ~ NUMBER OF VARIABLES (FACTORS). K MUST BE .GT. ONE. AVCA 170
the a level of factor A, the b"* level of factor B, c LEVEL - INPUT VECTOR OF LENGTM K CONTAIMING LEVELS (CATE- - AVCA 180
th 1 1 of fact C. Th bols A, B ‘c: X ‘fﬁﬁﬁ?s&éié&"%ﬁﬁ?u‘{ﬁﬁ'éﬁf' DATA HAVE BEEN pucenﬂé: ;:g
and the c evel ol 1actor L. € symbols A, b, ¢ IN VECTOR X BY SUBROUTINE AVDAT. THE LENGTH OF X  AVCA 210
5 IS (LEVEL{1)®LIS(LEVELI2)¢L)%,, R(LEVELIKI+L), AVCA 220
and C will also denote the number of levels for each b L T bORITION Tw veCTon x Weke ToE (AST LUl oara AVCA 230
‘. . E ULATE A\ BROUT INE AV &
factor so thata =1, 2, ..., A;b=1, 2, ..., B; ¢ 15oQUATED: L WAS BEEN CALCULATED oY SuskourinE  AUch 240
- [4 ISTEP ~ INPUT VECTOR OF LENGTH K CONTAINING STORAGE CONTROL AVCA 260
andc=1, 2, ..., C. c STEPS WHECH HAVE BEEN CALCULATED BY SUBROUTINE Avg: z1g
< AVOAT . AV 28
With regard to the first factor A: [ LASTS - WORKING VECTOR OF LENGTH K. AVCA zqg
[ AVCA 30
[ REMARKS AVCA 310
Z c THIS SUBROUTINE MUST FOLLOM SUBRGUTINE AVDAT. Avea 320
operator = gum over all levels a = 1, 2, veey C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED AVCA 340
& A, holding the other subscripts at ¢ e wea e
’ E tnlg 1 4 p ¢ NETHOO . Avea 310
onstan evels ant THE METHOD IS BASE&D ON THE ) ECHNIQUE DISCUSSED BY M. D. vCA 380
.
c ’ [+ HARTLEY IN *MATHEMATICAL METHOOS FOR DIGIVAL COMPUTERS® AYCA 390
< EDITED BY A. AALSTON AND H, WILFy, JOHN WILEY AND SUNS, AVCA 400
[4 1962y CHAPTER 20. AVCA 410
¢ AVCA 420
[ WetnasassnsaanasesseresrsrevsernencrassnecsansenunnsaniaansosensonsAVCA 430
4 AVCA 440
operator A= multiply all items by A and sub- SRR e T bt 3
3 tract the result of ¥ from all ¢ AveA 30
. ¢ S e AV 430
items a c IF A DUUBLE PRECISION VERSION OF THIS ROUTINE IS DESIRED, THE AVCA 500
19 C IN COLUMN 1 SHOULD BE REMOVED FROM THE DOUBLE PRECISION AVCA 510
4 STATEMENT WHICH FOLLOWS. AYCA 520
c AVCA 530
[ DOUBLE PRECISION X, SUN
In mathematical notati c
. not thIl, these operators are 3 THE C MUST ALSO BE REMUVED FAUM DOUBLE PRECISION STATEMENTS
defined as follows: % 3535::;"6 IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS
c
A [ teeeseeresicacsnsstnsrncesancsrscarsacasnrsraesanncorsanansaandhVOA °‘{°
3 AVCA 610
< CALCULATE THE LAST DATA POSITION OF EACH FACTOR Avea 620
= = VCA 630
E X = X = X (1) LASTS(11=Lel AVCA 640
abc .be abe DU 145 I=2.K AVCA 650
a a= 1 145 LASTS{I)=LASTS{I~-1)+ISTEPLI) AVCA 660
c AVCA 670
4 PERFORM CALCULUS OF GPERATION AVCA bﬂg
14 AVCA 69
Ao = Axy - X @ e bl 1
abe abc .bec L=l AVCA 720
a SUM=0.0 Avech ug
NN=LEVEL(I) AVCA T4
FN'N'! AVCA 750
The operators X and A will be applied sequentially INCRESLSTERD wea 170
: c AVCA 780
to all factors A, B, and C. Upon the completion € SIGMA UPERATION avea 10
. . < AVCA 800
of these operations, the storage array X contains 155 00 (60 J=1,NN AVCA 810
. Y . SUN*SUH’&(L) AVCA 820
deviates to be used for analysis-of-variance 16 LrLaincrs : AvCA 330
components in the subroutine MEANQ. € beiTa upcRaTION Aveh oae
4 AVCA 870
DO 165 J=1,NN AVCA B8O
X(LL)=;N‘X(LL)-SUM ::E: ::g
165 LL=LL+INCRE
SUMaG .0 AVCA 910
TFUL~LAST) L6Ts 175, 175 AVCA 920
157 IF{L~LAST+INCRE} 168, 168, 170 AVCA 930
168 L=L*INCRE AVCA 940
LL=LL+INCRE AVEA 950
GU TU 155 AVEA 960
LT¢ L=L4INCRE*1-LAST AVCA 970
LL=LLU#INCRE#1~LAST AVCA 980
GU Ty 155 AVCA 990
115 CUNTINUE AVCAL 000
KETURN AVCALGLO
END AVCALO2D
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Subroutine MEANQ

This subroutine performs the mean square operation
for the general k-factor experiment. in the following
two steps:

1. Square each value of deviates for analysis of
variance stored in the array X (the result of the
operators T and A applied in the subroutine
AVCAL).

2., Add the squared value into summation
storage. In a three-factor experiment, for
example, the squared value is added into one of
seven storages (7= 28~ 1) as shown in the first
column of Table 1. The symbols A, B, and C in
the first column denote factor A, factor B, and
factor C.

After the mean square operation is completed for
all values in the storage array X, the subroutine
forms sums of squares of analysis of variance by
dividing the totals of squared values by proper
divisors. These divisors for the three-factor ex-
periment mentioned above are shown in the second
column of Table 1. The symbols A, B, and C in the
second column denote the number of levels for each
factor.

The subroutine, then, forms mean squares by
dividing sums of squares by degrees of freedom.
The third column of the summary table shows the
degrees of freedom. The symbols A, B, and C
denote the number of levels for each factor.

Table 1. Table Showing Summation Storages,
Divisors to Form Sum of Squares, and
Degrees of Freedom (Subroutine MEANQ)

Designation of Store Divisor Required to Degrees of Freedom
and of Quantity Con- Form Sum of Squarcs Required to Form
tained in it of Analysis of Variance Mean Squares
(a2 ABC'A (A-1)
(3)2 ABC'B (B-1)
2 ABC-AB (A-1) (B=1)

(C) ABC-C (C-1)

(AC)2 ABC-AC (A=) (C-1)

(BC)2 ABC-BC (B-1) (C-1)

(ABC)2 ABC-ABC (A=1) (B-1) (C-1)
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SUBRUUTINE MEANQ

PURPUSE
COMPUTE SUM OF SYUARES. DEGREES OF FREEDOMe AND MEAN. SQUARE
JSING THE MEAN SQUARE OPERATOR. THIS SUBROUTINE NORMALLY
FOLLOAS CALLS TO AVDAT ANU AVCAL SUBROUTINES IN THE PER-
FORMANCE OF ANALYSIS OF VARIANCE FOR A COMPLETE FACTORIAL
DESIGN. *

USAGE
CALL MEANQ (R oLEVELyXyGMEANSUNSQ oNDF s SMEANe MSTEP s KOUNT
LASTS)

QeEsT KIPTION UF PARAMETERS
— NUs3ZR OF VARIABLES {FACTORS)s K MUST OE «GT. ONEs
LtVtL ~ INPUT VECTUR OF LENGTH K LONTAINING LEVELS (CATE-
GURIES) WITHIN EACH VARIABLE,
INPUT VECTUR CINTAINING THE RESULT OF THE SIGNA AND
OELTA OPEKATORS. THE LENGTH OF X 1S
(LEVELR LI IIO{LEVEL (20 ¢1D%, L S LLEVELIKI®L) .
GMEAN — DUTPUT VARIABLE CONTAINING GRAND MEAN.
SUMSQ ~ DUTPUY VECTOR CONTAINING SUMS OF SQUARES. THE
LENGTH OF SUMSQ 1S 2 TO THE K-TH POWER MINUS DME.

X

(268K)-1.

NDF - DUTPYT VECTOR CONTAINING DEGREES OF FREZEDOM. THE
LENGTH OF NOF I3 2 TO FHE K~TH POWER MINUS ONE,
f2%8K)-1»

SMCAN - QUTPUT VECTOR CONTAINING MEAN SQUARES, THE
LENGTH OF SMEAN IS 2 TO THE K-TH POWER MINUS ONE.
t2%¥K )-1.

MSTEP — WORKING VECTOR OF LENGTH K.«

KOUNT ~ WORKING VECTOR OF LENGTH K.

LASTS ~ WORKING VECTOR OF LENGTH K.

REMARKS
THIS SUBROUTINE MUST FOLLOW SUBROUTINE AVCAL

SUBRUUTINES ANO FUNCTION SUBPROGRAMS REGUIRED

METHOD
THE METHOD [S BASED G THE TECHNIGUE DISCUSSED BY H. 0.
HARTLEY IN YMATHENATICAL METHOUS FOR OIGITAL COMPUTERS®,
EUITED 8Y Ao RALSTON AND H. WILF, JOHN WILEY AND SONS,
1962y CHAPTER 2C.

SUBROUTINE MEANG (KeLEVEL » X GMEAN » SUMSQ y NOF o SNEAN + MSTEP s KOUNT,
LASTS)

DINENSIDN LEVELE1) o XULD pSUMSQULY s NOF (1) 9 SMEANLL) yHSTEPLL)
KOUNT (129 LASTS (1}

MEAN 10

cessatestersmnsectarsneancstesssrnansscansnoscarrsnnasarasesevvoesMEAN 20

MEAN 40
HEAN 50
REAN 60
MEAN 70
MEAN 80
AEAN 90
NEAN 100
NEAN 110
MEAN 120
MEAN 130
MEAN 140
MEAN 150
MEAN 160
MEAN 170
MEAN 180
HKEAN 190
MEAN 200
MEAN 210
NEAN 220
MEAN 230
MEAN 240
MEAN 250
MEAN 260
MEAN 270
MEAN 280
MEAN 290

MEAN 480
REAN 490

Ceesesssecssetena e saasvasesissssrnnneranausacstticosnrnnnanncnnyss NEAN 500

MEAN 510
MEAN 520
MEAN 530
REAN 540
MEAN 550
NEAN_560

heesssteesrarnsenacsenbesseessonrassasncstassnsvesanssnsesavessMEAN 570

IF A DOUBLE PRECISION VERSIUN UF THIS ROUTINE IS DESIRED, THE
C IN COLUMN 1 SHOULD BE REMUYED FROW THE DOUBLE PRECISION
STATEMENT WHICH FOLLOWS.

DOUBLE PRECISIUN Xo GMEAN, SUMSQySMEAN,FNL
THE C MUST ALSO BE REMOVED FROM DOUBLE PRECISION STATEMENTS

APPEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS
RUUTINE .

EAN 580
MEAN 590
MEAN £00
MEAN 510
REAN 620
BEAN 630
MEAN 640
REAN 650
NEAN 680
MEAN 670
MEAN 680

hveesessnsetessennsasnssesnnrsresssoasrsussssnnsascrsassusssesceNEAN 690

CALCULATE TUTAL NUMBER OF DATA

N=LEVEL(1)
GO 150 I=24K
150 N=N®LEVEL(I}

SET UP CONTROL FOR MEAN SQUARE OPERATOR

LASTSlll'LEVEL(U
00 178 1m2,K

178 LASTSUII=LEVEL(]1)eL
NN=L

CLEAR THE AREA TU STORE SUMS OF SQUARES

Li={2eex)-]
M5TEP(L)=1
DG 180 1=24K

18C MSTEP(I}=HMSTEPLI~1)%2
UG 185 I=llit

185 SUNSQEI)=0.0

PERFURM MEAN SQUARE OPERATOR

DQ 190 Ixlek
190 KOUNT{I)=0
200 L=0
00 260 I=1.K
1FIKQUNTE1)-LASTSIE D) 2)Ce 2500 210
210 IFLLY 22Cy 2204 240
22U KOUNT(D b=KGUNTEL)eL
TF(KROUNTUI)-LEVEL (1)} 230, 230y 250
23C L=L+MSTEPLID)
GU TO 260
24C IF(KOUNTETI-LEVELCL ) 23C, 260, 230
25C KOUNT(I)=C
26C CUNTINUE
IFUL) 285y 285, 2T
2rc SUKSQH.I=SUHSQlLl~l(NNI'XINNl
NN=NN+L
Gu TO 200

CALCULATE THE GRANU MEAN

265 FN=N
GMEAN=X INN)/FN

EAN TO0
MEAN 710
REAN T20
MEAN 730
MEAN 740
MEAN 150
MEAN 760
MEAN 770
MEAN 760
MEAN T90
MEAN 800

MEANLOLC
NEANLO20
REANLO30
REANLO4O
KEAN10SO
MEANLO60
MEANLO 70
MEANL O8O
MEANLO9O
MEANL 10O
MEANLLLO
REAKL120
MEANIT30
MEANL 140
NEANL 150
MEANL 16O
MEAN1L170

LALCULATE FIRST OIVISUR REQUIRED TO FORM SUM UF SQUARES AND SECONOMEANLLSOQ
L]

DIVISOK, WHICH IS EQUAL TU UEGKEES OF FREEDOMs REQUIRED TO FOR
MEAN SQUARES

DO 31y Te2&
330 NSTEPLLIXG
NN=G

HSTEPLLI=]
32¢ NOi=l
ND2=1
DO 340 I=lek
TFUMSTEPLLR) 333, 34Cy 330

MEANLL 90
NEANL 20O
MEANI210
NEANL220
MEANL230
MEAN]L 240
MEANLZ250
MEANL260
MEANL2TO
MEANL 280
MEANL290
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¢ Wpls ¢ NEAN1300 s s s :
e :3:-:3;::::5;“;:-11 MEAN1310 Discriminant Analysis

340 CONTINUE HEANL320
FNL=NSNDL MEANL 330
e s M%  In the Scientific Subroutine Package, discriminant
NN=NNG L !
Ml SN PRI P e Scientific Subroutine Package, discriminan
8 N 3 . .
SHEAN N < SUNS a1 NMD /FR oA analysis is normally performed by calling the fol-
345 00 oea feroe 2T e : :Sﬁiiﬁg lowing three subroutines in sequence:
IFLMSTE ) T 50 1 MEANL 4] . .
sa7 usr?i«zﬁé' 7o 3500 2 Reaniszo 1. DMATX - to compute means of variablés in
60 70 360
355 MSTEP{I)= HEANL440 i i
53 MSTEPLLI=1 rewisso each group and a pooled dispersion
C T N 3
37 ke AEAN14TO matrix
END MEANL 4RO

2. MINV - to invert the pooled dispersion matrix

3. DISCR -~ to compute coefficients of discrim-
inant functions and evaluate the
functions for each observation
(individual)

Subroutine DMATX

This subroutine calculates means of variables in
each group and a pooled dispersion matrix for the
set of groups in a discriminant analysis.

For each group k =1, 2, ..., g, the sub-
routine calculates means and sums of cross—
products of deviations from means as shown

below.
Means:
n
k
z : ik
- i

(1)

where n, = sample size in the kth group

j =1,2,..., m are variables

Sum of cross-products of deviations from means:

k - —
5% = {sz} = Z ik ™ X Fpe ~ Fpp) @
where j
J3

1, 2, ..., m

1, 2, ..., m
The pooled dispersion matrix is calculated as

follows:
g
2. 5%

k=

D = K=l (3)
g

2. m-

k=1

where g = number of groups
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SUGRODUT INE DHMATX

PURPGSE
CUBPUTE MEANS OF VARIAJLES IN EACH GROUP AND A POULED
DISPERS iuUN MATRIX FOR ALL THE GROUPS. NORMALLY ¥HIS SuB~
ROUTINE IS USED IN THE PERFORMANCE OF DESCRIMINANT ANALYSIS.

USAG
CALL UMATX (KyMyNgXyXBAR U, CMEAN)

DE:LRH‘HDN UF PARAMETERS

~ NUMBcR OF GROUPS

! - NUMBER OF VARIABLES {MUST BE THE SAME FOR ALL
GROUPS) .

N ~ INPUT VECTUR OF LENGTH K CONTAINING SAMPLE SIZES OF
GRQUPS,

X ~ INPUT VECTOUR CONTAINEING DATA [N THE MANNER EQUIVA-

LENT TO A 3-DIMENSIONAL FORTRAN ARRAY, X(lslslly
XKQ2oleddy X(341eddy ETC. THE FIRSY SUBSCRIPT IS

DMAT 90

DHA' 180

MAT 190
DHAI 200
OHAT 210
DMAT 220

CASE NUMBERy THE SECUND SUBSCRIPT (5 VARIABLE NUHBERDNAY 230

AND THE THIRO SUBSCRIPT IS GROUP NUMBER. THE
LENGTH OF VECTOR X IS EQUAL TU THE TOTAL NUMBER OF
VATA POINYSs ToM, WHERE T 3 NIL)#N(2)+...#N(K}.

XBAR - UUTPUT MATRIX (M X K} CUNTAINING KEANS OF VARTABLES
]

IN K GHOUPS.

-~ QUTPUT MATRIX (M X M) CONTAINING POOLED DISPERSION.
DM,

0
CMEAN - WORKING VECTGR OF LENGTH M,

REMARKS
THE NUMBER OF VARIABLES MUST BE GREATER THAN OR EQUAL TO
THE NUHMBEK OF GROUPS,

SUBRUUTINES AND FUNCTION SUBPROGRAMS REQUIRED
NUNE

METHOD
KEFER T *uMD COMPUTER PROGRAMS MANUAL', EDIVED BY We Jo
DIXONy UCLAy 1964y AND T. W. ANDERSON, ‘INTRODUCTEION TN
HULTIVARIATE STATISTICAL ANALYSIS', JOHN WILEY AND SONSs
1958, SECTIUN 6.6-6.8.

eeeaatietsstesisissesnansactretiacsurnanssesssenssrenvansannsannss DNAT 450

SUBROUT INE OMATX (KaHsNyXs XBAR, 04CHEAN)
UVIMENSION NU1)yX(1) ¢ XBARCL)40¢12+CHEANC L)

DMAT 460
OMAY 470
DMAT 480
DMAY 490

CHeeeensanntteicascerssssaractttaccanasssvencrrsrensansucnraess DMAT 500

1F A DOUSLE PRECISION VERSION OF THIS ROUTINE IS DESIREDe THE
¢ IN COLUMN | SHOULD bE AENOVED FRON THE DOUBLE PRECISION
STAVEMENT WHICH FOLLGWS.

JOUBLE PRECISION XSAR, DyCMEAN

THE C MUST ALSD BE RENOVED FROM DUUBLE PRECISION STATEMENTS
APPEARING IN OUTHER ROUYINGS USED IN CONJUNCTION WITH THIS
ROUT INE.

INITIAL IZATION

LLEL L
00 10C I=L,MM
DItsC.0

CALCULATE MEANS

Né=0

=0

LH=Q

00 160 NGzl.K
NL=H{NG

FN=NL

00 130 J=l+M
LM=LNe L

XBARILM)=0 .G

00 120 I=1,N1

LsLet
XBAR{LM}=XBAR(LM) ¢X (L)
XBAR(LM)=XBARLLMI/FN

CALCULATE SUMS OF CROSS-PRODUCTS OF DEVIATIONS

LHEAN=L M-

DO 15C I=14N1
LL=N4+l-NL

00 14C Jml.H

LL=LL+N]

N2=LAEAN+)
CMEAN(JI=X{LLI-XBARINZ)
LL=C

DO 15C J=l.M

LB 150 Jd=1eM

tleli+l
DALLI=DLLI*CMEANT JISCHMEANL )
NézNoeeNL1*N

CALCULATE THE PUCLED DISPERSION MATRIX

LL==K

00 176 1=K
LL=LLeNLL)
FN=LL

00 18C I=1,H¥
DUII=OUIHEN

RETURN
END

DMAY 510
DMAT 520
DMAT 530
DMAT 540
OMAT 550
DMAT 560
OMAT 570
DMAT 580
DMAT 590

OMAT 860
DMAT 870
DMAT 880
OMAT 390
DMAT 900
OMAT 910
DNAT 920
DMAT 930
DMAT 940
DMAY 950
DMAT 950
DMAY 970
DMAT 980
DMAT 99¢C
DMATLI00C
DMATICLC
DNAT1020
DMAT1030
DHATL040
DMAT1Q50
DMATL060
DMAT1070
oMaTIO8C
DMAT1C9C
DMATLLICO
DMATLiIC
OMAY1120

Form H20-0205-3
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Subroutine DISCR

This subroutine performs a discriminant analysis by
calculating a set of linear functions that serve as
indices for classifying an individual into one of K
groups.

For all groups combined, the following are

obtained.

Common means:

g
D %
k=1 " Tk

X, =— ey

g
n
k=1
where g = number of groups

j =1, 2, ..., m are variables

nk = gample size in the kth group

- th . .. . th

Xjk = mean of j variable in k= group

Generalized Mahalanobis D2 statistics, V:

m m g
V= E E dij z n, &, -X) (xjk—xj) (2
=1 j=1 k=1
where d_, the inverse element of the pooled

dispersion matrix D

V can be used as chi-square (under assumption of
normality) with m(g-1) degrees of freedom, to
test the hypothesis that the mean values are the
same in all the g groups for these m variables.
For each discriminant function ks =1, 2, ..., g,
the following statistics are calculated.

Coefficients:

(3

Q
"
L
=
e

k = kx
Constant
m m
Core = V2 E 2 T

]
ot

j=1 1=
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For each ith case in each kth group, the following
calculations are performed.

Discriminant functions:

m
f = C ...+t C
ko ik Xx]k ok %

i=1

where kx =1, 2, ..., g

(3)

Probability associated with largest discriminant

function:
1

P = (6)

L g &, -f)

* L

2.
kk=1
where fL = the value of the largest discriminant
function
L = the subscript of the largest dis-
criminant function

10
assvses sesaavens 20
13 30
SUBROUTIMNE DISCR DISC &0
oIscC so0
PURPOSE ISC o0
COMPUTE A SET OF LINEAR FUNCTIONS WHICH SERVE AS INDICES DISC 70
FOK CLASSIFYING AN INDIVIDUAL INTO OKE DF SEVERAL GROUPS. DISC 80
NORMALLY THIS SUBROUTINE (S USED IN THE PERFOAMANCE OF oIsC 9C
DISCRIMINANY ANALYSIS. DISC 100
oIsc 110
USAGE DISC 120
CAML DISCR (KoMyNsX sy KBAR, Dy CHEANy V4C o Py LG} DISC 130
015C 140
UESCRIDTION UF PARAMETLERS DISC 150
- NUMBER OF GROUPS. K MUST BE GREATER THAN OME. DISC 160
K = NUMBER OF VARAABLES DISC 170
N ~ INPUT VECTOR UF LENGTH K CONTAINING SAMPLE SIZES GF DISC 180
GROUP S, DISC 190
X = INPUT VECTOR CUNTAINING DATA: IN THE MAMNER EQUIVA~ DOISC 200
LENT TO A 3~UIHENSIONAL FORTRAN ARRAYy X(leleldy DISC 210
X{2e291ly Xi3,191)y ETC. THE FIRST SUBSCRIPT S DIsSC 220
CASE NUMBERy THE SECOND SUBSCRIEPT IS VARLABLE NUMBRERDISC 230
AND FHE THIRD SUBSCRIPT IS GROUP NUMHBER. THE RISC 240
LENGTH OF VECTOR X IS EQUAL TO THE TOTAL NUMBER OF DISC 250
DATA POINTS, T*M, WHERE T = NILIsN{2)e...oNIK). DISC 260
KBAR - INPUT MATRIX (M X K) CONTAINING MEANS OF M VAIlAILESDlSC 210
1IN & GROUPS 280
o = INPUT: MATRIX.{M X K} CONTAINING THE. INVERSE OF DISC 290
POULED DISPERSION MATRIX. DISC 300
CHEAN ~ QUTPUT VECTOR OF LENGTH M CONTAINING CONMON MEANS. OISC 310
v = UUTPUT VARTABLE CONTAINING GENERALIZED MAMALANDSIS DISC 320
D-SQUARE o DISC 330
[ ~ DUTPUT MATRIX {M+] X K) CONTAENING THE COEFFICIENTS DISC 340
OF ODISCRIMINANT FUMCTLIUNS. THE FIRST POSITION OF DISC 350
cACH COLUMN (FUNCTIOW) CONTAINS. THE VALUE OF THE DISC 360
CONSTANT FOR THAT FUNCTIUN. BISC 370
L4 = UUTPUT VECTUR CONTAINING THE PROBABILITY ASSOCIAVED DISC 380
WITH THE LARGEST UISCRIMINANT FUNCTIONS OF ALL CASESDLISC 390
IN ALL GROUPS. CALCULATED RESULTS ARE STOREU IN THEDISC 400
MANNER EGUIVALENT Tu A 2~DIMENSIONAL  AREA (VHE DISC 410
FIRST SUBSCRIPY IS5 CASE NUMBER, ANO THE SECOND DISC 420
SUSSCRIPY 15 GROUP NUMBER). VECTOR P HAS LENGTH DISC 430
EQUAL Tu THE TOTAL NUMBER OF CASESy T (T = N(I)ON(ZDDISC 440
*eaatNiK)) W 450
LG - DUTPUT VECTOR CONTAINING THE SUBSCRIPTS OF THE DISC 460
LARGEST DISCRIMINANT FUNCTIONS STOKED IN YECTOR P, DISC 470
THE LENGTH UF VECTOR LG 1S THE SAME AS THE LENGTH DISC 480
OF VECTOR P, DISC 490
BISC 500
REMARKS DIsSC 510
THE NUMSER OF VARIABLES MUST BE GHEATER THAN OR EQUAL TO DISC 520
THE NUMBER OF GROUPS, DISC 530
BISC 540
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED DISC 550
NONE DISC 560
DisC 570
KETHUD OISC 580
REFER TL *0MD COMPUTER: PROGRANS MANUAL®, ECITED BY Me Jo DISC 590
DIKONy UCLA, 1904y AND Y. We ANDERSON, YINTRODUCTION TO 015C 600
MULTIVARTATE STATISTICAL :ANALYSIS*y JOMN WILEY AND SONS, DISC 610
1958y SELTIUN @.6-6.8. DISC 620
DISC 630
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foo

6o

nonoe
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1
13¢
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&
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a

16C

1Y

Ea

18

o

19¢
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210
220

A

24

25L

260
210

SeeseassaeriunteasseestensesanearranranusrseanesnsrarssnnsnenaanssDISC 640

SUBRUUTINE WISCR (K sMyNsXsXBARyUyCHEAN,V4C o PyLG
UIMENSTON N(th(liy)(BI\R(1).1)(l).CHtAN(lI-Clth(U'LG(U

QIS 650
DISC 660
DISC 670
DISC 680

eveereausncrsencenrnsnessrsnasansranannenannrrenrensasnnansaesDISC 690

IF A VOUBLE PRECISIUN VEKSION UF THIS ROUTINE IS DESIRED, THE
© IN COLUMN 1 SHOULD Bt KEMOVED FROM THE ODOUBLE PRECKISION

STATEMENT WHICH FOLLUWS.

UBUSBLE PRECISIUN XGAR, Uy CMEANS VI CrSUMeP o PL

The C MUST ALSO EE ReMOVEu FROM DUUBLE PRECISION STATEMENTS
APPEARING IN OTHER RUUTINES USED IN CONJUNLTION WITH THIS

ROUT INE.

THE DOUBLL PKECISIUN VERSION LF THIS SUBROUTINE MUST ALSG
EXP IN STATEMENT

CONTAIN OGUBLE PRECISIUN FORTRAN FUNCTIONS,
25G MUST BE CHANGED TU DEXP.

CALCULATE COMMON M ANS

NI=N(1)

D0 L6C I=4eK
Nl=NLeNEI)
FNT=NL

DO 11C i=QsK
PLI}=NLT)
DO 13¢ I=14M
LMEANTL)=C
NLl=[~#

00 142 J=l4k
NL=il+H

CMEAN(L)=CMEANC LY #P (U ) *XBARINL Y
CMEAN(1)=CMEANLE}/FNT

CALCULATE GENERALIZED MAHALANDBES O SQUARE

L=

DU 14C I=14K

DU 140 J=1.M

LxLel
CILI=XBAR(L)-CHEANCJ)
L=0

00 16C J=1,4

00 160 I=1.M

Ni=[-M

N2=J-M

SUM=0.0

00 156 lJ4=14K
Ni=NLeM

NZ=N2+M
SUM=SUMSP{TJI*CINLI#CIN2)
L=L+l

Vay+D{L1#5UM

CALCULATE THE COEFFICTENTS OF UISCRIMINANT FUNCTIGNS

N2=0

DO 19C KA=1,K

0G L7C I=leM
NZE=N24)
PUL)=XEARIN2)

Qe (Ml beikA-12¢L
SUM=0.C

DO 18C J=lyM

SUM=SUN+DINLI*P LAY 2P{L}
CUIQI=~(SUN/ 2.0}

0O 190 I=leN

Nl=f-N

I4=l1gel

CClui=0.0

DU 150 J=l+M

NLIENLM
CLIQI=CULII+DINLI®P (I}

FOR EACH CASE IN EACH GROUPs CALCULATE..
DISCRIMINANT FUNCTIONS

LBASE=D

N1=G

G0 27C KG=1yK
NN=NIKG)

DO 260 I=1+NN
L=I-NN+LBASE
00 205 Jxli+M
Ll ¢NN
oldrex(il
N2=0

DG 220 KA=14K
Na=N2el

SUM=C (N2}

B0 210 Jd=1yM
N2=N2#L
SUM=SUN4CINZ) DM
XBAR{KA)=SUM

THE LARGEST DISCRIMINANT FUNCTIUN
SUM=XBAR(1)
DO 240 J=24K
IF (SUM-XBAR(J 1)
L=J
SUM=XBAR{J)
CONTINVE

230, 24C, 240

areseursarsanissadesrninscsvarsrunansasannsansvanansnes DISC 850

DISC 860
DISC BTC

olsc 99C
BESCLCO0
01IsC1010
01sC1020
DISC1030

- 0ISCLO40

DISC1050
01sCl1060
DISCAOTO
0IsSC1080
DISCL090
DISCI10C
0isCillo
DISCLLI20
JISCL130
01SCLL&0
eisCi150
0IsCli60Q
OISCLETO
DISC1180
DISC1130
DISC1200
oIscL210
015C1220
DIsC1230
DISCi240
DISC1250
0isCl260
DISCL27C
DISC1280
01sC1290
DISC1300
DISC1310
DIsC1320
01SC1330
DISCL1340
0ISC1350
DIsCl3e0
2ISC1370
015€1380

‘D1SCL390

DISCi40C
0ISC1410
DISCL420
DESCL4e30
DISClL440
015C1450
OISCLl460
DISC1470
DISCl480
DISC1490
DISC1500
DISCI510
DEsC1S520
01sCls30
BISCL540
0ISC1550
OISC1560
DISCLI570
0ISC1580
015C1590
D15Cle0C
015Cl6k0
0I5Cis20
0IsCls3g
DI5C1640
0IsCle50
DIsSClesl
DisCisT0

DISC1680

DISC169C
BISCLTCO
DIsCiTi0
DISC1720
DISC1730
DESC1740
DISC1750
DISCLYS0
DISCiTTO
DISCLT80

PROBABILITY ASSOCIATEC WIVA THE LARGEST DISCRIMINANT FUNCTION DISC1790

PL=C.C
DO 25¢ J=14K
PL=PL+ EXP{XBAK(JI~5UM)

LGINL)=L

=L.0/PL
LBASE=LBASE+NNEM

RETURN
END

DISC18CO
DISC1810
DIsci1azo
DISC1830
DISC1840
DISC185C
DISC1860
oIsCis70
DISC1880
DISC1890
DISC190C
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Factor Analysis (see Eigenanalysis) where j =1,2, ..., k

H

m = number of eigenvalues (or variables)

In the Scientific Subroutine Package, factor
analysis is normally performed by calling the k=m
following five subroutines in sequence:

4 TRAC 10
. . ¢ escevessensnasasasensnetscnantiascossssansanssavasacccssravessasTRAC 20
1. CORRE - 'to find means, standard deviations, c TRAC. 30
. . 4 SLEFCUTINE TRACE TRAC 40
and correlation matrix ¢ pLRFCSE TRAC =0
1 [4 o ATIVE PERCENTACE CF EIGENVALUES GREAVER THAN TRAC 10
2. EIGEN - to compute eigenvalues and assoc- ¢ e Teun Y oNsTART SPECTFIED evcgut Usen. [THIS sue-  TRAC 80
s s . CLT CRPALLY CTCCLRS IM & SECLEN CF CALLS SuB- C
iated eigenvectors of the correlation ¢ REUTINES COnRE. E1GENs IRMCE. LCAGs AND VARBX IN THE PER-  TRAC 100
. [4 FCRFANCE CF A FACTCH AMALYSIES. TRAC 110
matrix 3 . TRAC 120
C LSACE 130
3. TRACE - to select the eigenvalues that are ¢ CALL TRACE (MuRoCCAIKSED TRAC 140
¢ TRAC 150
; TRAC 162
greater than or equal to the control ¢ B L  en €F VARIAELES. ¥ FUST 8E > CR = T0 1 TRae 170
. Y] - [4 L] — INPUT MATRIX {SYM¥ETRIC ANC STCRED IN COMPRESSED TRAC 180
value spec1f1ed by the user c fc:u »iTE c:‘iZE'ﬁ"“ ;u::»gﬁcev‘:uu::cé: ﬁEﬁEs ‘“;::E ;gg
= [4 CCATAINING VALUE 3 ONAL » ¥
— i RANGEL IN CESCENCING CRCER. THE CRCER GF MATRIX RYRAC 210
4. LOAD to cOmpute a faCtor matrlx : :: » E'L-- CNLY Po(M+1)/2 ELEMENTS ARE IN STCRAGE. TRAC 220
TRAC 230
5‘ VARMX- to perform Varlmax rotatlon Of tl]'e E (44 ) - :szg:gsiN:nﬂgig'1é)CECIEE FCW PANY EICENVALUES TO TRAC 240
AlN. CUMULATIVE PERCENTAGE OF EIGENVALUES TRAC 250
factor matrix ¢ re1er i CREsTER THAN CR ECUAL To THIS VALUE 1S TRAC 260
TEC. AC 270
The subroutine CORRE works in either of two g [ - c:%:t?uauau CCATAINING THE NUMBER OF Elcenvnuzsrnc 280
- 4 GREATER THAN CR ECUAL TC CCN. 1K IS THE NUMBER OF :a:g 290
H i i i £ RS.) ° RAC 300
Ways. (1) lt eXpeCtS all Observatlons n core’ or 2 [ - [l‘Jg;E‘ VECTGR CF LEAGTE # CCNY‘[NXNG CUHUL“[VE TRAC 310
(2) it triggers a user-provided input subroutine, ¢ PEMCENTAGE CF EIGENVALUES WhICH ARE GREATER THAN ig:% ;§§
- B . Hrs i AC 34
DATA, to read one observation at a time into a ¢ FErenE - T 3%
4 > g TRA {1
work area. In either case, the user must provide 2 SLEKCLTINES AT FLACTICK SUEFRCGRAMS REQUIRED TRac 310
i am ” i - [4 TRAC 390
a subroutine named DATA (see "Subroutines Re ¢ T 1 ECUAL TO CON 1S CIVIDED BY ATRAC 410
i 3 2 L3 C ENVALUE GREATER TFAN OR VAL v
quired" in the comment cards designation of sub- H EnE bR RESULY 1S SDDEC TC THE PREVIGUS TGTAL 10 DBTAIN TRAC 420
. [ THE CUPULATIVE PERCENTAGE FOR EACH EIGENVALUE.': TRAC 430
routine CORRE). c TRaC 440
4 mectessssasEeeresaatss eI e IR IsTTaE itenIBNNstteETITIERRLUSITIOS
TRAC 460
¢ SLERCLTINE TRACE (FoRLCCAGKoC) : TRac 470
CIFENSICA R{LDLC(1}
< TRAC 490
4 esesanmesmesesansmsescaasatasascsnsrtottsssenacancsasansenasss TRAC 500:
TRAC 510
g IF 2 LCLELE PRECISICN VERSICA LF ThIS ROLVINE IS CESIRED, THE TRAC 320
. 4 € IN CCLLPA | SHCULC BE REPCVEC FRCPM THE LOUBLE PRECISION TRAC 530
Subroutine TRACE ¢ SEATERENT weiCh FCLLGRS. TRAC 340
(4
[ CCLELE FRECISIEN RoC TRAC 560
¢ TRAC 570
i i 3 i 1 £C EE GVED FRCM OCUBLE PRECISIGA STATEMENTS TRAL 580
Thls subroutlne fmds k’ the number Of elgenvalues 2 I::Egﬁzzéylttc‘;hfﬂ :é;T:NES LSED I: :QNJUACTIUN wI[TH THIS TRAC 590
that are greater than or equal to the value of a : RCLTINE. T o
- c
ps e Y 4 cevessssmmeiseenanstssoseranvassssrreuncsasssrrntesansavasassses TRAC 620
specified constant. The given eigenvalues Aq, Ag, < TRAC 30
=¥
Am must be arranged in descending order L=c TRAC 650
srey MM * LC ACC Islo TRAC 660
Cumulatlve percentages for these k eigenvalues rce SR igsg EEE
K=C
: [4 TRAC 700
are [4 TEST WHETPER [~T+ EICENVALUGE IS GREATER TRAC 710
[4 THAM CR ECLAL TC THE CONSTANT ;::E ;;g
c
i £C 11C I=kyp TRAC 740
J TELCLII-COND 12C, 1CE, 1C5 TRAC 750
105 K=Kkel TRAC 760
A:. FIC CUEV=CULMZFP TRAC 770
1 4 TRAC 780
= — C CCHMPLTE CLFLLATIVE FERCENTACE CF EIGENVALLES TRAC 790
d 1
j m c TRAC #00
12 LC 32C [aZeX TRAC 810
i=1 13C Ct)=Cil)+Cii-1} TRAC 820
RETLRA 4 TRAC 810
EMC TRAC 840
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Subroutine LOAD

This subroutine calculates the coefficients of each
factor by multiplying the elements of each normal~
ized eigenvector by the square root of the cor-
responding eigenvalue.

aij = vij . 1,7\], (1

where 1 = 1, 2, ..., m are variables

i =1,2,..., k are eigenvalues retained
(see the subroutine TRACE)

k=m
LCAD 10
ddcucras eisntnersaneasssssssrsiianasensresesrenansannsssterssnseashTAD 20
LCAD 30
SLBFCULTINE LCAL LOAD 40
LOAD SO
FURFC S€ LCAD 60
COMPUTE A FACTCR MATRIX {LCADING) FROM EIGENYALUES AND LOAD 7O

ASSCCIATEC EICENVECTGRS. THIS SUBRCUTINE NORMALLY OCTURS LOAD 80
IN 4 SECLEMCE CF CALLS J( SUBRCUTINES CORRE, EIGEN, TRACE, LCAD 90
LL AL, ANC VARMX IN THE PERFORMAACE CF A FACTOR ANALYSI1S. LOAD 100

LOAD 110

LSACGE LCAD 120
CARL LCAC (MoKeRoV} L0AD 130

LOAD 140

CESCRIPTICN CF PRRAMETERS LEAD 150

4 - NUPBER CF VARIAELES. LOAD 160

L3 ~ MUPBER CF FACTORS. K MUST BE GREATER TrAN OR EQUAL LGAD LT0

TC 1 ARG LESS THAM CR EQUAL TC M. LOAD 171

L ~ A MATRIX {SYMMETRIC ANC STOREC IN CONPRESSED FCRM LOAD 180

WITH CALY LPPER TRIANGLE BY CCLUMN IN CORE} CON~ LCAD 190

TAINING EIGENVALLES IN CLAGCNAL., EIGENVALUES ARE LGAD 200

ARRANGEC IN OESCENCING CROER, AND FIRST K LCAD 210

EIGENVALUES ARE LSEC BY THIS SUBRCUTINE. THE CRDER LOAD 220

CF PATRIX R IS ¥ BY M. ONLY M¥{M+1}/2 ELEMENTS ARE LOAD 230

INK SYCRAGE. (SYCRAGE MCLE CF 1) LOAD 250

A ~ WHEN THIS SUBRCLTIMNE IS CALLEC, MATRIX V (M X M) LCAD 250
CGATAINS EIGENVECTCRS COLUMNNISE. UPCN RETURNING TOLGAD 260

THE CALLING PRCGRAK, MATREX v CONTAINS A FACYOR LOAD 270

FATRIX (M X K)o LCAD 280

1£0AD 290

FEVARKS LCAD 300
ACAE LCAD 310

LCAD 320

SLERCLTINES ANC FLACTICN SLEFRCGRAMS REQUIRED LCAD 1330
AONE LCAD 340

LOAD 350

FETHCLT LCAD 340
MOFE¥ELIZEC EIGENVECTORS ARE CCAVERTED 7O THE FACTOR PAYTERN LCAD 370

EY PULTIPLYING THE ELEMENTS OF EACH VECTOR BY THE SQUARE LOAD 380

KCCT CF ThHE CCRARESPONDIMNG EIGENVALUE. LCAD 390

LCAD 400
®a4ecsusanssesssrevevnetrsrsanintacsanasiresssesssanssnnanssceneslLOAD 410
LOAD 420

SLERCLTINE LCAD (PoKRyV} LOAD 430
CIFEASICA R{1),¥ (1)} LOAD 440
LOAD 450

4eses wsnessssseenteteartisstetsonsunnersnsrsessunasnansssssvesslCAD 4460
LOAD 470

1F # CCLBLE PRECISICN VERSICA CF THIS ROLTINE IS CESIRED, VHE LCAD 480

€ 1M CCLUMN 1 SHCULD BE REFCVED FRCM THE DOUBLE PRECISICN LOAD 490
STATEMENT nrICH FCLLCWS, LCAD 500
L0AD 510

CELELE FRECISICA RyveSC LCAD 520
LCAD 530

THE C FLST ALSC EE REMOVEC FRCN UCUBLE PRECISIGA STATEMENTS LCAD 540
APPEARING IN CTHER ROLTINES LSED IN CCAJLACTICN WITH IHIS LGAD S50
ACLTINE. LCAD 560
LLAD 570

THE CCLBLE PRECISIGN VERSICN GF THIS SLBRCUTINE WLST ALSC LCAD 580
CCMVAXN CCLELE PRECISICM FCRTRAN FUMCTICAS., SQRT IN STATEMENT LCAD 590
15C MUST EBE CHANGEC TD CSCRV. LCAD 600
LCAD 610

“eeesnrnnans Messassssssesonsnenss sevssssesnnonn sesvnsssscananeslCAD 620
LCAD 630

L=C LCAD 640
Jisl LCAD 650
CC 1€6C omi,k LCAD 6€0
Sdrddrd LGAD 670
I5C 5C= SCRVARLIJ)) LEAD 680
LC 16C i=j,0 LCAD 690
L=le]l LCAD 700
16C ViLl=SCoviL) LCAD 710
FETLRM LCAD T20
EMC LCAD 730
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Subroutine VARMX

This subroutine performs orthogonal rotations on an
m by k factor matrix such that:

2 2
2/ 2 2 [ 2
h - h 1
2 mz{aij/i 2 oy (D
j i\ i
is a maximum, where i = 1,2, ..., m are variables,

i=1,2, ..., k are factors, a;: is the loading for

the ith variable on the jth factor, and h{ is the
communality of the it variable defined below.

Communalities:

K
2 2
he = E 2
i % 2
j=1

where i =1, 2, ..., m

Normalized factor matrix:

b, = a 3

ij il @)
where i =1, 2, ..., m

j=12,...,k

Variance for factor matrix:

-

7

where ¢ = 1, 2, ... (iteration cycle)

2 2
2 2 22
b, - b, .

Convergence test:
¥ v -V = 10 (5)

four successive times, the program stops rotation
and performs the equation (28), Otherwise, the
program repeats rotation of factors until the con-
vergence test is satisfied.

Rotation of two factors:

The subroutine rotates two normalized factors
(bg7) at atime. 1with 2, 1with3, ..., 1withk,
2with 3, ..., 2withk, ..., k - 1 with k. This
constitutes one iteration cycle.



Assuming that x and y are factors to be rotated,
where x is the lower-numbered or left-hand
factor, the following notation for rotating these two
factors is used:

_Xl 3’1——1 _Xl Yl—

Xy . cos¢p -sing | | X Y
2 72 l:sintj) cosqb]— 2 21

X vy X Y
| Tm m o)

where xj and y; are presently available normalized
loadings, and Xj and Yj, the desired normalized

loadings, are functions of ¢, the angle of rotation.
The computational steps are (a) through (e) below,

(a) Calculation of NUM and DEN:

A = Z & +y) & - y)

B = 2 Zixiyi
c = iZ[(xi+yi) (x5 + 2%, yi}
[+ 39 = 3 = 259
D = 4Z(Xi+yi) (Xi-yi) SR A (7
NUM = D - 2AB/m

DEN = C -[(A +B) (A-B)]/m

(b) Comparison of NUM and DEN:
The following four cases may arise.
NUM < DEN, go to (bl) below
NUM > DEN, go to (b2) below
(NUM +DEN) = e*, go to (b3) below
(NUM + DEN) < €, skip to the next rotation

* ¢ is a small tolerance factor.

L(bl)

(b2)

(©3)

tan 46 = |NUM]|/|DEN] (8)
Iftan 40 < € and

(i) DEN is positive, skip to the
next rotation.

(ii) DEN is negative, set cos¢ =
sind= (V2)/2 and go to (e) below.

Iftan 40 = €, calculate:

N 9)
cos40 = 1/ 1+tan 40

sindf = tand6 - cos40 (10)
and go to (¢) below.
ctn46 = |NUM|/|DEN] (11)

If ctndf < €, set cos4f = 0 and
sindf = 1. Go to (c) below.

If cin46 = e, calculate:

-‘, 2
gindd = 1/N1l+ctn 460 (12)

cos46 = cindf - sin4d (13)
and go to (c) below.

Set cos40 = gindd = (\/5)/2 and go
to (c) below.

(c) Determining cosf and siné:

cos20

sin26

cos?f

sinf

]

\’ (1 + cos48)/2 (14)

= gind6/2cos26 (15)
= \’ (1 + cos26)/2 (16)
= sin26/2cosf (17

(d) Determining cos¢ and sing:

(d1)

If DEN is positive, set
cos¢ = cos b (18)

sing = sind (19)
and go to (d2) below.

If DEN is negative, calculate

2 cosf + V2 sinf
2 2 (20)

cosg =
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sing = £§ cosf —-—S—- sinf 1)
and go to (d2) below.
(d2) If NUM is positive, set
cos¢p = l coso | (22)
sinp = | sing | (23)
and go to (e) below.
If NUM is negative, set
cosd = Icos¢| (24)
sinp = -|sing | (25)
(e) Rotation:
Xi = xi cos¢ + v, sing (26)
Yi = X sing + y; cos¢ (27)

where i =1, 2, ..., m
After one cycle of k(k - 1)/2 rotations is completed,

he subroutine goes back to calculate the variance
or the factor matrix by equation (4),

Denormalization:

(28)

vhere i = 1,2, ..., m

i =12 ...,k

Check on communalities:

(29)

]
0~
w5

o N

2
Final communalities fi

Sds
Il
i

| :S]

Difference 12 (30)

.
[y

vhere i = 1,2, ..., m
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VARM 10
srreccennsussnaYARM 20
VARM 30

SLEFCLTINE vARMX VARM 40
: : i ) VARV 50
FURFCSE : VARM 60
FERFCRAM CRTRCGLNAL RCTATICAS CGF A FACTCR MATRIX. THIS VARM 70
SLERCLTINE ACRMALLY CCCLRS [N A SECLENLE-CF CALLS TO SUB~  VARM B0
RCLYINES CCRREs EIGENs TRACE, LCAC, VARNX IN TrE PERFORMANCEVARM G0

sasesees

CF 2 FACTCR ANALYSIS. VARM 09
VARK 110

LSAGE : VARM 120
CALL VARPX [¥oKoAgNCoTY o4 oF4Co [ER) VARM 130
- VARM 140
CESCRIFTICA CF PARBMETERS VARM 150
» - RUFBEK CF VARIAELES ANC ALMBER OF RCAS CF WATRIX Ao VARM 160
K = MLFLER (F FACTERS, VARY 170
[ - INFLT IS TrHE CRIGINAL FACICR FATRIXy AND OLTPLY IS VARM 180
THE RCTATEC FACTCR MATRIX. THE CRCER GF MATRIX A VARM 190

IS ¥ x K. VARM 200

M = CLYIPLT VARIABLE CCNTAINING THE NLFBER GF ITERATICN VARM 219
CYCLES PERFLARMEC, VARM 220

™ = CLYPLY VECTCR CCMTAEINING THE VARIANCE CF THE FACYOR VARM 230
MATHIX FCR EACH ITERATICN CYCLE. THE VARTANCE PRICRVARM 240

TC TrE FIRST ITEFATIGN CYCLE IS ALSO CALCULATED. VARM 250

THIS WEAKS THAT ACel VARIANCES ARE STCRED IN VECTUR VARN 260

TV. FAXIFLM NUKBER OF [TERATION CYCLES ALLOWEC IN VARM 270

THIS SLERCLTINE IS 50. TREREFCRE, ThE LENGTH CF VARM 280

VECTCR Tv IS 51. VARM 290

L4 = CLIPLT VECTOR CF LENGTE ¥ CCATAINING THE ORIGINAL VARM 300
COMMUNALITIES. VARN 310

F = CUTFLT VECTCR CF LENGTH M CCNTAINING THE FINAL VARM 320
CEPFUNALETIES, VARM 330

c = CLIPUT VECTOR GF LEAGTK ¥ CCATAIAING THE GIFFERENCESVARM 340
EETAEEN TRE CRICINAL AND FINAL CCMMUNALITIES. VARM 350

1ER = ERRCR INCICATCR VARM 361
IER=C - AC ERACR VAR® 352

TER®1 - CCANVERCENCE WAS NCT ACHIEVED IN 50 CYCLES VARM 353

CF RCTATIEA VARN 354

VARM 360

REFARKS VARM 370

IF VARIZNCE CCMPUTEL AFTER EACh ITERATION CYCLE DCES ACT VARM 380
INCREASE FCR FCLR SLCCESSIVE TIMES, THE SLBRCLTINE STCPS VARM 390

RCTIATICA. VARM 400
VARF 410

SLERCLTINES ANE FULNCTICN SLEPRCGRAMS REQUIRED VARM 420
MAME VARM 430
VARM 440

FETHCC VARF 450

KALSER'S VARIMAX RCTATICH AS DESCRIBED IK YCOMPUTER PRCGRAM VARM 460
FCE WARIPAX RCTATICN IN FACICR AKALYSIS® BY THE SANE AUTHOR,VARNM 470
ECLCAYICNAL ANL PSYCHCLCGICAL MEASUREMENT, VCL XIKy NCo 3, VARM 480
1556, VARM 490

VARM SO0

Wessumscsssssresseuvuuvnsanasonsrnsanarsane VARN 510

SUERCLTINE VARPX (MoKoAsNCyTV b oF ol IER)
CISEMSICN Af1)oTVIRD oMU F (13,001}

D D A

VARM 570

IF # CLUBLE PRECISICA VERSICA GF THIS ROUTINE IS CESIRED, THE VARM 580

€ IM CCLUMN } SHCULD BE REMCYED FROM THE DOUBLE PRECISICK VARM 590

VARM 400

CCUBLE FRECISICN ApTVoKoFsCoTWLT4CONSsAASBByCCo004UsT28,C084T, VAR® 610

i SINGT TANGT,SINPLCOSP2CTNAT,COS2T ,SIN2T ,COST,SINTVARN szg
YARN 63

THE C PUST ALSC EE REVOVED FRCM DOUBLE PRECISION STATEMENTS VARN 640

APPEARING IN CTHER ROUTINES LSED I[N CCNJUNCTION WETH THIS VARM 650

RELYINE. VARM 660

VARM 570

1HE LCLBLE PRECISICN VERSICA CF THIS SUBRCUTINE MUST ALSC VARM 680

CCATAIA CCUBLE PRECISION FCRYRAN FUNCTIONS. SQRT IN STATEMENTSVARN 690
11%e 390, 230y 35C, AND 355 MLST BE CMANGED TO CSCRF. ABS IN VARM 700

STATEFENTS 2€C, 22Cy AND 375 PUST BE CHANGED TG CABS. VARM T10

VARM 720

LR L D R T P a«VARM 730

VARM 740

INTIALSZATICN VARK 750
VARM 760

TER=( VARM T61
EPS=C.CC1RE VARM 170
TVLT=C.C VARN 780
Li=k=1 VARN 790
Ay=l VARM 800
ACwC VARM 810
Fhzp VARM 820
FEA=FANSFN YARM 330
CCASuC. 7C71CEE VARM 840
VARM 850

CALCLLATE CRIGINAL CCMMLNALITIES VARM 860
YARM 870

CC 11C I=1,p VARM 880
FlId=C.C VARN 890

CC 11C J=14K VARM 900
Ledo{J-L})e1 VARM 910

11C HOLIse (T eatL)nA(L) VARNM 920
VARN 930

CALCLLATE NCRMALIZEC FACTOR MATRIX VARM 940
VARN 950

CC 22C [=1,¥¢ VARM 960

118 Filds SCRTURITN) VARM 970
LC 12C J=}4K VARM 980
Lapaij-1)¢1 VARM 990

1eC AlLY=pULIIFET) VARMLOOD
€L TC 13z VARFLO10
VARMLQZ0

CALLLLATE VARIANCE FCR FAUTCR NATRIX YARM1030
VARM1040

12C MPyxhye} VARM10S50
WLI=TV(MY-1} VAR¥1060

122 Tvidvi=C.C VARN1070
£C 15C y=1.K VARMICAO
Ph=.C VARFLO90
ER=C.C VAAN1100
LB=ra (g~} VARM1110

LC l4C I=14¥ VAR¥1120
L=LEs] VARM1130
CCe2fL)e2(L) VARM1140
ERsRANCC VARKL150

140 EE=EE+(0CC VARMLIL160
L2C TVARNVI=TVINY ) ¢ LFNSER-AASAA) /FFA VARMLI70
IFAMV-S1)16Co 155,155 VARML180

15% 1ER=2] VARML181
€T ¥C 42¢C VARM1182
VARM1190

FERFCRP CCAVERGENCE TEST VARVLZ200
VARM1210
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4CC

41C
42C

42C

44

45

n

46
47C

TFLLTVIAY)-EVLT)~1.E-T)1 1TC, 17C,
MCEACH]
[F(AC-21 16Cy 15Cy 42C

FCRATICN CF 1L FACTCKS CCATIMLES UP TC

THE STATEFENT l2C.

LC 4ZC uslell
Li=rwii-1)
Tisgel

CALCLLATE ALY ANC CEM

CC 4ZC KI=11,x
Lz=peixl-1)

28=C.C

tR=C.C

(C=C.C

LLeClC

EC 22C 121

L3=L1¢]

L4sL2¢]

U= (2L2I4ALLAIIS(ALLII-AILAY)
T=AlL3)eR(L4)

T=T41
CCrCCeiLaTIo(L-T)
CL=CeZ . CoLOT

HhsppelL

ER=ER4T
ToCC-Z.COAANEE/FN
BaCC~ (AB9AI-CEPBED/EN

CCPFAFISCN CF ALF AML CEM

IFLT-B) ZEC, ¢4C, 22C
IFC{T2E)~ERS) 42C, ZECy 25C

MK ¢ CEN 1S GREATER THAN CR EQUAL TC TRE

TCLERARCE FACICR

LCS4T=CCNS
SINGT=(CAS
€L ¥C 2:5¢C

MUK IS LESS THAN EEN

TAN&1= AESUT)/ RES(E)

IF (1AM T-EPS) 3CCa 2SCy 290
COS4T=1,C/7 SCREM1.CHTANATSTANGT)
SINGT=TANATACCS4T

€C TC 25C

IF(E) 21C, 42Cy 42C

SINF=CINS

CLSPaCCAS

GL 1T 4CC

M¥ IS GREATER THAN CEM

CTh&T= EBS(T/E)

IF{CINGI-EPS) 240, 230y
SIN&T=1.C7 SCRYLL. COCIh‘X‘CINAI)
CLSAT=CTAATHSINGT

cC 1C c
CCS4T=Ce
SINGT=].C

CETERPINE CCS THETA ANC SIN ThETA

CCS2T= SCRTIL1.C4CCS4T)/2.C)
SINGT=SIN4T/(2.C0CC521)
CCSTn SCRTICL1.COCLSZT)/2.C)
SINT=S1M2T/12.C*CCST)

CETERPINE CCS FHI AMD SIN PHI

IFLE) 290, 27C. 2€C

CCSP=LCST

SINF=SINT

€L 1C 2€C
CCSFaCCMSSCCSTSCONS*SINT

SINPx BES{CCASOCLST-CONSSSINTY
IFLT) 25C, 35Cs 4CC

SENFa=SIAF

PERFLEN RCTATICN

CC 41C 1=1.¥

L2wllel

La=L2+]
AA=pIL2IPCCSPIAILAIISINP
B{LAV=~ATLIICSINPIA(LA)ICOSP
A{Ly=ha

COATIME

€C TE 12¢

CEACRPRLIZE VARIMAX LCACINGS

CC 44C Isl,F
€L 44C <2lak
Lepefd=1)el
ALi=AtLI*F(D)

CHECK CN COPMUNALITIES

MERY=1

LC 45C isier
Filbsrtlisril)
CC 47¢C I=1.p
F{I}eC.C

LE &EC JwleK
Lake{i=1)¢1
FLE)=FLIDeAILI®ALL)
CLEIsEtR)-FLI)
RETURA

ENC

VARM1220
VARM1230
VARM1240
VARM1IZ250
VARM1260
VARM]270
VARM1280
VARM1290
VARM1300
VARML310
VARM1320
VARM1330
VARM1340
VARM1350
VARV1360
VARM1ITQ
VARM1138)
VARM1390
VARM1400
VARM1410
VAR¥1420
VAR¥ 1430
VARML440
VARML450
VARM1460
VARM1470
VARM148BD
VARM1430
VAR¥1500
VARM1510
VARMIS520
VARNM1530
VARF 1540
VARMLIS550
VARNM1560
VARMLISTO
VARMLSBO
VARM15SD
YARM1600
VARM1610
VARM1620
VARM1630
VARM1GAQ
VAR¥1650
VARM1660
VARM16T0
YARNM1680
VARM1690
VARM1700
VARMLTLO
VARMIT20
VARMITIO
VARMLT40
VARK11750
YARM1IT60
VARMLITTO
VARMLIT80
VARM1T90
VARNM1800
VARM1BIO
VARM1820
VARM1830
VARMLB4O
VARM1850
VARM1860
VARM1BTO
VARM1880
VARM1890
VYAR¥ 1900
VARM1910
VARM1920
VARM1930
VARM1940
VAR¥1950
VARNML960
VARM1970
VARM1980
VARM1990
VARM2000
VARM2010
VARM2020
VAR¥2030
VARM2040
VARMZ2Q50
YARN2Q60
VARM20TO
VARM2080
VARM2090
VARM2100
VARMZL10
VARMZ120
VARNM2130
VARM2140
VARM2150
VARM2160
VARM2170
VARMZ2180
VARM2190
VAR® 2200
VARM2210
VARM2220
VARN2230
VARM2240
VARM2250
VARM2260
VARN22T0
VARM2280
VARP2290
VARM2300
VARM2310
VARN2320
VARM2330
VARM2340
YARM23%0
VAR®2360

Form H20-9203-3
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Time Series (see Smoothing)

Subroutine AUTO

This subroutine calculates the autocovariances for
lags 0, 1, 2, ..., (I-1), given a time series of

observations Ay, Ags .., An and a number L.

n-j+1

e 2
R = =0 (A, - AVER) (A;,;_;~ AVER)

i n
i=1
1
where AVER = — A,
n i
i=1
n = number of observations in time
series A
j 1, 2, 3, ..., L represent time
lags 0, 1, 2, ..., (L-1)
4
< RS Ees ERP Pt PRI AN EREIaUIEUIPIATSIORTOILISRRSIERTEOOTISN
<
< SUBRCJTINE AUTO
4
(4 PURPUSE
4 TO FIND AUTOCUVARIANCES OF SEREES A FOR LAGS 0 TO L-1. AUTO
[ AUTO
4 USAGE AUTO
L CALL AUTU (AeNsL, R} AUTO
< AUTQ
4 DKSCQIPYIUN OF PARAMETERS AUTO.
< - INPUT YECTOR OF LENGTH N CUNTAINING THE TIME SERIES AUTO
[ WHOSE AUTOCOYARIANCE IS DESIRED. AUTO
c N - LENGTH OF THE YECTOR A AUTO
2 [N - AUYUCDVARIANCE is CALCULATEO FOR LAGS OF 0, iy ZvnuupAUYD
uro
4 R - JU'FUV VECTOR OF LENGTH L CONTAINING AUTOCOVARIANCES AUTO
[4 OF SERIES A
[4 AUTD
14 REMARKS AUTO
4 THE LENGTH OF R I5 OIFFERENT FRON THE LENGTH OF A. N MUSY AUTO
c 3E GREATER THAN Lo [EF NOF, R{L} IS SET TO ZERO AND RETURN AUTC
. 1S MADE TO THE CALLING PROGRAM. AUTO
< AUTO
< SUBRUUTIN:S AND FUNCTIUN SUBPROGRAMS REQUIRED MTO
< WCN aTO
c AUTO
[4 METHGD AUTO
14 DESCRIBED IN R.B., BLACKMAN ANJ J.M, TUKEY, *THE MEASURMENT AUTO
2 OF POWER SPECTRA®y DOVER PUBL ICATIONS INC.y NEW YORK, 1959. AUYg
AUT
9 annee evsssssasevsensAUTO
[ AUTO
SUBROUT INE AUTU (AsNeloR) AUTD
OIMENSION Atl).RI1) AUTD
< AJTO
< CALCULATE AVERAGE OF TINME SERIES A AUTO
[4 AUYO
AVER=C . AUTO
IFEN-L) hﬂ.bC.lOO AUTO
50 R{1)=0.0 AUTO
RETUAN AUTO
106 ©O L10 I=1.M AUTO
11C AVER=AVER+A(I} AUTO
FNsN AUTO
AVER=AVER/FN ATO
[4 AUTO
(4 CALCULATE AUTOCOVARIANCES ATO
[4 AUTO
DO 130 J=lyb AUTC
NI=N-J¢i AUTO
S5UM=0.0 AVTO
DO 120 (=1,RJ4 AuTO
Li=]+4-1 AUYO
120 SUM=SUMs{ALT)~AVER) #(A(IJ)-AVER) AUTO
FNJ=NJ AUTO
13C RUJI=SUMWFNJ AUTO
KETURN AUTO
END AUTO
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Subroutine CROSS

This subroutine calculates the cross covariances of
series B lagging and leading A, given two time
series Al’ Agy «v.y Ay and By, By, ..., B, and
given a number L.

(a) B lags A:

n-j+1
R, = & (A; - AVERA) (By,j_; - AVERB)

(»

(b) B leads A:

n-j+1
1
A3+ E (Ai+j-l - AVERA) (B; ~ AVERB)
T 1

@

n
where AVERA = —i— E A

i
i=1
n
1
AVERB = 7 Bi
i=1

n = number of observations in each
series

j =1, 2, ..., L represent time lags
(or leads) of 0, 1, 2, ..., (L~1)
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SUBRAUT INE CROSS CROS 40
CROS S0

PURPCSE CROS 60
TO FIND THE CROSSCOVARIANCES OF SERIES A WITH SERIES B CROS 70
(WHICH LEADS ANO LAGS a). CROS 80
CROS 90

USASE CROS 100
CALL CROSS {AyByNyL K4S} CRCS 110
CROS 120

OESCRXPTIUN OF PARAMETERS CROS 130
~ INPUT VECTOR OF LENGTH N CONTALNING FIRST TiME CROS 140

SERIES » CROS 150

8 — INPUY .VECTUR OF LENGTH N CONTAINING SECOND TIME CROS 160
SERIES » CROS 170

N ~ LENGTH OF SERIES A AND 8. ROS 180

s ~ CROSSCOVARIANCE IS CALCULATED FOR LAGS AND LEADS OF CROS 190

Os Ly 2ye0ar L=is CROS 200

[ — QUTPUT VECTOR OF LENGTH L CONTAINING CROSSCOVARI— CROS 210
ANCES OF A WITH B, WHERE 8 LAGS A. CROS 220

s - OUTPUT VECTOR OF LENGTH L C\)Nl‘lNlNG CROSSCOVARI- CROS 230
ANCES OF A WITH 8, WHERE B LEADS A CROS 240

CRDS 250

REMARKS S 260
N MUST BE GREATER THAN L. [IF NOT¢ R{1} AND S{L) ARE SET ¥D CRDS 210
ZERD AND RETURN IS MADE TO THE CALLING PROGRAM, ROS 280
CROS 290

SUBROUTENES AND FUNCTION SUBPROGRAMS REQUIRED CROS 300
NONE : CROS 310
CROS 320

METHOD CROS 330

OESCRIBED IN R,B. BLACKMAN AND Jo.W. TUKEY, *THE MEASURMENY CROS 340
OF POWER SPECTRA®, DOVER PUBL ICATIGNS INC., NEW YORKs 1959. CROS 350

SUBRUUTINE CROSS (AsBeNyLyRyS} CROS 390
DEMENSION ACL),8(1),RI1),S(1) CROS 400
CROS 410

CALUULATE AVERAGES OF SERIES A AND B CROS 420
CROS 430

EN=N CROS %40
AVERA=G .0 CROS 450
AVERG=0.0 CROS 460
IF{N-L}50,450C,1C0 CROS 470
R{1}=C.C CROS 480
St1120,0 CROS 490
RETURN CROS 500
DG 11C I=1,N CRUS 510
AVERA=AVERA+A(T) CROS 520
AVERB=AVERB4B(I) CROS 530
AVERA=AVERA/FN CROS 540
AVERB=AVERB/FN CROS 550
e 0S 56

CATCULATE CROSSTUVARTANCES OF SERIES 4 AND B TROS 570
CROS 580

00 130 Jslel CROS 590
NJ=N-J+1 CROS 600
SUMR=0.0Q CROS 610
SUMS=0.0 CROS 620
00 120 I=L,NJ CROS 630
Td=led-1 CROS 640
SUMR=SUMR#{ALT) ~AVERAI*{ BI [J)-AVERB) CROS 650
SUMS2SUMS+{A(LJ1~AVERAD) *(B(E)-AVERB) CROS 660
FNI=NS CROS 670
R{JI=SUMR/FNJ CROS 480
S{J1=SUNS/FNS CROS 690
RETURN CROS 700
END CAROS T10



Subroutine SMO

This subroutine calculates the smoothed or filtered
series, given a time series Aq, Ag, ool Apy a
selection integer L, and a weighting series Wl,
Wy sees Wi

m
R, = A - W, 1
i o j (1
=1
where p=j « L - L +k
k=i-IL+1
i =IL to IH

IL = ;EL&EZE::E) + 1 (2)

2
IH=n—-IJ-—(—2n}——1)' (3)

=
1t

a given selection integer. For ex-
ample, L = 4 applies weights to every
Ath item of the time series.

m = number of weights. Must be an odd
integer. (If m is an even integer, any
fraction resulting from the calculation
of -L—(;L-l) in (2) and (3) above will be

truncated. )

n = number of items in the time series
From IL to IH elements of the vector R are filled

with the smoothed series, and other elements with
Zeros.

CEAAPEAMEARCANREEOADPANANANNRNANADRNRRO0A0O

coe

aoo

SUBROUTINE SMID

PURPDSE
TO SMOOTH Ok FILTER SERIES A BY WEIGHTS W.

USASE
CALL SMU {AyNsWsMiLoRY

UESCRIPTION OF PARAMETER>
A ~ INPUT. VECTOR OF LENGTH N CONTAINING TIME SERIES DATA.
N - LENGTH OF SERIES A.

A4 -~ INPUT VECTOR OF LENSTH M CONTAINING WEIGHTS.

M - NUMBER UF ITEMS IN WEIGHT VECTOR, M MUST BE AN 00D
INTEGER, (1F M 1S AN EVEN INTEGER, ANY FRACTION
RESULTING FROM: THE CALCULATION OF (Le{M=13172 INL1D
AND {(2) BELOW WILL BE TRUNCATED.)

L - SELECTIUN INTEGERs
ARE APPLIED TO EVERY 12-TH ITEM OF A.
WEIGHTS T3 SUCCESSIVE ITEMS OF A,

t=1 APPLIES
FOR MONTHLY DATAs

SMO

SH0
sMO
SMo
S

FOR EXAMPLEy L=12 MEANS VHAT WEIGHTSSMO

SMO
SND

L=1Z GIVES YEAR-TO-YEAR AVERAGES AND L=1 GIVES MONTH-TO-SMO
SMO

MUNTH AVERAGES.
QUTPUT VECTOR OF LENGTH N. FROM [L 7O IH ELEMENTS OF
THE VECTOR R ARE FILLED WITH THE SMOOTHED SERIES AND
OTHER ELEMENTS' WITH ZEROy WHERE
IL=(L¥(M-1))/2+L .
TH=N—(L®{M=11)/2: sassesvunes ceae

>
v

REMARKS
N MUST BE GREATER THAN OR EQUAL TO THE PRODUCT DF L*M.

SUBAOUT INES AND FUNCTION SUBPROGRAMS REQUIRED
NUNE

METHOD
REFER TO THE ARTICLE "FORTRAN SUBROUTINES FOR TIME SERIES
ANALYSIS', BY J. R. HEALY AND B, P. BOGERY, COMMUNICATIONS
OF ACMy Ve6y NO.1, JANUARY, 1963,

SUBROUT INE SMO {AN,WiMsLsR)
DIMENSION A{1},W(L)R(1)

INITIALIZATION

DO 110 1=1N
R{II=0.C
1L=(L*{M-11)/2+1
TH=N-(L*(M-11}/2

$MOOTH SERIES A 8Y WEIGHTS W

00 120 I=ILIH
K=I-I(+1

D0 120 J=1.M
[P={ L I-LK
RULI=R{TI+ALIP ) €W LI}
RETURN

Statistics--Time Series
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SMO
sS40
SMO
SMO.
SMO
SN0
SMO
SMO
SMO
SMO
SMO
SNO
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Subroutine EXSMO

This subroutine calculates a smoothed series 84,

S92y ..., SNX, given time series X1, Xgy vuu, XNx
and a smoothing constant & . Also, at the end of the
computation, the coefficients A, B2 and C are given
for the expression A + B(T) + C(T)“/2. This ex~
pression can be used to find estimates of the
smoothed series for a given number of time periods,
T, ahead,

The subroutine has the following two stages for
i=1,2,..., NX, starting with A, By and C either
given by the user or provided automatically by the
subroutire (see below).

(a) Find Si for one period ahead:

S

=A+B+0.5C @

(b) Update coefficients A, B, and C:

3
A—Xi+(1-oz) (si—Xi) (2)
B=B+C-~15 (az) (2-a) (Si'Xi) 3)

3
c=c-(a)(si-Xi) 4)

where o = smoothing constant specified by the user

(0.0 < a < 1.0)

If coefficients A, B, and C are not all zero 0.0y,
take given values as initial values. However, if
A =B = C = 0,0, generate initial values of A, B,
and C as follows:

C =X -2 +X (5)
B =X, -X - L5C (6)
A =X -B-0.5C )

62 - Statistics-<Time Series
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EXSM
'-n.--.........-.........-u--.-o......-...-............-........EXSN
EXSM

SUBRGUF INE EXSMU EXSM
EXSM

PURPDSE EXSM

TO FINU THE TRIPLE EXPUNENTIAL SMOOTHED SERIES S OF THE EXSM

GIVEN SERIES X. 383 )

EXSM

USAGE EXSM
CALL EXSMO (X ¢NXeALyAr8yCyS) EXSM

EXSM

UESCREIPTIGN OF PARAMETERS EXSM

X ~ INPUT VECTOR OF LENGTH NX CONTAINING TIME SERIES EXSM

VATA WHICH 1S TO BE EXPONENTIALLY SMOOTHED . EXSM

NX ~ THE NUMBER OF ELEMENTS IN X. EXSM

AL - SMOOTHING CONSTANT, ALPHA. AL MUST BE GREATER THAN EXSM

ZERO AND LESS THAN OUNE. EXSM

AyBel ~ CUEFFICIENTS OF THE PREDICTION EQUATION WHERE S IS EXSM
PREDICTED T PERIODS HENCE BY EXSM

A+ BET + CxT¥T/2. EXSM

AS INPUT~~ IF A=B=C=C, PRUGRAM WILL PROVIDE INITIAL EXSM

VALUES. IF AT LEAST ONE OF AsBeC IS NOT .ZERO, EXSM

PROGRAM WILL TAKE GIVEN VALUES AS INITIAL VALUES, EXSM

AS OUTPUT~- AeB+C CONTAIN LATEST, UPDATED COEFFI~ EXSM

CIENTS OF PREDICTION. EXSM

s = OUTPUT VECTOR JF LENGTH NX CONTAINING TRIPLE EXSM
EXPONENTIALLY SMOOTHED TIME SERIES. EXSM

EXSM

REMARKS EXSM
NUNE EXSH

EXSM

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED EXSM
NONg EXSM

EXSM

METHOD EXSM
REFER YO R. G. BRONN, *SMOOTHING, FORECASTING AND PREDICTIONEXSHM

OF DISCRETE TIME SERIES'y PRENTICE~HALL, NoJey 1963, EXSM

PPe 140 TU 144, EXSM

EXSM

R +=EXSM
EXSH

SUBROUTINE EXSMO (X INKyAL Ay ByCyS) EXSH
DIMENSION X{1345(1) EXSM
EXSM

IF A=B=C=C.0+ GENERATE INITIAL YALUES OF Ay By AND C EXSM
EXSH

IF(A) 140, 110, 140 EXSM
110 IF(3) 140y 126v 140 EXSM
120 IF(C) 140, 130, 140 EXSHM
136 C=X{1)-2.0%X{2)+X (3} EXSM
B=X(2)-X[1}=1.5%C EXSM
A=X{1}-8-0.5%C EXsM
EXSH

140 BE=1.0-AL EXSH
BECUB=HE*BE#BE EXSH
ALCUB=AL*AL®AL EXSM
EXSM

00 THE FULLOWING FOR T=1 TO NX EXSM
EXSM

00 150 I=1,NX EXSM
EXSM

FIND S(1) FOR ONE PERIOD AHEAD EXSH
EXSM

SITI=A+B+0 5% EXSH
EXSM

UPDATE COEFFICIENTS A, By AND C EXSH
EXSM

CIF=S{{)-X(1) EXSM
A=XUL)+BECUB%OIF EXSM
B=B+C-1.5%AL*AL¥{ 2. 0-AL) «D[F EXSM
15C C=C~-ALLCUB*DIF EXSM
RETURN EXSM
END EXSM
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