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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 Scientific 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)
Distribution 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

e Matrix factorization

e Integration and differentiation of given or
tabulated functions

® Solution of systems of first-order differential

equations

e Fourier analysis of given or tabulated
functions

o Bessel and modified Bessel function
evaluation

e Gamma function evaluation
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

o 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.

e All subroutines are written in FORTRAN,
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.

o 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 in a 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,ARS3, 10, 20)

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

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

in the CALL statement. If the user's pr‘ogram 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 9Y = 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, inturn, 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 RK?2 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
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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.

Column
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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. If this array is to be manipulated using the sSSP
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,

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 ({1, J, IJ, 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 subsecript 1J such that A(IJ) is the
desired element. The parameters represented by I,
J, N, M, MS can be either integer variables or
integer constants. The parameter represented by IJ
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, IJ, 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(19)20, 30, 20
20 X = A(IJ)

(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, 1J, N, M, MS)

Ny

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

CALL LOC (3, 3, 1J, 3, 3, 1)

6  Overall Rules of Usage

will result in IJ 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 illustrate this, 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
GO TO 10
ENTRY GMSUB (A,B,R,N,M)
K=1
10 NM=N*M
DO 40 1=1,NM
IF(K) 29,20,30
20 R()=A(1)+8B(1)
GO TO 40
30 R(1)=A(1)-B(1)
40 CONTINUE
RETUKN
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.

SUBRCUTINE MACX(24ByRoyNyM FSALFSP)

CIMENSICN A(1)4B(1)4R{1)

TEST FCR SAMc STGRAGE MCCE

[aNaNal

[F(FSA-MSB) 3Cs1C,y3C

COMPUTE VECTCR LERGTH

[aNaNal

10 AC=heM

IF(MSA-1) 24,422,273
22 ND=(ND+N)/2

GO TG 24
23 ND=N

ACD MATRICES CF SAKE STGRAGE MQOCE

[aNaNal

24 CC 25 I=1,NC
25 ROID=ACI)+2(I}
RETURN

GET STCRAGE MCLCE CF CUTPUT MATRIX

[aXaNal

30 MTEST=MSA=NrSB
MSR=0
IF(MTEST) 35,35,:2
32 #SR=1
35 CO 60 J=1+¥
CC 60 I=1,N

LCCATE ELEFENI IN OUTPUT KATRIX

[a¥a¥al

kX==1

FS=MSR

GC TC 65
40 IJR=IR

LCCATE ELEMENT IN MATRIX A

[N aNal

KX=0

MS=MSA

GC TC &5
45 1JA=IR

AEL=0.,C

IF(1JA) 46448446
4¢€ AEL=A{1JA)

LCCATE ELEMENT IN MATRIX €

[aNaNal

48 KX=1

¥S=MSB

CO TC 62
SC LJe=Ir

EEL=0.0

IFCLJB) 55460455
55 BEL=8B(IJ2)

ACD MATRICES (F CIFFEPENT STCRAGE MCCES

aoo

€C RUIJR)=AEL+BEL
RETURKN

)

C IN LING LGC

€5 1F(FS—1) 7C,7549C
7C IR=ns(J-1)+1
GC TC 95
15 IF(I-J) €0485,85
cC IR=1+(Jey-J)/2
G0 TC 95
85 IR=J+{lel-1)/2
GO TC 95
SC IpP=C
IF(I-J) 95,92,95
S¢ IrR=1
35 1F(KX} 40,45,50
ENC

Figure S. Inline LOC
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DOUBLE PRECISION

The accuracy of the computations in many of the SSP
subroutines is highly dependent upon the numher 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 requires a
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 a double-
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:

ARL1 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)

MY?Z 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. 1*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 givenin 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 inc¢luded 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.

Format of the Documentation 9



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

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 operaﬁon

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

50

57

52

53

55

56

56

59

60

61

62

63

65

66

68

69

70
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QTEST--Cochran Q-test 71 RCPY--copy row of matrix into vector 94

RANK--rank observations 71 CCPY--copy column of matrix into vector 95
*SIGNT--sign test 72 DCPY--copy diagonal of matrix into vector 95
SRANK--Spearman rank correlation 73 XCPY--copy submatrix from given matrix 96
TIE--calculation of ties in ranked obser- 74 MSTR--storage conversion 96
vations
LOC--location in compressed-stored 97
TWOAV --Friedman two-way analysis of 74 matrix

variance statistic
CONVT--single-precision/double~precision 97

UTEST--Mann-Whitney U-test 75 conversion
WTEST--Kendall coefficient of 76 ARRAY--vector storage/double-dimensioned 98
concordance storage conversion
Generation of Random Variates - Matrices: Operations
Distribution Functions
GMADD--add two general matrices 98
RANDU--uniform random deviates 77
GMSUB--subtract two general matrices 99
GAUSS--normal deviates 77
GMPRD--product of two general matrices 99
*NDTR--normal distribution function 78
GMTRA--transpose of a general matrix 100
*BDTR--beta distribution function 78
9 GTPRD--transpose product of two general 100
*CDTR--X distribution function 81 matrices
*NDTRI--inverse of normal distribution 83 MADD--add two matrices -101
function
MSUB--subtract two matrices 101
Elementary Statistics and Miscellany
MPRD--matrix product (row into column) 102
MOMEN --first four moments 85
MTRA-~-transpose a matrix 102
TTEST--test on population means 86
T PRD-~transpose product 103
*BISER--biserial correlation coefficient 87
MATA--transpose product of matrix by 103
*PHI--phi coefficient 88 itself
*¥POINT--point-biserial correlation 89 SADD--add scalar to matrix 104
coefficient
SSUB--subtract scalar from a matrix 104
*TETRA--tetrachoric correlation 90
coefficient SMPY--matrix multiplied by a scalar 105
¥SRATE--survival rates 92 SDIV--matrix divided by a scalar 105
Matrices: Storage SCLA--matrix clear and add scalar 106
MCPY--matrix copy 94 DCLA--replace diagonal with scalar 106

12  Categorial Guide to Subroutines



RADD--add row of one matrix to row of 107 *RSLMC--solution of simultaneous linear 124
another matrix equations with iterative refine-
ment
CADD--add column of one matrix to cqlumn 107 .
of another matrix ' *FA CTR--triangular factorization of a 126
nonsingular matrix

SRMA-~--scalar multiply row and add to 108
another row MFGR, DMFGR--matrix factorization and 127
rank determination

SCMA--scalar multiply column and add to 108

another column GELS, DGELS--system of general simul- 133
taneous linear equations
RINT --interchange two rows 109 with symmetric coeffi= -
cients
CINT-~interchange two columns 109
GELB, DGELB--system of general simul- 137
RSUM--sum the rows of a matrix 110 taneous linear equations
with band-structured
CSUM=-~sum the columns of a matrix 110 coefficients
RTAB--tabulate the rows of a matrix 111 *MTDS, DMTDS--divide a matrix by a 149
triangular matrix
CTAB--tabulate the columns of a matrix 112
*MLSS, DMLSS--solution of simultaneous 145
RSRT--sort matrix rows 112 linear equations with
symmetric positive
CSRT--sort matrix columns 113 semidefinite matrix
RCUT--partition by row 113 *MCHB, DMCHB--triangular factorization 148
of a symmetric positive
CCUT=--partition by column 114 definite band matrix
RTIE--adjoin two matrices by row 114 *MFSS, DMFSS--triangular factorization 152

and rank determination of

CTIE--adjoin two matrices by column 115 2 symmetric positive
*MPRC, DMPRC--permute rows or 115 semidefinite matrix

columns *MFSD, DMFSD-~triangular factorization 158
M FUN--matrix transformation by a 117 of a symmetric positive

definite matrix

function
REC P--reciprocal function for MFUN 117 LLSQ, DLLSQ--solution of linear least- 160
squares problems
Matrices: Inversion, Systems of Linear
Equations and Related Topics Matrices: Eigenanalysis and Related Topics
MINV --matrix inversion 118 EIGEN--eigenvalues and eigenvectors of a 164
real, symmetric matrix
*SINV, DSINV--invert a symmetric 119
positive definite matrix NROOT--~eigenvalues and eigenvectors of a 166
special nonsymmetric matrix
SIMQ--solution of simultaneous linear, 120
algebraic equations *ATEIG--eigenvalues of a real almost
triangular matrix 167
GELG, DGELG--system of general simul- 121
taneous linear equations *HSBG--reduction of a real matrix to 169
by Gauss elimination almost triangular form

Categorial Guide to Subroutines 13



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

PVAL--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

*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 Nth 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 N'! 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, DTHEP--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

ACFI, 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

*SG13, 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

*APCH, 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, DQT FG-~~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 291
tabulated function by Simpson's
rule

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 function by
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 ofa 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

*DET5, DDET5-~differentiation of an 320

16

equidistantly tabulated
function
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*¥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

RK1--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

Special Functions

linear first-order ordinary
differential equations with
linear boundary conditions
by method of adjoint
equations

GMMMA --gamma function

*DLGAM--log of gamma function

BESJ--J Bessel function
BESY--Y Bessel function

10--1 Bessel function, IO

INUE—-In Bessel function

BESK--K Bessel function

324

327

331

332

333

337

343

350

361
362

i
364
365

366

366



EXPI--exponential integral
SICI--sine cosine integral
CS--Fresnel integrals

CEL1, DCELI1--complete elliptic integral of
the first kind

CEL2, DCEL2--complete elliptic integral of
the second kind

ELI1, DELI1--generalized elliptic integral
of the first kind

ELI2, DELI2--generalized elliptic integral
of the second kind

JELF, DJELF--Jacobian elliptic functions

GUIDE TO SAMPLE PROGRAMS
Data Screening

DASCR--Sample Main Program
Ilustrates use of:

SUBST--subset selection from observa-
tion matrix

TABI1--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
Illustrates use of:

CORRE--means, standard deviations,
and correlations

ORDER--rearrangement of intercorrela-
tions

368

370

372

374

376

378

380

382

400

404

MINV --matrix inversion

MULTR--multiple regression
Special sample subroutine is:

DATA-~-sample data read

Polynomial Regression

POLRG--Sample Main Program
Dlustrates 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

Illustrates 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
output subroutine

DATA--sample data read subroutine

Canonical Correlation

MCANO--Sample Main Program
Ilustrates use of:

CORRE--means, standard deviations, and
: correlations

Categorial Guide to Subroutines
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413

418
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CANOR--canonical correlation
. MINV--matrix inversion

NROOT--eigenvalues and eigenvectors of a
special, nonsymmetric matrix

EIGEN--eigenvalues and eigenvectors of a
symmetric matrix

Special sample subroutine is:
DATA--sample data read

Analysis of Variance

ANOVA--Sample Main Program 422
lustrates use of:

AVDAT--data storage allocation

AV CAL--Z and Aoperations

MEANQ--mean square operation

Discriminant Analysis

MDISC--Sample Main Program 425
Illustrates use of:

DMATX--means and dispersion matrix

MINV --matrix inversion

DISCR--discriminant functions

Factor Analysis

FACTO--Sample Main Program 429
Hlustrates use of:

CORRE--means, standard deviations, and
correlations

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

TRA CE--cumulative percentage of
eigenvalues

LOAD--factor loading

VARMX--varimax rotation

18  Categorial Guide to Subroutines

Special sample subroutine is:
DATA--sample data read

*Kolmogorov-Smirnov Test:

*KOLM--Sample Main Program 433
Illustrates use of:
*KOLMO--one-sample test
*¥*KOLM2--two-sample test

*SMIRN--Kolmogorov-Smirnov limiting dis-
tribution function

*NDTR--normal distribution funection

Triple Exponential Smoothing
EXPON--Sample Main Program 439
Nlustrates use of:

EXSMO--triple exponential smoothing
Matrix Addition
ADSAM--Sample Main Program 441
Nlustrates use of:

MADD--matrix add

LOC--location in compressed-stored
matrix

Special sample subroutines are:
MATIN--matrix input
MXOUT--matrix output

Numerical Quadrature Integration

QDINT--Sample Main Program 443

Ilustrates use of:

QSF--numerical quadrature integration
(Simpson's rule)

Runge-Kutta Integration

RKINT--Sample Main Program 445



Olustrates 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.
Nlustrates use of: Storage
Required
POLRT--real and complex roots of Name (Label) (Bytes) Page
polynomial
ABSNT (ABSN) 428 28
Solution of Simultaneous Equations
ACFI (ACFI) 1214 245
SOLN--Sample Main Program 449
DACFI  (DACF) 1286 245
Ilustrates 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: ALI (AL 760 241
MATIN--matrix input DALI (DALI) 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--matrix input 453 APMM (APMM) 4694 283
MXOUT--matrix output 454 DAPMM (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 (ATE]) 4538 167
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Name
ATSE
DATSE
ATSG
DATSG
ATSM
DATSM
AUTO
AVCAL
AVDAT

BDTR

BESJ
BESK
BESY
BISER
BOOL
BOUND
CADD
CANOR
CCPY
CccuTt
CDTR
CEL1
DCEL1
CEL2
DCEL2

CHISQ

(Label)
(ATSE)
(DTSE)
(ATSG)
(DTSG)
(ATSM)
(DTSM)
(AUTO)
(AVCA)
(AVDA)

(BDTR)

(BESJ)

(BESK)
(BESY)
(BISE)

(BOOL)
(BOUN)
(CADD)
(CANO)
(CCPY)
(CCUT)
(CDTR)
(CEL1)
(DCE1)
(CEL2)
(DCE2)

(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

78

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
DET3

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

482

538

2950

750

906

352

376

458

506

978

826

746

6848

308

12562

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
324

324

106
95
320

320



.Name

DET5
DDET5

DGT3

DDGT3
DISCR
DLGAM
DMATX
EIGEN
ELIl
DELI1
ELI2
DELI2
EXPI
*EXPON
EXSMO
*FACTO
FACTR
FMCG
DFMCG
FMFP
DFMFP
FORIF
FORIT
FRAT
DFRAT
FUN

GAUSS

(Label)
(DETS)
(DDT5)
(DGT3)
(DDGT)
(DISC)
(DLGA)
(DMAT)
(EIGE)
(ELI1)
(DEL1)
(ELI2)
(DEL2)
(EXPI)
(EXPO)
(EXSM)
(FCTO)
(FCTR)
(FMCG)
(DFMC)
(FMFP)
(DFMF)
(FRIF)
(FRIT)
(FRAT)
(DFRA)
(FUN )

(GAUS)

Storage
Required

(Bytes)

752

832

738

770

2532

826

1170

2556

836

900

1254

1356

1032

8952

620

11212

1586

2820

2956

3580

3702

990

946

912

944

186

430

Page

322

322

319

319

53

362

52

164

378

378

380

380

368

440

62

432

126

225

225

221

221

274

275

269

271

452

77

Name

GDATA
GELB
DGELB
GELG
DGELG
GELS
DGELS
GMADD
GMMMA
GMPRD
GMSUB
GMTRA
GTPRD
HARM
DHARM
HEP
DHEP
HEPS
DHEPS
HIST

HPCG
DHPCG
HPCL
DHPCL

HSBG
10
INUE
JELF
DJELF

(Label)

(GDAT)
(GELB)
(DELB)
(GELG)
(DELG)
(GELS)
(DELS)
(GMAD)
(GMMM)
(GMPR)
(GMSU)
(GMTR)
(GTPR)
(HARM)
(DHAR)
(HEP )
(DHP )
(HEPS)
(DHPS)
(HIST)

(HPCG)
(DHCG)
(HPCL)
(DHCL)
(HSBG)
(1)
(INUE)
(JELF)
(DJEL)
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Storage
Required

(Bytes)

1764

2640

2674

1882

1920

1990

2028

288

826

570

288

358

566

5988

6070

398

422

454

486

1778

5560
5744
5606
5798

1440
546
768

1254

1416

Page
39
137
137
121
121
133
133
98
361
99
99
100
100
276
276
205
205
206
206

452

337
337
343
343

169
365
366
382
382

21



Nan}e
*KOLM
KOLMO
KOLM2
KRANK
LAP
DLAP
LAPS
DLAPS
LBVP
DLBVP
LEP
DLEP
LEPS
DLEPS
LLSQ
DLLSQ
LOAD
LOC
MADD
MATA
MATIN
*MCANO
MCHB
DMCHB
MCPY
*MDISC

MEANQ

(Label)
(KOLM)
(KLMO)
(KLM2)
(KRAN)
(LAP )
(DAP )
(LA PS)
(DAPS)
(LBVP)
(DLBV)
(LEP )
(DEP )
(LEPS)
(DEPS)
(LLSQ)
(DLLS)
(LOAD)
(LOC )
(MADD)
(MATA)
(MATI)
(MCAN)
(MCHB)
(DMCH)
(MCPY)
(MDIS)

(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

NROOT

ORDER

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

(ORDE)

Storage
Required
(Bytes)
2092
2120
904
906
2688
2664
446
1874
2856
2020
2004
1288
1380
810
822
944
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



Storage Storage

Required Required
Name (Label) (Bytes) Page Name (Label) (Bytes) Page
PADD  (PADD) 474 171 PROBT (PROB) 2466 44
PADDM (PDDM) 510 173 PRQD (PRQD) 4572 183
PCLA (PCLA) 282 173 DPRQD (DPRQ) 4636 183
PCLD (PCLD) 314 177 PSUB (PSUB) 476 171
PDER (PDER) 350 175 PVAL  (PVAL) 302 174
PDIV (PDIV) 794 172 PVSUB (PVSU) 714 174
PECN (PECN) 848 178 QATR (QATR) 1128 297
DPECN (DPCN) 862 178 DQATR (DQAT) 1190 297
PECS (PECS) 746 180 QA2 QA2 ) 330 314
DPECS (DPCS) 766 180 QA3 (QA3 ) 376 314
PERM  (PERM) 1024 232 QA4 (QA4 ) 422 314
PGCD  (PGCD) 566 177 DQA4 (DQA4) 462 315
PHI (PHI ) 1390 88 QA5 (QAS ) 468 315
PILD (PILD) 402 175 QA6 (QAS ) 514 315
PINT (PINT) 344 176 QAT QA7 ) 560 315
PLOT  (PLOT) 2500 452 QA8 (QA8 ) 606 316
PMPY (PMPY) 506 172 DQAS (DQAS) 678 316
PNORM (PNOR) 258 178 QA9 (QA9 ) 652 316
POINT  (POIN) 1144 89 QA10 (QA10) 698 316
*POLRG (PLRG) 9282 411 DQA12  (DA12) 894 317
POLRT (PLRT) 2086 181 DQA16  (DA16) 1110 317
PPRCN (PPRC) 704 231 DQA24  (DA24) 1542 318
PQFB (PQFB) 2252 193 DQA32  (DA32) 1974 318
DPQFB (DPQF) 2384 193 *QDINT  (QDIN) 2916 445
PQSD (PQSD) 382 176 QG2 QG2 ) 442 299
PRBM  (PRBM) 2400 189 QG3 (QG3 ) 468 299
DPRBM (DPRB) 2476 189 QG4 QG4 ) . 538 300

Alphabetic Guide to Subroutines 23



Storage Storage

Required Required
Name (Label) (Bytes) Page Name (Label) (Bytes) Page
DQd4 (DQG4) 598 ‘ 300 DQH8 (DQHS) 622 310
QG5 (QG5 ) 576 300 QH9 (QH9 ) 616 310
QGé (QG6 ) 638 300 QH10 (QH10) 652 310
QG7 (QG7 ) 676 301 DQH16  (DH16) 982 311
QG8 (QGS8 ) 738 301 DQH24  (DH24) 1342 311
DQGS8 (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 QL4 QL4 ) 422 304
DQG32  (DG32) 2110 303 DQIL4 (DQL4) 462 304
QHFE (QHFE) 434 294 QL5 (QLS5 ) 468 304
DQHFE (DQHE) 482 294 QL6 QL6 ) 514 305
QHFG  (QHFG) 414 293 QL7 (QL7 ) 560 305
DQHFG (DQHG) 454 293 QLS (QLS ) 606 305
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 (QHZ ) 324 308 DQL16  (DL16) 1110 306
QH3 (QH3 ) 370 308 DQL24  (DL24) 1542 307
QH4 (QH4 ) 406 309 DQL32  (DL32) 1974 307
QHS5 (QH5 ) 452 309 QSF (QSF ) 1286 291
QH6 (QH6 ) 488 309 DQSF (DQSF) 1358 291
QH7 (QHT ) 534 309 QTEST (QTES) 710 71
QHS8 (QH8 ) 570 310 QTFE (QTFE) 382 290
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Storage Storage

Required Required

Name (Label) (Bytes) Page Name (Label) (Bytes) Page
'DQTFE (DTFE) 422 . 290 RTWI (RTWI) 770 ' 215
QTFG (QTFG) 370 289 DRTWI (DRTW) 804 215
DQTFG (DTFG) 402 289 SADD (SADD) 434 104
RADD  (RADD) 538 107 SCLA (SCLA) 420 106
RANDU (RAND) 310 77 SCMA (SCMA) 430 108
RANK (RANK) 672 71 SDIV (SDI1V) 470 105
RCPY (RCPY) 500 94 SE13 (SE13) 460 255
RCUT (RCUT) 716 ’ 113 DSE13  (DE13) 500 255
RECP (RECP) 224 117 SE15 (SE15) 588 256
*REGRE (REGR) 13736 407 DSE15  (DE15) 620 256
RHARM (RHAR) 1660 281 SE35 (SE35) 564 258
DRHARM (DRAR) 1762 281 DSE35  (DSE3) 604 258
RINT (RINT) 376 109 SG13 (SG13) 648 253
RKGS (RKGS) 2878 333 DSG13 (DSG1) 696 253
DRKGS (DRKG) 3018 333 SICI (SICI) 1192 370
*RKINT (RKIN) 2704 446 SIGNT  (SIGN) 1170 72
RK1 (RK1 ) 1420 331 SIMQ (SIMQ) 1286 120
RK2 (RK2 ) 770 332 SINV (SINV) 1092 119
RSLMC (RSLM) 1830 124 DSINV  (DSIN) 1080 119
RSRT (RSRT) 1034 112 SMIRN  (SMIR) 700 66
RSUM (RSUM) 502 110 SMO (SMO ) 542 61
RTAB (RTAB) 826 111 *SMPRT (SMPR) 1792 449
RTIE (RTIE) 718 114 SMPY (SMPY) 434 105
RTMI (RTMI) 1510 2117 *SOLN  (SOLN) 11754 401
DRTMI  (DRTM) 1582 217 SRANK (SRAN) 1260 73
RTNI (RTNI) 724 220 SRATE (SRAT) 1534 92
DRTNI  (DRTN) 770 220 SRMA (SRMA) 442 108

Alphabetic Guide to Subroutines 25



Name
SSUB
*STEPR
STOUT
STPRG
SUBMX
SUBST
TABI1
TAB2
TALLY
TCNP
DTCNP
TCSP
DTCSP
TEAS
DTEAS
TETRA

TEUL

(Label)
(SSUB)

(STEP)
(STOU)

(STPR)
(SUBM)
(SUBS)

(TABI)
(TAB2)
(TALL)
(TCNP)
(DTCN)
(TCSP)
(DTCS)
(TEAS)
(DTEA)
(TETR)

(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

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



SUBROUTINE DESCRIPTIONS AND LISTINGS

s 3 I3 s s .
Listed below are the subroutines. A brief descrip- Subroutine BOUND s
tion precedes those subroutines that require further .
AOUN 10
sficati c o teessseseseeccaccctensesenctcsttsteteanss teeeeencesaacaROUN 20
clarification. < souw 20
[ SUBROUTINE BQUND BOUN 40
¢ aOUN SO
- 4 PURPCSE BOUN 40
STATIST‘CS (4 SELECT FROM A SET (OR A SUBSET) OF OBSERVATICNS THE NUMBER BOUN 19
c OF COSERVATIONS UNDER, BETWEEN AND OVER TWO GIVEN BOUNDS  8OUN 80
c FOR EACH VARIABLE BOUN 90
c AOUN 100
i C USAGE sOuUN 110
Data Screening C CALL BOUND (A+SeBLOBHI (UNDER BETHoOVER s NCyNV 4 [ER) 80UN 120
c 80UN 130
c DESCAIPTION OF paRAxETERS AOUN 140
. (4 ~ OBSERVATION MATRIX, NO BY NV BOUN 150
Subroutine TALLY c s — VECTOR INOICATING SUBSET OF A. ONLY THOSE AOUN 160
c OBSERVATIONS WITH A NON-ZERO S(J) ARE CONSIDERED,  BOUN 170
[4 VECTOR LENGTH IS N AOUN 1890
¢ TALL 10 (4 aLe - INPUT VECTYOR OF Lﬂﬂel BCUNDS ON ALL VARIABLES. BOUN 190
¢ Mot c VECTOR LENGTH 1S W AOUN 200
¢ e TR 20 ¢ oMl - Ihsur VECTOR OF e BOUNDS ON ALL VARIABLES. o 2%
¢ SUBRGUTINE TALLY Taw < VECTOR LENGTH 1S NV. AOUN 220
¢ L e c UNCER - OUTPUT VECTOR INDICATING, FCR EACH VARIABLEs NUNBER BOUN 230
c PURPOSE TALL ;‘,‘ 14 OF CBSERVATIONS UNDER LCWER BOUNDS. VECTOR LENGTH BOUN 240
: c 1S NV, BOUN 250
c CALCULATE TOTAL, MEAN, STANDARD DEVIATION, INIMUM, MAXIWUM TALL 70
c SEIn - CLTPUT VECTOR INCICATING, FCR EACH VARIABLE: NURBER BOUN 260
¢ FOR €ACH VARIABLE IN A SET (OR & SUBSEY) NF CEBSERVATIONS  TALL 40 c OF QUSERVATIONS EQUAL TO O BETWEEN LOMER AND UPPER BOUN 270
E USAGE “Lt 100 c COUNCS. VECTOR LENGTH IS WV. sCun 280
c CVER - CUTPUT VECTOR INDICATING, FGR EACH VARIABLE, WUNBER BOUN 290
g CALL TALLY(ALS,TCTAL,AVER.SDIVHINSVNAX,NO, NV, TERD ;:tt :;2 C OF CBSERVATIONS GVER UPPER BOUNDS. VECTOR LENGTH  BOUN 300
¢ A S A TALL 139 ¢ A - NUWAER OF COSERVATICNS aaun 320
¢ - OBSERVATION MATRIX, NO 8Y NY TaLL 1en c AV - NUKBER OF VARIABLES FOR EACH COSERVATION BOUN 330
c s ~ INPUT VECTOR INCICATING SUBSET OF A. ONLY THNSE TALL 150 b Tta - Tema. 1F KC ERWCH. sCUN 331
¢ COSERVATIONS WiTH A NON-ZERQ SCJ1 AR€ CONSIDERED.  TRML 170 c 2 1. IF LOWER BOUNC IS GREATER THAK THE UPPER BOUND  SOUN 332
c TCTAL - OUTPUT VECTOR OF TOTALS OF EACH VARIABLE. VECTOR  TALL 180 ¢ FOR sCre vARIASLE SN 320
c LENGTH IS NV. TALL 190 b REFARES Soun 330
[4 AVER - OUTPUT VECTOR OF AVERAGES OF EACH VARTABLE. VECTNR  TALL 200 < ACAE BCUN 360
c LENGTH 1S NV. TaLL 210 < BCUN 370
¢ S ron f;:z?:“‘l’s"i:"”“"s OF EACH a2 c SUBRCLTINES ANC FLNCTION SUBPROGRARS REQUIRED BOUN 380
c VNIN - QUTPUT VECTOR OF MINIM& OF EACH VARIABLE. VECTOR  TALL 240 c hCRE e
¢ LENGTH IS NY. TaLt 240 I PETHCC BCUN 410
¢ vRAx - 2:;2""" Mt DF MAXIMA OF EACH VARIABLE. VECTCR  TLL 2 c €4C+ MCh (CESERVATION) CF PATRIX A WITH CORRESPCNOING BOUN 420
¢ N - el of basemvarions JALL 210 c WCh-2ERC ELEWEAT IN S VECTCR 1S TESTED. CBSERVATIONS ARE  BCUN 430
~ _ NBER OF VARIABLES FOR EACH CASERVATION TALL 290 [4 CCPPAREC WITh SPECIFIED LOWER ANC UPPER VARIAGLE BOUNDS AND BOUN 440
¢ en I Tenos 1070 ERROR TALL Sat c 4 CCURT 1S KEPT 1N VECTCRS UNOER, SETWEEN, ANC OVER. BCUN 450
' .
[+ - 1y IF S IS NULL. VMIN=-1.€75, VHMAX=SD=AVER=1 . F75. TALL 29 g . cene e . ‘:33: ::g
c - 2, IF S HAS ONLY ONE NON-ZERO ELEMENT, VMIN=VMAX.  TALL 293 c ceccenscseess Seesteree T a0uN 480
b s0=a.0 L T SUBRCUTINE ECLAC(A+S +BLC 8K UNCER(BETH/CVERINCoRV) BOUN 490
< REMARKS TALL 310 CIPERSICA ‘ll)vfll’v!lC(l)'G“l(ll.UNDEl(l)'BE‘I(ll.CV(.(I) BOUN 500
c et Mt c 8OUN 510
¢ TALL 190 c CLEAF CUTPLT VECTCRS. scun 520
c SUBRCUTINES AND FUNCTION SUBPROGRAMS REQUIRED TALL 340 ¢ LeRec S0 531
C ACAE TALL 350 5
< TALL 160 CC 1C I=1ehv SCUN 532
¢ wEThCC AL 179 1F (ELCUII-8hT(11) 1C.10,11 BOUN 533
c SLL OBSERVATIONS CORRESPOKDING TO A NON-2ER0 ELEMENT IN S TALL 380 1 oleest o 23
14 VECTOR ARE ANALYZED FOR EACH VARIABLE IN MATRIX A, TALL 390 1c é(lllﬁt: BOUN 536
c TOTALS ARE ACCUMULATED AND MININUM AND MAXTMUN VALUES ARE  TALL 400 M ety BN 38
[4 FOUND. FCLLOWIANG THES, MEANS AND STANDARD DEVIATIONS ARE TALL “4Ln tkc(ﬁll):C ¢ BCUN 550
(4 CALCULATEO, THE DIVISOR FOR STANDARD DEVIATION IS ONE LESS TALL 429 CETR{K)IaC 8 BOUN 560
c TFAN THE NUMBER OF OBSERVATIONS USEO. TALL 430 L eenikiecee BoUx 370
c TALL 440 v -
c . .. Tatt 450 ¢ scun 380
< e e eeeeterreii et s et anaee e TAEL 450 b LEST SLesEl vECTOR 20UN 390
SUBRCUTINE TALLY(AsSyTCTALLAVER, SO, VMINGVHAKSNO(NV) TALL 479 ¢ CC 8 de1AC Saun ea0
CIMENSTON A(L)oSC1), TOTAL(L)(AVERCLY,SDELI (VMINCLY (VHAX (L) TALL 480 cC 8t B0uN €20
[+ TALL 490 -
3 CLEAR CUTPUT VECTORS AND INITIALIZE VNIN.VNAX TALL 500 ¢ IF(SL41) 2.8,2 Bun 630
¢ LER=0 AL 30 c CCHPARE CESEAVATICNS WITH BCUNDS :23: 650
[4 660
CO 1 Ksl.NV TALL S20 N - N 670
TOTAL(K)=G.0 TALL 530 e e o e80
AVER(K1=1.0€75 TALL 540 IFCACIJI-BLOCIN) 54243 BOUN 690
SC{K)=1.CETS TALL 550 e
St et s At 3o 3 IF(ACIII-ERICIN) 4e40e Souw Tao
-1 c BCUN 710
¢ ! VHAK(K)=1.0€7S TaLL 570 < coumt BGUN 720
< 8CUN 730
¢ TEST SUBSET VECTOR TALL 550 “ !Ehé“-etlh(lul.c BCUN 140
cC 1C 1 BCOUN
N =0t o ;:tt o2 s CACER(II=UNCER(1)+1.C BCUN 760
Pl 6C TC 1 BCUN 770
[Py S, Moo € CVER(II=CVERCINO1LC scu 180
.
2 SCNT=SCNT41.0 TALL 650 M o 299
[+ TALL 660 - N
¢ CALCULATE TOTAL, NINIMA, MAXINA TALL 670 12 RE1URR o 520
c TALL 680
CC &6 I=1.NV TALL 690
TJd=1JenC TALL TO00
TOTALCT = TOTALL I #AC TS} TALL 710
IFCACLI)-VRINCIDD 3.406 TalL 720
3 YMIN(II=A(ED) TALL 730
4 IF(ACTJI-VMAXCIDD 6,65 TALL 740
5 VNAX(11sA(1J) TaLL 730
6 SDU1)=SCLI)eA(TII®ALTS) TALL 760
7 CONTINUE TALL 770
C TALL T80
[4 CALCULATE MEANS AND STANDARD DEVIA’ NS TALL 790
TALL 800
1F (SCAT)IE.8.9 TALL BO1
8 [ER=L TALL 802
6G TC 15 TALL 803
9 00 10 I=1.NV TALL 810
10 AVER(I1=TOTAL(T)/SCNT TALL 820
IF (SCAT-1.0) 13,11,13 TALL 821
11 [ER=2 TALL 822
00 12 I=1.NV TALL 823
12 SD(11=C.0 TALL 824
GG 10 15 TaLL 825
13 0C 14 [=1,MV TALL 826
14 SOCI)=SQRTUABS((SO(11-TOTAL(1}#TOTAL(TI/SCNTI/(SCNT=1.01}) TALL 830
15 RETURN TALL 840
enp TALL 830
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Subroutine SUBST

c Suss 10
C esedecaassocesacanine teseeslSUBS 20
[4 suss 30
[4 - SLERCLTINE SLBST SURS 40
4 . SUBS %0
< PLRFCSE * suss 60
[4 CERIVE A SUBSET VECTOR IAODICATING WHICH CBSERVATIONS IN A Suss 10
C SET HAVE SATISFIED CERTAIN CONDITIGNS ON THE VARIABLES. suss 80
c Suss 90
c usaCE SuBS 100
C CALL SLBST (ACoReBeSINCINV,NC) 508S 110
< FARAMETER B MLST BE DEF INEC BY AN EXTERNAL STATEMENT IN THE SuBS 120
[4 CALLING FRCGRAV Suas 130
3 SUBS 140
< CESCRIPTICN GF PARAMETERS SUBS- 150
4 A - CBSERVATICA MATRIX, NC BY NV SUBS 160
3 C - INPLT WATRIX, 3 BY ACy GF CONDITICNS TO B€ CONSIDERED. SUBS 170
c THE FIRST ELEMENT CF EACH COLUMN OF C REPRESENTS THE SuUBS 180
C AUMBER GF THE VARIABLE (COLUMN OF THE MATRIX A) T0 BE SUBS 190
C TESTEC, THE SECCNC ELEMENT OF EACH CCLUMA IS A suss 200
[4 RELATIONAL CODE AS FOLLOWS suss 210
4 1. FCR LT (LESS THAN) SUBS 220
4 2. FCR LE (LESS THAN CR EQUAL TO) suBs 230
[4 3. FOR EC (EQUAL TO) SUBS 240
[ 4. FCR NE (NOT EGUAL TC} SuBS 250
[4 5- FCR GE (GREATER THAN OR EQUAL TO) SUBS 260
< FCR CT (GREATER THAND suds 270
1 THE trlnc ELEMENT CF EACH COLUMN 1S A QUANTITY TO 8E  SuBS 280
c USEC FCR CCMPARISON wiTH THE OBSERVATIOAN VALUES. FOR SUBS 290
c EXAMPLE, THE FOLLCHING CCLUMN IN C su8s 300
[4 2. su8s 310
[4 Se SuBs 320
C §2.5 suss 310
< CAUSES THE SECOND VARIABLE TG BE TESTED FOR GREATER SUBS 340
14 THAN GR EQUAL T0 92.5 sSuss 3s0
c A - WGRKING VECTCR USEC TC STORE INTERMEDIATE RESULTS GF  SUBS 360
c ABCVE TESTS ON A SINGLE UBSERVATION. IF CCNOITION IS  SuBs 370
[4 SATISFIED, REI) IS SET TO 1. IF IV IS NCT, R(E) IS SET SuBS 380
c 10 C. VECTCR LENGTF IS NC. SUBS 390
3 € - MAPE OF SUBROUTINE TC BE SUPPLIED BY THE USER. 1T SUBS 400
C CCONSISTS GF A BOOLEAN EXPRESSICN LINKING THE SuBS 410
C INTERNECIATE VALUES STORED IN VECTOR R. THE BOOLEAN SUBS 420
[4 GPERATCRS ARE "o FCR®AND'y *+* FGR *CR'. EXAMPLE 5UBS 430
[4 SUBRCUTINE BGCLUR,T) SUBS 440
C OIMEASECN R(3) SUBS 450
4 Tek(1)#(RE214RU3H) SUBS 460
[4 RETLRA SUBS 4«70
c ENC SUBS 480
4 THE ABGVE EXPRESSICA IS TESVED FOR SUBS 490
(4 RE1).AND.(R(21.CR.R(3)}) Suss soo0
c § - CUTPUT VECTOR INDICATING, FCR EACH CBSERVATION, SuBS 510
(4 WHETHER CR NCT PROPCSITION 8 IS SATISFIED. If IT IS, suss 520
< S} 1S NCN-2€RO. If IV IS NOT., SCI) IS ZERQ. VECTOR suss 530
[ LENGTH 1S NC. SUBS 540
C NC - ALMBER CF CBSERVATICAS. NO MUST BE > on - ro 1. sugs 550
< AV - NUMEER OF VARIABLES. NV MUST 8E > OR = Suss 560
C AC - AUMEER OF BASIC CCACITIONS TQ BE SATISFltO. "NC MUST BE 5UBS 5T0
[ GREATER THAN OR EQUAL TO 1. Suss s71
< SuBs 580
c REFARKS SUBS 590
14 ACAE Suss 600
C Su8s 610
[ sueacu1x~£s ANO FUNCTION SUBPROGRAMS REQUIRED SUBS 620
[ T+E NAME OF ACTUAL SUBRCUTINE SUPPLIED BY THE USER MAY SUBS 630
c €€ CIFFERENT (E.G., BCOL), BUt SUBRCUTINE SUBST ALWAYS  SUBS 640
[ CALLS IT AS 8. IN CRCER FOR SUBROUTINE SUBST vo D0 THIS,SUBS 650
14 THE NAPE CF THE USER-SUPPLIED SUBROUTINE FUST 8 sSuss 660
C CEFINEC BY AN EXTERNAL STATEMENT IN THE CALllNG PROGRAM, suas 610
C ThE AAKE MUST ALSO BE LEISTED IN THE **CALL SUBST** 8s 680
(4 STATEMENT. (SEE USAGE ABOVE) $|I!S 690
] suss 700
C FETHCC suBs 710
c THE FCLLOWING §S DONE FCR EACH CBSERVATICKN. suss 720
< CCACITICN NATRIX 1S ANALYZED TO DETERMINE WHICH VARIABLES  SUBS 730
C ARE TC BE EXANINEC. INTERMECIATE VECTOR R IS FCRMED. THE SUBS 740
C ECCLEAN EXPRESSION (IN SLBROUTINE 8) IS THEN EVALUATED TO sSuss 7150
C CERIVE THE ELEMENT IN SLESET VECTGR S CORRESPONDING TO THE SUBS 760
[ CESERVATION. suss 770
3 suBs 780
[ MeteeseeceacessacetoaassttasaitesttcstsecasctsascsasssaccssaceacasSUBS 790
< suss 800
SLERCUTINE SUBST(A(CoReBoSoNCINVINCH suss 810
CINEASICA ALLILCELILREL),S(L) suBs 820
C Suss 830
CC S I=1.AC SUBS 840
1C=1-NC suss 850
K==2 SuBs 860
CC 8 J=1.AC Suas 870
c suss 880
[ CLEAR R VECTCR suBs 890
P3 SUBS 900
R(JI=C.C SUBS 910
C Suss 920
c LCCATE ELEMENT IN CBSERVATICA MATRIX AND RELATICNAL CODE Suss 930
[4 SUBS 940
K=Ke2 SuBsS 950
12=C(K) SUBS 960
TAsIC+1290C suss 970
1IGC=C(Kkeld Suss 980
Suss 990
c FCRP R VECTCR suss1000
SuBsS1010
CxAllA)-CUKe2) SUBS1020
€C TC{ieZe30405060,1C0 Su8S1030
1 O1EC) 1.€,8 Su8s1040
2 IF(C) 14748 SuBs1050
2 IF(C) €4746 sues1060
4 IF(C) .64 sussioro
£ IF(C) EoT01 SUBS1080
€ IF(C) E0€0? $SUBS1090
7 RJI=1.C Suastioo
e CCATINE SUBSLL10
[4 5UBS1120
(4 CALCLLATE S VECTCR suesillo
c SUBS1140
S CALL BU(R,SLIDD sueslLiso
FETURA SUBS1160
ENC SuUes1L70
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Subroutine ABSNT

LadaR N R R N Y N N o R N N Y N Y N R X ke ata ok ata it ata R ata e Nata)

“

1C
2¢

setseecicresvecsscscacannnan

SLBRCLTINE ARSAT

FLRECSE
TEST VISSING CR ZERC VALLES FOR EACH CBSERVATICN IN ABSN
PATRIX A, ABSN
ABSN
USACE AB:N
CALL MEBSAT (A,SeNCeNVID ABSK
ABSN
CESCGIFI(CA CF PARMNETERS ABSN
- CESERVATICN MATRIX, AC BY NV ABSN
- CLTPUT VECTCR OF LENCTH NO INCICATING VHE FOLLOWING ABSN
CCCES FCR EACH CBSERVATICA. ABSN
1 THERE 1S NCT A FLISSING CR ZERC VALUE. ABSN
C AT LEAST GNE VALLE IS MISSING OR ZERO. ABSN
AL - NUWBER CF CBSERVATICAS. NO MLST BE > OR = 10 1. ABSN
AV - NUFEER OF VARIABLES FCR EACH CBSERVATIGN. NV MUST BE ABSN
CREATER THAN OR EQULAL TC 1. ABSN
REFARKS :gg:
ACAE ABSMh
ABSN
SUBRCLTINES AND FUNCTION SLEPRCGRAMS REQUIRED ABSN
ACAE ABSN
A
PETFCC A:::
# TEST IS WACE FCR EACH RCW (CBSERVATICN) OF THE MATRIX A. ABSN
IF THERE IS NCT A MISSING OR ZERO VALUE, 1 IS PLACED IN ABSN
S(Jb. LF AT LEAST CNE VALUE 1S WISSING OR ZERC, O IS PLACED ABSN
I ¥ ABSN
ABSN
eececcecesececacseccsntatcesacactacacsoran cteccescsecccs ABSN
A
SUBRCLTINE AEBSNT(AS NCoNV) l:g:
CIPEASICN ALl).S(D) ABSN
A
CC 2C J=1.MC Agg:
Td=J-nC ABSN
StJdi=l.C ABSN
£C 1C I=1.NV ABSN
Td=1JehC ABSN
TF(ALLIJN) 1Ce541C ABSN
S(J)=C ABSN
€C ¥C 2C ABSN
CONTINLE ABSN
CCATIALE ABSN
RETULRA ABSN
ENC ABSN



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:

UBO3 - UBO1

k= UBO, - 2 @

where UBO1 given lower bound

UBO 9

U
BO3

]

given number of intervals

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, cou, UBOZ. Then each frequency is divided by
the number of observations, n, to obtain the percent
frequency:

_ 100F;
i~ n

(2)

In addition, the following statistics are calculated
for the variable:

n
Total: T= = X..
=1 U ®3)
where j = selected variable
Mean: X = -TT 4)

Standard deviation:

n 92 n 2
z X, - zZ X..
ij . j n ()
S =1 1= 1
n-1
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4 CESCRIPTICA CF PARAMETERS TABL 160
c ’ - CESERVATION MATRIX, NO BY NY TABL 170
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c CONSIDEREC. VECTCR LENGTH 1S NO. TA81 200
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3 IA UBC(1}, UBO(2) AND UBO(3) RESPECTIVELY. IF TABL 240
3 (CmER LIMIT IS ECLAL TC UPPER LIMIT, THE PROGRAM TA81 250
c USES THE KININUM ANC WAXIMUM VALUES CF THE VARIABLE.TAB1 260
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3 15 3., vABl 290
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FREC - CUTPUT VECTOR CF FRECUENCIES. VECTCR LENGTR IS

vecead.

QUTPUT VECTOR CF RELATIVE FREQUENCIES. VECTOR

LENGTH IS LBO(Z).

STATS - CUTPUT VECTOR GF SUMMARY STATISTICSs [.E., TOTAL,
AVERACE, STANDARC DEVIATION, MINIPUM AND FAXIMUNM.

-

a

-
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VECTCR LENGTh 1S 5. IF S IS NULLs THEN TCTAL,AVERAGETABL
ANC STANDARD OEVIATION = Co MIN=1.ET5 AND MAXA-L.ETS5TABL

A - NUMBER OF CBSERVATIONS. NG MUST BE > CR = 70 I
(3] - NLMEER CF VARIABLES FOR EACH CBSERVATICN. NV MUST
2€ GREATER THAN CR EQUAL 10 1.

REFIRKS
ACAE

SUEBRCLTIAES AND FUACTION SULBPRCCRAMS RECUIRED
AME

FETHCC
VHE INTERVAL SIZE IS CALCLLATED FRCF THE GIVEN INFCRMATICN
CR CPTICAALLY FRCM THE MINIMUM ANC PAXEIMLM VALUES FOR
VARIABLE NCVAR. THE FRECQUENCIES AND PERCENT FREQUENCIES ARE
THEN CALCULATEL ALGCNG m1Th SUMMARY STATESTICS.
THE CIVISCR FCR STANCARC CEVIATICA IS CNE LESS THAK THE
ALPEER CF CBSERVATICNS LSEC.
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SLERCLTINE FAEL(A s SoNCVAR ,UBC FRECIPCT,STATS N WAV
CIPERSICA ACLDoSTLI LECELI FRECULD,PCTIL) STATSLLY
CIPENSICA wECUD)

€C € 1=1.2

weCCldsLeCt )

CALCLLATE FEN ANC PAX

WPIrs 1 CETS
VrAR=-1.CE2S
1J=pCo (N VAR=-1)

€L 2C JalenC

1d=1Je]

IFLSUJI) 2C,3C.1C
TFCALEJI-VPIND 1%42C,2C
VIN=A (1Y)
IFCALTIN=VPAX) 3Co3C425
waxss(ld)

CONTIMLE

STATS{4d=vPiIN
SYATS(S)=wrax

CETens INE LEPITS

JFILECCII-URCI2D) 4C.35.4C
LECLD=wP N

LEC(2hnvPax

INAaLBCH2)

CLESF CLTPLT ARESS

CC 45 U=eINN
FREC(1)=C.C
FCVLLDaCLC
CC 8C 1=1¢2
STAISLIIsC.C

CALCLLATE INTERVAL SIZE
CIAT=ARSLILEC(3)1-UBCILII/IUBCIZ)-2.0))
TEST SLESEV VECICR

SCAT=C.C
Ld=nCo(NCVAR-1)
£C 75 JulehC
L4=1de1

FELSEIID 5415459
SCAT=SCAT+l.C

CEVELCF TCTAL ANE FRECUENCIES

STATSI1)STATS(1DeALLYD
STATS(1)=STATS(INoaUII®ALEND
TEPFaLECL1)-SINT

INTR=EMR-1

€C €0 1ol IATX

TEPFTEIFISINT

IFCALTJI-TEPP) 1C46C,60
CONTINLE

IF(A(EJI-TEPP) T5465.65
FRECUIAM)=FREC(INND*1.0

€c 1C 1

FRECLENSFRECLININLC

CORTIALE

IF (SCATITS.1CS0T5

CALCLLATE RELATIVE FREGUENCIES

£C €EC Uslelnn
FCTCII=FREC(1)®1CO.CISTNT

CALCLLATE MEAN ANC STANCARC CEVIATICA

TF(SCAT-1.0) €5,€545C

STARS(Z)=STATS(L)

LTATS(2)sCLC

€C 1C s

STATS(Z)sSTATSLLIN/SCAT
5"15(3)-SGﬂI(l!S(lSlAlS(ll-Sl‘lSll)'SYl'S(llISCN')I(SCNY-l.OI))
€C 1CC I=142

LeCi1i=nECtE)
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181 700
TABL T10
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TAB1 840
tagi 850
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TAB1 370
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TABL 390
1481 900
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TAB1l 920
TAB1 930
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TA81 950
TABL 960
T4B1 970
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TABL1000
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14811020
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TAB11040
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TAB11060
TAB11070
TaBl1080
TAB11090
TAB11100
TAB11110
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TAB11180
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TAB11200
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Subroutine TAB2

This subroutine performs a two-way classification
of the frequency, percent frequency, and other
statistics over given class intervals, for two se-
lected variables in an observation matrix.

Interval size for each variable is computed as

follows:

UBO_. - UBO,.
k = —2) 2 (1)
] UBO2j -2
where UBOlj = given lower bound
UBO2j = given number of intervals
UBO3j = given upper bound
j=1, 2

If UBOjj = UBOgj, the subroutine finds and uses the
minimum and maximum values of the jth variable.

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

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

Then, each entry in the frequency matrix, Fjj, is
divided by the number of observations, N, to obtain
the percent frequency:

100Fij
P, =—
ij N 2
wherei = 1, 2, ..., UBO21
i=1 2, ..., UBO22

As data are classified into the frequency matrix, the
following intermediate results are accumulated for
each class interval of both variables:

1. Number of data points, n

[y

n
2. Sum of data points, i_Z 1X

[\

3. Sum of data points squared,

H.
™M
"
-

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

n
z X,
- i=1 '
Mean: X= 3)
n
30 Statistics--Data Screening

Standard deviation:

First variable

LYY,
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Second variable

‘Figure 6. Frequency matrix

n 2 n
T X' -{ = X /4;
. i . i
g = i=1 i=1 ’
n-1 )
Frequency matrix
Fi1 | Fa2
lower <
bound
F21
2
<
upper
bound
< < 3
lower upper
bound bound
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SLENCLITINE

FLKFCSE
FerfCRY

CESERVATICN MATRIX (LR A WATRIX SUBSET) CF THE FREQUENCY,

TheZ

A TaC-wAY CLASSIFICATICN FCR Tel VARIABLES N AN

FEFCENT FRECLEACY, ANL CTHER STATISTICS GVWER CIVEN CLASS
INTERVALS,

LSacCE

[
CALL TAEZUA .S MGV LBCoFRECPCTSTATILSTATZ,AC,AY)

CESCRIFTICA CF PARAMETERS
¢

'

3 -

(Y97

FFEC -

sT8EL -

1412 -

1Ye

Av

REPSFES
1fF € IS

CESEAVATICA FATRIX, AC BY AV

INPLT VECTCR GIVING SUBSEY CF A. CNLY THCSE

CESERVATICNS w17+ A CCRRESPCNCING NOA-ZERG S(J) ARE

CCASICEREC. VECTCR LENGTH IS AC.
VERIAELES TU €€ CFCYS~-TABLLATEC.
Ly NCV(2) 1S VARIABLE 2. VECTLR LENGTH IS 2.

vAe2
TAB2
TAB2
TAB2
TAB2
TAB2
TAB2
T482
TAB2
TAB2
TAB2
TAB2

TaR2

TA82
TAB2
TAB2
TA82

ACV(1) IS VARLIABLE Ta62

NCVTAB2

PLST BE GFEATER THAN CR ECLAL TC I ANO LESS THANTAB2

CR ECLAL TC AV,
3 #Y 2 MATRIX CIVING LCWER LIMLIT, AUNMEER CF

INTERVALS, ANC LFFEP LIMET CF BGTH VARIABLES TC AE

TABULATEC (FERST CCLUMN FCR VARIAMELE L, SECUNC

CCLUMA FCR VARIAHLE 2). IF LCRER LIMIT IS EQUAL TO

LPPER LIMIT FCH VARIABLE 1, THE PRCGRAM LSES THE

MINIMLY ANC MAXIMULM VALUES CN EACH VANTABLE. AUMBER
CF ENTERVALS V(ST INCLUCE TwO CELLS FCR UNDER AND

AeCVvE LIMITS.
GLIPLT MATRIX CF FREQUENCIES IN THE TeC-hAY
CLASSIFICATICN. CRCER CF PATRIX IS INTL BY INT2,

WhERE INT1 IS THE NUMHER CF INTERVALS (F VARIABLE 1
ARC INTZ IS THE ALPFBER CF INTERVALS CF VARIABLE 2.

INTL ANC INTZ PUST BE SPECIFIED N THE SECOND
FCSITICN CF MESPECTIVE COLUPN OF LBC PATRIX,
CUTPUT MATRIX CF PERCENT FRECUENCIES, SAPE ORDER
A4S FREC.

CLTPLT MATRIX SLFPARIZING TCTALSe FEANS, AND
STANCARC CEVIATICAS FCR EACH CLASS INTERVAL OF
VARIAELE ). CRUER CF PATHIX IS 3 BY INTL.

SAVME AS STATL dLT CvER VARIABLE 2. CRCEK OF MATRIX

IS 3 ev InT2,

MLPBER CF CBSERVATICAS. AC #LST BE GREATER THAN
CR ECLAL TC 1.

ALPBER OF VARIAELES FLR EACH CBSERVATICN. AV
PLST BE GREATER TrAN CH EQuUAL 10 1.

AULL. CUTPLT AKEAS ARE SET ¥C 2€RC

SUERCLIINES ANC FLACTION SLEFRCGRAMS REGUIREC

ACAE

PETHCC

INTERVAL SIZES FCR BOT+ VARIABLES ARE CALCULATEG FAQM THE

TAB2
TAB2
TAB2
1482
TAB2
TAB2
Ta82
Tas2
Ta82
Tas2
TAB2
TA82
TAB2
TA82
TA82
vag2
TAB2
TAB2
TAB2
TAB2

T482
TAd2
TAB2
TAB2
TAB2
TA82
T482
TaA82
TAB2
TAB2
TAB2
Ta82
T482
1482
TA82

CIVER INFCRPATICN CR GPTICAALLY FRCH THE PININUM AND MAXIMUMTAB2

490
500
s10
520
530
540
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s
14C

CIPERSICHr wECU2,2)
€ s l-loJ

€C 5 Jol
hl((l-Jl'L!((l.Jl

CETERPINE LIFITS

LC 4C I=1,2
IF(UECII1)-UBC (2410 4C, 1C. 4C
vPINs).CEIS
VrAN=-1,CETS
TdanCetalviin-1)

CC 35 Jdalon(

1d=lJel

IF(SEJD) 15,235,115
IFAALIJD=VPIN) 2Ce22,25
VEINeACiY)
IF(At1J0-vrax) 35,35,30
waxsA(1J)

CONTINLE

LeCileldavriIn

LeC 2.1 )ovrax

COATEIALE

CALCLLATE INTERVAL SIZE

EC 5C f=l.2
SINTELI=#ESUILBCIAVII-UECLL, L 1I/7ELACI2410-2.CH)

CLEAR CLIPLT AREAS

INTE=LECHZ, 1)
INTZ=LRCtZ,2)
INTT=IATROINT2
LC £S5 B=140NTT
FRECLIIsCLC
FCTULI=CC
InTy=2erT}

CC ¢C [=1s0NTY
STATICID=C.C
InNTZ=200072

CC 65 I=1.0NT2
S1AT2¢1)=CaC

TEST SLBSEY VvECTICR

SCAYT=C.C
INTYsiATL-1
INTx=IATZ-1
Id=aCe(rlvil)-1)
1Jx=hCo{AlV(Z}-1)
LC S5 J=leheC
1d=1J+}

Tinsgyxed
TFESCJI) 1C455,1C
SCAT=SCATel.C

CALCLLATE FRECUENCIES

TEPFLI=LEC(Lo1)-SINTEL)

LC 75 IvalednTY
TEPFL=TEFFLOSINTLL)
PFUACLIJI-TEFFL) E04T5,75
COATINLE

1ve[nT]

Iyy=2e(fv=-10e]
STATLOIYY)=STATLCIYYIeA(TII)
Ivyslvyel
STATLICIYVY)=STATICIYYIeL.C
1vy=sjvvel
STATLCIYY)=STATLLAYYI®ACTIIIOACLY)
TEFP2=LEC(142)-SINT(2)

CC €5 Irsh INTX
TEPFZ=TEPF24SIATI2)
TF(ACIIR)-TERP2) SCoESIES
CCATINLE

Ix=Intz

TaFsINTIOCIX=T)elY
FRECUTJFY=FRECITIIFI®L.O
Ixzde(ir-1)el
STATZUUR)=STAT2(IX)eAC1IX)
Ix=ixed
STATZUIx)sSTAT20INS+1.C
1x=ixe1

STARZUIX )=STAT20IX )AL IXISALTIN)
CONTIMLE

IF (SCATIS8.1S1,.58

CALLLLATE PERCENT FREQUENCIES

LC 1¢C Isi InTT
FCTUI)=tReClL)®ICC.C/SCONT

CALCLLATE TCTALS, PEANS, STANCARD CEVIATICNS

Ixy=-1}

CC 12C i=1.1MT1

Ixvy=lnya?

1SCslxve]
TerFlsSTATLOIXY)
SLraSTATLLIXY-1)
TECTERFI-1.C) 12C.HCE.01C
STATHIISCI=CLC

€ TC 41t

STATIORSCI=SCRTLARSUISTATLLISC)-SLPOSUP/TEPPI)/(TEPFI-1.001)

STATICI»Y)=SUP/IENF]
CONTEALE

Ixx=-}

CC 14C l=i.INT2

Ixxsfuxel

I1SC=lxxel
TEFF2=S10V2(1XN)
SLrPeSVATZUINX-1)
LEUTEFFZ-1.C) 14Co128,12C
STaT12618E=CLC

€ T 1

STAT241SCI=SCRILAES((STAT2(ISCI-SUNOSLW/TEMF2)/(TEPF2-1.C)))

STAT20i02)=SLr/TerP2
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T30
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770
780
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800
Aal0
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830
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920
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940
959
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970
980
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TA821010
TAB21020
TA821030
TAB21040
TAB21050
TAB821060
TAB21070
TAB21080
TAB21090
TAB21100
TAB21110
TAB821120
14821130
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TA821200
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TAB21750
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TAB21770
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TA821800
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14C CONTIRLE

CC 15C 1142
€C LEC J=142

1SC LeClloid=nbCilod}
151 RETLRAN
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16
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RET
EAC

SLENCLYINE SLerx

PLRFCSE

EASELC LA WECTCH S CERIVEC FRCM SUERCLTINE SUBST OR AASNT,

suse
suem
susw
susw
Susw

TH1S SUBRCUTINE CGPIES FRCM A LARGER MATRIX CF CHSERVATION SUBM 80
CATA & SLESET PATRIX (F THCSE CESERVATICAS at [CH HAVE sue* 90
SEYISFIEC CERTAIN CCNCITICA. TRIS SLERCUTINE IS NORMALLY SuBM 100
LSEC FRICR TC STATISTICAL ANALYSES {E.G.o PULTEIPLE RECRES- SUBM 110
SICA, FACTCH ANALYSIS). sue¥ 120
SusM 130

LSHCE SUBM 140
CALL SLEPX (A4CeSeNCohV N} Sus~ {50
SuBM 160

Cf‘(FlFll(k CF PARAFETEKS sué» 170
= IAFLY PATRIX CF CBSERVATICAS, NG BY AV. SusM 180

L = CLTFLT MAIRIX OF CESERVATICAS, N BY AV Susm 190

S = INFLT VECTCR CF LENCTF AU CCATAINING 'hE CODES DERIVED Suss 200
FRCPF SUBRCLTINE SLEST CR AdSAT, susm 210

AC = MUMEER CF CESERVATICAS, NC MLST BE > OR = IC 1. SuUsM 220

My = NLPBER CF VARIABLES, NV MUST 8€ > OR = TC L. SuUsmM 230

A = CUTFLT VARIAELE CLATAINING THE AUMBER CF NCN-ZERC COO(SSUB’ 240

A VECICH S. Suen 250

SUBM 260

REFIEKS susm 270
PAYREX C CAN EE IN THE SAWE LCCATICN AS MATRIX A, susk 280
SusM 290

SLBRCLTINES ANC FULRCTYICA SLBFRCCRAPS REQUIRED Suss 300
AOME suaM 310
SUBM 320

rETHCC susm 330
TF SUL} CONTAINS A NCA-ZERC CCDE, I-TH OBSERVATION IS SuUBM 340
CCFIEC FRCP THE INPUT PATRIX TO THE QLTPLY MATRIX, susm 350
SuB# 360

D P ssescscesSUBM 370
sus# 380

RCLTIME SUEMX (AL oSoNQeNV ) Susm 390
ENSICN A(1D.CLLEDeSELD SUBM 400
SuaM 410

SUBH 420

< SUBM 430
20 u=lehv SUB» 440
15 fulnC SUBM 450
+1 SUBM 460
SCIY) 15, £, IC SUBH 470
tLel SUBH 480
Lisa(L) SUBK 490
TINLE susms 500
TINE Susm 510
Susm S20

CCUAT ANCA-2ERC CCLES IN VECICR S Susm 530
SUBM S40

sus¥ 550

3C Ia1eNC SuB® 360
S(1)) 3C, 3C, 25 SuBm S70
+] SUBM S80
TIALE sus® $90
SuBHM 600

LRN SUBM 610
SUBF 620
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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 Xijv 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
S. —Z X..-T, X =T -
jk im1 ij j ik k

n

E : X..-T.

i=1 uo

where j=1, 2, ..., m;k=1, 2, ..., m

m

X
1

T ="+

ij
j m

(2

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

n
i=1 Y

n

X = (3)

Means:

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

Correlation coefficients:

- 4
Jk S S @

ij kk

where j=1, 2, ..., m; k=1, 2, ..., m

Standard deviations:
(5)
where j=1, 2, ..., m
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ccra 10
CORR 40
CGRR 50O
FLAFCSE CCRR 60
CLPPUTE PEANSy STANCARG CEVIATICAS, SLPS CF CRCSS-PRODUCTS CCRR 70

C+ CEVIATICAS, ANC CCRRELATIGN CCEFFICIENTS. CCRm 80

A CCRR 90
CGRR

care

CCRR

CCRR

CCRR

SLEFCLIINE CCRRE

USACE
CHLL CCRRE (RGP IC X o XEARSSTCIRXR,84C,T)

CF PARAMETERS
NUMBER CF CBSERVATICNS. N PUST BE > OR = TC 2.
ALMEER CF VARIABLES. M PLST BE > CR = TG 1. CORR
CPTICA CCCE FCR INPLT DATA CCRR
C IF CATA ARE TC EE REAC IN FRCF INPLT DEVICE IN THECCRR
SPECIAL SUBRCUTINE NAPED CATA. (SEE SUBRCUTINES CORR
LSEC 8Y THIS SLERCUTINE BELCW.} CORR
1 (F ALL CATA ARE ALREACY In CCRE. CCRR
16 1C=C, THE VALLE CF X IS C.C. CORR
1F IC=1, X IS THE INPUT PATRIX (N 8Y #) CONTAINING CORR
CATA. CORR
CLTPLT VECTCK OF LENGTH M CONTAINING PEANS, CCRR
CLTPLT VECTGR CF LENGTH » CCATAINING STANDARD cora
CEVIATIONS. CORR
CLTIPLT PATREIX (¥ X M) CCNTAINING SUMS OF CRGSS- CGRR
PRCCLCTS CF DEVIATIONS FRGM MEANS. . __ core
CUTPLY MATRIX (CALY UPPER TRIANGULAR PORTION OF THE CORR
SYPMETRIC MATRIX CF M 8Y M) CCATAINING CORRELATION CORR
CCEFFICIENTS. (STCRAGE MGCE CF 1) CCRR
CLTPLT VECTGR CF LENGTE M CONTAINING THE DIAGCNAL CORR
QF T¢E MATRIX OF SUFS CF CR(SS~PRODUCTS OF CCRR
CEVIATICNS FRCF PEARS. cGRR
aCRKING VECTCR CF LENGTH M, CORR

WCRKING VECTCR CF LENGTF P.o CGRR
CCRR

CCRR
coRr
CCRR
CGRR
CaRre
CORR
CCRR
CCRR
CCRR
CCARR
CORR
CCRR
CCRR
CCRR
CCRR
CORR
CCRR
CORR
CORR
aeeeentasoscaaaasaasaCORR
CORR
CCRR
CORR
CORR
R T LR LR P PP RN el ol ]
CORR
CORR
cose
CCRR
CORR
[
CCRR
core
core
CGRR
CORR
CORR
CCRR
CcoRR
CORR

eteeeseaccessessscnsscccaacsacssessscecstesscssassassscaasscesCORR

core

CESCRIFTICN
IS -

» -
1’ -

XEAR -
sic -

[4
1

FEMAFKS
CCRKE WILL NCT ACCEPT A CCASTANT VECTCR.

SLBRCLTINES ANC FUNCTION SLEFRCCRAMS RECLIREC
CATA(MeC) - THIS SULBRCLTINE PUST BE PRCVIDED €Y THE USER.
(1) IF 1C=C, THIS SLBROUTINE IS EXPECIED TC
FURNISF AN CBSERVATION [N VECTCR O FRCM AN
EXTERNAL INPUT CEVICE.
LF 1C=1, THIS SLBRCUTINE 1S ACT LSED BY
CCRKE ELT MLSY EXIST IN JOB CECK. IF USER
FAS NCT SULPPLIEC A SUBRQUIINE ANAMED DATA,
THE FCLLCRING IS SUCGESTED.
SLERCLTINE CAYa
KETLAN
ENC

t2)

PETHCL
ERCCLCT-#CPENT CCRRELATICN CCEFFICIENTS ARE CCMPUTED.

SUERCUTINE CCRRE (NP ICoXoXEAR(STCRXoR48404F)
CIFERSICA XU1)eXBARELDSTOUL) (RXCLILRILILBLLILO(L)LTLL)

[F A LCLELE FRECISICA VERSICA CF THES RCUTINE [S CESIREQ, THE
C N CCLUMN | SHCULC BE REFCVED FRCM THE DOUBLE FPRECISION
STATEPENT wrICH FCLLCMS.

CCUBLE FRECISICA XEARSTC KX R 84T

THE C PLST ALSO EE REMCVEC FRCN OGUBLE PRECISION STATEMENTS
AFPEARING IN CTHER RCUTINES LSED A CONJUNCTION WITH THMIS
RCLTINE.

THE CCUBLE PRECISIGN VERSICA CF THIS SUBRCUTINE MUST ALSC
COMNTZIN (CUBLE PRECISICN FCRTRAN FUNCTICNS. ~ SCRT AND 4BS IN
STATEFENT 22C MLST BE CHANGEC 10 DSQRT AND DABS.

INTVEALI24TICH

CC 1CC Joior
etir=C.C
Ttdrel.C
K=(popery/2
CC 1C2 I=leK
fLL)sC.C
Fheh

LeC CORR

CORR
CORR
CaRe
CORR
CORR
CORR
coRre
CORR
CORR 980
CORR 990
CORR1000
CORR1010
CORR1020
CCRR1030
CCRR1040
CORR1050
CORREQ60
CORRLOT0
CCRR1080
CORR1090
CORRL1L00
CORRLL10
CCRR1120
CORR1L130
CCRRL140

CoRR1180
CCRR1160
CCRR1170
Comr1180
Ccar1190
CCRR1200
CCRR1210
CCRR1220
CCRR1230
CCRR1240
CCRR1250
CORR1260
CCRrRRAL2T70
CORR1280
CCRR1290
CCrr1300
CcrR1310

900
910
920
930
940
950
960
970

IFLICY 1CE, 127, 1CS

CATA ARE ALREACY IN CCRE

CC ICT 1=len
L=tel
TEAI=TLIex(L)
XEAR(JIT L)
TI)=TLJD/IFN

cc 11s
JK=C
L=1-p
CC L1C J=le#
Lelap
CldextL)-T1d}
[IRILIIFERI-I¥E]
CC LIS umlo?
£C 11¢ K=led
JeUKel

1=1ep

€C TC aCs

REAL CESERVATICNS ANC CALCULATE TEMPCRARY
PEANS FHCP THESE CATA IN TILN)

IF(a-F) 13C,
KKsh
€C 1C 17

13C,

12¢

€C 14C =1,k
CALL CaTa (roC)
CC 14C s=ivP¥
TCJi=T{ ¢TI
L=Le}

RX(LI=C LI}
FRKaKK

CC 15C J=l.*
XEAREINI=T(J)
TUII=T(J)/IFKK



anAmn A ~nen

L XalaXa) aen

la¥aka)

laXaXal

e XalaXa)

17

&

18

)

~
IN
~

25C

CALCLLATE SLPS CF CRCSS-PRCCLCTS CF DEVIATICNS
FRCF TEPFCRARY FEANS FGR M CESERVATICNS

L=C
CC 1€eC 1el.Kx

Jk=C

CC 17C yslo

LaLel

CO=RX(LI-T(J)}

CC 18C J=i,r
ElI=edddeC(d

LC 16C K=l,4y

JE=iKe}
REJK)=RUIJKIeC(INOC(K)

IF(N-KK) 2C%e 2C5e €S

REAC THE REST CF (BSERVATICAS CAE AT A TIME, SUW
THE CESERVATICA, ANC CALCULATE SUFS CF CRCSS-
FROCLCTS CF CEVIATICAS FROM TEMPORARY MEANS

KKsh-KK
£C 2CC 1=1.kK
JK=C

CALL C4TH (FyC)

CC 15C ynlab
REARLJ)AREARTJDOCLID
CLUI=CHII-T ()
E(J1=E(JDeCd)

CC 2CC Jy=l,p

CC 2CC k=144

K= dKel
REIKI=RIKIeCLIIOC(N])

CALCLLATE PEINS

JK=C
CC Z1C Jslor
XEAR(JISXEAR(JI/IFN

ACJLST SLMS CF CRCSS-PRCCUCTS CF DEVIATICAS
FR(F TEFPFCRARY PEANS

CC 21C K=jo4
JEKrJKe]
REJKI=FIJKI-ECIISE(R)/FN

CALLLLATE CCRRELATICN CLEFFICIENTS

JKsC

L0 24C yxla*

CKEgK ey

SIC(Jh=s SCRUL AESIREJIKD))
CC 22C Jd=1l.¥

CC 22C w=y4b

KeJe(ReKk-K)/2

[SIAXPESRELS

RY(LI=K(JK)

Lara(r=-11eJ

FXCL)=R k)
IE(STCUJIOSTLUKD) 225, 222, 22%
H{JK)=CaC

€C TC <3¢
BUJK)=REIKDZUSTCLIINSTICUKY)
COATINLE

CALCLLATE STANCARC CEVIATICAS
FA=SCRTIIFA-1.C

CC 24C J=lor
STLUII=STCLJMI/EN

CCPY THE CLAGUNAL CF THE MATRIX (¢ SUMS CF CRCSS-PRCOUCTS CF

CEVIATEICMS FrCP PEANS.

L=-b
€0 Z5C I=1ob
Lxleped
ELE)skRLL)
FETURA

ENC

CCRR1320
CCRR11330
CORR1340
CCRR1350
CCRR1360
CORRL3TO
CCRRL 380
CCRR1390
CCRR1400
CCRR1410
CORR1420
CORR1430
CCRRL1440
CORR1450
CORR 1460
CCRRI4TO
CCRR1480
COAR1490
CORR 1500
CCRR1S10
CORR 1520
CORR{S30
CORRLS40
CCRR1ISS0
CORRL560
CORALSTO
CCRRI580
CCRR1590
CORR1600
CCRRIG610
CORRLI620
CORR1630
CORR 1640
CORR1650
CCRR1660
CCRR16T0
CCRR1680
CCRR1690
CORR1TOO
CCRR1T10
CGRR1720
CCRR1730
CCRRIT4O
CCRR1TS0
CCRR1760
CORRLTTIO
CGRR1780
CCRR1790
CGRR1800O
CORR1810
CORR1820
CGRR1830
CCRR1840
CCRR1850
CCRR1860
CCRR1870
CGRR1880
CORR1890
CCRR1900
CCRR1910
CORR1920
CCRR1930
CCRR1940
CCRR1950
CCRR1960
CCRR1970
CORR1980
CCRR1990
CCRR2000
CORR20219
CCRR2020
CCRR2030
CCRR2040
CORR2950
CCRR29060
CCRR20T0
CCRR2080
CGRR2090
CORR2100
CCRRZ2L10
CCRR2120
CCRR2130

Subroutine MISR

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. The
computational steps are as follows:

1. Compute means:

i

X .

_ _a=1 ¥ )
Xj=——( (1)

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

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

n'
Sifz Xgi ~ %) Xgj - Xj) -
a=1
n ‘ n ‘
D ®ei-%) D, Kgj-%)
a=1 a=1 @)

n

where Xj, Xj = means of ith and jth variables com-
puted as above
n” = number of sets where the ith and jth
variables are both present

3. Compute product-moment correlations:

S..

4
Vi /Sy N

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

rij

a. ith variable as independent and jth variable
as dependent:

S. .

Regression coefficient: b;; = —L 4)
J Sii

Intercept: aij = }_{; - bij Ei ‘ (5)
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where n =

Standard error regression coefficient:

2 q.
) Sjj - Tij Sij
bij (@ - 2) 8y

(6)

(7

()

b. jth variable as independent and ith variable
as dependent:
sij
Regression coefficient: by, = ——
®8j
Intercept: aj; = 321' - bji&-j,

Standard error of regression coefficient:

2 s
Sii - rj Sii

(m” - 2) Sjj

Shi;

5. Compute standard deviations:

Sj

number of nonmissing values for jth

variable

6. Compute skewness and kurtosis, s and k:
n -
Lety;. = E (Xg. - %) /n
.= 3/2
Then sj = u3y/ (o) /

and k; = (“43-/“%5) -3

)

(10)

(11)

(12)

Note: This subroutine cannot distinguish between a

blank and a zero.

it will be treated as 0 (zero).

For reference see B. Ostle, Statistics in Re~

search. The Iowa State College Press, 1954,
chapter 6.
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Therefore, if a blank is
specified as a missing data code in input cards,
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15

o

17
20

ic

MISK i0

P 3 & LI 11

MISR 30

SUBKOQUTINE MISR MISR 40

MISR 50

PURPOSE MISE 60

COMPUTE MEANS, STANDARD DEVIATIONS, SKE«NESS AND KURTUSIS, MISR 70

CORRELATION COEFFICIENTS, REGRESSION COEFFICIENTS, AND WISR 80

STANDARD ERRORS OF FEGRESSION COEFFICIENTS WHEN THERE AFE MISP 90

MISSING DATA POINTS. THE USER [DENTIFIES THE MISSING DATA MISR 100

BY MEANS OF A NUMERIC CODE. THOSE VALUES WAVING THIS CODE MISR 110

ARE SKIPPED IN COMPUTING THE STATISTICS. IN THE CASC OF THEMISF 120

CURRELATION COEFFICTENTS, ANY PAIR OF VALUES ARE SKIPPED IF MISR 130

EITHER CNE OF THEM ARE MISSING. MISR 140

MISF 150

USAGE MISR 160

CALL MISR (NO My X,CODE,XBAR y STOSKEWsCURT 4R N1 A48y Sy 1ERD MISR 170

MISR 180

UESCRIPTION OF PARAMETERS HISR 190

NO - NUMBER OF UBSERVATIONS MISR 200

L] - NUMBEF OF VARIABLES MISR 210

x - INPUT DATA MATRIX OF SIZE NO X M, MISR 220

CODE - INPUT VECTOR OF LENGTH M, WhICH CONTAINS A NUMERIC  MISR 230

MISSING DATA CODE FOR EACH VARTABLE. ANY OBSERVATION MISR 240

FOR A GIVEN VARIAGLE HAVING A VALUE EQUAL TO THE CODEMISR 250

wWiLL BE OROPPED FOR THE COMPUTATIONS. MISR 260

XeAR - OUTPUT VECTGE OF LENGTH M CONTAINING MEANS MISR 270

STD - CUTPUT VECTOR OF LENGTH M CONTAINING STANDARD DEVI- MISR 260

ATIONS MISR 290

SKEW - GUTPUT VECTOF OF LENGTH M CONTAINING SKEWNESS MISR 300

CURT - OUTPUT VECTOR OF LENGTH M CONTAINING KURTOSIS MISR 310

R - CUTPUT KATRIX OF PRODUCT-MCMENT CORRELATION MISR 320

COEFFICIENTS. THIS WILL BE THE UPPER TRIANGULAR MISR 330

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

IS SYMMETRIC. (STORAGE MODE 1) MISR 350

N - QUTPUT MATRIX OF NUMBER OF PAIRS DF DBSERVATIONS USEDMISR 360

IN COMPUTING THE CORRELATION CCEFFICIENTS. ONLY THE MISR 370

UPPER TRIANGULAR PORTION OF THE MATRIX IS GIVEN. MISR 380

(STORAGE MGDE 1) MISR 390

A - OUTPUT MATRIX (M BY M) CONTAINING INTERCEPTS OF MISR 400

REGRESSION LINES (A) OF THE FORM Y=A+¢BX, THE FIKST MISR 410

SUBSCRIPT OF THIS MATKIK REFERS TO THE INDEPENDENT  MISR 420

VARJABLE AND THE SECOND TO THE DEPENDENT VARIABLE. MISR 430

FOR EXAMPLE, A{1,3) CONTAINS THE INTERCEPT OF THE MISR 440

REGRESSION LINE FOR TWD VARTABLES WHERE VARIABLE L MISR 450

IS INDEPENDENT AND VARIABLE 3 IS DEPENDENT. NOTE MISR 460

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

8 - QUTPUT MATRIX (M BY M) CONTAINING REGRESSION MISR 480

COEFFICTENTS (B) CORRESPONDING TO THE VALUES OF MISR 490

INTERCEPTS CONTAINED IN THE GUTPUT MATRIX A. MISP 500

H - QUTPUT MATRIX (M BY M} CONTAINING STANDARD ERRORS ~ MISR 510

OF REGRESSION COEFFICIENTS CCRRESPONDING TO THE MISR S20

COEFFICIENTS CONTAINED IN THE OUTPUT MATFIX B. MISR 530

IER - O, NO ERRDR. MISR 540

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

VARIABLE IS TWwO OR LESS. 1IN THES CASE, STD(JI,  MISR 560

SKEW(J)s AND CURT(J) ARE SET TO 10%¢75. ALL HISR 570

VALUES OF R, A, B, AND S RELATED TC THIS VARIABLE MISR 580

ARE ALSO SET TO 10%%7S. KISR 590

2, If VARIANCE OF J-TH VARIABLE IS LESS THAN MISR 600

10¢*(-20}. IN THIS CASE, STD{J), SKEW(J), AND MISR 610

CURT(J) ARE SET TO L0e#75. ALL VALUES OF R, A,  MISR 620

B, AND S RELATED TO THIS VARIABLE ARE ALSO SET TO MISR 630

10%e75. MISR 640

MISR 650

REMARKS MISR 660

THIS SUBRDUTINE CANNGT OISTINGUISH A BLANK AND A ZERO. MISR 670

THEKEFJRE, IF A BLANK 1S SPECIFIED AS A MISSING DATA CODE INMISR 680

INPUT CARDSy IT wiLL BE TREATED AS O (ZERO). MISR 690

MISR 700

SUBFOUTINES AND FUNCTION SUBPROGPAMS REQUIRED MISR T10

NONE MISR 720

MISR 730

METHOD MISR T40

LEAST SQUARES REGRESSION LINES AND PRODUC T-MOMENT CORRE- ®ISR 750

LATION COEFFICIENTS ARE COMPUTED. MISR 760

MISR 770

PR MISR 780

MISR 190

SUBFOUTINE MISR (NOoMyXyCODE s XBAR s STO SKEWICURT 4R Ny A48, S, 1ER) ng: :?g
ul

OIMENSION X{1)sCODE(1) ¢ XBAR(L),STOC1)oSKENIL]CURT(L)4R(L),NELD  MISR 820

DIMENSION AL1)4B(1},SE1} MISR 830

MISR 840

CUMPUTE MEANS MISF 850

HMISR 860

1ER=0 MISR 870

L=0 MISR 860

D0 20 J4=1.M MISR 890

FN:0.0 MISR 900

XBAR(J)=0.0 mISF 910

DO 1S I=1,NO MISR 920

L=Lel MISR 930

-G 1124 15, 12 MISP 940

AL DELIN 12y MISR 950

XBAR(J1=XBAR(JI X (L) MISR 960

CONT INUE WISk 970

1F(FN) 16, 16, 17 HMISR 980

XBAR(J)=0.0 ::::1233

G0 T0 20

XBAR(J)=XBAR(JI/FN MISR1010

CONTINUE MISR1020

#ISR1030

SET-UP WORK AREAS AND TEST WHETHER DATA 15 MISSING KISR1040

MISR1050

=0 ®ISF 1060

00 55 4=1oM MISRIOTO

LJJ=NO*(J-1) HISR1080

SKEW(JI=0.0 MISR1090

CURT(J1=0.0 MISR1100

nISR1110

MISR1120

- MISR1130

i

KK oM urgallso

SUMX=0.0 MISR1160

SU%Y=0.0 MISRILTO

MISR1180

MISR1190

MISR1200

MiSR1210

1581220

N1J=0 MISR1230

LI=NG=(I-11 MISR1240

LJ=LJdd “ISR1250

L=L+l MISR1260

0O 38 K=1,NO MISR1270

Ll=tTel “ISR1280

Li=tdel “ISF1290

IF(X{(L11-CODEt1)) 30, 38, 30 MISR1300

[F{X(LII-CODEIN) 35, 38, 3¢ M[SR1310



laXakal

[aXaXal

faXaXal

AUTH DATA ARt PRESENT

35 XX=X(LI}-XBAR(I)
YY=X(LJ)-XBAR(J)
TI=TIexX
TUI=TILexXes2
TJ=TJevy
TIJ=Tagevves?
TI4=TLIexxeYY
NlJ=NIJ+1
SUMX=SUMX+X(LT)
SUMY=SUMY+XLJ)
LF{1-J1 38, 37, 37
SKEW(J1=SKEW(J)+YYes3
CURTUJI=CURTLJI+YYo®4
38 CONTINUE

3

~

COMPUTE SUM OF CROSS-PRODUCTS UF DEVIATIONS

IFINIJ) 40, 40, 39
FN=NLJ
RILI=TIJ-TISTI/FN
N(LI=NDY
TIi=TII-T1eTl/FN
TJJI=TII-TJeTI/FN

3

3

COMPUTE STANDAFD DEVIATION,

40 IFLI-J) &7, &1, 47
41 IFINTJ-2) 42,42,43
4¢ lER=1
RILI=L.0€ET5
A{KI)=1.0ETS
BIKII=1.0€E75
SIKII=1.0ET5
GO TO 45

43 STOtJI=R(L}

$(KI1=0.0

IFISTO(JI-(1.0GE-20)) 44,454,446

44 1EF=2

45 STD{JI=1.0E75
SKEW({J)=1.0E75
CURT(41=1.0E75
GO 1O 55

MISFL320
Kisel133o
MISR1340
MISP1350
MISR1360
MISR13T0
MiseP1380
MIS&1390
MISR1400
MiSFi&l0
MISR1420
MISR1430
MISP 1440
MISRL450
MISR1460
MISFL4T70
MISR1480
MISR1490
MISF1500
MISRIS10
MISR1520
miSF1S30
MISR15640
MISR1550
MISPLI560
MISRISTO
MISR1580
MISR1590
MISRL600
KISRl610
MISR1620
MISR1630
MISR1640
MISR1650
MISR1660
MISR16TC
MISR1680
MISR1690
MISR1TOQ
MISR1710
MISk1T720
MISR1T30
MISRLT40
MISRL750
MISR1760
MISR1770
MISR1780
MISR1T90
MISR1800
MISR1810

faXa¥al

ane

[a¥aXal

6

«7
48
49

50
S1
52

53

S4
55

WOPK=STO(JI/FN

SKEW(II=(SKEWLI}/FN)/(WORK®SQRT (WORK ) }
CURTCSI=CICURTIJ}/FN)/WURK®®21-3.0

STOCUI=SORTISTOLJI/(FN-1,.01}
GU TO 5%

COMPUTE REGRESSION CUEFFICIENTS

IF(NIJ-2) 48,48,%50
1€P=1

R{LI=1.0€75
ALKII=1.0€75
BIKII=1.0E7S
SIKII=1.0€E75
A(KJII=1.0ETS
BIKJI=1.0ETS
SURJII=1.0E75

G0 TO S4

TF(TII-(1,0E-20)) 52,52,51
TF(TIS-(1.0€-20)) 52,5253
1ER=2

GO 10 49

SUMX=SUMX/FN
SUMY=SUMY/FN

BUKI =FR(LI/TIL
A(KI)=SUMY-B(KI)®SUMX
BIKJI=RILI/TSS
AIKJ)=SUMX-BIKJ)*SUMY

COMPUTE CORKELATION COEFFICIENTS

ROLI=RELIZ(SQRTITITI®SQRI(TIS))

COMPUTE STANDAFD EFFUFS UF FEGFESSION CUEFFICIENTS

RR=P(L)o®2
SUMX={TII-TII*PEI/IFN-2
SURT)=SQRTISUMX/TIT)
SUMY={TII-TII*KR )/ (FN-2)
S(KRJII=SQFTLSUMY/T U

CONT INUE
CONTINUE

RETURN
END
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“I<F1820
HISK183G
MISP1R4Q
HISF1850
HISR1860
“ise1870
MISF1880
MISk1890
MISR19G0
MISR1910
®iSR1920
MISR1930
MISF1940
MISR1950
MISK1960
MISFL9T0
HISk1980
MHISR1990
nI5F2000
MISP2010
1582020
MISF2030
MISR2040
N1SP2050
®ISF2G60
MISK2070
MI$R2080
MIS#2090
HISR21G0
Misk2110
M1SR2120
WISK2130
HISR2140
MISK2150
H1SP2160
nISR2170
MI5P2180
MISR2190
KISR2200
mISK2210
M1sez220
KISR2230
MISR2240
MISR2250
MISR2260
MISK2270
ISP 2280
MISR2290
MISK2300

35



Multiple 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, by, ..., by, 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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4vecsscscttansssenoscesnassaces
SLEFCLTINE CHCER

FLFFCSE
CCASTRLCY FRCPM A LARGER PATRIX CF (CRRELATICN CCEFFICIENTS
4 SUESET MATRIX CF INTERCCRRELATICAS AMOAG INCEPENDENT
VARIMBLES ANC # VECTCR (F INTERCCRRELATICAS GF INDEPENCENT
VARIAELES wlTh LEFENCENT VARIABLE. THIS SUBRCLUTINE IS
ACAPALLY LSEC IN THE PERFCRMANCE CF FULLTIPLE ANC PCLYANCMIAL
RECRESSICA ANALYSES.

LSacE
CALL CRCEF (P.ANCEP.K,ISAVE.RX,RY)

CESCFIFTICA CF PARAMETERS

L4 ~ ANUPMBER CF VARIAELES ANC CROER CF VATRIX R.

L] = ENFLT MATRIX CCAMIAINING CCRRELATICN CCEFFICIENTS.
THIS SLBRCUTINE EXPECTS CALY LPPER TRIANGULAR
PCRTICN OF THE SYPMETRIC PATRIX JC BE STORED (BY
CCLLPA) IN R, (STCRAGE FCCE CF 1)

ACEF  ~ ThE SUBSCRIPT NUFEER CF THE DEPENCENT VARIABLE.

x - AUPBER CF INCEPEACENT VARIAELES TC 8E INCLUDEC
IN ThE FCRTIFCCMIANG REGRESSION. K FUST Bt GREATER
THAN CR ECUAL IC 1.

Q
IS4¥E - INPUT VECTCR CF LEANGTH Kol CGATAINING, IN ASCENDING

CRCER, THE SUBSCRIPT AUPBERS CH K INCEPENDENT
VARIABLES T0 BE I[NCLUDEC (N THE FCRTFCCMING REGRES-
SICh.
LFCA RETURNING TC THE CALLING RCUTINE, THIS VECTOR
CCATAINS, IN ACCITICA, THE SUBSCRIPT ALMBER OF
THE CEPENCENT VARIABLE IN Kol FOSITICA,

LE] = CLTPLT MATRIX (K X K) CONTAINING INTEHCORRELATIONS
AFCAG INDEPENCENT VARIABLES TC BE USEC IN FORTH-

CCPING REGRESSICN,
(3] = CUTPLY VECTOR CF LENGTF K CCNTAINING INTERCORRELA-
TICAS CF INDEPENCENT VARIABLES wlTH CEPENDENT
VARJAELES.
REPARKS
NONE

SLERCLTINES ANC FULACTICN SULEPRCCRAFS RECUIREC
MCRE

PETHCL
FRCM THE SUBSCRIPT ALMEERS CF THE VARIABLES TC BE INCLUDEC

ORDE
CRDE
ORDE
OROE
CROE

IN THE FCRTIFCCMING REGRESSICA, THE SUEROUTINE CCASTRUCTS THEORDE

PATRLIX RX ANC THE VECTCR RY,

SLEFCLTINE CHMCER (PRI NCEP K, 1SAVELRX,RY)
CIFENSICAN ROLILISAVECLIGRX(LDAYLL)-

IF # CCLELE PRECISICA VERSICA CF THIS RCLYINE IS CESIRED, THE
C IN CCLUMN | SHCULD EE REMCVEC FRCM THE OOUELE PRECISICA
STATEMENT wrICH FCLLCWS.

CCLELE FRECISECN RoRX,RY
THE C PLST ALSC EE REFPUVEC FRCY CGCLEBLE PRECISION STATEMENTS

AFFELRING A CTHER ACULTINES LSEC IA CCAJUACTICN wiTH THIS
RCLTINE.

CCFY INTERCCHRELATICNS CF INCEFENCENT VARIABLES
~wiT+ CEFENCENT VARIABLE

rE=C

CC 12C J=2leK

La=[SavECJ)

IF(NCEF-LZ) 122, 123, 123
L=NCEFelLzoLe-L2N 72

CC 1C 1es
LeLz+(NCEFONCEF-NCEPI/2
RY{J)=R(L)

CCPY A SLESET MATRIX CF INTERCCRRELATICAS APING
INCEFENCENT VARIABLES

£C 12C 1=1,K,
LI=1SAVELT)

TFLLI-LE) 121, 128, 128
L=tiefLeoLz-L2172

€ 1C las
LsLZetuloti-t11/2
bhxFre]

FX(PRIERL)

FLACE THE SLESCRIFT AUMEBER CF THE CEPENCENT
VERIABLE IN L1SAVELKe])

LSAVELKSA)=NCER
FETURA
1y

ORDE
ORODE

R | 113

CRODE
QROE
OROE
CRDE

eessseasesescstecacesircacsasacssncsessORUE

ORDE
CRDE
ORDE
CRDE
CROE
OROE
CROE
OROE
ORDE
GRDE
CRDE

cessscsccesses-ORDE

CRDE
ORDE
ORDE
CROE
OROE
CROE
GRDE
CRDE
ORDE
QGRDE
CROE
ORDE
GROE
QROE
ORDE
CRDE
ORDE
QRDE
ORDE
CRDE
CROE
CRDE
CROE
ORDE
QRDE
CROE
OROE
CROE
CROE
CROE
GROE
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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

= . -1
2 Yy " M

i=1
where r. = intercorrelation of ith independent
variable with dependent variable

1
ri]_ = the inverse of intercorrelation rij

i,j=1,2, ..., k imply independent variables

riy and rij_1 are input to this subroutine.

Then, the regression coefficients are calculated as
follows:

b.= B Y (2)

where Sy = standard deviation of dependent variable

th

s. = standard deviation of j independent

) variable
j=1,2, .o, K

s and sj are input to this subroutine.,

The intercept is found by the following equation:

k
I 6

where Y = mean of dependent variable

Xj = mean of jth independent variable

Y and ij are input to this subroutine.

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

R® = _Z B.r. (4)

2
and taking the square root of R :

R= \/_52— _ (5)

\

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

2
SSAR=R D (6)
yy

where D = sum of squares of deviations from
mean for dependent variable

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= =
SSDR/(n-k-1)

SSAR(n-k-1)
SSDR(k)

(8

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

2 _ SSDR

S =
y.12...k  n-k-1 ©)
where n = number of observations
2
Sy.12...k P Sy. 12...k (10)

Standard deviations of regression coefficients:

r—l
i - 2
= - 8 11
Sb. D.. y.12...k an
J J]
where D..= sum of squares of deviations from

mean for jth independent variable.

Djj is input to this subroutine.

j=1, 2, ..., k

Computed t:

b,
(= -
LY

J

i= 1,2, ...,k

Statistics--Correlation and Regression 37



nrw‘shﬁﬂhnﬁ!“ﬂﬂhnﬁhr,nannnhhﬁﬂnhhnnﬂnhhnhhhhﬁnﬁhﬁnhhr\hhnhnnnnhnhﬁh'ﬁhnnﬂnn

Ll N N Y o N R R N N ¥ ok}

38

SUBRUUT INE MULTR

PURPUSE
PERFURM i MULTIPLE LINEAR REGRISSIUN ANALYSIS FOR A

UEPLNDENT VARTABLE AND A SET OF INOEPENDENT VARIAOLES.

THESMULT

SULROUTINE I> NORMALLY USED IN THt PERFORMANCE OF MULTIPLE MULY
ANU POLYNOMIAL REGRESSION ANALYSES. LY
MULT

USAGE HULT
CALL MULTR (N, KyXBARySTO 0 oRXeRY (ISAVE 8458, T ,ANS) mULT
MLy

ULSCRIPTIUN UF PARAMETERS nuLY
N - NUMbER UF UBSERVATIONS. MULTY

K ~ NUMBER OF INDEPENOENT VARIABLES IN THIS REGRESSION. MULT

XBAR  ~ INPUT VECTCR OF LENGTH M CONTAINING MEANS OF ALL MUY

VaRIABLES- M IS NUMBER OF VARIABLES [N OUSERVATIONS.MULT

510 - INPUT VECTUR UF LENGTH M CONTAINING STANJARD DEVI- MULT

ATIUNS UF ALL VARLABLES. LT

[ - INPUT VECTOR OF LENGTH M CONTAINING THE DIAGONAL OF MULT

THE MATRIX OF SUMS UF CROSS-PRODUCTS OF OEVIATIONS MULT

FROM MEANS FUR ALL VARIABLES. MULT

kX - INPUT MATRIX (K X K} CONTAINING THE INVERSE OF mULT

INTERCORRELATIONS AMONG INDEPENDENT VARIABLES. HULT

RY ~ INPUT VECTOR OF LENGTH K CONTAINING INVERCORRELA-  MULT

TIUNS OF INDEPENOENT VARIABLES WITH OEPENDENT MULT

VA [aBLE. MULT

ISAVE — INPUT VECTGR CF LENGTH K+1 CONTAINING SUBSCRIPTS OF MULT

INOEPENDENT VARIABLES IN ASCENDING ORDER. THE MULT

SUoSCRIPT CF THE DEPENDENT VARIABLE [S STORED IN MULT

THE LAST, Kel, PUSITION. nLT

8 ~ GUTPUT VECTOR JF LENGTH K CONTAINING REGRESSION MULT

COELFFICIENTS. MULT

s8 ~ GUTPUT VECTOR OF LENGTH K CONTAINING STANDARD nuLY
VEVIATIUNS OF REGRESSION CUEFFICIENTS. MULT 3

T = UUTPUT VECTOR OF LENGTH K CONTAINING T-VALUES, MULT

ANS ~ OUTPUT VECTOR OF LENGTH 10 CONTAINING THE FOLLOWENG MULT

INFORMATION. . MULY

ANS(L) INTERCEPT MULT

aNS(2) MULTIPLE CORRELATION COEFFICIENT mULT

ANS(3) STANDARD ERROR OF ESTIMATE MULT

ANS{4) SUM OF SQUARES ATTRIBUTABLE TO REGRES- MULT

SION (S5SAR) MULT

ANS(5) DEGREES OF FREEDOM ASSOCIATED wITH SSAR MULT

ANS(6) MEAN SQUARE OF SSAR MULY

ANS(7) SUM OF SGQUARES OF DEVIATIUNS FROM REGRES- MuLy

$iON (SSOR) MULT

ANS(5) UEGREES OF FREEDUM ASSOCIATED WITH SSDR MULT

ANS(9) MEAN SQUARE OF SSDR HULT

ANS(L0) F-VALUE MULT

nLT

REMARKS MULT

N MUST BE GREATER THAN K¢l. MULTY

HULT

SUBROUTINES AND FUNCTION SUBPRUGKAMS REQUIRED MuLT

NONE MULT

MULT

METHLO MULT

THE GAUSS~JORDAN METHOD IS USED IN THE SOLUTEION OF THE MULY

NCRNAL EWUATIUNS. REFER TO w. W. COULEY AND P. R. LOHNES, MULT

SMJLTIVARIATE PRCLEDUKES FOR THE BEHAVIORAL SCIENCES?', MULT

JLHN #ILEY AND SUNSs 1962 CHAPTER 37 AND b. OSTLE, MULT

*STATISTICS IN RESEARCH®, THE IOWA STATE COULLEGE PRESS, MULT

1954, CHAPTEKR 8. MULT

MULY

I R R R T R R R R TR T L. 18 §

MULT

SUBRLUTINE MULTR (N,KyXBAR, STD,CyRXsRYsISAVE,B4SE+T,ANSY KULT

DIMENSITUN XBARCL)23TDU1)+O0L)4RX{LISRY(1) 4 ISAVECLY 6(1),S8(1), MULT

1 TLLY.ANS(L) MULT

HULY

ceee - . . cevsecnsscaveanes PERRY ceeesacsasaes MULT

MULTY

IF A LOUdLE PRECISION VERSIUN OF THIS ROUTINE IS DESIREL, THE MULY

C IN CULUMN 1 SHOULD BE REMUVED FALM THE DOUBLE PRECISION MULT
STATEMENT WHICH FULLOWS. MULT
MULT

DOuBLE PRECISIUN XBARySTOsD¢RXsRY+BeSteT4ANS+RM,B0,SSARSSOR,SY, MULT
1 FNsFKy SSARMy SSURM,F MULT
MuLT

THE C MUST ALsU Bt REMOVED FRGM DOUBLE PRECISION STATEMENTS MULT
APPEARING IN OTHER RUUTINES USED IN CONJUNCTICON WITH THIS MuLT
RUUT INE . MuLT
MULTY

Statistics--Correlation and Regression

670
680
69C
700
710
120
730
740
750
760
770
780
79¢C
800
8lo
820
830
840
850
86C

ot N

faXaXal
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coo
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[sXaXal

1C

e

124

THe weudle PheciSIUN VERSIUN CF THIS SUBKQUTINL MUST ALSO
SYRT AND A8S IN
STATEMeNTS 12y 125¢ ANL 15> MUST bE CHANGED TU USUKT AND DASS.

CUnTRIN wlJdel s PRECISILN FOKTRAN FUNLTIULNS.

LLE S8

MULT 870
MULT 860
MULT 830
MULT 902
MULTY 910
MULT 920
MULT 930
MULT 940

ObTA 4L IGHTS

MULT

950

OU 120 =1,k
BlJI=C.0

WO 11C J= ek
tl=ks(4-1)
D0 110 714K
L=Llel
olud=bld)exY(E)#RX (L)
hM=C

BO=U L

Ci=isavetmu)

CUbFFICIENT OF LETERMINGTION

UG B¢ Is1,K
RM=RMeB(1)I*RY (1)

REGRESSIUN COCFFICIENTS

L

=15avedl)
a(l

PRI F(STOILLI/STU(L))
LTERCePT

dJ=g040(1)*XBARILY
BU=X3AR(L1)-BD

SUM UF SQUARES ATTRIBUTABLE TO REGRESSION
SSAR=KY*DILI)

MULTIPLE CORRELATION COCFFICIENT
RM= SQAT( AJS(RMI}

SUM UF SQUARES UF UEVIATIUNS FRUM REGRESSION
SSUR=O(LII-SSAR

VAR[ANCE OF EsTIMATE

STANDARY DEVIATIONS UF REGRESSION COEFFICIENTS
DO 130 J=leK
Ll=K®(J=11+y
L=1SAvVeE(S)
SBJI= SQURT( ABS((RX{(L1)/u(L}II&SY))
CUMPUTEY T-VALUES
TEI)=Bl4I7SBLI)
STANUARD ERROR OF ESTIMATE
SY= SQRTE AUSISY))

F vaLUL

3SURM=3SOR/FN
F=>54RM1/SSURM

ANS{1)=80
ANS12) =KiM4
ANS(3)=SY
ANS {4} =SSAR
ANS{5)=FK
ANS{6)=S5ARM
ANS{T7)=559%
ANS(8)=Fn
ANS(9)=S50_M
ANS(1C)=F
KETURN

END

MULT 960
MULT 970
MULT 980
MULT 99C
MULT1LCO
HULTIO1G
MULT1022
MULTLG30
MULTL040
MULTL050
MULT 1060
MULTICTO
MULT1080
MULT109C
MULTL100
MULTLIL10
MULT 1120
MULT1130
MULT1140
MULT1150
MULTL160
MULTLLTO
MULT1180
MULTL190
MULT1200
MULTIZ210
MULT1220
MULTL1230
MULT124C
MULT125C
MULT1260
MULTL270
MULT128C
MULT1290
MULTL3CO
MULTE310
MULT1320
MULT1330
MULT1340
MULT1350
MULT1360
MULT1370
MULT138C
MULT1390
MULT1400
MULTL410
MULT1420
MULT1430
MULTL440
MULT1450
MULT1460
MULT1470
MULT1480
MULT149C
MULT1500
MULT1510
MULT1520
MULTLIS530
MULT1540
MULTL550
MULT1560
MULT1570
MULT1580
MULT1590
MULT1600
MULT161C
MULT1620
MULT1630
HULT1640
MULT1650
MULT1660
MULTL6T0
MULT1680
MULT1690
MULTLT7CO
MULTLT10
MULTLT20
MULTL730



Polynomial Regression

Then, the following are calculated.

. Means:
In the Scientific Subroutine Package, polynomial n
regression is normally performed by calling the Z X )
following four subroutines in sequence: ij
, x -1 (2)
1. GDATA - to generate the powers of the inde- j n
pendent variable and find means, standard devia- where j=1, 2, «v., D
tions, and correlation matrix
ORDER - to choose a dependent variable and Sums of cross-products of deviations from means:
subset of independent variables from a larger set
of variables n
3. MINV - to invert the correlation coefficient Z X -X\(x. -X
matrix Dy = 4 o < ik k> -
4. MULTR - to compute the regression coeffici- i=1 3)
ents bg, by, by, ..., b, and various confidence . .

measures 3t -5) SR

Subroutine GDATA i=1 =1
n
This subroutine generates independent variables up
to the mth power (the highest degree polynomial where j=1, 2, ..., p; k=1, 2, ..., p.
specified) and calculates means, standard deviations,
sums of cross-products of deviations from means, Correlation coefficients:
and product moment correlation coefficients.
Dij
.th . . r.= D D 4)
Xil denotes the i case of the independent variable; 1] ii i
X ;th iabl X .
ip denotes the i case of the dependent variable, where i=1, 2, ..., p; i=1, 2, ..., D.
where i=1, 2, ..., n Standard deviations:
n = number of cases (observations) D
- i]
p=m +1 8. = (5)
] n-1
m = highest degree polynomial specified
where j=1, 2, .c., P
The subroutine GDATA generates powers of the et e e e e e eeaeaee et ereeeneceeneeeess COAT 20
. : C GDAY 30
independent variable as follows: ¢ SUBKOUTING GIATA COAT 40
C GDAT 50
C PURPCSE GDAT 60
- c SENERATC INDEPENUENT VARIABLES UP TO THE M-TH POMER (THE GoAT TO
X — X X 9 HIGHEST DEuREc POLYNUMIAL SPECIFIED) AND COMPUTE MEANS, GDAT 80
12 il il C STANGARD DEIVIATIONS, AND CORRELATION COEFFICIENTS. THIS GDAT 90
C SUBRUUT INE IS NURMALLY CALLED BEFORE SUBROUTINES ORDER. GDAT 100
C MINV AND MULTR IN THE PERFORMANCE OF A POLYNOMIAL GUAT 110
° C REGRESS TUN, GDAT 120
=X, X. (1 c GOAT 130
i3 i2 il C USAGE GDAT 140
(4 CALL GUATA (N,M¢X,XBAR,STD,0,5UNSQ) GDAT 150
° ¢ GDAT 160
X — c DcSCRIPTION UF PARAMETERS GDAT 170
4 13 11 C N - NUMBER OF OBSERVATIONS. GOAT 180
1 C L] - TH: HIGHEST DEGREE POLYNOMIAL TO BE FITTED, GOAT 190
c X - INPUT MATRIX (N BY M¢l) . GHEN THE SUBROUTINE IS GOAT 200
C CALLZU, VATA FOR THE INDcPEMDENT VARIABLE ARE GOAT 210
. [ STURED IN THE FIRST COLUMN OF MATRIX X, AND DATA FORGDAT 220
(9 THt DEPENOENT VARJABLE ARE STORED IN THE LAST GOAT 230
[4 CULUMN OF THE NATRIX. UPON RETURNING TO THE GDATY 240
[ CALLING ROUTINEr GENERATED POWERS OF THE INDEPENDENTGDAT 250
. ¢ VARTABLE ARE STORED IN COLUMNS 2 THROUGH N. COAT 240
C X8AR - OUTPUT VECTOR OF LENGTH Mel CONTAINING MEANS OF GOAT 270
[4 INJEPENDENT AND OEPENDENT VARIABLES. GOAT 280
C S$T0 ~ UUTPUT VECTOR UF LENGTH Me)l CONTAINING STANDARD GOAT 290
c DEVIATIONS OF INDEPENUENT AMD DEPENDENT VARIABLES. GOAT 300
- 4 o - QUTPUT MATRIX (ONLY UPPER TRIANGULAR PORTION OF THE GDAT 310
4 SYAMETRIC MATRIX OF Mel BY Mel) CONTAINING CORRELA- GDAT 320
(4 TION COEFFICIENTS. (STORAGE MODE OF 1) GOAT 330
X _ X . g SUMSQ - gg‘gzs{:‘:Eg;OREO:‘Iist;NF:OI CO:'AIN&NG SUMS OF GODAT 340
. - N . VEV N OM MEANS INDE
im l, m_l 11 2 AND DEPENDENT VARIABLES. N NILPENIENT 23:; ::g
¢ REnaRes Goar 306
E N MUST JE GREATER THAN M+l. GOAT 390
. . IF M IS EQUAL TO S OR GREATERe SINGLE PARECISI A E G
where iand m are as defined as above. c SUFFICIENT TO GIVE SATISFACTORY COMPUTATIONAL RESULTS. © GOAT +10

Statistics--Correlation and Regression 39
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v0 206

SUsUUTENLS ANU FUNCTION SUBPRULKAMS Re QUIRLD
NOE

M TG

Rebesx Td 8. JSTLE, *SIATISTICL, IN RESEARCH®, THE luwa STATE

COLLEGE PReSor 1954, LHAPT R o

SUBROUT INE GUATA (NsMeX,X3AR,STO,0, SUMSQ)
GIMENSTON XC1) g XSAR (L) ¢ STOCLY,D{1) 4 5uMSULL)

LF A OJusLt PRECISION VERSIUN OF THIS ROUTINL 1S Oc>IRetd, THE
C IN CLUMN L S>AJULD Bt REMUVED FRUM THEe LOUBLL PRECISIUN

STalorend WHICH FULLUWS.

Ludore PrECISTUN X, XoAR . >TDy 0, SUMS2, TL, T2

THe € MU>T AL50 BE REMUVEU FROM 00USLE PRECISIUN STATEMENTS
APPEARING IN JTHER ROUTINES JSED IN CONJUNCTION wITH THIS

RUUT INc .

THe LVOUGLE PRLCLISIUN VERSION OF THIS SUBRUUTINE MUST ALSU
CUNTAIN DUUBLE PRLCISTJUN FURTRAN FUNCTIUNS. SQRT ANU ABS IN
STATEMENT 180 MUST oE CHANGED TO OSQKT AND DABS.

GENEZRATE INUEPENUENT VARIABLES

LECa-1) 1cs, 193, §C

Ll=g

DC 107 I=¢2,M
Ll=eleN

wd 10D J=1,N

L=L1vy
K=L~N
X(LI=x{Kb*X(d)

CALCULATE MCoANS

LLELESY

UF=N

L=0

00 Ll> I=1,MM
ADA{[)=0.0

D3 LLS J=1.N

=Ll

XoaR ([} =XBASCT ) +x (L}
XBARCE}=X0ARIT}/OF

O 130 J=p.MM

TosTOCl=C.D

CALCJULATE SUMS Jr CRUSS-PROUJCTS JF DEVIATIONS

L=t(MMyL)eMM) /2

0O 15 I=1,L

o(Ii1=c.C
DU 170 K=1,N
L=0

DO 170 J=i.MH
L2=N&(J-1)+K
T2=X(L2)-X3AR(J)

SO =3TuldIeT2

0U 170 I=l.4

LI=Ns i~ 14K
TI=K(LL)-ABAR(L}

L=+l

VILE=DILI+T1*T2

L=0

LU 175 J=1.MM

DO 175 1=l4J

L=t +1
OLL)=U( L) -sTOoC L) =STOLI) 70F
L=0

DU 180 i=1lsMM
L=L+l

SUM3CtiI=ul)

STOCL)= ST As-Luli) )

CALCULATE CURRELATION COcFFICIENTS

L=0

UD 190 u=l.MM
00 19C 1=1.d
L=L+1

C DELE=DLI/ O TutiresTuly))

CALCULATE STANLARD OCVIAT fuNS

STull)=Stutli/ur
wbTU<h
chD
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WUAT 4.3
Gpat 430
GUAT 440
GUAT 439
GOAY 460
GOAT 470
GUAT 440
GLAT 490
GUAT 590
GUAT >10
GDAT 520
GDAT 530
GOAT 540
GDAT 550
GOAT 560
GDAT 510
GDAT 580
GDAT 590
GUAT 600
GDAT 610
GOAT 620
Gual 630
GDAT 640
GOAT 650
GOAT 660
UDAT 670
GDAT 680
GuaT 690
GDAT 700
GDAT 710
GDAT 720
GUAT 730
GOAT 740
GOAT 75C
GDAT 160
GDAT 770
GDAT 74C
GUAT 790
GOAT 800
GDAT 810
GDAT 820
GDAT 830
GOAT 340
GDAT 850
GDAT 860
GUAT 870
GDAT 880
GDAT 890
GDAT 900
GUAT 91C
GUAT 92C
GDAT 930
GUAT 940
GDAT 950
GDAT 960
GLAT 970
GLAT 980
GUAT 990
©DAT1000
GUATIOL0
GUATI1020
GDAT1030
GDAT1040
GDATL050
GDAT1060
GOAT1070
GDAT1080
GDATLO90
GOATLICO
GDATL1L0
GDAT1120
GDATLL130
GDAT1140
GOATL15C
GDATL160
GDaTLL7C
GOAT118C
GDAT1190
GuaTlece
GOAT1210
GuAT1220
60AT1230
GOAT1Z24G
GUAT1250
GDAT1260
GDATLIZ70
GOAT1260
GLAT1290
GuAT1300
GUATI1s10
GLAT1320
60aT1330
GDATL34G
GOATL350
GOATI 360
GDATL370
GUATL380
GUAT1390
GDAaT14Co

Stepwise Multiple Regression

In the Scientific Subroutine Package, stepwise mul-
tiple regression is normally performed by calling
the following subroutines:

1. CORRE - to find means, standard deviations,
sums of cross-products of deviation matrix, and
correlation matrix

2. MSTR - to save the matrix of sums of cross-
products of deviations and to copy it to a working
matrix for the purpose of using the same data
repeatedly

3. LOC - to compute a vector subscript for an
element in general and symmetric matrices. This
subroutine is called by the subroutine MSTR

4. STPRG - to compute regression coefficients
and other statistics for each step of regression

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 and Function
Subprograms Required' in the comment cards
description of the subroutine CORRE).

The subroutine STPRG calls an output subroutine,
STOUT, in order to print various statistics com-
puted for each step of regression. The subroutine
STOUT must also be provided by the user.



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:

c, =W 1)

is initially an element in the sums of
cross-products of deviations matrix
which will be modified in successive steps.
j= 1,2,..., q are independent variables
(j # variables deleted and variables
entered before the ith step)
y = dependent variable
and, second, by finding the maximum (over j) of C.

where ajj

Set Sj = 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:

5
P =5 (2)

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

5 =35 + 8, 3)

P =P tp )

The multiple correlation coefficient is computed
by

R = P (5)

and adjusted for degrees of freedom by

R = V1-(1-R2%) @-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 = ©)
D=5 im) / (n-k-1)

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

D-S
cum

=/ T _1 (7)

Sy.12,..1 n-k-1

and adjusted by

s = s +/ (n-1)/ (n-k)

C

Then, the following is computed:

2
a i
a, =a_ + (8)
1 1] aii
where i = variable entered in the ith step

j =vi,v2,...,vj_] are the variables entered
in the regression before the ith step, and

%k
ik T a. ©)
ii
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 =8y
b, . = -

-1~ &ae1yy Pifa-1)i (10)
bio T 8oy PiBi-2)i Di-15(i-2)(i-1)
etc.,

and the value of the intercept as
k

by =¥-3 bX (11
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where k

= number of independent variables in the
regression.

Standard errors of regression coefficients are given

by
= fa. . 1
sbj jj Sy. 12...1 (12)
where j = V1,Vg,...,Vj are variables in the
regression, and t-values as
¥
t. = (13)
) ®b,
J
Perform the reduction to eliminate the variable
entered in the ith step:
= - 14
. a, ajigik (14)
where i = variable entered in the ith step
j =1,2,...,m (j # variables deleted or
variables in the regression)
k = 1,2,...,m (k # variables deleted and the
variable entered in the ith step)
a..
= —-———i— 15
;T (15)
ii
1
o Ta a9
ii

For reference see C. A. Bennett and N. L.
Franklin, Statistical Analysis in Chemistry and the
Chemical Industry. John Wiley and Sons, 1954,

Appendix 6A.
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CEFENCENT VARTABLE AND A SET OF INOEPENDENT vamrgfAsLES. AT

VARJABLED.

STPR 10
4T ececsa a9 erssacrstescccstatarssssrersssatssrnccncannsnasasSTPR
STPR 30
SLBECLTIAE STPRC STPR 40
STPR SO
FLRFCSE STPR 60
TC FERFCRF A STEPWISE PLLIIPLE REGRESSICN ANALYSIS FOR A SIPR TO
STPR 80

€4CH STEP, THE VARIAELE ENTERED INTC THE REGRESSION ECUATICNSTPR 90
S THAT WEICH EXPLAINS THrE GREATEST AMCUNT OF VARIANCE STPR 100
BETMEEN IT ANC THE CEFENCENT VARIABLE (1.E. THE VARIABLE STPR 110
®iTF THE FIGHEST PARTIAL CCRRELATICA WITH THE CEPEANDENT STPR 120

VEFIAELE. ANY INCEPENCENT VARIABLE CAN BE FCRCED INTQ OR STPR 140
CELETEC FRCM THE REGRESSICA EQUATICN, IRRESPECTIVE OF ITS  STPR 150
CONTRIBLTICN TC THE ECLATICA. STPR 160
STPR 170

USACE STPR 180
CALL STPRE (MohoCoXBARLICH ;PCTLASTEP,ANS oL oB,SeT,LL,1ER) STPR 190
STPR 200

CESCFIFTICA CF FARMMETERS STPR 210
= TGTAL NLMBER OF VARIABLES IN DATA HATRIX STPR 220

) - AUFRER CF CBSERVATICAS STPR 230
C = INFLT PATRIX (¥ ¥ #) OF SUPS GF CRCSS-PRCOUCTS OF STPR 240
CEVIATICAS FRCM FPEAN. THIS MATRIX WiLL BE OESTROYED.STPR 250

BEAR - INPLT VECTCR CF LEAGTH P CF MEANS STPR 260
ICx  ~ INPUT VECTCR OF LENGTH # HAVING CNE OF THE FOCLOWING STPR 270
CCCES FCR EACH vARIAELE. SFTPR 280

€ - INCEPENDENT VARIABLE AVAILABLE FCR SELECTION  STPR 290

1 ~ INCEPENDENT VARIABLE TC BE FCRCEC INTQ THE STPR 300
REGRESSTICA ECUATIGA STPR 310

2 - VARLABLE NCT TC 8E CCNSICERED IA THE EQUATION STPR 120

3 ~ CEPENDENT VARIABLE STPR 130

IFrES VECTCR wiLL B DESTROYEC STPR 34Q

PCT - & CCASTANT VALLE INCICATING THE PRCPCRTICN OF THE STPR 350
TCYAL VARIANCE TC BE EXPLAINED 8Y ANY EINDEPENDENT STPR 360

STPR 370

VARIABLE. THCSE INCEPENOERT VAREABLES wHICH FALL
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ANY VARIABLE CAN BE CESIGNATEC AS THE DEPENDENT STPR 130
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CELCH THIS PROPCRTICA WILL NCT ENTER ThE REGRESSION STPR 380
ECUATICA.  TO ERSLRE THAT ALL VARIAELES ENTER THE STPR 390
ECLATICA, SET PCT = 0.0. STPR 400

NSTEF- CLIPUT VECTCK CF LENGTH S CCATAINIAG THE FCLLCHING STPR 410
INFGRMATICN STPR 420
RSTEF(L)- THE AUMBER CF THE CEPENDENT VARIABLE STPR 430

NSTEF(2)- NUMBER CF VARIABLES FCRCEC INTO THE STPR 440
REGRESSION ECLATIOM STPR 450

ASTEF(I)- ALFBER OF VARIAELE DELETEC FROM THE STPR 460

ECLATICN STPR 470

ASTEF(4)- THE MLMBER CF THE LAST STEP STPR 480

ASTEF(S)~ THE NUMBER CF THE LAST VARIABLE EATERED STPR 490

ANS - CUTPUT VECTCR CF LENGTH K1 CCNTAINING THE FCLLCRING STPR SO0
INFCRPAVICN FGR THE LAST STEP STPR 510
ANSUL)- SUM CF SCUARES RECUCED BY ThIS STEP STPR 520

ANS(2)~ PRCPCRTION OF TCTAL SUN OF SCUARES REQUCEDSTPR 530

ARS(2)- CUMULATIVE SUM CF SQUARES RECUCED UP TO  STPR 540

THIS STEP STPR S50

ANSU4)~ CUMULATIVE PRCPCRTICN OF TOTAL SUNM GF STPR S60

SQUARES REOUCED STPR 570

ANS(S)- SUK CF SCUARES CF THE OEPENDENT VARTABLE STPR 580

ANSCE)- RULTIFLE CORRELATION COEFFICIENT STPR 590

ANS(T)- F RATIC FCR SUM OF SCUARES CUE TQ STPR 600
REGRESSICA STPR 610

ANS(8)~ STANCARC ERROR CF THE ESTIMATE (RESIDUAL STPR 620

MEAN SCLARE) STPR 630

ANS(S)- INTERCEFT CONSTANT STPR 640
ANSCL0)-PULTIFLE CORRELATICN COEFFICIENT ADJUSTED STPR 650

FOR CEGCREES CF FREEDOM. STPR 660

SNSC11)-STANCARC ERRCR CF THE ESTIMATE AOJUSTED STPR 670

FOR CEGREES CF FREEOCHM, STPR 680

L = CLTPUT VECTOR CF LENCTH K, WHERE K IS THE NUMBER OF STPR 690
INCEPENCENT VARIABLES IN THE REGRESSICA EQUATICGN. STPR 700

THIS VECTCR CONTAINS THE AUMBERS OF THE [NOEPEADENT STPR 710
VARIABLES IN THE ECLATICA. STPR 720

& = GUTPUT VECTOR OF LENGTH K¢ CONTAINING THE PARTIAL STPR 730
REGRESSICN COEFFICIENTS CORRESPONDENG TO THE STPR 740
VARIABLES IN VECTCR t. STPR 750

] =~ OUTPUT VECTGR CF LENGTH Ko CONTAINING THE STANCARD STPR 760
ERRCRS CF THE PARTIAL REGRESSION CQEFFICIENTS, STPR 770
CCRRESPCNCING TC THE VARIABLES IN WECTCR L. TPR 780

T = CLIPLT VECIOR OF LENGTH Ky CONTAINING THE CONPUTED STPR 790
T~VALUES CCRRESPCACING TC THE VARIABLES IN VECTOR L. STPR 800

t - RCRKING VECTCR CF LENGTH N STPR 810
IER - Co IF THERE IS NC ERROR. STPR 820
le IF RESICUAL SLM GF SQUARES IS NEGATIVE OR IF THE STPR 830
FIVOTAL ELEFENT IN THE STEPWISE INVERSION PROCESS IS STPR 840

2ERG. N THIS CASEs THE VARIABLE WHICH CAUSES THIS STPR 850

ERACR IS NOT ENTERED IN THE REGRESSION, THE RESULT  STPR 860

PRICR TC THIS STEF IS REVAINED, AND THE CURRENT STPR 870
SELECTICN IS TERFINATED. STPR 880

STPR 890

REPARKS TPR 900
THE AUKEER CF CTATA PCINIS MUST BE AT LEAST GREATER THAN THE STPR 910
ALPBER CF INCEPENCENT VARIABLES PLLS CNE. FCRCED VARLABLES STPR 920
ARE ENTEREC INTO THE RECRESSION ECUATICN BEFCRE ALL QTHER STPR 930
IMCEPEACENT VARIABLES. WITHIN THE SET OF FORCED VARIABLES, STPR 940
THE CAE TC BE CHCSEN FIRST WILL 8E THAT CNE WHICH EXPLAINS STPR 950
Tré GREATESY APCUNT OF VARIANCE. STPR 960
INSTEAC CF USIAG, AS A STCPPING CRITERIGN, A PRGPCRTICN OF STPR 970
THE TCTAL VARIANCE, SCPE CTHER CRITERICN MAY BE ADOED 10 STPR 980
SLERCUTENE STCLT, STPR 990
STPR1000

SULERCLTINES ANL FLACTION SLBFRCGRAMS REQUIRED STPR1010
STCUTIASTEP ANSLoBeSoT,ASTOP) STPRI020
THIS SUBRCUTINE PLST BE FACVIOED BY THE USER. [T IS AN STPRL030
CLTIFLT RCLTINE WHICK WILL PRINT THE RESULTS CF EACH STEP OF STPR1040
THE REGRESSICA ANALYSES. ASTCP IS AN CPTICN CCUE WWICh IS STPR10SO
CME IF ThE STEPWISE REGRESSICA 1S TC BE TERMINATED, AAD 1S STPR1060
4ERC IF IT IS 1C CONTINLE. ThE LSER PLST CONSIDER THIS IF STPR10T0
SCPE CTHER STCPPING CREITERICN THAN VARIANCE PRCPCRTICA IS TOSTPRI080
EE LSEC. SYPR1090
STPRLI00

PETHCC STPR1110

Tht AGRREVIATEL CCCLITTLE PETHCC IS USEC TO (1) DECIDE VARI-STPR1120

AELES ENTERING IN THE RECRESSICA ANC (2) CCMPLTE REGRESSICN

STPR1130

CCEFFICIENTS. REFER TC C. A. GENNEIT ANC N. L. FRANKLIN,  STPRI140
*STATISTICAL ANBLYSIS IN CHEMISTRY ANC THE CHEMICAL INDUS- STPR11S0

TEY®, JCHA WILEY AN SCAS, 1S54, #PPENCIX 6A. STPRL160
STPRILTO

e e eeededeenettieeteaaeaietaaattttaeaaaaacerananannnnsenacaea STPRLLBO
STPR1190

SLERCLTINE STPRC (FoNoC XBAR, ICXFCT NSTEF  ANSoLyB,S, T, LL.IER)  STPRI200
STPR1210

CLPERSICN CUL)oXEARCIDGTICK(LIoNSTEP (LI o ANSILY LUL)oB(10oSEL)oT(1)4STPRL220
ween STPR1230
STPR1240

. CeeetteteteittieeerriietacctatannanennaesSTPRIZS0
STPR126N

IF # CCUELE PRECISICA VERSICA CF THIS ROLVINE IS CESIREC, THE STPR1270

€ IN CCLUFN | SKCLLD BE REFCVED FRCK THE COUBLE PRECTSION STPR1280
STATEPENT WFICH FCLLCHS. STPR1290

: STPRLI00

CCLELE FRECISICN CoNEARGANS 8,5, T,RC,RE STPRI310
STPR1320

THE € PUST ALSC €€ REPOVEC FRCK CCLBLE PRECISION STATEMENTS  STPR1330
AEPEARING N CTHER RCUTINES LSED [N CCAJURCTICA WITh THIS STPR1340
ACLTINE. STPRL350
STPR1360

THE CCUBLE PRECISICN VERSICA CF ThIS SUBRCUTINE PLST ALSC STPR13T0
CONTAIN CCLBLE PRECISICA FCRIRAN FLACTICAS, SQRT IN STATEMENTSSTPR1380
€5.SC.1144132,ARC 134, WUST EE CHANGEC TO OSGRY. STPR1390
STPR1400

teeeereetetaenteasenctatsicsaasancennnnnen feeeteseiiensaaeedSTPRIALO
STPR1420

INCVIALLZATICN STPR1430
STPR1440

1ERaC STPR1450
CAber-] STPR1460
NECeC STPRI4TO
ASTEF(20aC STPR1480
MNS(IheC.C STPR1490
NATIN: ster1s00
ASTCE=C STPRISLO
STPR1520

FIAC CEFENCENT VARIABLE, ALFEER OF VARIABLES 1O BE FORCEC TG  STPR1S30
EAVER In Tré REGRESSICN, ANC NUMBER GF VARIABLES TG BE OELETED STPRI540
STPR1550

£C 2C lel,¥ STPR1560
CWile) STPRISTO
IFOIEX I 2¢, 3C, 1¢C STPR1580
IFCIDNCTI-2) 1S, iCy 25 STPR1S90
sEC=AFCeL STPR1600
ICX (AFCH=1 STPR1610
€C TC 2C STPR1620
ASTEF(2)=ASTERP (D)ol STPR1630
LLCec] STPR1640
€C 1C 2 STPA1650
ryet STPR1660
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ASTEF(LD=PY
Lyepe(ry-1)
LYPsLYePY
ANS{S)eLILYE)
COATIALE
ASTEF(ZINFC

FINE THE PAXIPLE NLMUER CF STEPS
Puap-ASTEFCIN-1
CTART SELECTICN CF VARIARLES
CC 14T Al=leFX
Re=C
TF(ANL-NFCD 25, 35, S5
CELECY NEXT VAR[ABLE TG ENTER APCAG FCRCED VARISELES
CC SC 1=1.hFC
ks ICx (1)
IF(LLIKDD 9Cs 5Co &C
LYF=LYex
1Fepo (K=1)eK

RE=CILYFI*CILYFI/CULF)
IFIRC-RE) 4S. SCo SC

& RC=RE

MER=K
COATINLE
€C 1C ¢

SELECT NEXT VARIABLE TC ENTER APCAG NCA-FCRCED VARIABLES

€C 7C dslo¥

1€11-PY) €Co 7C, 6C
IECLLEED) 2Ce 1C, €2
LYFeLY4]

16=pe(i-1001
RESLILYFISCILYFI/CLIF)
IF(RC-RED €4¢ TCo C
RC=RE

NER=]

CORTIMLE

16ST WHETFER THE PRGPCRYICA CF THE SLK CF SQUARES RECUCEC BY
THE LAST VARIABLE ENTERED IS GREATER THAN OR EQUAL 10 THE
SFECIFIEC PRCFCRYICK

IF(RC) T7477.7¢
TECANS(S)-{ARS(II4RCIITTLTT,TE
1€R=1

€C TC 15C

FE=RC/MNSLS)

IF(RE-FCT) 15Cy ECy EC

LT 1S CREATER THAN CR ECLAL

LLIRERD=C
LIMLY=hEDR
ENS{1)eRC
BASLZ)=RE
ANS(2)s2NS(I)4RE
INS(A)sARSL4DORE
NSTEP(4D=ML
ASTEFLS)=NEN

CCPELTE PLLTIPLE CORRELATICA, F-VALUE FOR ANALYSIS OF
VARTANCE. ANC STARCARD ERRCR OF ESTINATE

ANS{E)s SCRTCANS(4))

RCeML

RE=CAP-FC

RE=(ANS(5)-ANS{3)I/RE

ANS(T)= (ANS(2I/RCI/RE .
BAS(E)= SCRTGRED

CIVICE BY THE PIVCTAL ELEPERNT

16=re{NEN-1) ¢NEN
FL=CLIF)

LYF=hEW-F

CC 1CC =l
LYF=LYFer

TF(LLCJDD 1CCo S4e ST
15 (J-AER) SEo S8, SE
1Jsreta-11+y
COI1JI=CCEJIeC(LYPISTILYPI/RD
CALYE)=CLYFI/RC

€C 1C 1CC
CUIFI=1.C/RC

CCATINLE

C(CHELIE REGRESSICA CCEFFICIENTS

LYFsLYSRER
E(NLI=CELYPY

IFIAL-10 112, 1120 1C5
1C=AL-1

£C 11C Jd=l.iIC

FJsML-J

kx=L(1J)

LYF2LY KK

ECLII=C(LYP)

CC 11C K=14J

IK=nL-Ke]

LISIS 1)

LYFabo (MK=-]1)4KK
B(IJY=EC(TII-CALYF)IOELIK)

CCPFLTE INTERCEPT

ANSLSI=RELREFY)

CC L1S 1=1eMl

kx=LLD)
ANS(SI=ANS(SI-B(1)eXBAR(KK)
JJ=Pe(KK-]}4KK

SCHI=ANS(E)S SCRI(CULIND
TCL=etLd/sen

FEFFCAF # RECLCTICN TC ELTPINATE THE LAST VARIABLE ENTERED

IFsroinEn-1)
£C 13C I=1.¥
LJ=i-¢
IK=NER-p
1F=1Pel
IFLLLEIdD 120,
CC 12€ J=1.¥
[i=lJer
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STPR1900
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STPR26T0
STPR2680
STPR2690
STPR2700
STPR2710
STPR2720
STPR2730
STPR2740
STPR2750
STPR2TE0
STPR2770
STPR2780
STPR2T90
STPR2800
sTer2810
STPR2820
STPR2830
STPR2840
STPR2850
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STPR28T0
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STPR2930
STPR2940
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CCEEFLCIERT
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ANSC1LI=ARSCEDNOSCRTI(RD)
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Subroutine PROBT

This subroutine obtains maximum likelihood esti-
mates of a and b for the probit equation Y = a+bX.
An iterative scheme is used. The input to the sub-
routine consists of k different levels X1, Xg,. .. ,Xk
of a stimulus applied to Ny, Np,..., Ny objects with
R1, Ra,...,Rk responses respectively. The proce-
dures described here assume that the distribution of
critical values is normal. The computational steps
are as follows:

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

Ri
P, N (1)
i
wherei = 1,2,...,k are levels of a stimulus.

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

m m
X
o 1};1' ! 12—:1 “
2 X7y - m
i=1
b = m 3 (2)
> X1
i=1
a =12-bX (3)
where X; = ith level of a stimulus
Z; = 5 plus the standard normal variable
corresponding to <5}
m = number of p values which are not equal

to 0.0 and 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
the following:
a. Weighting coefficient for probit analysis:

W, = (5)

where Di = density of the normal curve corre-
sponding to the standard normal vari-
able Y; - 5
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Pi = cumulative normal distribution value
corresponding to Yj - 5

Q=1-5
b. Working probit:
For Yis5. 0
P
i 1
= -——t p.—
Vi =Y ot (6)
i i
For Yi >5.0
=Y +Q—i- 1-p) - 7
Vi =Yt p, T R § (7
i i
5. Compute:
K 2
k x2 ?;1: NiWiXi
5 :Z:; A Tl ®)
N. W,
9 1 1
1=
k k
k ; NiWiXi 12-; 1W1y1
s, =Z N, WXy, - -

9
« 2
k 9 Z; Niwlyl
S, =iZ=; NWy° - - (10)

6. Compute new estimates of a and b for the
probit equation:

S
p)
b=§“ (11)
1
k k
N
-i;; iV 1—21: MW
e .
N.W N.W
=7 ' i; 11



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

Y. =at bX, (13)

k
DSQ = Z (¥, - )2 (14)
=1

If the difference between two consecutlve values of
DSQ is 1ess than or equal to 1077 , go to step 8 and
compute X2. Otherwise, set Y Y , where
i=1,2,... ,k, and go back to step 4 for another

iteration.
8. Compute X2 for the test of the final probit

equation:
K - NP )
E (15)
N P (1 P)
where P.= cumulative normal distribution value
! corresponding to zj
= (a+bX
zi (atbh i)
a and b are computed for the final probit
equation.

9, Degrees of freedom for x2.

d.f. =k -2 (16)

For reference see:

(1) M. G. Natrella, Experimental Statistics -
NBS Handbook 91. National Bureau of Standards,
1963, chapter 10.

(2) D.J. Finney, Probit Analysis (2nd ed.).
Cambridge University Press, 1952.
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PROS

e eececceceasesessstataceaseatestatsscscctsssostseccasesnsscasasssPROB

SUBROUT

PURPOSE

INE PROBT

PROB
PROB
PROB
PROB

TO OBVTAIN MAXIMUM L IKELIHOOD ESTIMATES FOR THE PARAMETERS A PROB

AND B IN THE PROBIT EQUATION Y

SCHE

RESPECTIVE DOSAGE OF THE DFUG.

USAGE

CALL PROBT (KyXySyRyLUG1ANS,WLeW2,1EF)

BESCRIP

ANS

w1

w2

1ER

REMARKS

AN ITERATIVE PROB

ME 1S USED. THE INPUT YO THE SUBFOUTINE CONSISTS OF K PROB
DIFFERENT DOSAGE LEVELS APPLIED TO K GROUPS OF SUBJECTS, ANDPROB
THE NUMBER OF SUBJECTS IN EACH GROUP RESPONDING TO THE PROB

TIUN OF PARAMETERS

UMBER OF CIFFERENT DOSE LEVELS DF THE DRUG.

BE GREATER THAN 2.

PROB

X SHOULDPROSB
PROB

INPUT VECTOR OF LENGTH K CONTAINING THE DOSE LEVEL OF PROB

THE DPUG TESTED. X MUST BE NON-NEGATIVE. PROB
— INPUT VECTOR OF LENGTH K CONTAINING THE NUMBER OF PROB
SUBJECTS TESTED AT EACH DOSE LEVEL PROB

INPUT VECTOR OF LENGTH K CONTAINING THE NUMBER OF PROB

SUBJECTS AT EACH LEVEL RESPCNDING ¥O THE DRUG PROB

~ INPUT OPTION CODE PROB
1- IF IT IS DESIRED TO CONVERT THE DOSE LEVELS TO PROB
COMMON LOGARITHMS. THE DCSAGE LEVELS SHOULD 8E PROB
NON-NULL IN THIS CASE. PROB

0- IF NU CONVERSION 1S DESIRED PROB

- QUTPUT VECTUR OF LENGTH 4 CONTAINING THE FOLLOWING PROB
RESULTS PROB
ANS(1}- ESTIMATE OF THE INTERCEPT CONSTANT A PROB

ANS(2)- ESTIMATE OF THE PROBIT REGRESSIGN COEFFICIENT PRCB

8

ANS(3)- CHI-SQUAREU VALUE FOR A TEST OF SIGNIFICANCE PROB
OF THE FINAL PROBIT EQUATION

ANS{4)- DEGREES OF FREEDOM FOF THE CHI-SQUARE

STATISTIC

PROB

PROB
PROB
PROB

OUTPUT VECTOR OF LENGTH K CONTAINING THE PRCPORTIONS PROB

OF SUBJECTS RESPONDING TO THE VARIOUS DOSE LEVELS OF PROB

THE DRUG

EXPECTED PRLBIT FOF
- 1 IF K IS NUT GREATER THAN 2.

PROB

QUTPUT VECTCR OF LENGTH K CONTAINING THE VALUES OF THEPROS
THE VAFIOUS LEVELS CF & DRUG PROB

PROB

2 IF SOME DOSAGE LEVEL IS NEGATIVE, OR If THE INPUT PROSB
OPTION CUDE LOG IS 1 AND SUME DOSAGE LEVEL 1S ZERO. PRUB

3 IF SGME ELEMENT OF S IS NOT POSITIVE

PROE

4 IF NUMBER OF SUBJECTS RESPONDING 1S GREATER THAN PROB

NUMBEF OF SUBJECTS TESTED.

PFOB

CNLY IF IER IS 2ERC IS A PROBIT ANALYSIS PERFORMED. PROB

OTHERWISE, ANS, Wly

AND W2 ARE SET TG ZERO.

PROB
PEOB
PROB

THE PROGRAM WILL ITERATE ON THE PROBIT EQUATICON UNTIL TwOD PROB
SUCCESSEIVE SOLUTIONS PRODUCE CHANGES OF LESS THAN 10%#+(-7). PROB

SUBROUTINES AND FUNCTION SUBPRCGLRAMS REQUIRED

NDTF
NDTR

METHOD
REFE
1952

SUBFUUTINE

UIMENSION X{1)+S(1)4R(1),ANS{L),WElL1),W2(1)

TEST WHETHER LOG CONVERSION 1S NEEDED

1ER=0
IF(K-21545
TER = 1

GO T0 %0
00 8 I=1.K
IF(x(I1)12
CONTINUE
1F{LO0G-1)
DO 15 I=1,
TF(x{11Y12
1ER=2

GO TG 90
X{1)1= ALOG
CONTINUVE

R TC D. J. FINNEY, PROBIT ANALYSIS.

PROBT (KeXsSeRsLOGoANS, Wl W2, TER)

7

+8,8
1610416

K
12414

10(x(1))

PROB
PROB
PROB
PROB
PROB
PROS

{CAMBRIDGE, PROB

ssesesscesPROB
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660
670
680
690
700
710
120
730
740
750
160
770
780
790
800
810
820
830
840
850
860
870

45
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COMPUTE PROPORTIONS OF OBJECTS RESPONDING

00 18 I=1,x
TE(SEII-RIDDY 1T7,18,18
TER=4

G0 T0 90
CONTINUE

D0 23 [=1.K
IF(SU11121,21,22
1ER=3

60 TN
WltIy=ReL)/SC1)
CONT INVE

COMPUTE INITIAL ESTIMATES OF INTEFCEPT AND PROBIT PEGRESSION

COEFFICIENT

WN=0.0
XB8AR=0.0
SNWY=0.0
$Xx=0.0
$XY=0.0

DO 30 I=1.K

P=Wl(I)

IFtP) 30, 30, 24
1F(P-1.0) 25, 30, 30
WN=WN+1.0

CALL NDTRI (P,2,D,IER)

1=1+5.0
XBAR=XBAR+X()
SNHY=SNWY+Z
SXX=SXXeX([)ee2
SXY=SXY+X([}eZ
CONT INUE

B={SXY-(XBAR®SNWY}/WN)/(SXX-{ XBAR*XBAR)/WN)
XBAR=XBAR/WN

SNWY=SNWY/WN

A=SNWY-B#XBAR

00=0.0

COMPUTE EXPECTED PROBIT

DO 31 1=1,K
W21 )1=A+B*X (]}

SNW=0.0
SNWX=0.0
SNWY=0.0

D0 30 I=1,K
Y=w2(1)

FIND A WEIGHTING COEFFICIENT FOR PROBIT ANALYSIS
0=Y-5.0
CALL NOTF (D,P.2)

Q=1.0-P
W=(1%2)1/(P*Q)

Statistics-- Correlation and Regression

eRO8
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB
PROB

880
890
900
910
920
930
940
950
960
970
980
990

PROB100O
PROB1010O
PROB1020
PROB1030
PROB104O
PROB1050
PROBLO6O
PROB1OTO
PROB1080
PROBLO9O
PROB110C
PROBLLLO
PROBL120
PROBL130
PROBL140O
PROBL11S0
PROBL160O
PROBL1TO
PROB1180O
PROBLIS0O
PROB1200
PROB1210
PROBL220
PROB1230
PROBI240
PROBL250
PROB1260
PROBL2TO
PROBL28O
PROB1290
PROBL300
PROBL310
PROB1320
PROB1330
PROB1340
PROB13SO
PROB1360
PROBL3T0
PROB1380O
PROB1390
PROB1400
PROB1410
PROB1420
PROB1430
PROBL440
PROBL450
PROBL460
PROB1470
PROBL48BO
PROB1490
PROBIS00
PROB1510
PROB1S20
PROB1530
PROB1540

aXal

aan

ann A

[aXaXo}

ana

a8 ann

35

«0

45

S0

1

o

63

(3]

10

L 1]
90

10

°

110

CNMPUTE WORKING PROSBIT

1F(Y-5.01 35, 35, 40
WP=(Y-P/Z)ewi (1172

GG TO 45

WP =(Y4Q/ZI-(1.0-WL(1)) /2

SUM [NTEFMEDIATE RESULTS

WN=WeS(1)

SNW=SNW+WN
SNWX=SNWX+WN*X (]}
SNHY=SNuY+uNSWP
SNWXX=SNWXK+WNeX([)es2
SNWXY=SNWKY+WNEX () *nP

COMPUTE NEW ESTIMATES OF INTERCEPT AND COEFF ICIENT
ABAR=SNUR/ SNW

SUX= SNUAX~( SNRK)® {SNWK )/ Shu
SAV=SNMAY-( SNuR)® (SNUY)/SNu
B=SXY/SRX

A=SNUY/SNu-BeXEAR
EXAMINE THE CMANGES IN ¥

$KX=0.0

00 60 t=1,&

Y=heBox(l)

D=M2(1)-V

SXX=SAXeD*D

u20l)=y

TFEL ABS(O0-SXX) )-(1.0E-T)) 65, 65, 63
UD=$XX

60 TO 33

SYORE INTERCEPT AND COEFFICIENT

ANSIL)=a
ANS(2)=8

COMPUTE CHI-SQUARE
ARS{3)=0,0
00 T0 1=,
Yeu2{l)-5.0
CALL NDTR (Y,P,0)
AheP(1)-S(])ee

00=S{l)ePe(} ]
ANS (I} =ANS (3} +AA®AA/D0

o-¢

DEGREES OF FREEDOM FUR CHI-SQUARE
ANSI4)=x-2

RETURN

00 100 I=l.K
Miti)=0.0
w211)=0.0
00 110 l=l,4
ANS(1)=0.0
G0 Y0 80
£nO

PROBLIS5S50
PROB1560
PROB1ISTO
PROB1580
PROB1590
PRNB1600
PROBL610
PROBL1620
PROBI630
PROB1640
PROB1650
PROBL660
PROBL6TO
PROB1680O
PROBL690
PROBLT00
PROBLT10
PROBL720

2081730
PROSL P40
PROSLTSO

PRO

PROSLISTO
PROS 1880
P208189%0
Pa081900
PROS1910
PROG1L920

,RO82210

-



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

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 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).

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:

R R
11 2
R = - (1)
21 22
R11 = 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:

rRYr rRR

9g Rop Byp Ryg — AL | =0 @)

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

T = Rll R12 (3)

A

R, T \ (4)

The subroutine NROOT calculates
eigenvalues () ), with associated eigenvectors,

of R;1 A, where i=1, 2, ..., q.

For each subscripti=1, 2, . . ., q, the
following statistics are calculated:

Canonical correlation:

CANR = Ay (5)
where A; = ith eigenvalue
Chi-square:

2

X = —[n—0.5(p+q+1)] logeA (6)

where n = number of observations
q
A =10 (1-2);
=1 )

Degrees of freedom for xzz

DF = [p-(-1] [a-a-1] (7)
ith set of right-hand coefficients:

b, = Vi (8)
where Vki = eigenvector associated with 7\1

k=1:2’occ:QZ

ith set of left-hand coefficients:

g
z ik Pk
k=1

j CANR ®)

a

wher J/ = = -1
here ltjk} T Rll R12
i =1, 2, ..., p

Statistics--Correlation and Regression 47



Ll N R o N N N ol Y Rl a ¥ XN a2 a R o R A AR R o e N e kel a R e e Nl e Ty

1

1

e R N Y N N N R o N o N SN aR oW T SN IS

102

163
104
195

e

48

CANU  IC
B I Y eesessiesa LAND £
CANU 30
SULRCUT INE CANUK CANO 40
CANU 50
PURPLSL CANO 60
CUMPUTE THe CANUNICAL CJUKKELATIONS BETWEEN TWwG SETS OF Cang 70
VARLASLES .  CANUR (> NJRMALLY PRECELED BY A CALL TO SUGKLU- CANU 80
TIND CORRE. cano 90
. CANO 100
JSAGL CAND 11C
CALL CARUK (N o#PyHO KRyRUUTS s Wi AN s CANK s CHI S Qs NOF sCOEFR, CaND 120
CUEFL R} CANO 130
CANO 140
DeSCRIPTICN ur PARAMETERS CANU 150
- NUMocw OF OJSERVATIUNS CANU 160
“e ~ NUMSCcR OF LEFT HAND VARLABLES CaNu LTO
MU - NUMBER OF RIGHT HANU VARIABLES CANO 180
Rk - INPUT MATRIX (UNLY UPPLR TRIANGULAR PURTION OF THE CANG 190
SYMMETKIC MATRIX UF M X M, WHERE M = 4P + MQ) CaNG 200
CUNTAINING CUKRELATIUN COEFFICIENTS. (STURAGE MODE CANU 210
ufF 1) CANO 220
RLUTS - UUTPUT VECTOR UF LENGTH MQ CONTAINING EIGENVALUES — CANO 230
COMPUTED IN THE NRJUT SUBRUUTINE. CANO 240
A4LAM = UUTPUT VECTUR OF LENGTH MQ CONTAINING LAABDA- CANU 250
CANK - OUTPUT VECTOR OF LENGTH MG CONTAINING CANONICAL CANU 260
CORRELATIONS, CANC 270
CHISQ - DUTPUT VECTOR OF LeNGTH MQ CONTAINING THE CANO 280
VALUES OF CHI-3QUARES. CANO 290
NUF = GUTPUT VeCTUR OF LENGTH MQ CONTAINING THE DEGREES CaND 300
OF FREEVOM ASSOCIATED WITH CHI-SQUARES. CANG 310
CCEFK - QUTPUT MATKIX (MG X MQ) CONTAINING MG SETS OF CANO 320
RIGHT HANU COEFFICIENTS COLUMNWISE. CAND 330
COLFL ~ QUTPUT MATRIX (MP X MQ) CONTAINING MQ SETs OF CAND 340
LEFT HAND COEFFICIENTS COLUMNWISE. CANO 350
R =~ WURK MATRIX (# X H) CANG 360
CANO 370
REMARKS CANO 380
THL NUMBER JF LEFT HANU VARIABLES {(MP) SHOULD 8¢ GREATER CANO 390
THAN UR cQUAL TO THE NUMBER OF RIGHT HAND VARIAGLES (MQl.  CANU 400
THE VALUES OF CANONICAL CIRRELATION, LAMBDA, CHI-SQUAREs CANO 410
UEGREeS UF FREEDOMy ANO CANONICAL COEFFICIENFS ARE COMPUTED CANO 420
JNLY FOR THOST EIGENVALUES IN Q0UTS WHICH ARE GREATER THAN CAND 430
LERD, CAND 440
CANO 450
SUBRGUTINES AND FUNCTIUN SUBPRUGRAMS REQUIRED CAND 460
MINV CAND 470
NRJOT  {WHICH, IN TURN, CALLS THE SUBRUUTINE EIGEN.) CANU 480
CANO 490
MeTHOD CANO 500
REFER TO W. W. COULEY AND P. R. LOHNES, "MULTIVARIATE PRO- CANC 510
CEUURES FUR Trc BEHAVIORAL SCIENCES's, JOHN WILEY AND SONS, CANO 520
1902, CHAPTER 3. CANO 530
CANO 540
Y Y I T 1)
CANQ 560
SUBROUT INE CANUR (N,MP4MQ,RR,ROOT S WLAMCANR 4 CHISQNOF yCOEFR, CAND 570
COEFL,R) CANO 580
DIMENSION RROL) GROOTS(L) 4 WLAMIL) ¢CANREL) «CHISQUL) oNOFIL1) ,COEFRLLY,CAND 590
COEFLE1Y,R(1) CANO 600
CANO 610
etecesecsesuserttatetasesatassetsasetcarsacsrcanrascacsstvcasaeas LAND 620
CAND 630
IF w OJUBLE PRECISION VERSION OF THIS ROUTINE 1S OESIRED, THE CANO 640
C IN CULUMN 1 SHOULD BE REMOVED FROM THE DOUBLE PReCISION CANO 650
STATEMENT wWHICH FOLLOWS. CANO 660
CANO 670
VUUBLL PReIISTON KR ROOTSWLAM¢CANR yCHISQyCUEFR yCOEFL R ¢DET 4 SUM E:NU 680
NO 690
THE { MUST ALSO Bf REMOVED FROM DOUBLE PRECISION STATEMENTS CANO TCO
APPLARING IN OTHER RUUTINES USED IN CONJUNCTION WITH THIS CANO T10
XOUT [ie . CanO 3290
CAND 730
THE OOUSLE PRECISION VERSION OF THIS SUBROUTINE MUST ALSO CANO T40
CONTALN DUJBL=: PRECISION FORTRAN FUNCTIONS. SQRT IN STATEMENT CANO 750
165 MJUST 3E CHANGED TO OSRT. ALDG IN STATEMENT L75 MUST BE CANO 760
CHANGED TO DLIG. CANO 770
CANO 780
Y A LT
CANO 800
PARTITION INTERCURRELATIUNS AMONG LEFT HAND VARIABLES, BETWEEN CANO 810
LEFT ANO RIGHT HAND VARIABLES, AND AMONG RIGHT HANO VARIABLES. g:xg :ig
—Mpe CANG 840
g CANG 850
DG 105 I=1,M CANO 860
00 1C5 J=1,M CANG 870
[F(I-J) 132, 103, 103 CANO 880
L=1+(J%a-31/2 CANO 890
GO T 134 CANO 900
L=ue(1%1-11/2 CANO 910
G 22e
i::;”RR'L' CAND 940
U0 108 J=2.MP CAND 950
- CAND 960
Nl=Ms (-1}
DO 138 I=1,4p CaNo 970
L=Lel CANG 980
C CANO 990
Ni=NL¢l
- CANUL000
RIL)=RINL)
NZ-MPe 1 CANO10 10
fiprs CANOL02C
00 110 J=NZ.M CANU1030
NL=N#(d-11 CANOLC40
03 11O L=1,MP €aN01050
LeLsl CANG1060
= CANGLOTO
NL=Nl+L CANOL080
5§5FL(L»-&(N1! CANDLOSC
00 120 4=N2,M CANOLLCG
NL=HE(J=1) 4P CANOLLLO
- CANO1120
D0 12C 1=N2M
Lete1 CANOLL 30
N1=NLel CANOLL40
CUEFRELI=RINDL) CaNULLS50
CANU1 160
SULVE THe JANUNECAL eQUATICN CANOLLTC
CANC118C
L=MPeMP+l CANOL190
K=EL+MP CANO1200
CALL MINV (R MP,IcT JRILISRIKED CANGL210
CANU1220
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CALZucAfe T = INVORSE JF =11 # K12

DU LeC L=l.Mp
N2=yg

Ju 130 JbeMa

NL={-MP

A0aTS(4)1=02.C

UU 130 K=l MP

NL=NLeME

N2=NZel
RUUTSEI)=RUGT SN +RINLI#COEFLINZ)
L=1-np

GO 1aL J=1.M2

L=LeMp

RULI=RGUTS ()

CALCULATL a = RZL ¢ T

L=MPeMy
N3=Le]

LU 165 J=1.MQ
NL=C

D0 16C 1:1.MQ
N2=MP®{J-1)
SUM=0.0

DL 150 K=l MP
NL=NL+l
NE=Ne+L

: SUM=SUM+CUEFLINLI *R(N2)

Ll
AlL)=5uM

CALCULATE ELGENVALUES WITH ASSOCIATED EIGENVECTURS OF THE
INVERSC OF R2Z * A

L=lel
CALL NROUT (MIyRIN3II,COEFRyROITSREL I}

FOR EACH VALUE JF 1 = 14 2¢ ssey MQy CALCULATE THE FOLLOWING
STATISTICS

V0 21C I=1.MQ

TEST AHETHER CIGENVALUE [S GREATER THAN ZERO
TFIRUOTSULY)Y 2404 2204 lo5

CANONICAL CORRELATION
CANRET) = SURT(ROUTS(I))

CHI-SQUARE

WLAM(E)=1.0

LD LT1C u=1,MQ

WLAMUT) =WLAM(TY*11,0-ROCTS(ID)

FN=N

FHUP=MP

FHQ=M2

CHISQUEDN=—(FN=CL.o*({ FMP +FMQ+1.0) ) *ALOG(WLANI(T } )

JEGREES UF FREEJOM FOR CHI-SJUARE

Nl=[-1
NDF (L )=(MP-N1)*(MQ-NL)

1-TH SET OF RIGHT HANDU CUEFFICIENTS

NI=MQ#(I-1)
NZ=HQ#(I-1)+L-1
00 18C J=1.+MJ
Ni=Nl+1
N2=N2+1
COEFRINLI=RIN2)
I-TH SeT UF LEFT HAND COEFFICIENTS
00 230 u=1.MP
Ni=J-Mp
N2=M9*(1-1)
K=MP*(1-1)+J
CUEFLIKI=C.0
U0 190 uJ=l+Md
NL=NL+MP
NZ=Nc+l
COEFLIKI=COEFLIK)+RINLI*CUEFRINZ)
COEFLIKI=COEFLIK)/CANRLTY
CONTINGE
RKETUKN
END

LAND1230
CANU1242
CANOLZ250
CANGL 260
CAND1270
CANUL 28D
CANOL 290
CANOL300C
CANOL31G
CANO1320
CANOL 330
CANOL340
CANOL350
CANO1360
CANOL3T7C
CANUL 380
CANUL 390
CANUL400
CaNOL410
CANOL420
CANOL430
CANU1440
CANQ1450
CANO1460
CANGL4TC
CANO1 480
CANOL490
CANOL500
CANOL510
CANO1520
CANO1530
CANO1540
CANO1550
CANO1560
CANO1570
CANO1580
CANUL 590
CANOL6GO
CANQ1610
CANOL620
CANO1630
CANO1640
CAND1650
CANOE660
CANO1670
CANOl680
CANO1690
CANOL700
CANOL710
CANOLT20
CANOL730
CANG1740
CANOLTSO
CANCO1760
CANO1770
CANOLT80
CANO1790
CANO1800
CANO18 10
CANOL1 820
CANO1830
CANOL1840
CANO18350
CANUL860
CAND1870
CANO1880
CANO1890
CANO1900
CANOL1910
CAND1920
CANO1930
CANO1940
CANU1950
CANOL 960
CANQ1970
CAND1980
CANOL990
CANG2C00
CANQ2010
CANO2020
CAN02030
CANDZ040
CANO2050
CANO2060
LANO20T0
CANO2080
CANO2090C
CANO21GO
CANO2110
CANO2120



Design Analysis (see Smoothing, Regression,
Factorization)

In the Scientific Subroutine Package, analysis of
variance is normally performed by calling the fol-
lowing three subroutines in sequence:

1. AVDAT - to place data in properly distributed
positions of storage

9. AVCAL - to apply the operators sigma and
delta in order to compute deviates for analysis of
variance

3. MEANQ - to pool the deviates and compute
sums of squares, degrees of freedom, and mean
squares

Subroutine AVDAT

This subroutine places data for analysis of variance
in properly distributed positions of storage.

The size of data array X required for an
analysis-of-variance problem is calculated as

follows:
k
n= I (Li + 1) (1)
i=1
.th
where Li = number of levels of i factor

number of factors

=
Il

The input data placed in the lower part of the
array X are moved temporarily to the upper part
of the array. From there, the data are redistributed
according to the equation (4) below. Prior to that,
multipliers, sj, to be used in finding proper posi-
tions of storage, are calculated as follows:

51:1 (2)
j- 1
sJ = iill (Li+ 1) (3)

where j

Then a position for each data point is calculated
by the following equation:

k
S = KOUNT, + > s, . (KOUNTj - 1)
j=2

)
.th .
where KOUNTj = value of j subscript of the data
to be stored.

The subroutine increments the value(s) of sub-
script(s) after each data point is stored.
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AvbA 10

cieectecssasatiesvane sescsscAVUA  2C
AvuA  3C

AVDA 40

AVUA 50

PURPUSE AVDA 60
PLALE UATA FUR ANALYSIS OF VAKIANCE IN PROPERLY UISTRIBUTEU AVDA 10
PUSITIUNS :JF STORAGE. THIS SUSROUTINE 15 NGRMALLY FULLOWED AvDA 80

SULRUUTENE AVOAT

BY CALLS Tu AVCAL AND MEANQ SUBROUTINES IN THE P:kFURNANCE AVCA  9C

UF ANALY>1S UF VARIANCE FUR A COUMPLETE FACTUKIAL DESIGN. AVDA 100
AVDA 110

UsAGE AvVDA 120
CALL AVOAT (K LEVEL oNoXoLo ISTEPKUUNT) AvDA 130
AVDA 140

OE>CRIPTION UF PARAMETLRS AVDA 150
K — NUMBER OF VARIABLES (FACTURS). K MUST 8€ .GT. ONE. AVDA 160
LEVEL - INPUT VECTOR OF LENGTH K CONTALNING LEVELS (CATE- AVDA 1T0
GUAILS) WITHIN EACH VARIABLE . AVDA 180

N ~ TOTAL WUMBER OF uATA PUINTS KEAU IN. AVDA 190

X - WHCN THE SUBRUUTINE 1S CALLED, THIS VECTJR CONTAINS avoa 20C

DATA IN LOCATIUNS X(1) THROUGH X(N). UPUN RETURNINGAVDA 210
TO Tde CALLING ROUTINE, THE VECTOR CONTAINS THE DATAAVDA 220
IN PRIPERLY REUISTRIBUTED LOCATIUNS OF VECTOR X- AVDA 230
THE LENGTH OF VECTOR X IS CALCULATED BY (1) ADOING AVCA 240
ONE TO EACH LEVEL OF VARIABLE AND (2) JBTAINING THE AavDA 250
CUHMULATIVE PRODUCT OF aLl LEVELS. (THE LENGTH OF  AVOA 260
X = (CEVELCLI#1I®CLEVELI2)41)®a.  #(LEVELIKI+1) D AVCA 270
L - UUTPUT VARIABLE GUNTAINING THE POSITION IN VECTOR X AVDA 280
WHERE THE LAST INPUT DATA IS STORED. AVOA 290
[STeP - UUTPUT VECTOR UF LENGTH K CONTAINING CUNTROL STEPS AVDA 300

WHICAH ARE USED TO LOCATE GATA IN PRUPEK POSITIONS AVLA 310

UF VECTOR X. AVDA 320

KUUNT - WORKING YECTOR OF LENGTH K. AVDA 330
AVDA 340

REMARKS AVDA 350
INPUT UATA MUST BE ARRANGEJD IN THE FOLLOWING MANNER. AVGA 360
CONSIDER THE 3-YARIABLE ANALYSIS OF VARIANCE DESIGN. WHERE  AvDA 370
ONE VARIABLE HAS 3 LEVELS AND THE UTHER TWO VARLABLES HAVE AVDA 380

2 LEVELS. THE DATA MAY BE REPRESENTED IN THE FORM X(I,J,K),AVDA 390
T5192¢03 J=1e2 K=iy2. IN ARRANGING DATA, THE INNER AVDA 400
SUBSCRIPT, NAMELY 1, CHANGES FIRST. WHEN 1=3. THE NEXT AVDA 410

INNZR SUBSCRIPT, J, CHANGES AND SO ON UNTIL I=3, J=2, AND  AVDA 420

K=2. AVOA 430

AVDA 44C

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED AVDA 450
NCNE AVDA 460

AVDA 470

METHOD AVOA 48C
THE METHOO IS BASED ON THE TECHNIQUE DISCUSSED BY r. 0. AVDA 490
HARTLEY IN *MATHEMATICAL METHODS FOR DIGITAL COMPUTERS®, AVDA 500
ECITED 6Y 4. RALSTON AND f. WILF, JOHN WILEY AND SUNS, AVDA 510

19024 CHAPTER 20. AvDA 520

AVDA 530

teceerecsetaaenane ceesestaciacaennenen eeescetanasassnsssassssass s AVDA 540
AVDA 550

SUBROUTINE AVOAT (K-LEVEL «N<X.LoISTEP.KOUNT) AVDA 560
DIMENSICN LEVELUL)oX(1}o ISTEPCII +KOUNT (L AVOA 570
AVDA 580

.................... teetatseccccciessesrarassasasaasensaasansas AVDA 530
AVOA 600

IF A DUUSLE PRECISION VERSION OF THIS ROUTINE 1S DESIRED, THE AVLA 610

C IN COLUMN 1 SHOULU BE REMUVeU FROM THE DOUBLE PeCISION AVDA 620
STATEMENT WHECH FOLLOWS. AVDA 630
AVOA 64C

DOUBLE PRECISION X AVDA 650
AVDA 660

THc C MUST ALSO HE REMOVED FRUM JUUBLE PRECISION STATEMENTS AVDA 670
APPEARING IN OUTHER ROUTINES USco IN CONJUNCTION WiTH YHIS AVDA 680
RUUT INE., AVDA 690
AVDA 700

eetecreseanenan vavane Y L L A 1]
AvOA T20

CALZULATE TGTAL OATA AREA REQUIRED AVDA T30
AVOA T40

M=LcVEL(LI+] AVDA 750
00 105 I=2,K AVDA T60C
M=ME(LEVCLITI4L) AVDA 170
AvVOA 780

MOVE DATA TG THE UPPER PART OF THE ARRAY X AVDA 790
FJIR THE PURPOS: OF REARRANGEMENT AVDA 800
AvDA 810

Nl=M+l AVDA 820
N2=N+1 AvDa 830
00 107 1=14# AVDA 840
Nl=N1-1 AVDA 850
NZ=N2~1 AVOA 860
XINLI=X(N2) AVOA 870
AVOA 880

CALCULATE MULTIPLIERS TO BE USED IN FINDING STORAGE LUCATIONS FOR AVDA 890

INPJT DATA AVDA 900
AVDA 910

ISTePll=1 AVOA 920
U0 113 1=2.K AVDA 930
C ISTEPID=ISTeEP{I~1) =(LEVEL(I-1)¢1} AVDA 940
00 115 I=1+k AVDA 950
KOUNT(1)=1 AVDA 960
AVDA 970

PLACE DATA [N PROPER LOCATIONS AVDA 980
AVOA 990

Nl=NL-1 AVDAL100C
00 135 I=1,N AVDA1010
CERLUNTLL) AVDAL020
WO 122 J=¢4K AVDALD30
L=L+l3VEPLII*(ROUNT LI -1) AVDALD4O
NL=NL+] AVDAL0S50
X{L)=X{NL) AVDALO60
DJ 130 J=leK AVDAL070
IF(KUUNT(JI-LcVELLJD} 124, 125, 124 AVDAL080
KOUNT(JP=KGUNT(J1+) AVOAL090
GU TO 135 AVDALL00
KUuNTLI) =1 AVDALLL0
LONTINJE AVDAL120
CUNTINJE AVDAL130
RETURN AYUALL40
END AVDAL150
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Subroutine AVCAL

This subroutine performs the calculus for the gen-
eral k-factor experiment: operator X and operator
A. An example is presented in terms of k=3 to
illustrate these operators.

Let xgpc denote the experimental reading from
the ath level of factor A, the bth level of factor B,
and the cth level of factor C. The symbols A, B,
and C will also denote the number of levels for each
factor sothata=1, 2, ..., A;b=1, 2, ..., B;
andc =1, 2, ..., C.

With regard to the first factor A:

sum over all levels a =1, 2, ...,
A, holding the other subscripts at
constant levels, and

operator Za: =

multiply all items by A and sub-
tract the result of 221‘._ from all
items

operator AE
a

In mathematical notation, these operators are

defined as follows:
A

2o
a abe a=1

A xabc =
a

The operators Z and A will be applied sequentially
to all factors A, B, and C. Upon the completion
of these operations, the storage array X contains
deviates to be used for analysis-of-variance
components in the subroutine MEANQ.

D

- X. bc - Xabc

Ax - X (2)

abc .be
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AvCA 10
“eeeresssesseteaest et csrserescenarsrssasssseassasssscsssctrnsneeasAVCA 20
AVCA 30

SUBROUTINE AVCAL AVCA 40
AVCA 50

PURPOSE AvCa 60
PERFURM THE CALIULUS OF A FACTORIAL EXPERIMENT USING AvVCA TO
OPERATOR 3IGMA AND QPERATUR DELTA., THIS SUBROUTINE 1§ ' AVCA 80
PRECEVED dY SUBROUTINE ADVAT AND FOLLOWED BY SUBROUTINE AvCA 90

MEANJ IN THE PERFGRMANCE OF ANALYSIS OF VARIANCE FOR A AVCA 100
COMPLCTE FACTGRIAL DESIGN. AVCA 110

AVCA 120

U3SAGE AVCA 130
CALL AVCAL (K oLEVELIXsLoISTEP,LASTS) AVCA 140

AVCA 150

DJESCRIPTION OF PARAMETERS AvCA 160

3 ~ NUMBER OF VARIABLES (FACTORS). K MUST BE .GT. ONE. AVCA 170

LEVEL - INPUT VECTOR OF LENGTH K CONVAIMING LEVELS (CATE-  AVCA 180
GORICS) WITHIN EACH VARIABLE. AvCa 190

x - INPUT VECTOR CONTAINING DATA. OATA HAVE BEEN PLACEDAVCA 200

IN VECTOR X B8Y SUBROUTINE AVOAT. THE LENGTH OF X AVCA 210

IS (LEVELULI®LI®(LEVEL(20eL0®, . #(LEVELIKI*L). AVCA 220

L = THE POSITION IN VECTOR X WHERE THE LAST (NPUT DATA AVCA 230

1S LOCATED. L HAS BEEN CALCULATED BY SUBROUTINE AVCA 240

AVOAT o AVCA 250

ISTEP ~ INPUT VECTOR OF LENGTH K CONTAINING STORAGE CONTROL AVCA 260

STEPS WHICH HAVE BEEN CALCULATED BY SUSBROUTINE AVCA 270

AVUAT . AVCA 280

LASTS - WORKING VECTOR OF LENGTH K. AVCA 290

AVCA 300

REMARKS AVCA 310
THIS SUBROUTINE MUST FOLLOW SUSROUTINE AVDAT. AvVCA 320

Avca 330

SUBROUTINES AND FUNCTION SUBPROGRANS REQUIRED AVCA 340
NON: AvCa 350

AVCA 360

AeTHOD AVCA 370
THE METHOD IS BASED ON THE TECHNIQUE DISCUSSED BY H. Q. AvCa 380
HARTLEY IN *MATHEMATICAL METHOOS FOR OIGITAL COMPUTEARS®, AVCA 390
EDITED BY A, RALSTON AND H. WILF, JOHN WILEY AND SUNS, AVCA 400

1962, CHAPTER 20. AVCA 410

AVCA 420

ceteactetittaannttacteneteentananasracanen secscssccccassssssessecs AYCA 430
AVCA 440

SUBRUUTINE AVCAL (KoLEVELeXoLoISTEP,LASTS) AVCA 450
DIMENSION LEVEL(L)oX{1),ISTEP{ L) LASTS(L) AVCA 460
AVCA 470
teeterseccescriereseertccntrttsrntssscsarenssasacenasvosssssencsAVCA 480
AVCA 490

IF A DUUBLE PRECISION VERSION OF THIS ROUTINE [S DESIRED, THE AVCA 500

C IN CULUMN 1 SHOULO BE REMOVED FROM THE DOUBLE PRECISION AVCA 510
STATEMENT WHICH FOLLOWS. AVCA 520
AVCA 530

DOUBLE PAECISION Xy SUM AVCA 540
AVCA 550

THE C MUST ALSO BE REMUVED FRUM DOUBLE PRECISION STATEMENTS AVCA 560
APPEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS AVCA 570
ROUT INE. AVCA 580
AVCA 590
eesecetrietctereacttcncestrstanasansssavrasecsccrscsccsscccscnseAVCA 600
AVCA 610

CALCULATE THE LAST UATA POSITION OF EACH FACTOR AVCA 620
AvCA 630

LASTS(1)¥=Le1 AVCA 640
DU 14> 1=2+K AVCA 650
145 LASTSCI1=LASTS(I-1)+ISTERPCI) AVCA 660
AVCA 670

PERFURM CALCULUS OF OPERATION AVCA 680
AVCA 690

D 175 l=l,k AvCa 100
L=l AVCA TlO
=t AVCA T20
SUM=0.0 AVCA 730
NN=LEVEL(T) AVCA T40
FN=NN ~ AVCA TSO
INCRE=ISTEP(I) AVCA 760
LAST=LASTSCI AVCA 170
AVCA 780

SIGMA UPERATION AVCA 190
AVCA 800

06 160 J=LeNN AvCaA 8lo
SUM=SUM+X(L) AVCA 820
L=LeINCRE AVCA 330
A(LI=SuUM AVCA 340
AVCA 850

CELTA UPCRATION AVCA 860
AVCA 870

L0 165 J=1.NN AVCA 880
XELLD)=FNeX(LLI-SUA AVCA 390
LL=LL+INCRE AvCA 900
SUM=0.0 AVCA 910
IFLL-LAST) L6T, 1754 175 AVCA 920
LE(L-LAST+INCRE) 168, 166, 17C AvCA 930
108 L=L+INCR% AVCA 940
LL=LL+INCRE AVCA 950
Gu TU 155 AVCA 960
L=L4INURCe1-LAST AVCA 970
LL=LLeENCRE+L-LAST AVCA 980
Gu Tu 155 AVCA 990
CunTINJE AVCAL0GO
KETURN AVCALCLO
END AVCALD2D



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 I 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 = 23- 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 Showing Summation Storages,
Divisors to Form Sum of Squares, and
Degrees of Freedom (Subroutine MEANQ)

Table 1.

Degrees of Freedom
Required to Form
Mean Squares

Divisor Required to
Form Sum of Squarcs
of Analysis of Variance

Designation of Store
and of Quantity Con-
tained in it

(A)2 ABCA (A-1)
(B) ABC'B (B-1)

2 ABC-AB (A-1) (B-1)
(C) ABC:C (C-1)
(AC)2 ABC- AC (A-1) (C-1)
(BC)2 ABC:BC (B-1) (C-1)
(ABC)2 ABC- ABC (A-1) (B-1) (C-1)
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20C
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SJBROUTINE MEAND

PURPUSC

REAN 1O

seetasassasesessestecstoststsasantacesastsctsstassrsccsescoccscsseMEAN 20

NEAN 30
MEAN 40
NEAN 50
NEAN o0

COMPUTE SUM OF SJUAHES, DEGHEES OF FREEDOM, AND MEAN SQUARE MEAN T0

JSING THE MEAN SQUARE UPERATOR.
FOLLOWS CALLS TO AVOAT ANU AVCAL SUBROUTINES IN THE PER-

THIS SUBROUTINE NORNALLY

HEAN 80
NEAN 90

FORMANCE OF ANALYSIS OF VARIANCE FOR A COMPLEVE *AC'MI“ M“ 100

DESIGN. aN 110

uem 120

USAGE NEAN 130

CALL MEAND (K LEVEL ¢ KeGMEAN ¢ SUNSQoNOF ¢ SNEANs NSTEP ( KOUNT ¢ NEAN 140

LASTS) REAN 150

WEAN 160

D:S.RIPTIDN UF PARAMETERS NEAN LT0

- NUM33R OF VARIASLES (FACTORS). K MUST 4E .GT. ONE. MEAN 180

l.tVl:L - INPUT VECTOR OF LENGTH K CONTAINING LEVELS (CATE-  MEAN 190

GURIES) WITHIN EACH VARIABLE. EAN 200

x ~ INPUT VECTUR CINTAINING THE RESULT OF THE SIGNA AND WEAN 210

DELTA OPEKATIAS. THE LENGTH OF X IS MEAN 220

CLEVELULY#LIE(LEVEL (209109, . .S (LEVELIKI*L) . MEAN 230

GMEAN ~ OUTPUT VARIABLE CONTAINING GRAND MEAN. MEAN 240

SUMSY - OUTPUT VECTOR CONTAINING SUNS OF SQUARES. THE REAN 250

LENGEH OF SUMSQ IS 2 TO THE K-TH POWER MINUS OME, WEAN 260

(2e0k -1, REAN 270

NOF ~ QUTPUT VECTOR CONTAINING DEGREES OF FRZEOOM. THE NEAN 280

LENGTH OF NOF I3 & TO THE K-TH POWER MINUS ONE, MEAN 290

(2¢eK)-1. HeAN 300

SMLAN = OQUTPUT VECTOR CONTAINING MEAN SQUARES. THE NEAN 310

LENGFH OF SMEAN IS 2 TO THE K-TH POWER MINUS OME,  NEAN 320

(2sex)-1. ReAN 330

MSTEP - WORKING VECTOR OF LENGTH K. REAN 340

KOGUNT — WORKING VECTJR OF LENGTH K. NEAN 350

LASTS - WORKING VECTOR OF LENGTH K. HEAN 360

HEAN 3TO

REMARKS MEAN 380

THIS SUBROUTEINE MUST FOLLOW SUBROUTINE AVCAL AEAN 390

NEAN 400

SUBRUUTINES AND FUNCTION SUBPROGRAMS REUUIRED NEAN 410

NONE HEAN 420

MEAN 430

METHOOD NEAN &40

THE MEVHOO IS BASEL (W THE TECHNIQUE DISCUSSED BY H. O. NEAN 450

HARTLEY IN *MATHEMATICAL METHOUS FOR OLGITAL COMPUTERS®, NEAN 460

EUITED BY A. RALSTON AND H. WILF, JOHN WILEY AND SONS, REAN 4TO

1962+ CHAPTER 2C. NEAN 480

REAN 490

eecescsessessansann seascns cesssceascesssacenae esevececsancns cascess MEAN SO0

NEAN 510

SUBROUTINE MEANQ lx.L&vn.l.wm.suuso.uof.suuu.nsvzr.wuu!. REAN 520

N MEAN 530

LIMENSION LEV&L(ll'l(U.SUNSO(U'WF(U'SIEANUMNSI‘GNU' REAN 540

1 KOUNT (10, LASTS (1) REAN 550

MEAN 560

teeeesescetaescacssasttaceascasscressescacssasccassstscesaaccesMEAN 570

HEAN 580

IF A DOUBLE PRECISION VERSIUN UF THES ROUTINE IS DESIRED, THE MEAN 590

C IN COLUMN L SHOULD BE REMOVED FROM THE DOUBLE PRECISION MEM 600

STATEMENT WHICH FOLLOWS. NEAN 610

NEAN 620

UOUBLE PRECISIUN X, GMEAN, SUMSQ+SMEAN,FN1 BEAN 630

NEAN 640

THE C MUST ALSO BE REMOVED FAOM DOUBLE PRECISION STATEMENTS NEAN 650

APPEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS REAN 660

RUUT INE o MEAN 670

REAN 680

eteesseseacssassstecasstesstosanesssetescsensaascssascenescessMEAN 690

AN T00

CALCULATE TUTAL NUMBER OF DATA HEAN T10

NEAN T20

N=LEVELLL) MEAN 730

LG 15C [=2.K NEAN 140

N=NSLEVEL( L) nEan 150

HEAN 760

SET UP CONTROL FOR MEAN SQUARE OPERATOR NEAN TTO

NEAN T80

LASTS(1)=LEVEL(TD HEAN 790

DO 178 I=24K REAN 800

LASTS(ID=LEVELLI)e] MEAN 810

NN= 1 MEAN 820

NEAN 830

CLEAR THE AREA TU STORE SUMS OF SQUARES MEAN 840

MEAN 850

LL=(2%ek}-1 NEAN 860

MSTEP(L)=1 HEAN 870

DO 180 I=2.& MEAN 880

MSTEPL L }=MSTEP(I~1)9%2 MEAN 890

LU 185 I=14lt NEAN 900

sunsatl 12040 nEAN 910

MEAN 920

PERFURM MEAN SGUARE OPERATOR NEAN 930

HEAN 940

00 190 I=leK NEAN 950

KOUNT(1)=0 MEAN 960

L= NEAN 970

DO 260 I=l.& NEAN 980

1F(KOUNT(1)-LASTS(L 1) 21Ce 2300 210 REAN 990

IFLL) 22Ce 220, 240 REANLOOO

KOUNTUT 1=KGUNT LT bed REANLOLC

IF(KOUNTCE)-LEVELLI Y} 230, 230, 250 MEANLO20

L=L+NSTEP(T} MEANLO30

Gu TO zeC HEANLO40

1F(KOUNT(TI-LEVELLE )} 230, 260, 230 MEANLOSO

KOUNT( £ )=C MEANL060

CUNT INVE MEANLOTO

TE(L) 285, 285, 27 MEANLOS0

sWSO(Ll'SUNSQ(LHHMNHMD MEANLOO

NN=NN+ L MEANL 100

Gu TO 20C MEANLLLO

WEANL120

CALCULATE THE GRANU MEAN MEANIT30

NEANL 140

EN=N HEAKLL58

GHEAN=X INN]/EN MEANL 160

i MEANLLTO

CALLULATE FIRST OIVISUR REQUIRLD TU FORM SUM UF SQUARES AND SECONDMEANL180

GIVESOR, WHICH IS EQUAL TO UEGKEES OF FREEDOM: REQUIRED TO FORNM NEANLL90

MEAN SQUARES MEAN1200
NEAN

00 31 Te20¢ NEML220

NSTEPLT ¥=C MEAN123C

Niv=c HEAN1240

MSTEPLL)=] MEANL 256

NOL=1 MEANL 260

NoZ=1 MEANLZTO

D0 347 I=le« MEAN1280

IFLASTEPCLI) 332, 34C, 33D MEANLZ290
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330 wulaNOLSLLVELLED
NO2=NUZS(LEVELL [B-11
340 CUNTINUE
FNL=NeNDL
FN2<ND 2
NN=NNe |
SUMSUUNNI =SUASI(NND 7FNL
NOF (NND =ND2
SMEANTNNE=SUNSULNND FEN2
[H(NN-LL) 345, 370, 37C
345 UU 260 I=l.K
LFMSTEPLLI) 34T, 3500 3417
347 MSTEPLL)=C
G0 10 360
352 NSTEPUI)=|
GU Tu 320
360 CONTINUE
ITL RETUKN
END
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REANL 3OO
MEANL3LO
HEANL320
REAN1330
MEANL 340
MEANL3SO
MEANLIGO
MEANL3TO
MEAN] 380
NEANLIYO
MEAKL4UO0
MEANL410
REANLS20
MEANLS30
NEANL 440
MEANL4 50
NEANL 460
MEANL4TO
REANL48C

Discriminant Analysis

In the Scientific Subroutine Package, discriminant
analysis is normally performed by calling the fol-
lowing three subroutines in sequence:

1. DMATX - to compute means of variables in
each group and a pooled dispersion
matrix

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:
B
Z *ijk
x, =t 1

th
where n = sample size in the k= group

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

Sum of cross-products of deviations from means:

ok _ -
S = )sjﬂ} = Z ik T 5K Ko T %) @

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

£ =12, ..., m

The pooled dispersion matrix is calculated as

follows:
g
2 5
p=—t 3)

g
2 n
k=1

where g = number of groups
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SUorOUT INE DHATX
PURP (S

CUAPUTE Noahs OF VAKTA3LES In cACH GRUUP AND A POULED
O15PEnS iun MATRIX FUK ALL THE okOUPS. NORMALLY THIS SuB-

WUOTINE 15 Uséu IN THE PEREOKMANCE GF DISCRIMINANT ANALYSTS.
USAGE
CALL UMATX {RyMyNeXoXbAR Uy LMEAN)
DESCRIPTION UF PAKAMETERS
« - NUMBcwk OF GROUPS
4 - NUMBER OF VARIABLLS (MUST BE THE SAME FOR ALL
GROUP ST .
N _ INPUT VECTUR UF LENGTH K CONTAINING SAMPLE SIZES Of
SKJIUPS.
X ~ INPUT VECTUX CONTAINING DATA [N THE MANNCR EQUIVA-

LENT TO A 3-DIMENSIONAL FORTRAN ARRAY, X(lel.1),
XUZololdy XK(30dolle £7C THE FIRST SUSSCRIPT IS

OMAT

PR .....-...-..........4....‘.......‘....0KA‘

OMAT
oMAT
UMAT
DMAT
UMAT
DMAT
DMAT
OMAT
DMAT
DMAT
DMAT
OMAT
OMAT
DMAT
DMAT
DMAT
OMAT
OMAT
OMAT
OMAT

CASE NUMJER, THE SECUNO SUSSCRIPT IS VARIABLE NUMBERDMAT

AND THe THIRO SUBSCRIPT 1S GROUP NUMBEX. THE
LUNulH UF VECTGR X IS EQUAL TU THE TOTAL NUMBER OF
DAT4 POINTS, TeM, aHcHe T = NOLINE2) 4. . #NIK) .

KBAR - JUTPUT MATRIX (M % k) CUNTAINING MZANS OF VARIABLES

IN K GROUPS.
v - QUTPUT MATRIX (M x M) CONTAINING POOLED DI SPERSION.
CMEAN - WURKING VECTULR OF LENGTH M.

REMARKS
THE NUMBER OF VARIA3LES AUST 8E GREATER THAN OR EQUAL TO
THE NUM4BER OF GROUPS.

SUBRGUT INES AND FUNCTIUN SUBPROGRAMS REQUIRED
NUNE

METHOD
REFER TU *oMO CUMPUTER PROGRAMS MANUAL®, EDITED BY W. Je
DIXON, UCLAy 194, AND T. W. ANDERSON, *INTROLUCTION TO
MULTIVARIATE STATISTICAL ANALYSIS's JOHN WILEY AND SONS+
19958, SELTIUON 6,6-6.8.

SUBRUUT INE UMATX (KsMyNy Ko ADAR ¢ 0 CMEAN)
UIMENSTON N(l’.X(1)-XBAR(1|.0(1):CNEAN‘ll

¥ A LUUvLE PREC ISION YLRSION OF THIS ROUTINE 1S OESIREDs THE
¢ IN CGLUMN L SHOULU bE RcMOVel FROM THE DOUBLE PRECISION
STATEMENT WHILH FOLLGWS «

JUUBLE PRECISION X3AR,DsCMEAN

YHE C MUST ALSO BE REMUVED FROM DUUBLE PRECISION STATEMENTS
APPEARING IN OTHER ROUTINGS USED IN CONJUNCTION WITH THIS
ROUTINE .

INIV 1AL LZATION

LLEL R4
DO 10C ixloMM
0t11=C.0

CALCULATE MEANS

Né&=0

L=0

LM=0

00 160 NG=1+K
N1=NING)

FN=N1

DO 130 J=1M

LM=LMs L

XBAR(LMI=0.C

©0 120 1=14N1

L=L+l
quR(LM)=XbAR(LH)’KlL)
XBAR{LM) =XBAR(LMI/FN

CALCULATE SUMS OF CRUSS-PRODUCTS OF OEVIATIONS

LHEAN=LM=M

GU 15C 1=14N1
LL=N4+1-N1L

DO 14C J=1.M

LL=LLend

N2=LMEAN+J
CMEAN{JI=X(LL) - XDARINZ)
LL=C

0U 150 J=l+M

w0 15C JJ=1.M

LL=LL+d

DELLI=0CLL) *LMEAN(JDECHEANCIS]
Nb=NasNLEM

CALCULATL Tiic PUCLEC UISPERSIUN MATRIX

L=-K
CO L7C I=1.K

CoLL=LLeNtD)

FN=LL
L0 180 1= leHF
CeEI=DCTI/FN

KRETURN
END

DMAT
DMAT
DMAT
OMAT
OMAT

OMAT 2

OMAT
OMAT
OMAT
OMAT
oMAT
DMAT
DMAT
DMAT
OMaT
OMAT
UMAT
DHAT
OMAT
DMAT
DMAT
OMAT
DHAT
DMAT
OMAT
OMAT
OMAT
OMAT
DMAT
DMAT
DMAT
DMATY
DMAT
DMAT
OMAT
omaT
DHAT
OMAT
DMAT
LTS
OMAT
OMAT
DMAT
DMAT
oMAT
DMAT
DNAT
DMAT
OMAT
DMAT
OMAT
OMAT
DMAT
OMAT
DMAT
DMAT
DMAT
DMAT
OMAT
DMAT
DMAT
OMAT
DMAT
DMAT
DMAT
OMAT
oMAT
DMAT
OHAT
DMAT
DMAT
OMAT
DMAY
DMAT
OMAT
OMAT

480
490

510
520
530
540
550
560
570
580
590
6CC
610
620
630
64C
650
660
670
660
690
100
T10
120
730
740
750
160
770
780
190
8ce
810
82C
830
840
85C
860
87C
880
390
900
910
920
930
940
95C
900
97C
980
99C

OMaTLOO0D
DMATICIC
OMAT1020
DMATLIC30
DMATL040
DMATL105C
OMAT1060C
OMATI07C
OMAT108C
DMAT1COC
pMaTllCO
DMATLLIC
DMAT112C

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

" Sk

X, =— (1

Y

=
i
-

[

M

k=1

where g = number of groups
j =1, 2, ..., mare variables
t
nk = sample size in the k h group

h h
ijk = mean of jt variable in kt group

2
Generalized Mahalanobis D statistics, V:

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 kyx = 1, 2, ..., 8
the following statistics are calculated.

Coefficients:
m
C = d. X 3
ko Z ij 5k @)
i=1

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

k = kx

Constant:

m m
C = =1/2 X X
ok / Z Z dy B X @

1=1

s
I
ot

Statistics--Discriminant Analysis 53



ﬁﬁﬁﬁﬁﬂﬁﬁ“ﬁf“ﬁnnnﬁnnhonnmﬁnhnannnnnnnnnannnnnﬁhnﬂnnnnnhnﬂhnnﬂnnn

54

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

Discriminant functions: .
m
f = C + C
ks ik Fijk ok *
i=1

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

(5)

Probability associated with largest discriminant

function:
1
pP.= (6)
L -
g G, 1)
E e
kx=1

where fL = the value of the largest discriminant

function

L = the subscript of the largest dis-

2514
e eeeeciecriattiteiettcaccaatecternetstesrsnctuaccancarsasnasaanasDISC
oisC
SUBROUTINE DISCR oIsc
BIsC
PUKPOSE [ 1574
COMPUTE A SET OF LINEAR FUNCTIONS WHICH SERVE AS INDICES (1874
FOK CLASSIFYING AN INDIVIDUAL INTO ONE OF SEVERAL CROuPrS ., olsc
NORMALLY THIS SUBROUTINE IS USED IN THE PERFORMANCE OF DISC
OISCRIMINANT ANALYSIS. oIsc
olsc
USAGE (1814
CALL UISCR (KoMyNoX o XBAR, D CHEANS VoCoPolG) (1373
o1sC
VESCRIPTION UF PARANSTCRS oIsC
[3 - NUMBER OF GROUPS. & RUST BE GREATER THAN OME. oisc
L] = WUMBER OF VARIABLES Disc
L] = INPUT VECTOR UF LENGTH K CONTAINING SAMPLE SEZES OF 01SC
GROUP S, (3574
X = INPUT VECTOR CUNTAINING DATA IN THE MANNER EQUIVA- OISC
LENT TO A 3-DIMENSIONAL FORTRAN ARRAY, X(lelolds oIsc
X€2¢1el)s X(3,101)e EVC. TVHE FIRST SUBSCRIPT IS oIsC

CASE MUMBERs THE SECUND SUBSCRIPT 1S VARIABLE MUMBERDISC .
AND THE THIKC SUBSCRIPT IS GROUP NUMGER. THE o1sC
LENGTH OF VECTOR X IS EQUAL TO THE TOTAL MUMBER OF DISC
OATA POINTS, TN, WHERE T = N(1DeN(2)¢. .. on(K). oisC
KBAR - INPUT MATRIX (M X K) CONTAINING MEANS GF M YARIASLESOISC
IN K GAOUPS olsc
o = INPUT WATRIX (M X M) CONTAINING THE [NVERSE OF oisC
POULED DISPERSION MATRIA. olsc
CMcaN - QUTPUT VECTOR OF LEMGTH M CONTAINING CONMOMN MEANS. DISC
v ~ UUTPUT VARLADLE CONTAINING GENERALIZED MAMALANOSIS OISC
D-SQUARE « oisc
C = OUTPUT MATRIX (M+l X K) CUNTAINING THE COEFFICIENTS OISC
OF CISCRIMINANT FUNCTIUNSe  THE FIRST POSITION OF o1sC
cACH COLUMN (EUNCT IOn) CONTAINS THE VALUE OF THE 01ISC
CONSTANT FOR THAT FUNCTION. ] 214
I3 = UJTPUT VECTUR CONTAINING THE PROBABILITY ASSOCIATED OISC
WITH THE LARGEST OISCRIMINANT FUNCTIUNS OF ALL CASESOISC
IN ALL GRCUPS. CALCULATED RESULTS ARE STUREV IN THEDISC
MANNER EQUIVALENT TU & 2-DIMENSIONAL AREA (THE o1sC
FIRST SUBSCRIPT 1S CASE NUMBER, ANC THE SECOMD o1sC
SUGSCRIPT 1S GKOUP WUMBER). VECTOR P HAS LENGTH o1sc
EQUAL TU THE TOTAL KUMSER OF CASESe T (T = N(11¢N(2101SC
SeatN(K ) 04sC
Lo ~ GUTPUT VECTOR CONTAINING THE SUBSCRIPTS OF THE olsc
LARGE ST DISCRIMINANT FUNCTIONS STOKED IN VECTGR P. DESC
THE LENSTH UF VECTOR LG IS THE SAME AS THE LENGTH  DISC
UF YECTOR P, 0isC
IS
REMARKS disc
THE NUMoER OF VAKIADLES MUST EE GREATER THAN OR EQuaL 10 01SC
THE MUNBER OF GROUPS. DisC
O1sc
SUERQUTINES AND FUNCTION SUBPROGRANS REQUIRED 21sC
CNE DIsSC
DIsSC
METHLD o1sC
REFCh TL *oM) (OMPUTER PHIGRANS MANUAL®, ECITED BY w. 4. oisc
JIAGNs UCLA, 1904, AND T. w. ANUERSON. *INTROOWTION TO (2514
NUCTIVARIATE STATISTICAL ANALY3I3%, JOHN RILEY AND SONS, 1574
1958+ SECTIUN @.6-6.86. oIsc
o1sC

criminant function
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SUSRUWUTINE UISCF (R oMIN Xy XEBAR QU e CMEANS VoC o P4 LG)
UIMENS [ON NOLPeXURD oRBAKE LD QL0 1) oUMEANTTD oC L) oP (1) 4LG( LY

D

1F A UJUBLE PRECISIUN VEKSIGN UF THIS RGUTINE 1§ OESIRED, THE
C IN COLUMN | SHOULD bc REMCVED FRGA THE QOUBLE PRECISION
STATeMcNT wHilH FOLLLRS .

UOUoLE PRECISIUN ALAR, Uy CHMEAN GV Ly SUMGP o PL

Tho € MUST ALSU tt ReMOVeu FROM GUUBLE PRECISION STATEMENTS
APPEARING 14 OTHER RUUTINGS USEL Ity CONJUNCTIUN wI1TH THIS
ROUT INE.

FHe UCUbLe PReCISIUN VERSIIN OF THIS SUBRGUTINE MUST ALSG
CONTAIN DLUBLE PRECISIUN FORTRAN FUNCTIGNS. EXP,IN.STATEMENT
250 MUST BE IAANGED Tu DEaP,

CALLULATE COMMON Mc ANS

RE=NCL)
00 due f=eok

Ni=nlen(()

ENT=NL

0G tlv I=1.«

PULI=NLT)

00 13. I=1,m

CMEANTT)=C

NL=1-H

Lo 147 uslex

Nl=id+d
CMEANLII=CNEANT ) ¢P (J)*XbAK(NL}

CMEAN(T)=CHMEANLII/ZENT
CALCULATE GeNERALIZED MAHALANDGES D SQUARE

L=C

0 140 I=1lex

DO 14C Jel.m

Latel
CALI=KBAR(LI-CHEANC J)
V=0.C
L=Q

DO 16l
00 16G
Ni=f-M
N2=J-M
SUM=( .0
00 150 LJ=1,K

NiI=NleM

N2=N2eN

SUM=SUMP (1JI*CINL) *CIN2)
L=l +]

VeveDlLIeSUM

FESOY]
T=1.M

CALCULATE THe COEFFICIENTS OF UISCRININANT FUNCTIGNS

N2=0

UC 160 KA=i.K

DG 170 Iz14M
NZ=N2e L
PlII=XchriN2Y

Qe (Melpe(kA-11¢)
SUM=C.7
0G 18(
Nl=J-M
00 160 L=1lwN

Nl=N1eN
SUM=SUSSD(NLISPlUI®P(L)
CLIQI=~(SUn/2.v}

OC 19C [=1,M

NL=[-M

1o=1Q+1

ctlyi=s.

DG 190 J=ieM

NieNLex
CULQI=CLLAI PN I ®P (Y}

JeleM

FOR EACH CASE IN EACH GROUP: CALCULATE,.

OISCRIMINANT FUNCTIONS

LbASE=C

N1=C

CG 2T Koxl4K
NN=N(KG)

00 260 I=1.NN
L=l-NneLoASE
D0 297 J=l.M
L=LeNN
DlJd=x(LY
N2=C

00 220 KA=1.,K
N2=N2e ]
SUM=C(~2)

OC 217 J=1l.M
N2=N24]
SUN=SJUMC(N2I®G(I)
KSR {KA)=>uM

THE LARGEST OISCRIMINANT FUNCTIuN

L=1
SUM=x84R(1}

00 24T 4z2,K
IF(SUM-XbaR(J}) 240y 240

23C,

C L=J

SUM=X5AR(J)

CORTINUE
PROSAZILITY ASSOCIATEL WITA ThE LARGEST DISCRIMINANT FUNCTION

PL=C.C

DG 250 J=1,x

PL=PLt EXPIACAR(J)-Su%)
Nl=nNie]

LGENLY= L

PlslI=L.0/PL
LbBASc=Lobh>c¢NNEM

RETURN
ENG

“ecseresecscctreestacscanesssDISC

cecessescsesDISC

o1sC
DIsc
oIsc
01sC

o1sC
olsc
ofrscC
oiscC
uIsc
DISC
D1sC
DISC
oIsC
olsc
oisc
oIsC
ofsc
0IsC
oiscC

830
840
850
860
67C
88¢
89C
9cCC
vi1c
92C
93C
940
950
960
970
930
oIsC 99¢
OISCLCO0
01sCL010
DIsC1920
0IsCiC30
01SClLO«0
o1sC105C
01sCL060
01$C1070
oIsCL080
015C1090
D1SCIL00
olsciilo
2IsCLL20
JIscLl3c
OISCLL40
01s5Cl150
01sCLL60
0lsCiaT0
of1scii180
0ISC1190
olsci2co
orscia1o
0IsClz20
olscizao
OlscCiasc
oisciaso
0lsCl260
0IsCL27C
o1sCl280
DisCl1290
oIsci3oc
olsci3lo
-01sC1320
01SC1330
DISC1340
01SC1350
DISCL36C
‘DIsCi3t0
DISC1380
0Iscii90
olscl4oc
0IsClel10
015C1420
0I5Cle30
DISCles0
DISC1450
01SCl460
DISCl4T0
DI1SC1480
0IsCle90C
DISCLS500
DISC1S10
o1sC1520
o1scls3o
DISCL540
015C1550
olsCiseC
OISCISTC
01SC15%80
015C1590
olsclscc
o1sCisl0
ofsCle2c
01sCle39
01sCles0
01sCle50
DIsCloeed
DIsCl670
01SCi68C
OIsC169C
olscirco
OISCLTLD
oiscir20
.0IsC1730
<DESCLTeC
‘0I$C1T50
2RI (11
DISCITRO
oIsCIT80
0IsC1790
DISC18CO
bprscisic
DIscCle20
DisC1830
0fSCl84C
DIsSC18sC
DISC1860
o1scCier0
015C1860
olsC1890
oIsci9oc

0IsC
oIscC
DisC
o1sC



Factor Analysis (see Eigenanalysis)

In the Scientific Subroutine Package, factor
analysis is normally performed by calling the
following five subroutines in sequence:
1. CORRE - to find means, standard deviations,
and correlation matrix

2. EIGEN - to compute eigenvalues and assoc-
iated 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

4. LOAD - to compute a factor matrix

5. VARMX - to perform varimax rotation of the

factor matrix

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 subroutine named DATA (see "Subroutines Re-
quired" in the comment cards designation of sub-
routine CORRE).

Subroutine TRACE

This subroutine finds k, the number of eigenvalues
that are greater than or equal to the value of a
specified constant. The given eigenvalues Ay, Ag,
must be arranged in descending order.
these k eigenvalues

eees Am
Cumulative percentages for
are:

A

m

o

j
@ = >, (1)

i=1

where j 1,2, ...,k
m = number of eigenvalues (or variables)
k=m
il
C TRAC 10
C .--......-..o......o-.o....---n-o---..-.-.c..--.-..-...-.....-....‘RAC 20
[4 TRAC 30
C SLEFCLTLNE TRACE TRAC 40
C TRAC 50
C PLRFCSE TRAC 60
c CCPPLTE CUPLLATIVE PERCENTACE CF EIGENVALUES CREATER THAN TRAC 170
[4 CR ECUAL TC A CGNSTANT SFECIFIEC oY Trt USER. THIS Sué- TRAC 80
4 RCLTINE ACAPALLY CCCLRS INn & SECLENCE CF CALLS 10 Sus- TRAC 90
[4 RCLTINES CGRRE, EICEN., TRACE, LCAC, AND VARKMX IN THE PER~ TRAC 100
¢ FCRPANCE CF 8 FACTCR ANALYSIS. TRAC 110
c TRAC 120
C LSAGE TRAC 130
C CALL TRACE (PR,CCAIKICD TRAC 140
[4 TRAC 150
C CESCFIPTICN CF PARSFETERS TRAC 163
[4 » - NUMBER CF VARIAELES. ® pUST BE > CR = TC 1 TRAC 170
C & - INPUT FATRIX (SYPPETRIC ANC SYCRED IA COMPRESSED TRAC 180
c __FCAM BITE CNLY LFFER TRIAAGLE BY CCLLMN IN CORE) TRAC 190
4 CCATAINING EIGENVALUES IN CIAGONAL. EIGENVALUES ARETRAC 200
4 ARRANCEL IN CESCENCING CRCER. THE CRCER CF MATRIX RTRAC 210
[4 1S ¥ ey . CNLY po(KMe1)/2 ELEMENTS ARE IN STCRAGE. TRAC 220
C (STCRAGCE MCODE GF 1) TRAC 230
< (44 - & CCASTANT USEC TC CECICE FCW PANY EICENVALUES TO TRAC 240
C RETAIN., CUMULATIVE PERCENTAGE CF EIGENVALUES TRAC 250
[4 wH1Cr ARE GREATER THAN CR ECUAL TG THIS VALUE IS TRAC 260
C CALCULATEC. TRAC 270
[4 X - CLTFLY VARIAELE CCATAINING THE NUMBER OF EIGENVALUESTRAC 280
C GREATER THAN CR ECUML TC CCh. (K IS THE NUMBER OF TRAL 290
[4 FACTORS.) TRAC 300
C C - CUTFLY VECTGR CF LENGTF M CCNTALINING CUMULATIVE TRAC 310
C PERCENTAGE CF EIGCENVALUES WHICH ARE GREATER THAN TRAC 320
C CR ECUAL TC CCh. TRAC 330
[4 REVERKS TRAC 340
C ACMNE TRAC 350
[4 TRAC 360
[4 SLERCLYINES SNC FLNCTICN SLRFRUGRAPS REQUIREC TRAC 370
(4 MOME TRAC 380
< TRAC 390
C PETHCC TRAC 400
C EACH EICENVALUE CREATER THAN DR ECUAL TO CON 1S CIVIDED BY MTRAC 410
C ANC THE RESULT 1S AQDEC TC THE PREVICUS TOTAL TO 0BYAIN TRAC 420
C THE CLPULATIVE PERCENTAGE FCR EACH EIGENVALUE. TRAC 430
C TRAC 440
C esssesns ......--...-....-.......--..‘o-...-........-..‘..-..-.....VGAC 450
C TRAC 460
SLERCLTINE TRACE LFeR,CONLKLC) TRAC 470
LIPENSECA RELD.LL1D TRAC 480
C TRAC 490
[4 seasane cecesceaasae essessanas essscsacssscsscsnes tecasssasssssesTRAC 500
< TRAC 510
< 1f 4 CCLBLE PRECISICA VERSICH CF ThiS RCLYIRE 1S CESIRED, THE TRAC 520
4 C IN CCLLFMN 1 SFCLLC EE RESCVEC FRCF THE COUBLE PRECISION TRAC 530
[4 STATEFENT wHICH FCLLCHS . TRAC 540
[4 TRAC 550
(4 CCLeLE FRECISICA RJC TRAC 560
4 TRAC ST0
C THE € PLST ALST €E REPGVEC FRCP DCLELE PRECISICA STATEMENTS TRAC 580
[4 APPEARING IN CTHER RCUTINES LSED TN CONJUNCTICN WiTH THIS TRAC 590
C RCLTIME. TRAC 600
[4 TRAC 610
C eessescsmsasan seccane ....‘...-.........-.......................TGAC 620
[4 TRAC 630
Fr=v TRAC 640
L=< TRAC 650
CC 1CC I=het TRAC 660
i=tel TRAC 670
1CC CLIdsRIL) TRAC 680
k=C TRAC 690
C TRAC 700
C TEST wHETHER [-TH E1CEAVALLE IS GREATER TRAC 710
C TrAMN CR ECLAL ¥C TFHE CCASTANTY TRAC 720
C TRAC 730
CC LI1C I=1.F TRAC 740
IFCCCEI-COND 12C, 1CE. 15 TRAC 750
1CE M=Kkel TRAC 760
11C CCiN=CLRd/Er TRAC 170
C TRAC 780
C CCPPLTE CLPLLATIVE FERCENTACE CF EIGENVALLES TRAC 790
C TRAC R00
12C CC 12C 1s2.% TRAC 810
12¢ CUly=celdectl-12 TRAC 820
GETLRA TRAC 80
ErC 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.
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i VY

i =1, 2, ..., mare variables

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

k=m

LOAD

........ 9etseceeccrctrtcssrnctastaccecscecsscccnenssasssesccascaslUAD
LCAD

SLEFCLTIME LCAC L040
LOAD

FLRFCSE LGAD
CCPPUTE A FACTCR MATRIX (LGACING) FROM EIGENVALUES AND LOAD
ASSCCIATEC EICENVECTCRS. THIS SUBRCLYINE NORFALLY OCCURS LOAD

In 4 SECLENCE CF CALLS 1C SLBRCUTINES CORRE, EIGEN, TRACE, LCAD
LC#Ce ANC VARMX IN THE PERFGRMANCE CF A FACTCOR ANALYSIS. LOAD
LOAD

LSACE Lcao
CALL LCAC (MekoRyV) LCAD
LOAD

CESCRIPTICN CF PARAMETERS LCAD
[ - NUMEBER CF VARIAELES. L0AD

L - AUPBER (F FACTORS. K MUST BE GREATER THAN OR ECUAL LCAD

TC 1 ANC LESS THAN CR ECUAL TC M. LGAD

L = A FPATRIX (SYMMETRIC ANC STCREC IN CCMPRESSED FCRM LOAD
®ITH CALY LPPER TRIANGLE @Y CCLUMN IN CORE) CON- LCAD

TAINING EIGENVALLES IN CIAGCNAL. EIGENVALUES ARE  LCAD

ARRONCEL IN OESCENCING CRDER, AND FIRST K LCAD
EICENVALUES ARE LSEC BY THIS SUBRCUTINE. THE CROER LOAD
CF PATRIX R IS P @Y M. ONLY Me(Me1)/2 ELENENTS ARE LOAD
IN STCRAGE. (STCRACE MCCE CF 1) LGAD
®EEN THIS SUBRCLYINE IS CALLEC, MATRIX V (M X M) LCAD
CONTAINS EIGENVECTCRS COLUMNWISE. UPCN RETURNING TOLGCAD
THE CALLING PRCCRAM, MATRIX V CONTAIAS A FACTCR LoAD

PATRIX (¥ X K)o LCAD

LOAD

FEMAHKS LCAD
[Y4.¥4 LCAD

LCAD

SLERCLTINES AANC FLACTIGN SUBFRCCRAMS REQUIRED LcaD
ACAE LGAD

LOAD

HETHCE LCaD
ACRP2LIZEL EICENVECTORS ARE CCAVERTED TO THE FACTOR PATTERN LCAD

BY PULVIPLYING THE ELEMENTS OF EACH VECTOR 8Y THE SQUARE LaAD

ECCT CF THE CCRRESPONDINCG E1GENVALUE, LCAD

LCAD

................. 4eeccecsasectsesacssescnststcsscscsnsaanaansnansLOAD
LOAD

SLEFCLTINE LCAL (FoKoRoV) LOAD
CIFERSICN R{1Dowil} LGAD
LCAD

“eecactetactasctcittecceccsrecsratccscranarerscacacnacsssccscaslCAD

LGAD
1F 2 CCLELE PRECISICN VERSICAN CF THIS ROLTINE 1S CESIRED, THE LCAD

C IN CCLLPN | SHCLLD BE REFCVED FRCM THE DOUBLE PRECISION LOAD
STATEFEAT wrICH FCLLCWS. LCAD
LoAD

CCLELE FRECISICA Rov,eSC LCAD
LCAD

THE C PLST ALSC EE REMOVEC FRCM UCUBLE PRECISIGA STATEMEATS LCao
APFPEAFING IN CTHER ROLTINES LSED IN CCAJLACTICN WITH THIS LGAD
ACLTINE. LCAD
LcaD

THE CCLBLE PRECISICA VERSICA CF THIS SUBRCUTINE PLST ALSC LCAD
CCATZIA CCLEBLE PRECISICA FCRIRAN FUNCTICAS. SGRT IN STATEMENT LCAD
L15C PLST BE CHANGEL 1O CSCRT. LCAD
Lcao

....... D R N <7 1]
LCAD

L=C LCAD
dd=C LCAD
CC 16C o=l4k LCAD
sdedded LGAD
$C= SCRT{R(JID) LCAD
€C 1€C I=1.r LCAD
L=L+l LCAD
WiLh=SCeviL) LCAD
FETULRN LCAD
ENC LCA0
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Subroutine VARMX

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

f 2\ 2 222‘(

2
2 IZ ) 2 f

]
is a maximum, where i = 1,2, ..., m are variables,
j =1, 2, ..., k are factors, a;; 1is the loading for
the ith variable on the jtP factor, and h¥ is the
communality of the ith variable defined below.

1)

Communalities:
k
2 2
h = E . 2
i al] (2)
i=1

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

Normalized factor matrix:

(3)

§
[¢]
~
®
-
]

i]

2 2 Z
m). b2. -(22 b2 m2
i

where ¢ = 1, 2, ... (iteration cycle)

Convergence test:

-7

¥ vV -V = 10 (5)

c c-1
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
(bj;) at atime. 1 with 2, 1with 3, ... , 1 with k,
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:

_ - _ _
1N % Y

X y . cos¢ -sin¢ _ X Y

2 "2 [smd) cosp 2 2} (9
X ¥y X Y

m. m m m
L. — L. e

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,

(@) Calculation of NUM and DEN:

Doty 5wy

i

B = 2 E X Vs

i

A

c = Z[(xi+yi) (x; -y + 2% yi]

i

[(Xi + yi) (Xi - yi) - 2%, yi]

o)
]

4D 6 ry) Y)Y @
i

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) = €*, go to (b3) below
(NUM + DEN) < €, skipto the next rotation

* ¢ is a small tolerance factor.

(1)

(b2)

(b3)

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

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

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

If tan 46 = €, calculate:

NTroZ., (9)
cos46 =1 1+ tan 46

sindf® = tan46 - cos4b (10)
and go to (c) below.
ctn46 = |NUM|/|DEN] (11)

If ctn4f < e, set cos46 = 0 and
sin4® = 1. Go to (c) below.

If ctn46 = €, calculate:

2
sin4® = 1/V1 +ctn 46 (12)
cos4f = ctndf * sin46 (13)
and go to (c) below.

Set cos4f = sin4 = (\[2)/2 and go
to (c) below.

(c) Determining cos6 and sind:

cos26

sin26

cosf

sinf

\’ (1 + cos48)/2 (14)

= sin460/2cos26 (15)
= /(1 + cos20)/2 (16)
= sin26/2cos? (17)

(d) Determining cos® and sing:

(d1)

If DEN is positive, set

cos¢p = cosb (18)

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

If DEN is negative, calculate

2 2
co = — 0 —— sinf
s¢ 5 cosf + 5 sin (20)
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(dz2)

2
6 - —— siné
cos 5~ sin

sin¢ = — (1)
and go to (d2) below,

. If NUM is positive, set ‘
cos¢ = Icos¢ l (22)
sing = | sing | (23)
and go to (e) below.
If NUM is negative, set
cosd = lcosqs, (24)
sing = -|sing | (25)

(e) Rotation:

where i

Il

X, cos¢ + ¥; sing

xi sing + yj cos¢

=12, ..., m

(26)

(27

After one cycle of k(k - 1)/2 rotations is completed,
the subroutine goes back to calculate the variance
for the factor matrix by equation (4),

Denormalization:
aij = bij : hi
where i = 1,2, ..., m
i=1,2,...,k

Check on communalities:

k
2
Final communalities fi =
i=1
2
Difference di = hi -
where i = 1, 2, ..., m
58  Statistics--Factor Analysis

(28)

2
29
a, j (29)
¢ (30)

C vAk® 10
[4 R R R R R D A AR D R LR T PPN 7 LT B T+
[ VARM 30
C SLEFCLTINE veRwX VARF 4O
< VARM 50
C FLEFCSE VARM 60
C FEFFCRF CRTFCCONAL RCTATICAS CF & FACICR WATRIX, THIS VAR® 70
[4 SLERCLTINE RCRMALLY CCCLRS (A 4 SECLENCE CF CALLS 10 Sus-~ VARM 80
[ RCLTINES CCRRE, ELGEN, THACE, LCAC, VAREX IN TrE PERFCRMANCEVARM 93
[4 CF 4 FACTICR ANALYSIS, VARM 10D
[4 VARK L t0
c LSACE VaRK 120
< CaLL vARPX (FokoAyNCoTY b oF L, [ERD VARM 130
c - VARM 140
[ CESCFIFTICA CF PARAMETERS VARM 150
c 4 = ALFEEK CF VARIAELES ANC ALPRER OF RCHS CF WATRIX A. vaaw 160
< 3 = AMLMCcER CF FACTCRS, VAR¥ 170
C ] = IMELT IS THE CRICINAL FACICK WATRIX, ANC OLTPLT 15 varw 180
[ THE RCTATEC FACTCR MATR(X, THE CKCER CF MATRIX & VAR 199
4 s v xx, i VARM 200
c L1 = CLYPLT VARIABLE CCNTAINING THE KUFEER CF ITERATICN vaRrRM 210
< CYCLES PERFCRIMEL, VARM 220
[4 Ty T CLYPLT VECTCR CCMTALNING THE VARIANCE CF THE FACTOR VAKM 230
< FATRIX FCR EACH TTERATICA CYCLE. THE VARIANCE PRICRVARM 240
[4 VC Trt FIRST ITEFATICN CYCLE IS ALSG CALCULATED. VARM 259
[4 JEIS PEANS THAT ACel VARIANCES AKE STCRED IN VECTCR VARM 260
C Ve  PAXIPLM ALFEER OF ITERATICN CYCLES ALLOWEC IN VARM 270
[4 THIS SLERCLYINE 1S 50, THEREFCRE, THE LENGTH CF VARM 280
[4 VECTCR 1v IS s1. VARM 290
< 4 = CLIPLT VECTOR CF LENGTE ¥ CCATAINIAG TeE CRIGINAL VAR~ 300
[+ COPPUNALITIES, VARM 310
4 £ - CUTFLT VECTCR CF LENGTH # CCNTAINING THE FINAL VARM 320
[ COPPUNALITIES, VAR 3310
< C = CLTPLY VECTGR CF LENGTH F CCATAINING THE CIFFERENCESVARM 340
< CETWEEN THE CRIGCINAL ANO FINAL CCMNULNALITIES. VARM 350
C 1EF = €RRCR INCICATCR VARM 351
[4 TER=C - AC ERRCR VARV 352
[4 TER=1 - CONVERCENCE WAS NCT ACHIEVED IN SO CYCLES  VARNM 353
[4 CF RCTATICA VARF 354
[ VAR® 360
< REFARKS VARM 370
9 If VARIANCE CCPPUTEL AFTER EACH [TERATIGN CYCLE DCES ACY VARNM 380
4 INCREASE FCR FCLR SLCCESSIVE TIWES, THE SLBKCLTINE STCPS VARF 390
C RCIATICA, VARM 400
< VARF 410
[4 SLERCLTINES ANC FUACTICA SLEPRCCRAMS RECUIREC VARY 420
C [14.Y4 VARM 430
[4 VARM 440
4 PETRCC VARY 450
C KAISER®S VARIPAX RCTATICA AS DESCHIBEC IN *COMPUTER PRCGRAM VARN 460
< FCK vARIPAX RCIATICN IN FACTCR ANALYSIS® @Y THE SANE AUTHOR,VARY 470
4 ECLCATICAAL ANC PSYCHCLCGICAL MEASUREMENT, VCL XIX, NC. 3,  VARM 480
C 1555, VARM 490
[4 VARM 500
C R S D e 7Y Y 510
[4 VARM 520
SLERCLTINE VARPX (FoKoAoACoTV b oF O, IER) VARM 530
CIPEASICN ALT)oTViLduHI1)(FLL1D,C(1) VARM 540

C VARM 550
C esescencanas A R R s 7 LU TY) )
C VARM 570
[4 I1F # CCUBLE PRECISICN VERSICA CF ThIS ROUTINE IS CESIREC, THE VARW 580
[4 € IN CCLUKN 1 SHCULC BE REMCVED FRON THE DOUBLE PRECISICH VARM 590
4 VARM 600
[4 CCUBLE FRECISICMN A"\'Nof.c"\Ll'CDNS'AI'I!'CCcDUvU-UvB,COSi'. VARN 610
[ 1 SINGT, TANAT,SINPoCOSPCTNAT,COS2T  SIN2T,COST,SINTVARN 620
[4 VARM 630
[4 THE C PUST ALSC BE REFOVED FRCH DCUBLE PRECISION STATEMENTS VARN 640
(4 APPEARING IN CTHER ROUTINES LSED A CCNJUNCTION WITH THIS VARM 650
C RCLTINE. VARM 660
c VARNM 670
[ THE LCLELE PRECISICN VERSICA CF THIS SUBRCUTINE PLST ALSC VARM 680
(4 COATAIN CCUBLE PRECISION FCRTRAN FURCTIONS. SQRT IN STATEMENTSVARM 690
< 112+ 2SG, 230, 35C, AND 35% MLST BE CHANGED TQ CSCRT. ABS IN VARM 100
4 STATEPENTS 2€C, 32C, ANC 375 FUST BE CHANGEC TG CABS. VARM T10
[4 VARM 720
[4 R R R R R 'Y T IR £
[4 VARM 740
4 INITIZL 02T BCA VARN 750
[4 VARM 760
I€R=C VARM 761
EFS=C.CCl1¢ VARM 770
IviT=C.C VARN T80
Li=sk=-] VARM 790

Av=] VARM 800

AC=C VARM 810

Fhay VARM 820
FER=FAIEN VARM 830
CCAS=C.ICT1CEE VARM 840

[4 VARN 850
[+ CALCLLATE CRIGINAL CCMMULNALIVIES VARM 860
¢ VARK 870
CC 1IC Intyr VARN 880
FId=C.C VARN 890

£C 10C J=1.x VARM 900
Lereti~1)el VARM 910

11C FClI=r(LheaqL)oa(L) VARM 920

c VARM 930
4 CALCLLATE NCRMALIZEC FACTOR MATRIX VARM 940
C VARN 950
CC 12C Is1.¥ VARK 960

S +UIds SCRYLRITNY VARM 970
€C 12C J=l.x VARM 980
Lerea(y-1ie] VARM 990

16C 20Ldep (L brr (1) VARP 1000
[ S | Y 1 VARMLO10

I VARM10320
C CALLLLATE VARIANCE FCR FALTCK MATRIX VARM1010
4 VAR 1049
13C Myshye] VARM10S50
WLTeTV(ry-1) VAR¥1060

122 TwinvisC.C vaR® 1970
£C 15C yelok VAR~ 1080
VARMI0S0
EEs(C.C varw1100
Le=pa( -1y VARMIL10

CC 14C dx1,r VARK1120
L=tes} VARM 1130
CCodtL)ercr) VARML140
#hsbbeCC VakrLLS0

14C E€=t@eCoCC vakr1160
1EC IVAMNI=VVINV )@ (FAOEE-AADAA) /F N VARMIIT0
IF(NV-21006C, 08¢, 155 VARM1180

155 1EH=] varvll18]
€C 1C 43¢ VARMI187

< VARML190
4 FERFLRP (CAVERGENCE TEST VAR¥1200
C VARM1210



aAnen

[a¥aXal

[ XakaXal

[aXaXal

o Xakal

Y Xal

ann LXaXal

fa¥aXa)

aXa¥a)

1eC TECLTVIAVI=ToLTI-E1at-T)) 17C, 1T7C, 1s0

11c

1sc

N
w
~

w
»
w

27C
27e
36C
25C

41C
42¢

“6C
«7C

ACenCed
16 (AC-2) 1SC. 1SCy 42C

FCTATICA CF TuC FACTCHS CCATIMLES WP 1C

THe STATEFEAT L12C.

€C 42C w=lolL
Li=zre(y-1)
iisdel

CALCLLATE ALP ANC CEA

LC 42C Kl=ll.x
Leebelkl-1)

$42C.C

cesC.C

C=C.C

LC=C.C

CC 23C f=1er

La=tlel

L4=L2¢l1
L-(‘(l?)‘lllill'(‘(ll)—‘llil)
T=4(L2)00(L4)

T=Te1
CC=CColLeTdolL-T)
CLeCLez.CoLed

saxAdeL

€g=geT
VeCC-2.COMAREL/FN
PaCC-(FR0AP-CCoREI/FN

CCPFARISCA CF ALK ANL TN

1FLT-8) cEC. 24C, 22C
IE(CT+E)-EFS) 42C, 25C, 25C

ALP ¢ CEN IS CREATER THAN CR ECLAL
TCLERAMCE FACTCR

LCS4taClAS
SINGTsCCAS
cC 1C 25¢C

ALP LS LESS THAN CEN

1aNat= ABS(TD/ 2ES(E)
IF(VANGT-EPS) 3CCo 25C, 290
CCSaleloC/ SCMTL1.CoTANGTOTANGT)
SENGT=TARATOCCSAT

€L 1C 2scC

1F(E) 21C, 42C, 42C

SINF=CONS

CLSFaCOnS

€L 1C 4CC

AP IS GREFTER THAN CEN

CTAGTs PESUTZED

TE(LINGT-EPS) 24C, 23C, 23C
SinaT=1.C/ SCRT(1.CoCINGTRCTNGT)
CCS4T=CINGTOSINGT

¢C 1C 25C

CCSal=C.C

SIN4T=1.C

CETERPINE CCS THEVA ANC SIN THETA

CCSzT= SCRTEL(1.C4CCS4T)/2.CH
SINZT=SINAT/ (2. CO0CCS2T)
CLSTe SERI(EN.COCCSZTI/2.C)
SINTeSIMZT/LZ.COCCST)

CETERPINE C(CS FHI ARC SIN Fri

1E(R) 27C, 27C, 2¢C

CCSP=CCST

SINFaSINT

€C 1C 26€C
CCSFaCCMSOCCSTOCTNSPSINT

SinfP= BESACCASOCCST-CONSOSINTY
JFLTE 3SCe 36C, 4CC
SINFs=SIMF

PERFCEN RCTATICN

€C 41C 1=1.¥

L2sL1el

Lé=tael
AA=A(L2)0CCSPeALLAISINP
AL&I=-1LIIOSINPOA[LA)SCOSP
AlL2)=4t

CCATIALE

€C 1C 12¢C

CENCEMALIZE VARIMAX LCACINGS

LC 44C §=1.*
€L 44C =loK
L=reid-liel
AlLisACLISHLTY

CHECK (N CCPPLAALITIES

AC=hv-1

CC 45C Q=1l.r
CXERELISSLIZ RN
CC 47C 1=1.¥
FLiy=C.C

CC 4€C J=leK
Lere(y-12el
FCII=FLIdeALLIOA(L)
Ctil=r(1I-F(1)
RETLRA

(134

1C THE

VARML220
VARNM1230
VARKL240
VARM1250
VARM1260
VARML2TO
VARM1280
VARK1290
VARM1300
VARMIZLO
VARM1320
VARM1330
VARML140
VARM1350
VARML3I6O
VARM13T0
YARM118D
VARM1390
VARM1400
VARM1410
VARM1420
VARP1430
VARM1440
VARML4S0
VARM1460
VARM14TO
VARM1480
VARY 1490
VAR¥1509
VARM1510
VARNLS20
VAR#1530
VARF1540
VARM1550
VARM1560
VARMLSTO
VARM1580
VARF1590
VARV1600
VARM1610
VARP1620
VARM1630
VARML64Q
VARF 1650
VARF1660
VARM16TO
VARM1680
VARMLE690
VARM1700
VAR¥1710
VARM1T20
VARM1730
VARM1T40
VAR¥ 1750
VARM1760
VARMLTITO
VAR¥1780
VARMLT90
VARP1800
VARM18L0
VAR®1820
VAR#1830
VARM1840
VARM1850
VARM1860
VvARN18T0
VARM]1880
VARV1890
VARK1900
VARMIOLO
VARM1920
VARM1930
VARML940
VARM1GSO
VARM1960
VARML9TO
VARM1980
VARML1990
VARNM2000
VARM2010
VARM2020
VAR®2030
VARNM2040
VAR®2050
VARKF2060
VARM2070
VARM2080
VARM2090
VARM2100
VARM2110
VARMZ2120
VARNM2130
VARM2140
VARM2150
VARM2169
VARM2170
VARMZ189
VARMP2190
VAR¥ 2200
VARM2210
VARM2220
VARM2230
VARM2240
VARM2250
VARP22€0
VARM2270
VARM2280
VAR®2290
vaR»2300
VARM231D
VARM2320
VAR®2330
VARM2340
VARM2350
VAR¥23460

Time Series (see Smoothing)

Subroutine AUTO

This subroutine calculates the antocovaria\hces for
lags 0, 1, 2, ..., (L-1), given a time series of
observations Ay, Ag, «..» A, and a number L.

n-j+1
-1 E -
Rj n-j+1 (A; - AVER) (Ai+j—1' AVER) (1)
i=1
n
1
where AVER =— A,
n i
i=1
n = number of observations in time
series A
j =1,2,3, ..., Lrepresent time

RO RANARCANANANONOAOAANNANOONNOD

one

50

160
11c

120

13C

lags 0, 1, 2, ..., (L-1

AUTO 10

......--..-.......--......-...c-......................-..........-AUYD 20

SUBRGUT INE AJTO

PURPUSE

1O FIND AUTOCUVARIANCES OF SERIES A FOR LAGS © T0 t-ie

USAGE
CALL AUTU (AeNsLoR)

DESCRIPTION OF P ARAMETERS
A

AUTC 30
AYTO 40
AUTO 50
AUTO  6C
AUTO 70
AUTO 8¢
AUTO 90

~ INPUT VECTOR OF LENGTH N CUNTAINING THE Tine SERIES AUTO 130
WHOSE AUTUCOVARIANCE IS DESIRED. AU

~ - LENGTH OF THE VECTOR A.
Y - AUTUCOVARLANCE IS CALCULATED FOR
-1,
3 - JUTAUT VECTOR OF LENGTH L CONTAINING
OF SERTES A~
REMARKS

THE LENGTH OF R IS UIFFERENT Faum THE LENGTH OF a.
1F NOT, REL) 1S SET TO ZERO AND RETURN AUTO 230
Ay

3k GREATER THAN L.

LAGS OF Oy Ly 2900.9AUTO 160
L")

10 170

AUTOCOVARIANCES AUTG 180

AUTO 190
AytQ 200
AYYO 210
N WUST  AUTO 220

IS MADE 1O THE CALLING PROGRAM. TO 240
AUTO 250

SUBROUTINSS AND FUNCTIUN SUBPROGRAMS REQUIRED ATO 260
WCNE AUTO 270

AUTO 280

METHOD AUTO 29¢C
DESCRIGED IN Rede BLACKNAN ANO J.We TUKEY, *THE MEASURMENT AUTG 330

OF POJER SPECTRA®, DOVER PUSLICATIONS INC.. NEW YORK, 1959. AUTO 310
AYTO 320

B R I LREETEIRELR ceccsscccccecsrsescesAUTO 330
AUTO 340

SUSROUT ENE AUTO (AsMelLoR) AUTO 350
OINENSION AtL)l AL AUTO 360
AUTO 370

CALCULATE AVERAGE OF TIME SERIES A AUTO 380
AUTO 390

AVER=C.C AUTO 400
TFEN-L) 50,5C,100 AUTO 410
R(11=0.C AUTO 420
RETURN AUTO 430
CO0 110 I=1l.N AUTO ¢40
AVER=AVER+ACI} AUTO 450
FN=N AUTO 460
AVER=AVER/FN AUTO 470
AUTO <80

CALCULATE AUTOCOVAR TANCES AUTU 490
AUTO 500

VO 130 J=let AUTO 510
NJ=N-Jel AUTO 520
SUM20.0 AUTO 530
DO 120 I=1.NJ AUTO 540
14=1+3-1 AUTO 55C
SUM=SUMe (ALTI-AVER) ®(ALTJ)-AVER) AUTO_560
FNI=NJ AUTO 570
REIJI=SUMFNI AUTO 580
KETURN AUTO 59C
END AUTO 600
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Subroutine CROSS

This subroutine calculates the cross covariances of
series B lagging and leading A, given two time
series A, Ag, ..., A, and B;, By, ..., B;1 and
given a number L.

1
where AVERA = Y A

60

(a) B lags A:

n-j+1
] E (Ai - AVERA) (Bi+j—l ~ AVERB)
i=1

1)

(b) B leads A:

n-j+1

1
z (Ai+j—l - AVERA) (Bj - AVERB)
i=1

(2

[
Il
-t
bde

n
1
AVERB 5y E 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)

Statistics--Time Series
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[aXa¥at

CROS

Ceseitctctenianaaaa D R DR o .1 1 3
CROS

SUoRJUT LNt CRISS CROS
CROS

PURPCSE CROS
TO FIND THE CROSSCOVARIANCES OF ScRIES A WITH SERIES B CROS
{WHILH LEADS AND LAGS A). CROS

' cRos

USAGE CROS
CALL CROSS (Ay8.NiLu®,S) CRCS
CROS

VESCRIPTION OF PARAMETERS CROS
a = INPUT VECTOR G+ LENGTH W CONTALNING FIRST TIME CROS
SERIES . CRrOS

8 = INPUT VECTUR OF LENGTH N CONTAINING SECOND TIME CROS
SERITES . CRUS

N =~ LENGTH OF SERIcS A AND B. CRos

L ~ CROSSCOVARIANCE IS CALCULATED FOR LAGS AND LEADS OF CROS

Os Ly 290000y L-1. CROS

K ~ OUTPUT VECTOR UF LENGTH L CONTAINING CROSSCOVARI- CROS
ANCES OF A WITH B, WHERE B LAGS A, CROS

S - QUTPUT VECTOR OF LENGTH L CINTAINING CROSSCOVARI- CROS
ANCES OF A WITH B, WHERE B LEADS A. CROS

CROS

REMARKS CROS
N MUST BE GREATER THAN L. [F nOT, R(L) AND S(1) ARE SET TG CROS
ZERD AND RETURN IS MADE.TO THE CALLING PROGRAM. CROS
CROS

SUYBROUTINES ANO FUNCTION SUBPROGRAMS REQUIRED CROs
NONE CROS
CROS

METHOD CROS

OESCRIBED IN R.B. BLACKMAN ANO J.W- TUKEY, °THE MEASURMENT CROS
OF POWER SPECTRA', DOVER PUBLICATIGNS INC., NEW YORK, 1959. CROS

CROS
DR Y 13
CROS

SUBRUUT IWE CROSS (AsByNyLeRyS? CROS
DIMENSION ACL),d(1),RE1),SC1D CROS
CROS

CALLULATE AVERAGES OF SERIES A ANO 8 CROS
CROS

FN=N CROS
AVERA=C .0 CROS
AVERS=0.0 CROS
[FIN-L150,5C,1C0 CROS
CROS

CROS

CROS

106 DO 1IC {=1,N CROS
AVERA=AVERA«A( [} CROS

11C AVERG=AVEKBB(I) CROS
AVERA=AVERA/FN CROS
AVERB=AVERB/FN CROS
e CROS

CALCULATE CROSSCOVARTANCES OF SERIES A AND 8 CROS
CROS

D0 13C J=1,tL CROS
Nd=N—J+1 CROS
SUMR=3.0 CROS
SUMS=0.0 CROS

00 120 [=1,NJ CROS
1J=1+J-1 CROS
SUMR=SUMR* (A1) -AVERAI*(B(1J)I-AVERB]) CROs

12C SUMS=SUMS+{A(EJ)-AVERAI*#(B( 1)-AVERB) CRos
FNJ=NJ CROS
R{JI=SUMR/FNJ CROS

130 S(J)=SUMS/FNJ CROS
RETURN CROS
END CROS

100

180
190
200
210
220
230
240
250
260
210
280
290
300
310
320
330
340
350
360
370
330
390
400
4«10
“20
430
440
450
460
470
480
490
500
510
520
530
540
550
560
s10
580
590
600
610
620
630
640
650
660
670
680

700
710



Subroutine SMO

This subroutine calculates the smoothed or filtered
series, given a time series Ay, Ag, ..., A}, 2
selection integer L, and a weighting series Wl’
Wo, «vvy Wppy-

m
R, = A - W, 1
i _5_ P j (1)
=1
where p=j+« L -L +k
k=1i-1IL+1
i =1IL to IH
o= L=l )
2
L (m-
I = __in__ﬂ (3)

=
i

2]
f

n

2

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

number of weights. Must be an odd
integer. (If m is an even integer, any
fraction resulting from the calculation
L (m-1)
of >
truncated. )

in (2) and (3) above will be

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.

RN NN N e N N Nl N o o N Y N KW N N R Y X akakakakaRatataRaatataka

coo

fa¥aXal

Lie

SUCROUT INE 3M)

PUSPOSE

TO SMOGTH Jk FILTER SerlES A 8Y WEIGHTS W.

USASE
CALL SMU (AN W MsLoR)

UESCRIPTIUN OF PARAMLTEKS

A - INPUT VECTOR OF LENGTH N CONTAINING TIME SERIES DATA.

W - LENGTH OF SERIES A
PR

4 - NUMBER UF ITEMS IN
INTEGER. (IF m IS
RESULTING FROM THE
aNL (2) BELOW WILL

INPUT VECFOR GF LENGTH M CONTAINING wEIGHTS,

WEIGHY VECTOR, M MUST BE AN COO
AN EVEN INTEGER, ANY FRACTION
CALCULATION OF (L*(M-1)1/2 IN 1)
8E TRUNCATED.!

SMU 10

SMU 20
SMC 30
SMO 40
SMO 50
SMO 60
SHO 70
SMO 8c
SMO 90
SMU 100
SMO 110
SHO 120
SMU 130
SMO 140
SKO 150
SMO  le0
SMO 170
SNO 180

190

o - SELECTIUN INTEGER. FOR EXAMPLE, L=12 MEANS THAT WEIGHTSSMO 200

ARE APPLIED TO EVERY 12-TH [TEM OF A. L=l APPLIES SMG 210

WEIGHTS TO SUCCESSIVE ITcMS OF A. FUR MONTHLY DATA, SMO 220

L=l¢ GIVES YEAR-TO-YEAR AVERAGES AND L=1 GIVES MONTH-TO-SMO 230

MUNTH AVCRAGES. SMO 240

R = QUTPUT VECTOR OF LENGTH N. FPOM IL TO IH ELEMENTS OF SMU 250

THe VECTOR R ARE FILLED WITH THE SMOOTHED SERIES AND SMC 260

OTHER ELEMENTS WITH ZEROs WHERE sMo 270

[L=(LOIN-131/2¢01 auuun Cereecenann ( sMO 280

IHEN=(L*(M=100/2 eevieiniancnnnns ) SMO 290

SMO 300

REMARKS SM0 310

N MUST BE GREATEK THAN OR EQUAL TO THE PRODUCT OF LeHM. SMO 320

SMO 330

SUBROUTENES AND FUNCTION SUBPROGRAMS KEQUIRED SMO 340

NUNE SMC 350

SMO 360

METHOO SMO 370

REFER TO THE ARTICLE *FORTRAN SUBROUTINES FOR TIME SERIES  SMO 380

ANALYSIS'y BY J. R. HEALY AND 8. P. BOGERT, COMMUNICATIONS SMO 390

UuF ACM, V.6, NO.1l, JANUARY, 1963. SMO  «CO

SMO 410

....... fetentessonecncentateottietiattettetesateastaarescansancsaaSHO 420

SHO 430

SUBRUUTINE SHO (AyNyW,M,L4R) SMO 440

DIMENSTON A{11+W(1)RELD SMD 450

SMO 460

INITIALEZATION SMO 470

SMO 480

00 110 I=1.N SMO 490

R(11=C.C SMO 500

TL=(Le(M-111/2¢1 SMO 510

IH=N-(L*(M-1)}/2 SMO 520

SMO 530

SMOOTH SERIES A 3Y WEIGHTS W SHO 540

SMD 550

DO 120 I=ILsIH SHG 560

K=I-1L+1 3M0 570

DO 12C J=L+M SMO 580

IP=(J*L)-L+K SMO 590

RULI=ROL)CALIPI®W () SMO 600

RETURN SMO0 610

END SHMO 620
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Subroutine EXSMO
SUBRGUT INE EXSMJ
This subroutine calculates a smoothed series Sy, PURPOSE
S2, ..., SNX, given time series Xy, Xg, ..+, 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, B, and C either
given by the user or provided automatically by the
subroutire (see below).

SIVEN ScRIES Xo

USAGE
CALL EXSMO (X eNXeAL9A¢8+CyS)

UESCRIPTIGN OF PARAMETERS
X

2ERO AND LESS THAN ONE.

CIENTS OF PREDICTION.

w
'

REMARKS
NUNE

METHOD

(a) Find Si for one period ahead:

S.=A+B+0.5C (1) PP. 140 TU 144,

i

L N N N N oy o N X a ks Xala ks R ata NN atatatatahalatatata e e e ta et ey

SUBRUUTINC EXSMU (X ¢NXKsALsA¢B,CyS)
OIMENSLON x{1),5€1)

(b) Update coefficients A, B, and C:

[aXaXa

[F(A) 140, 110, 140
3 110 IF(3) 140+ 12Ge 140
_ - 120 TF(C) 140, 130, 149
X. + (1-a) (Si X)) (2) 13C C=x{11-2.06x(2)+x(3)
1 1 8=X(2)-X(11-1.5%C
A=x{1)-B-0.58C

A

14G BE=1,0-AL
BECUB=3E®BE*BE

B=B+C-15 (az) (2-a) (8, -X) (3 ALCuB=ALeALeAL

D0 THE FULLOWING FOR I=1 TO NX

00 150 I=1,Nx

o060 acoa

FIND S(I) FOR ONE PERIDO AHEAD

C

S(I)=a+840.5%C

c- @ - %) @)

UPDATE COEFFICIENTS A, B, AND C

con

where a = smoothing constant specified by the user CIE=S(LI-X(1)
AxX(1)+BECUB*DIF

E=6+C-1.5%AL*AL*( 2. 0~AL ) «D[F

(0.0 < o < 1. O) 15C ;E#a::CUB‘DXF
END

If coefficients A, B, and C are not all zero (0.0),

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 -2X +X, ()]
— —-— - Le 6
B x2 x1 1.5C (6)
A=X1-B-0.SC ()
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TQ FINU THE TRIPLE EXPUNENTIAL SMOOTHED SERIES S OF THE \

- INPUT VECTOR OF LENGTH NX CONTAINING TIME SERIES
VATA WHICH IS TO BE EXPONENFIALLY SMOQTHED.
NX - THE NUMBER OF ELEMENTS (N X.
AL - SMUUTHING CUNSTANT, ALPHA.

AL MUSY HBE GREATER THAN

AyBsC - CUCFFICIENTS OF THE PRECICTION EQUATION WHERE S IS
PREDICTED T PERIODS HENCE BY
A+ BeT + CeT*T/2,
AS INPUT-- IF A=B=C=Ce PRUGRAM WILL PROVIDE INITIAL
VALUES. IF AT LEAST ONE OF A4B8,C IS NOT ZERQ,
PROGRAM WilLL TAKE GIVEN VALUES AS INITIAL VALUES.
AS OJTPUT-- AsBsC CONTAIN LATEST, UPDATED COEFFI-

OUTPUT VECTOR JF LENGTH NX CONTAINING TREPLE
EXPONENTIALLY SMOOTHED TIME SERIES.

SUBROUTINES AND FUNCTIUN SUBPROGRAMS REQUIRED
NONE

OF OISCRETE T Mt SERIES®'s PRENTICE-HALL, NoJ.s 1963,

IF A=B=C=C.0s GENERATE INITIAL VALUES OF A, B, AND C

EXSM

.............. R R Y 3 $ 1]

EXSH
EXSM
EXSH
EXSM
EXSM
EXSM
EXSM
EXSM
EXSM
EXSH
EXSH
EXSM
EXSM
EXSM
EXSH
EXSM
EXSM
EXSM
EXSM
EXSM
EXSM
EXSN
EXSNH
EXSM
EXSH
EXSN
EXSM
EXSM
EXSM
EXSM
EXSM
EXSH
EXSM
EXSM

REFER TO R. G. BROWN, *SMOQTHING, FORECASTING AND PREDICTIONEXSK

EXSH
EXSM
EXSH

360

380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
140



Nonparametric Statistics

Subroutine KOLMO

.

Given a sample of n independent and identically dis-
tributed random variables Xj, Xg, ..., X, with
continuous cumulative distribution function F(x),
this subroutine tests the difference in absolute value
between the empirical distribution F(x) and theo-
retical distribution F(x), using Kolmogorov-
Smirnov's limiting distribution.

For this purpose:

1. The order statistics {x(j)} are determined
from the set {x;} by sorting {x;}into a nondecreasing
sequence.

2. The empirical cumulative distribution function
Fp(x) is computed. This is the following step-func-
tion:

0 x<x(1)
Fn(x) = {(k/n X0 <x <X (k+1);k=1""n_1
1 X, <X

(n)

3. The maximum deviation Dn in absolute value
between the empirical and theoretical distribution
is computed:

D = Max
n

|F, 0 - F&)|
~00L K <O

Since F (x) and F(x) are nondecreasing functions,
the resﬁ‘lt is:

D = Max
n 1<ksn

|7, (% 1 = F [0l

D. is a random variable, and L(z) is the limiting
cumulative distribution function of nl/ 2 Dn:

lim Prob {n1/2 D, < z} =L(z)
n-+cw

4. Finally,
_ .1/2
Z = n Dn

and the probability of being freater than or equal
to the computed value of nl/2p

P=1- I(z)

are computed.

Generally, theoretical distribution functions are
to be included by the user, as specified in the pro-
gram. However, four functions are evaluated in
KOLMO, as follows: \

X

/ dF(t) = Fix) (1)

-

is evaluated at the points of the set {X(;}, where
F(x) is one of the following:

e The normal pdf with mean u and variance s2

e The exponential pdf with mean u and variance
2
s

e The Cauchy pdf with median u, and first quar-
tile s - u

e The uniform pdf with endpoints u and s

Any user-written pdf should evaluate (1) above,
using the parameters u and s at his convenience.
Instructions given in the program KOLMO should
be followed.

Lilliefors (1967) notes that eritical values de-
termined by this test are not correct when one or
more parameters are estimated from the sample.
The user should refer to his article for notes on
approximations which may be considered if such
estimates are used.

For references see:
(1) W. Feller, "On the Kolmogorov - Smirnov

limit theorems for empirical distributions",
Annals of Math. Stat., 19, pp. 177-189.

(2) N. Smirnov,y "Table for estimating the goodness
of fit of empirical distributions™, Annals of
Math, Stat., 19, pp. 279-281.

(3) R. Von Mises, Mathematical Theory of Prob-
ability and Statistics. Academic Press, New
York, 1964, pp. 490-493.

(4 B.V. Gnedenko, The Theory of Probability.
Chelsea Publishing Co., New York, 1962, pp.
384-401.

(5) H.W. Lilliefors, '""On the Kolmogorov-Smirnov
test for normality with mean and variance un-
known'', J.A.S. A., 62 (1967), pp. 399-402.

Statistics--Nonparametric Statistics 63
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wn
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(MO 10

.. e eeecaeeneccateateecsiaatseerteatnsatasstesasacssassesssessKLMO 20
KLMO 30

SUBKDUTINE KOLMO KLMOD 40
KLMD 50

PURPOSE KLMO 60
TESTS THE DIFFERENCE RETWEEN EMPIRICAL AND THEORETICAL KLMO 70
DISTFIRUTIUNS USING THE KOLMOGOROV-SMIRNGY TEST KLMO 80

KLMO 90

USAGE KLMO 100
CALL KMLMO(X Ny ZyPPNBIFCOD, U, S IERD KLKO 110

KLMO 120

OESCFIFTINN OF PARAMETEKS KLNO 130

x - INPUT VECTUR OF N INDEPENDENT OBSERVATIUNS. ON KLNO 140
RETURN FROM KOLMO, X HAS BEEN SORTED INTO A KLMO 150

MCNOTONIC NON-DECREASING SEQUENCE. KLMO 160

~ - NUM3ER OF CBSEFVATIONS IN X KLMO 170

z - QUTPUT VARIARLE CONTAINING THE GREATEST VALUE WITH  KLMO 180
RESPECT TN X OF SQRT(N)*LBS(FN(X)-F{X)} WHERE KLMO 190

F(X) IS A THEOPETICAL DISTRIBUTION FUNCTION AND KLMO 200

FN(X) AN EMPIFICAL DISTRIBUTION FUNCTION. KLMO 210

PROB ~ OUTPUT VARIABLE CONTAINING THZ PROBABILITY OF KLMO 220

THE STATISTIC BEING GREATER THAN OR EQUAL TO I IF KLMa 230

THE HYPOTHESIS THAT X 1S FROM THE DENSITY UNDER KLMO 240
CONSIDERATION IS TRUE. E.G.y PROB = 0.05 IMPLIES KLMO 250

THAT ONE CAN REJECT THE NULL HYPOTHESIS THAT THE SET KLMO 260

X IS FROM THE DENSITY UNDER CONSIDERATION WITH S PER KLMO 270

CENT PROBABILITY OF BEING INCORRECT. PROB = 1. - KLMG 280

SMIRN(Z). KLMO 290

IFCO0~ # CODE DENGTING THE PARTICULAR THEORETICAL KLMD 300
PROBABILITY DISTRIBUTICN FUNCTION BEING CONSIDERED. KLMO 310

= 1--—F{X) IS THE NORMAL POF. KLMO 320

= -F(X) IS THE EXPONENTIAL POF. KLMO 330

= ~FUX) 1S THE CAUCHY PDF. KLMO 340

= -£(X) 1S THE UNIFORM PDF. KLMO 350

= =F(X} 1S USER SUPPLIED. KLMO 360

u - WHEN IFCOD IS 1 OR 2, U IS THE MEAN DF THE DENSITY  KLMO 370
GIVEN ABOVE. KLMO 380

WHEN IFCOD IS 3, U IS THE MEDIAN OF THE CAUCHY KLMO 390

DENSITY. KLMO 400

WHEN IFCOD IS 4, U IS THE LEFT ENDPOINY OF THE KLMO 410

UNIFORM DENSITY. KLMO 420

WHEN IFCOD IS S, U IS USER SPECIFIED. KLMO 430

H - WHEN IFCOD IS I OR 2, S IS THE STANDARD DEVIATION OF KLMO 440
DENSITY GIVEN ABOVE, AND SHOULD BE POSITIVE. KLMO 450

WHEN IFCOD IS 3, U - S SPECIFIES THE FIRST QUARTILE KLMO 460

GF THE CAUCHY DENSITY. S SHOULD BE NDN-ZERO. KLMO 470

1F IFCOD {5 4, S IS THE RIGHT ENDPDINT OF THE UNIFORMKLMO 480

DENSITY. S SHOULD BE CREATER THAN U. KLMO 490

1F IFCON 1S S, S IS USER SPECIFIED. KLMO 500

1ER - ERROR INDICATOR WHICH IS NON-ZERO IF S VIOLATES ABOVEKLMO 510
CONVENTIONS. ON RETURN NO TEST HAS AEEN MADE, AND X KLMO S20

AND ¥ HAVE BEEN SORTED INTO MONGTONIC NON-DECREASING KLMO 530

SEQUENCES. [ER IS SET TO ZERD ON ENTRY TO KOLMO. KLNO 540

TER IS CURRENTLY SET TO ONE IF THE USER-SUPPLIED POF KLMO S50

IS REQUESTED FOR TESTING. THIS SHOULD BE CHANGED KLMO 560

(SEE REMARKS) WHEN SOME PDF 1S SUPPLIED BY THE USER. KLMO 570

KLMO 580

REMARKS KLNG 590

N SHOULD BE GREATER THAN OR EQUAL TO 100. (SEE THE KLMO 600
MATHEMATICAL DESCRIPTION GIVEN FOR THE PROGRAM SMIAN, KLNO 610
CONCERNING ASYMPTOTIC FORMULAE} ALSO, PROBAEILITY LEVELS  KLMO 620
DETERMINED BY THIS PROGRAM WILL NOT B8E CORRECT IF THE KLMD 630

SAME SAMPLES ARE USED TO ESTIMATE PARAMETERS FOR THE KLNO 640
CONTINUQUS DISTRIAUTIONS WHICH ARE USED IN THIS TEST. KLMO 650

(SEE THE MATHEMATICAL DESCRIPTION FOR THIS PROGRAW) KLNO 660

FUX) SHOULD BE A CONTINUOUS FUNCTION. XLMO 670

ANY USER SUPPLIED CUMULATIVE PROBABILITY DISTRIBUTION KLMO 680
FUNCTION SHOULD 9€ CUDED BEGINNING WITH STATEMENT 26 BELOW, KLMO 690

AND SHOULD RETURN TO STATEMENT 27. KLMO 700

KLMO T1O

OOUBLE PRECISION USAGE—--IT IS DOUBTFUL THAT THE USER WILL KLMO 720

WISH TO PERFORM THIS TEST USINS DOUBLE PRECISION ACCURACY. KLMO 730

1F ONE WISHES TO COMMUNICATE W{TH KOLNO IN A DOUBLE KLMD 740
PRECISION PROGRAM, HE SHOULD CALL THE FORTRAN SUPPLIED KLMO 750
PROGRAM SNGL{X) PRICR TO CALLING KCLMO, AND CALL THE KLMO 760
FORTRAN SUPPLIED PROGRAM DBLE(X) AFTER EXITING FROM KGLMO. KLMO 770

(NOTE THAT SUBRCUTINE SAIRN DOES MAVE DOUBLE PRECISION XLMO 780
CAPABILITY AS SUPPLIED BY THIS PACKAGE.) KLMO 790

KLMC 800

KLMO 810

SUBROUTINES ANO FUNCTION SUBPRGGRAMS REQUIREC KLMO 820
SMIRN, NDTR, ANC ANY USER SUPPLIED SUBROUTINES REQUIRED. KLMO 830

KLMC 840

METHCD KLMO 850
FCR REFERENCF, SEE (1) W. FELLER--ON THE KCLMOGOROV-SMIRNOV KLMO 860
LIMIT THEDRENS FOR EMPIRICAL DISTRIBUTIONS-- KLMO 870
ANNALS OF MATH. STAT., 19, 1948. 177-189, KLKC 880

(2) M. SHIRNOV--TABLE FOR ESTIMATING THE GCCDMESS OF FIT XLMO 890

OF EMPIRICAL DISTRIBUTIONS--ANNALS OF MATH. STAT., 19, KLMO 900

1946.  279-281. KLMO 910

€3) R. VON MISES--MATHEMATICAL THEORY OF PROBABILITY AND KLND 920
STATISTICS--ACADEMIC PRESS, NEW YORK. 1964. 490-493, KLMO 930

(4) B.V. GNEDENKO--T4E THEORY OF PROBABILITY--CHELSEA KLMD 940
PUBLISHING CCGMPANY, NEW YORK, 1962. 384-401. KLMD 950

KLMO 960

B R PR (Y 1L
KLMD 980

SUBROUTINE KOLMG (X 4Ny ZyPROB, IFCOD UL S, 1EP) KLMO 990
DIMENSION X{1} KLM0E000
KLMO1010

NON DECREASING OROERING OF X(I)'S (DUBY METhOD) KL#01020
KLMO1030

1ER=0 KLMO1040
D0 5 1=2.N KLMOLOS0
TEOXCII=X{T-101145,5 KLMO1060
TEMP=X{1) XLMO1070
tM=1-1 KLMO1080
D0 3 J=1,1% KLMD1090
L=1-J K{MO1100
IF(TEMP-X(L) 124406 KLMO1110
X(Le1)=XIL) KLMO1120
CONTINUE KLMDL130
X(1)=TEMP KLMOI 140
GO TG 5 KLMOL150
X(L+1)=TEMP KLMO1160
CONT ENUE KLMO1170
XLMO1180

COMPUTES MAXIMUM DEVIATION DN IN ABSOLUTE VALUS BETWEEN KLM01190
EMPIRTCAL AND THECRETICAL DISTRIBUTIONS KLMO1200
KLMO1210

NM1=N-1 KLMO1220
KLKO1230

KLMO1240

KLMO1250

KLMO1260

T=1t. w41 KLMO1270
KLMO1280

TE(X(J)-X(J+1b10, 1,9 XLMOL290

Statistics--Nonparametric Statistics
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17
18
19
20
21
22

23
24

25
26

2

~

28

~
o

CCONT INUF

S
FS=FLNAT(J) /XN
IELIFCOD-2110,13,17

(F(SI11, 11,12
TER=1

G0 Y0 29

2 =tX¢J4)-uiss

CALL NOTR(Z,Y,0}
60 10 27
IFISItL, 1,14
I=(X(J)-U)/S+1.0
1F(2)15,15, 14

¥=0,0

GO 10 27
Y=1.-EXP(-¢)

GO 10 27
IF(IFC00-4)18,20,26

IF(S119,11,19

Y=ATAN({X(J)1-U)/$1%0.3183099+0.5

GO YO 27
IF(S-Ur11. 21,21

IFIX(3)-U122,22,23
¥=0.0

G0 To 27
IFIX(J1-5125,25,2¢4
¥=1.0

GO 10 27
Y=(X(J)-U1/(S-0)
GO 1O 27

1ER=1

GO TO 29
EI=ABS(Y-F1I)
ES=ABS(Y-FS)

DN=AMAX]1{DN,EI,ES)
[FOIL-NY6,8,28

COMPUTES Z=DN*SQRT(N)

Z=DNSSQRT (XN}

CALL SMIRN(Z2,PROB)
PROB=1.0-PROSB
RETURN

END

AND

PROBABILICY

KLMO1300
KLMO1310
KLMO1320
KLMO1330
KLMO1 340
KLMO1350
KLMOL360
KLMO1370
KLMO1380
KLMO1390
KLMO1 400
KLMO1410
KLMOl420
KLMO1430
KLMO1440
KLMO1450
KLMOL 460
KLMO1470
KLMOL480
KLMO1490
KLMOL500
KLMO1510
KLMOL1S520
KLMO1530
KLMOL 540
KLMO1550
KLMOL1560
KLMO1570
KLMO1580
KLMO1590
KLMOL600
KLMOl610
KL{MD1620
KLMO1630
KLMO1640
KLMO165C
KLMO1660
KLMOL6TO
KLMOL680
KLMO1690
KLMO1700
KLMO1710
KLMO1720
KLMOL T30
KLMOLT740
KLMO1750



Subroutine KOLM2

Given a sample of ni.i.d. (independent and identi-

cally distributed) random variables X, and a sample

of m i.i.d. random variables Y, this subroutine
tests the difference between the two empirical dis-
tribution functions Fp(x) and Gy, (y) using
Kolmogorov-Smirnov's limiting distribution. For
this purpose:

1. The sets X and Y are sorted into the ordered
sets {X(j) }and {Y(;)}, which are nondecreasing se-

quences.
9. The empirical cumulative distribution func-
tions Fn(x) for the set X, and Gy, (y) for the set Y

are computed. For example,

0 X< X

0]

k/n x,. < x<Xx ; k=1,..,n-1

F = ) (k+1)

~ 1 X < X

(n) .

3. The maximum difference in absolute value
between the two sample distribution functions is

computed:

D = n:(axy [F @ - G |

The sm'cistic\/;r];?—‘.%1 D, p is 2 random variable
with limiting cumulative distribution function
L(z), which is described under ""Subroutine
SMIRN" in this manual. That is,

lim Prob{,/22 D <z} -L@
m,n

m,n - e s ®

4. Finally, the probability (asymptotic) of the

statistic /L. Dy, p being not less than it.;s com-
puted value, under the assumption of equality of
the two theoretical distribution functions from
which X and Y were taken, is computed:

P =1- L(z)
For reference see:
(1) W. Feller, "On the Kolmogorov-Smirnov limit

theorems for empirical distributions', Annals
of Math. Stat., 19, pp. 177-189.
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(3) B. V. Gnedenko, The Theory of Probability.

Chelsea Publishing Co. New York, 1962, pp.
384-401.
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SUERQUI INE KULM2

PURPCSE

TESTS THE DIFFEREMCE BETWEEN TWD SAMPLE DISTRIEUTION
FUNCTICMS USING THE KOLMCGOROV-SMERNOV TEST

USAGE
CALL KOLM2(X,Y4N,M,Z,PRCE)

DESCRIPYION OF PARAMETERS
X

- INPUT VECTCk OF N INDEPENDENT OBSEPVATICNS.

RETURN FROM KOLM2, X KAS BEEN SORTED INTO A

MONOTONTC NON-DFCREASING SEQUENCE.

INPUT VECTOR NF M INUDEPENOENT CBSERVATIONS.

RETURN FRCM KDLM2, Y HAS BEEN SORTED INTO A

MONGTONIC NON-DFCFELSING SEQUENCE.

NUMSCR OF CBSERVATIONS IN X

NUMRER OF DBSERVATIONS IN Y

~ OQUTPUT VARIABLE CONTAINING THE GREATEST VALUE WITH
RESPECT TO THE SPECTFUM OF X AND Y DF
SQRT(UMEN]/(MeN) I *ABSIFNIX)-GMIY)}) WHERE

<
'

~NEZ
'

FNIX) IS THE EMPIRICAL OISTRIBUTION FUMCTION OF THE

SET (X) AND GM(Y) 1S THE EMPIRICAL DISTRIBUTION
FUNCTION OF THE SET (Y).
PROS - DUTPUT VARIABLE CONTAINING THE PROBABILITY OF

THE STATISTIC BEING GREATER THAN OR EQUAL TG Z IF
THE HYPOTHESIS THAT X AND Y ARE FROM THE SAME POF IS
TRUE. FE.G., PROB= 0.05 IMPLIES THAT ONE CAN REJECT
THE NULL HYPOTHESIS THAT THE SETS X AND Y ARE FROM
THE SAME DENSITY WITH S PER CENT PRCBABILITY OF BEINGKLM2 340

INCORRECT, PROB = 1.

REMARKS

N ANO M SHOULD BE GREATER THAN OR EQUAL TO 100.

THE

MATHEMATTCAL DESCRIPTICON FOR THIS SUBROUTINE AND FDR THE

SUSRIUTINE SMIRN, CONCERNING ASYMPTOTIC FORMULAED.

DOUBLE PRECISION USAGE---1T IS DOUBTFUL THAT THE USER WILL
WISH TO PERFORM THIS TEST USING DOUBLE PRECISION ACCURACY.

IF ONE WISHES TO COMMUNICATE WITH KOLM2 IN A DOUBLE
PRECISION PROGRAM, HE SHOULD CALL THE FORTRAN SUPPLIED
PROGRAM SNGL{X) PRIOR YO CALLING KOLM2, AND CALL THE

FORTRAN SUPPLIED PROGRAM DBLE(X) AFTER EXITING FROM KOLM2.

(NOTE THAT SUBROUTINE SMIRN OUOES HAVE DOUBLE PKECISION
CAPABILITY AS SUPPLIED BY THIS PACKAGE.)

SUBROUTINES AND FUNCTIIN SUBPRCGRAMS REQUIRED

SMIRN

HETHOD

FOR REFERENCE. SEE (1) W. FELLER--ON THE KOLMOGOROV-SHMIRNOV

LIMIT THEOREMS FOR EMPIRICAL DISTRIBUTIONS--
ANNALS OF MATH. STAT., 19, 1948.

{2) N. SMIFNOV--TABLE FOR ESTIMATING THE GOODNESS OF Fir

OF EMPIRICAL DISTRIBUTIONS--ANNALS OF MATH. STAT., 19,

19648. 279-281.

{3) R. VON MISES--MATHEMATICAL THEORY OF PROBABILITY AND

STATISTICS--ACADEMIC PRESS, NEW YORK, 1964,
(4} B.V. GNEDENKO-—-THE THEORY OF PROBABILITY-—CHELSEA
PUBLISHING COMPANY, NEW YORK, 1962.

SUBROUTINE XOLM2(X,Y,NsM,Z,PROBI
DIMENSION X(1).Y{12

SORT X INTO ASCENDING SEQUENCE

DO 5 1=2,N
TF(XCI)-XUI-103145+5
TEMP=X(1}

IM=1-1

00 3 J=1,I4

L=0-J
IF(YEMP—X(L)12+4,4
X{iel)=x(L}

CONT INUE

X(1)=TEWP

GQ 10 5
XUL+L)I=TEMP

CONT INUE

SCRT Y INTC ASCENDING SEQUENCE

DO 10 1=2,M
TFIY(I)=-Y(1-1}}6,10,10
TEMP=Y(1)

IM=1-1

00 8 J=1,IM
L=1-J
IF(TEMP-Y(L})T.9,9
YiL+1)=Y(L)

CONT INUE

Y(1)=TEMP

GO To 10
YL+ 1) =TEMP

CONT INUE

CALCULATE D = ABS{FN-GM) OVER THE SPECTRUM OF X AND Y

XN=FLOAT(N)
XNL=1./¥N
XM=FLCAT (M)
XMl=1./xM
0=0.0

=0

Statistics--Nonparametric Statistics

(2) N. Smirnov, "Table for estimating the goodness
of fit of empirical distributions', Annals of

Math. Stat., 19, pp. 279-281.

KLMZ 10
KLMz 20
KLM2 30
KLM2 40
KLM2 50
KLM2 60
KLM2 10
KL“2 80
KiM2Z 90
KLM2 100
KLM2 110
KL42 120
KL%2 130
KLM2 140
KLMZ 150
KLMZ 160
KLM2 170
KLMZ 180
KLM2 190
KLM2 200
KLM2 210
KLu42 220
KLM2 230
KLM2 240
KLM2 250
KLMZ 260
KLM2 270
KiLM2 280
KLM2 290
KL%2 300
Kim2 310
KLM2 320
KLM2 330

KL#2 350
KLM2 360
KL42 370
KLMZ 380
KLM2 390
KLM2 400
KLM2 410
K{M2 420
KLM2 430
KLMZ 440
KLM2 450
KLM2 460
KLM2Z 470
KLM2 480
KLM2 490
KLMZ 500
KLK2 $10
KLM2 520
KLM2 530
KLM2 540
KLMZ 550
KLM2 $60
KLM2 ST70
KLM2 580
KLM2 590
KLM2 600
KLMZ 610
KLM2 620
KLM2 630
KLMZ 640
KLM2 650
KLM2 660
KLM2 670
KLM2 680
KLM2 690
KL#2 700
KLM2 710
KLMZ 720
KLM2 730
KLM2 740
KLM2 750
KLM2 760
KLM2 770
KLYMZ 780
KLM2 790
KLH2 800
KLMZ 810
KLM2 820
KLM2 830
KLHM2 840
KLM2 850
KLMZ 860
KL#2 870
KLM2 880
KLM2 890
KLM2 900
KLM2 910
KLM2 920
KLM2 930
KLM2 940
KLM2 950

KLM2 960
KLMZ S70
KiM2 980
KLM2 990
KL421000
KLMZ21010
KLM21020
KLH21030
KLM21040
KLM21050
KLM21060
KLM21070
KLM21080
KLM21090
KLM21100
KLM21110
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11
12

13
14

15
16

17

13
20

J=0

K=0

1=0
TFEXUTeL)-Y(Je1}D12,13,18
K=1

GO 1N 14

k=0

=11

TFOI-N)15.21.21
TFEXCI+L1-X(T 14, 14,16
IF(KILT, 18,17

CHOOSFE THE MAXIMUM DItFERENCE, O

D=AMAXTUD ABSCFLOATC L F#XNL-FLDAT (J) #XM1))
1F(L122,11,22

RENESE

1FI-MI19,20,20

TFAY (1) -Y 04119, 18,17

L=1

60 1N 17

Lt=1

GO 10 t6

CALCULATE THE STATISTIC 7
Z=D%SQRT ((XN®XM} /(XN¢XM) )

CALCULATE THE PROBABILITY ASSOCIATED WEYH 2
CALL SMIRN(Z,PPOM)
PROB=1.0-PROB

RETURN
END

Statistics--Nonparametric Statistics

KLM21120
KLM21130
KLM21140
KLM21t50
KLM21160
KLM21170
KLM21180
KLM21190
KLM21200
KimM21210
KLM21220
KLM21230
KLM21240
KLM21250
KLM21260
KLM21270
KLM21280
KLN21290
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KLM21320
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KLM21400
KLM21610
KLM21470
KLM21430
KLMZ1440
KLM21450

Subroutine SMIRN

This subroutine computes the values of Kolmogorov-
Smirnov's limiting distribution for a given argu-
ment x.

0 X<0
L) = (1)
1-2 3 ) exp -2 x>0
k=1

L(x) is the limit (Kolmogorov) of the cumulative
distribution function of ./n D_, and of (Smirnov)
1/2 2
[mn/(m+n) ] Dy, Where:

D, is the maximum, over all x, of the difference
| Fp(x) - F(x)] between the sample distribution
function F,,(x) and the continuous theoretical dis-
tribution function F(x), and

Dm,n is the maximum, over all x, of the
difference between the two sample distribution
functions F,(x) and G,(X), from two independent
samples of sizes m and n.

When x is very small, the series (1) converges
slowly, but, using Jacobi's Theta-functions
8 5(u,t) and 64(u,t):

Bz(u, t)=2 ). exp [iw(k+1/2)2t] cos [(2k+1)u ]
k=0

6, =1-23 1" exp (i7k%) cos (2ku)
k=0

and using the Jacobi imaginary transformation

/2

|
64 0,t) = (~it) 9 0, -1/t

it follows that:
2
Lix) =86, (0, 2ix /m)

= (V/2n/x) Y, exp [—(2k~1)2 n2 /8x2]
k=1

which converges quickly when x is small. The
computation here uses, with errors Ej (x), i=1, 2:



(0 X < 0,27
3 2 2, 2

(V/21/x) Y exp [-(2k-1)"7"/8x"] +
k=1

E (x); 0.27<x<1.0

L (x)=<

4 k-1 2 2
1-2 3 (1) "exp(-2k x) +E,(x)

' 1.0 £x<3.1

! 3.1 <sx <

where:

E1 xX) <6 (10_15) when x <1

E2 (x) < 10—20 when x 2 1

For reference see:

(1) E. T. Whittaker and G. N. Watson, A Course of
Modern Analysis. Cambridge University Press,
Cambridge, England, 1952, pp. 462-476.

(2) W. Feller, "On the Kolmogorov-Smirnov limit
theorems for empirical distributions", Annals of
Math. Stat. 19, pp. 177-189.

3) N. Smirnov, "Table for estimating the goodness
of fit of empirical distributions'', Annals of
Math. Stat. 19, pp. 279-281.
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SPiR 10

GeeseaccesestcsciecetsracavesctccssssstcssesecsvascassnccsccacseasSNIR 20

SLERCLTINE SMIRM

FLUEFCSE
CCPFUTES VALUES OF THE LIVIVING CISTRIBUTICA FLAC'!ON FCR
THE KCLPCGCRCV-SMIRNCY STATISTIC.

LSACE
CALL SPIRN{R,Y)

CE‘(ll'll(l Cf PARAPETERS
- THE ARGLMENT OF THE SMIRN FLACTION
V - THE RESLLTANT SMIRA FUNCTICA VALUE

FEPAFKS
¥ IS SET TC ZERC IF X 1S ACT GREATER THAN 0.27, ANC IS SET
TC CAE UF X IS AQT LESS THAN 3.1, ACCLRACY TESTS wERE PADE
REFERRIAG TC THE TABLE CIVEN IN ThE REFERENCE BELOW.
ThC ARGUFMENTS, X« 0.62, AAC X = 1.87 GAVE RESLLTS WHICH
CIFFER FRCM THE SMIRNCY TABLES BY 2.5 ANC 1.5 IN THE STH
CECIMAL FLACE. ALL CTHER RESULTS SHCWED SWALLER ERRORS,
AN ERRCR SPECIFICATICAS ARE GIVEN IN ThE ACCLRACY TAGLES
Ih THIS PANUAL. IN DCLELE FRECISICA PCOE, THESE SAME
BREUMENTS RESLLTEC IN CIFFEREACES FRCP TABLEC VALUES 8Y 3
ANC 2 IN THE ST CECIFAL PLACE. 17 IS NGTEC IN -

SMIR 30
SHIR 40
SMIR 50
SFIR 60
SYIR 70
s

SMIR 270 -

LINCGFEN (REFERENCE EELCR) ThAY FCR HIGH SIGALFICANCE LEVELSSMIR 280
(SAYe oCL ANC oC5) ASYMPICTIC FCRFULAS GIVE VALUES WHICH ARESMIR 290

TCC HiCH ( BY 1.5 PER CEAT WHEN N = 8C). TrAT IS, AT HIGH

SviIr 300

SICANIFICANCE LEVELS, THE FYPOTHESIS OF NO CIFFERENCE wiLL BESMIR 310

REJECTEC TGC SELCCM USING ASYNPTIQVEC FORMULAS.

SUBRCLTINES ANC FLACTION SLEPRCGRAPS RECLIRED
ACAE

PETHLC
THE METHCL IS CESCRIBEC €Y m. FELLER-CN THE XCLMOGCRGV-
SPIRACY LIMIT THECREMS FCR EMPIRICAL CISTRIBLVTICNS- ANNALS
CF PATF. STAT.e 1S5. 1548, 177-189, BY N. SMIRNOV--TABLE
FCR ESTIMATING THE GCCCAESS OF FIYT CF EMPIRICAL
CISTRIBLVICAS- ANAALS CF rATH. STAT.. 19, L1948, 279-281,
SNC GIVEMN IN LINDGREN, STATISTICAL THEORY, THE MACMILLAN
COPPANY, N. Yo, 19¢€2.

eecesecccecescesecistrsceestssenccsasnasascressssaccascansoansnanaSMIR

SLEACLTINE SPIRN(X,Y)
CCUBLE FRECISICA X,C1eC2,Q4¢CEyY

S*IR 320
S#IR 330
SMIR 340
SMIR 350
SMIR 360
SFMIR 370
S¥IR 380
S¥IR 390
SMIR 400
S¥IR 410
SFIR 420
SMIR 430
SHIR 440
SMIR 450

SHIR 470
S¥IR 480
SHMIR 490
SrIr 500

IF A CCLBLE FRECISECA VERSICA CF THIS RCUVINE IS CESIRED, THE CSMIR 510

IA CCLUMK CNE OF THE DOUBLE PRECISIOAN CARC ABOVE SHOULD BE
HEFCVEC. ANC THE { IN COLULFN CAE CF THE STATEMENTS KUMBERED
[4 2, C Se ANC C 8 SHCLLL BE REMCVECe AND IMESE CARCS
SHCLLE REPLACE THE STATEMEATS AUPBEREBG 3, S+ ANC
RESFECTIVELY. ALL RCLTINES CALLING TWIS ROUVINE 'uS' ALSC
FRCVILE CCLEBLE PRECISIGN ARGLVENTS TL THIS RCUTINE.

SMIR 520
S¥IR 530
SMIR 540
SHIR 550
SHIR 560
SMIR 570
S*IR 580

4escecescsescsacasssesatacescsctasascssasssccsscncascssccssnscacsacsSMIR 560

IF(X— o272 8ele2

y=C.C

¢ s

JFIX-1.C)20¢4¢
ClsEXF(~1.2321C1/X002)
Cl=CEXF(-1.2227CC55C136170/x292)
CZ=CieCl

C4=C29C2

CE=CqeC4

TF(C8-1.CE-25)4,5,5

Ce=C.C

V= {2.5CL€28/2)9C 0 (1. .CoCEo(1.CeCE2QR)}
Yo (2.5CEE28274€31COL/X)*QL2(1.CCC+CB9(1.C00+CBCE))
€C 1C S

TFUX=2.0)€el0

¥sl.C

€C ¥C S

Cl=ExFl-Z.Coxex)
LA=CEXF{-2.CCCoxox)

Cz=C1eC1

C4=C029C2

Ce=C4v(4
YaleC-2.C0(CL-CaeCeoir1-CEN)
FETLRA

EnC
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SFMIR 600
SKIR 610
SMIR 620
SFIR 630
SMIR 640
SMIR 650
SVFIR 660
SMIR 670
SMIR 680
SFIR 690
Swir 700
SMIR T10
S¥IR 720
S¥IR 730
SHIR 740
SFIR 750
SHIR 760
SMIR TT0
S¥iR 780
S¥IR 790
SMIR 800
SMIR 810
SVIR 820
SMIR 830
SKIR 840
SFIR 850
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Subroutine CHISQ

This subroutine calculates degrees of freedom and
‘chi-square for a given contingency table A of ob-
served frequencies with n rows (conditions) and m
columns (groups). The degrees of freedom are:

d.f. = -1 (m - 1 1)

If one or more cells contain an expected value less
than 1.0, chi-square will be computed, but the error
code will be set to one.

The following totals are computed:

m
T, = E Aij; i=1,2,..., n(row totals) @)

1
i=1
n
T = A j=1,2, ..., m(column totals)
J 1]
i=1 @)
n
GT = E Ti (grand total) 4
i=1

Chi-square is obtained for two cases.

(a) For 2 x 2 table:

AjgBog ~ A8y ot 2
2 or "2
X =
+
Ayt A Ay PANA  FA, DA, T4, )

)

(b) For other contingency tables:

2
2 =i i Elﬁ—_i (6)
i=1 j=1

1]

T.T,
1)
GT

where E =
1

i=1,2, ..., n

i=1L2,...,
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CHIS 1o

erecresctaatanaan P reeteciecitiittettateenctteetataatnsanseeaaCHIS 20

SUSROUT INE CHISQ

PURPOSE
COMPUTE CHI-SQUARE FROM A CONTINGENCY TABLE .

USAGE
CALL CHISQUAyNsM,CSyNOFy TERRS TR, TC)

OcSCRIPTION OF PARAMETERS
A — INPUT MATRIX, N BY M, CONTAINING CONTINGENCY TABLE
N - NUMBER OF ROWS IN A
L} — NUMBER OF COLUMNS IN A
cs ~ CHI-SQUARE (QUTPUT)

NOF NUMBER OF DEGREES OF FREEUUM {ouTpuT)
LERR ERROR CODE (QUTPUT)
0 - NOKMAL CASE
1 - EXPECTED VALUE IS LESS THAN 1.0 IN ONE OR
MORE CELLS
3 - NUMBER UF DEGREES OF FREEDOM IS ZERQO
TR — WORK VECTOR DF LENGTH N
TC - WORK VECTOR OF LENGTH M
REMARKS

IF ONE OR MORE CELLS CUNTAIN AN EXPECTED VALUE (1.E.,
THEQRETICAL VALUE) LESS THAN 1.0, CHI-SQUARE WILL BE
COMPUTEDs BUT ERROR CODE WILL BE SET TO 1.

SEE REFERENCE GIVEN BELOW.

CHI-SQUARE IS SET TO ZERO IF EITHER N OR M IS ONE (ERROR
COOE 3.

SUBROUT INES AND FUNCTION SUBPROGRAMS REQUIRED
NONE

METHOD
DESCRIBED IN S. SIEGEL, *NONPARAMETRIC STATISTICS FOR THE
BEHAVIORAL SCIENCES', MCGRAW-HILL, NEW YORK, 1956,
CHAPTER 6 AND CHAPTER 8.

CHIS 30
CHIS 40
CHIS S0
CHIS 60
CHIS 70
CHIS 80
CHIS 90
CHIS 100
CHIS 110
CHIS 120
CHIS 130
CHIS 140
CHIS 150
CHIS 160
CHIS 170
CHIS 180
CHIS 190
CHIS 200
CHIS 210
CHIS 220
CHIS 230

CHIS 290

CHIS 340
CHIS 350
CHIS 360
CHIS 370
CHIS 380
CHIS 390
CHIS <00
CHIS 410

e eesets ettt ittt tttateetancsesitesasectrtecnnacasceesssCHIS 420

SUBROUT INE CHISQ{A+NsMyCSoNDF, IERR, TR, TC}
DIMENSEION Al1}4TR{1},7C(1)

NM=NeM
LERR=0
€5=0.0

FIND DEGREES OF FREEDUM

NDF=(N-1)%(M-1)

1FINDF} 5,5,10
5 1ERR=3

RETURN

CUMPUTE TOTALS OF ROWS

10 DO 90 I=1,N
TRE11=0.0
1y=1-N
D0 90 J=1,M
LJ=1J+N

90 TRII)=TR{II+A(IJ)

COMPUTE TOTALS OF COLUMNS

14=0
DO 100 J=1+M
TCtJ)=0.0
D0 100 I=1N
1d=1J+1

100 TC(Jr=TClI)+alLd)

COMPUTE GRAND TOTAL
GT=0.0
00 11C I=1,N
L1C GT=GT+TR(I)
CUMPUTE CHI SQUARE FCR 2 BY 2 TABLE (SPECIAL CASE)

IF(NM-4) 130+4120,130C
120 CS=GU*(ABSEA(LI*A(41-A(2)*A13))-GT/2.0)%%2 /(TCLLI*TC(2)%TRIL)

L*TR(2))
RETURN
CUMPUTE CHI SQUARE FGR OTHER CONTINGENCY TABLES
130 1J=0
D0 140 J=1l.M
D0 14C 1=1,N
1y=19+1
E=TROIV*TCLUM/GT
IF(E-1.0) 135, 140, 14C
L35 IERR=1
140 CS=CS+(A(LJI-EI*(ALLJ)-E)/E
RETURN
END

CHIS 430

CHIS 480

CHIS 590
CHIS 600
CHIS 610
CHIS 620
CHIS 630
CHIS 640
CHIS 650
CHIS 660
CHIS 670
CHIS 680
CHIS 690
CHIS 700
CHIS T10
CHIS 720
CHIES 730
CHIS 740
CHIS 750
CHIS 760
CHIS 770
CHIS 780
CHIS 790
CHIS 8CO0
CHIS 810
CHIS 820
CHIS 830
CHIS 840
CHIS 850
CHIS 860
CHIS 870
CHIS 880
CHIS 890
CHIS 900
CHIS 910
CHIS 920
CHIS 930
CHIS 940
CHiS 950
CHIS 960
CHIS 970
CHIS 980
CHIS 990
CHIS1000



Subroutine KRANK

The subroutine computes the Kendall rank correla-
tion coefficient, given two vectors of n observations
for two variables, A and B. The observations on
each variable are ranked from 1 to n. Tied obser-
vations are assigned the average of the tied ranks.
Ranks are sorted in sequence of variable A.

A correction factor for ties is obtained:

T
a

T

=E%—y— for variable A

@)

=Zt—(£2_—1)— for variable B

where t = number of observations tied for a given

rank

The Kendall rank correlation coefficient is then
computed for the following two cases:

(a) if T, and T} are zero,

S

1
2n (n-1)

where n = number of ranks

(2

S = total score calculated for ranks in vari-

able B by selecting each rank in turn,
adding 1 for each larger rank to its
right, subtracting 1 for each smaller
rank to its right

(b) if T, and/or Ty are not zero,

T

S

1 1
Zn@-n-T,  [on@-1-Ty

The standard deviation is calculated:

2(2n+5)
9n(n-1)

3

)

(5)
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KRAN

.-.-.q---.......‘........---.............-.......c.--;..¢.-.......KRAN

SUBRUUT INL KRANK

PJURPOSE

TEST CLRRELATION BETWECN TWO VARIABLES BY MEANS OF KENDALL

RANK CORRELATION COcFFICIENT
A
USAGE
CALL KRANK(A,BeR¢NoTAUySDsZsNR)

DESCRIFTION OF PARAMETERS
A - INPUT VECTOR UF N DBSERVATIONS FOR FIRST VARIAGLE

8 - INPUT VECTOR OF N OB8SERVATIUMS FOR SECOND VARIASLE

R - QUTPUT VECTOR OF RANKEU DATA OF LENGTH 2#N. SMALLEST
OBSEKVATIUN IS RANKED 1+ LARGEST IS RANKED N. TIES
ARE ASSIGNED AVERAGE UF TIED RANKS.

N - NUMbER OF OBSERVATIUNS

TAU - KENOALL RANK CORRELATION COEFFICIENT (OUTPUT)

SD - STANDARD DEVIATIUN (OUTPUT)

z - TEST OF SIGNIFICANCE OF TAU EN TERMS OF NORMAL
DISTRIBUTIUN (QUTPUT}

NR - CUUEs O FUR UNRANKED DATA IN A AND B, | FOR RANKED
DATA IN A AND & (INPUT)

REMARKS

SD ANU I ARE SET TO ZERO IF N IS LESS THAN TEN

SUBRGUT INES AND FUNCTION SUBPROGRAMS REQUIRED
RANK
TIE

METHCO
DESCRIBED IN S. SIEGEL.
BEHAVIORAL SCIENCES®, MCGRAW-HILL+ NEW YURK, 19564
CHAPTER 9

R T LR R R R P R R R R

SUBRGUT INE KRANK(A¢B/R/N,TAU,SD¢Z4NR)
DIMENSION ACL),B{1}eR(1D

$0=0.0
1=0.0
EN=N
FNL=N*(N-1)

DETERMINE WHETHER DATA 1S RANKED
IF(NR-11 5, 10, 5

KANK DATA IN A AND B VECTORS AND ASSIGN TIED OBSERVATIONS
AVERAGE OF TItD RANKS

CALL_RANK (AJRsN)

CALL RANK (ByR(N+11,N)

GO TO 4C

MOVE RANKED DATA TG R VECTOR

D0 20 I=l,N
RCI}=A(DD
DO 30 I=1s+N
J=1eN
REJI=BL1

SORT RANK VECTOR R IN SEQUENCE OF VARIABLE A

1SORT=0

00 50 1=24N
IF(ROII-RUI-1)) 45:50+50
ISORT=1SORT+1
RSAVE=R(I)
RELI=R{I-1)
REI-1)=RSAVE
12=0+N

SAVER=R(12)
REI2)=R012-1)
REI2-1)=SAVER
CONTINUVE

IF(ISURT) 40955440

COMPUTE S ON VARIABLE B. STARTING WITH THE FIRST RANK, ADD 1

SNONPARAMETRIC STATISTICS FOR THE

KRAN
KRAN
LRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN

eseecsccsecenscassenraas . KRAN

KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN

480
490
500
510
520
530
540
550
560

KRAN 570

KRAN
KRAN
KRAN
KRAK
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
ARAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN

TO S FOR EACH LARGER RANK TO [TS RIGHT AND SUBTRACT 1 FOR EACH KRAN

SMALLER RANK. REPEAT FUR ALL RANKS.
§=0.C
NM=N-1
00 60 [=1,NM
JEN+]
00 6C L=1.N
K=N+L
IFIR(KI-RIJE) 5646Cy57
s=5-1.0
GO TO 60
S=5¢1.0
CONTINJE
CUMPUTE TIED SCORE INDEX FOR BUTH VARIABLES
KT=2
CALL TIELRINeKTsTA}
CALL TIEQRIN+1)4N.KT,Td)

CuUMPUTE TAU

LF{TA) 70465,72

TF(TB) 7C,67,7C

TAU=S/{C.5*FNL)

GG TO 8C
TAU=S/{(SQRT(C.5¢FNI-TA))I*(SQRTIO.5¢FN1-TB) I

CUMPJUTE STANDAAD DEVIATIGN AND Z 1f N IS 1C OR LARGER

TE(N-121 9C,65,565
SD=(SIRTU(2.Co8(FN*FNs5.CII/(3.0%FNLI})
2=TAU/>50

RETUKN

END
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KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN
KRAN

580
590
600
610
620
630
640
650
660
670

910
920
930
940
950
960
970
980
990

KRANLQOO
KRANLO10
KRANLO20
KRAN10O30
KRANLG 40
KRANLOS50
KRANLO6O
KRANLOT0
KRAN1080
KRAN1D90
KRANL100
KRANL110
KRANL120
KRANL130
KRANL 140

KRANL[50

KRAN1 160
KRANI170
KRANL130
KRANL190
KRAN12CC
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Subroutine MPAIR

This subroutine performs the Wilcoxon matched-
pairs signed-ranks test, given two vectors of n ob-
servations of matched samples. The computational
steps are as follows:

1. For each matched pair, determine the signed
difference (dj) between the two scores.

2. Rank these d's without respect to sign, I
doing so, (a) disregard those d's equal to zero (0),
and (b) with tied d's, assign the average of the tied
ranks,

3. Affix to each rank the sign (+ or -) of the d in
step 1 above,

4. Compute T =the sum of positive ranks or the
sum of negative ranks, whichever is smaller.

5. Compute mean:

- K(K+1)

m 1

where K =the total number of d's which are not
zero (0).
6. Compute standard deviation:

-1 [K(K+1) (2K+1)
o= 24

7. Compute Z:

(2)

7z =1 U
g

(3)

Z is approximately normally distributed with zero
mean and unit variance.

8. Compute the probability, p, associated with
the value as extreme as Z by the subroutine NDTR.
Note: p is the probability for a one-tailed test;
thus for a two-tailed test, the user should

double the value of p.

For reference see:

(1) S. Siegel, Nonparametric Statistics for the
Behavioral Sciences, McGraw-Hill, New York,
1956, chapter 5.

(2) F. Wilcoxon, Some Rapid Approximate Sta-
tistical Procedures, American Cyanamid Co.,
Stamford, Conn., 1949,
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“PAL 10

............................................................... .. MPAL 20
MPAL 30

SUBROUTINE MPAIR MPAL 40
MOAT 50

PURPDGE MPAT 60
PERFORM THE WILCOXON MATCHED-2AIRS SIGNED-RANKS TEST, GIVEN MPA[ T0

THO VECTORS OF N OBSERVATIONS OF THE MATCHED SAMPLES. MPAL 80

uPATL 90

USAGE “PAT 100
CALL MPALK (N AeBoKo T Z,P DE L 1E) MPAL 110

MPAT 120

DESCRIPTION OF PARAMETERS MPAI 130

N - NUMBER 0OF OBSERVATIONS [N THE VECTORS A AND B MPAT 140

A - INPUT VECTOR OF LENGYH N CONTAINING DATA FROM THE FIPST MPAL 150
SAMPLE MPAT 160

8 - INPUT VECTOR OF LENGTH N CONTAINING DATA FROM THE SECONDMPAT 170
SAMPLE MPAL 180

K - DUTPUT VARIABLE CONTAINING THE NUMBER OF PAIRS OF THE MPALI 190
MATCHED SAMPLES WHOSE DIFFERENCES ARE NON ZERD (0) MPAT 200

T - OUTPUT VARIABLE CONTAINING THE SUM OF THE RANKS OF PLUS MPAT 210

OR MINUS OTFFERENCES, WHICHEVER (S SMALLER MPAL 220

1 - VALUE OF THE STANDARDIZED NORMAL SCORE COMPUTED FOR THE MPAI 230
WILCOXON MATCHED-PAIRS SIGNEO-RANKS TEST MPAT 240

P - COMPUTED PRORABILITY OF OBTAINING A VALUE OF Z AS MPAT 250
EXTREME AS THE ONE FOUND 8Y THE TEST MPAL 260

O - WORKING VECTOR OF LENGTH N MPAL 270

E - WORKING VECTOR OF LENGTH N MPAT 280

L - WORKING VECTOR OF LENGTH N MPAT 290

IE- 1y IF SAMPLES A AND B ARE [DENTICAL. MPAI 300

O OTHERWISE. IF [Exl, THEN T=P=0, AND 2=-10%¢15 MPAT 310

MPAI 320

REMARKS MPAI 330
THE COMPUTED PROBABILTY IS FOR A ONE-TAILED TEST. MPAT 340
MULTIPLYING P 8Y 2 WILL GIVE THE VALUE FOR A TWD-TAILED MPAL 350

TEST. MPAT 360

MPAL 370

SUBROUTINES AND FUNCTEONS SUBPROGRAMS REQUIRED MPAI 380
RANK MPAI 390

NDTR MPAL 400

MPAT 410

METHOD MPAI 420
REFER TO DIXON AND MASSEY, AN INTRODUCTION TO STATISTICAL  MPAI 430
ANALYSIS (MC GRAW-HILL, 1957) MPAL 440

MPAL 450

eeeeteretecseeratneratterttessainnan eeesesaenn cateccctscnaasesas  MPAT 460
MPAT 470

SUBROUTINE MPAIR (NyA43,KeT4ZyP Dy EqL,IE) MPAL 480
MPAL 490

DIMENSION AU12,8(1)40(L).ECLI,LIL) MPAI 500
MPAT 510

1€=0 MPAL 520
K=N MPAT S30
MPAL 540

FIND DIFFERENCES OF MATCHED-PAIRS MPAL 550
MPAT 560

81G=0.0 MPAL STO
D0 55 I=1,N HPAL 580
DIF=ACI)-B(I) MPAT 590
IF(DIF} 10, 20, 30 MPAL 600
MPAT 610

DIFFERENCE HAS A NEGATIVE SIGN (-) HPAI 620
MPAT 630

L=l MPAL 640
GO TO 40 MPAL 650
MPAL 660

DIFFERENCE IS ZERO (0) MPAL 670
MPAI 680

Li1)=2 MPAT 690
K=K—-1 MPAI TOO
GO TO 40 MPAL T10
MPAL T20

DIFFERENCE HAS A POSITIVE SIGN (+) MPAT T30
MPAL T40

=3 MPAL 750
MPAI T60

DIF= ABS(DIF) ®PAT 770
IF(BIG-DIF) 45, SO, 50 HPAL T80
BIG=DIF MPAL 790
0(1)1=0IF MPAL 800
MPAT 810

CONT INUE MPAI 820
[F(K) 57,57,59 MPAL 830
TE=1 MPAT 840
1=0.0 MPAT 850
I=-1.0€75 NPAT 860
Pa0 MPALl 870
GO TN 100 MPAI 880
MPAL 890

STORE A LARGE VALUE IN PLACE OF O DIFFERENCE IN ORDER TO HPAT 900
ASSIGN A LARGE RANK (LARGER THAN K1, SO THAT ABSOLUTE VALUES MPAL 910
OF SIGNED DIFFERENCES WILL BE PRNOPERLY RANKED MPAT 920
MPAL 930

BIG=B1G6*2.0 MPAL 940
00 65 I=L,N KPAL 950
I€(LIT)-2) 65, 60, 65 MPAT 960
D{1)=8BIG MPAI 970
CONTINUE HPAL 980
MPAI 990

CALL RANK (DyE4N) MPA[1000
MPAT1010

FIND SUMS OF RANKS OF (+) DIFFERENCES AND (-) DIFFERENCES MPAT1020
MPAT1030

SUMP=0.0 MPAT1040
SUMM=0.0 MPAILO50
00 80 I=1,N MPAT1060
[F(L(I)-2} 70, 80, 75 MPAILOTO
SUMM=SUMM+E (1) MPATL080
GO 10 80 MPAL1090
SUMP=SUMP+E(T) MPAILL00
CONT INUE MPATILLO
MPAIL1120

SET 1 = SMALLER SUm MPAT1130
MPAIL140

[FISUMP-SUNY} 85, 85, 90 KPATLLSA
T=SuMp HPATL160
60 TO 95 MPALL1T0
T=SUMM MPATL180
MPATL190

COMPUTE MEAN, STANDARD DEVIATION. AND Z MPATL200
MPAIL210

FK=K MPAlL220
U=FK$(FK+1.0)/4.0 MPAT1230
S= SQRT((FK*{FK+1.01%(2.0¢FK+1,0}}/24.0) MPAL]260
I=(T-u1/s MPALL250
MPAT1260

CCMPUTE THE PROBABILITY OF A VALUE AS EXTREME AS 7 MPAI1270
MPAT1280

CALL NDTF (Z2.9,B1G) MPA[1290
MPA11300

RE TURN MPATL1310
END MPAI1320



Subroutine QTEST

This subroutine determines the Cochran Q-test

statistic, given a matrix A of dichotomous data with

n rows (sets) and m columns (groups).
Row and column totals are calculated:

..-.

E A'j (row totals)

where i=1,2,...,n

n
=3 A i (column totals)
=1

1,

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

The Cochran Q statistic is computed:

m 2

)
(m-1) [m > Gj— > Gj

)

(2

Q= i=1 f 3)

The degrees of freedom are:

d.f. =m-1 (4)

c QTES
C M eeeeesssenseaissescasstesstereteseanansassassssesttiitncearosseccsQUES
[ QiES
C SUORCUTINE QTEST QTES
C QTES
c PURPLSE QTES
[4 TEST WHETHE&k THREE OR MJRE MAICHEC GROUPS oF otcnoronous QTES
[4 DATA DIFFER SIGNIFICANTLY BY FHE COCHRAN Q-T QTES
C QTES
4 USAGE QTES
[4 CALL GTESTUA(NyM,QyNUF) QTES
c QrEs
[ DESC&[PYIDN OFf PARAMETERS QTES
[4 INPUT MATRIX: N BY M, OF DICHOYOMOUS DATA (O AND 1)  QTES
c « - NUMBER OF SETS IN EACH GROUP Qres
c - ~ NUMBER OF GKUUPS QreEs
[4 4 - COCHRAN Q STATISTIC (QUTPUT) QrES
c NOF - NUMBER OF OEGREES UF FRE£DOM (OUTPUT) ares
[ QTES
c REMARKS QTES
c M MUST BE THREE OR GREATER QTES
C QrEs
C SUBROUTINES ANG FUNCTION SUBPROGRAMS REQUIRED QrEs
[ NONE QTES
[ QTES
4 METHOD QrEs
[4 OESCRIBED IN S. SIEGEL, "NONPARAMETRIC STATISTICS FOR THE QTES
[4 JEHAVIORAL SCIENCES®y MCGRAW-HILL, NEW YORKe 1956, QTEs
[4 CHAPTER 7 QTES
[ QTES
C ..............-c-..........¢......................................OIES
C QTES
SUBRUUT IN: QTEST(A,N.H, Gy NOF) QVES
OIMENSION Al{l) QTES

c QVES
4 COMPUTE SUM OF SQUARES OF ROW TGTALS, RSQs AND GRAND TOTAL OF QTES
[4 ALL ELEMENTS, GO QUES
< QTES
Qres

QTES

QTES

QTES

QTES

QTES

QTES

QTES

QTES

e «su RSQeTRETR QTES

[ QTES
c CoMPUTE SUM OF SQUARES UF COLUMN TOTALS, CSG QUES
b Qres
CSG=0.0. QTES

1420 QTEsS

D0 40 J=1.M QrES
1C=0.6 QTes

00 3C 1=1+N QTES
1J=1J+1 QTES

3C TC=TC+ACId) QrES

4C CSQ=CSQ4TCHTC QrEs

[ QTES
[ CUMPUTE COCHRAN Q TEST VALUE QTES
¢ Qres
FM=M QrES
G=(FM-1.0)#(EMECSC-GO*GUY /( FMEGD-RST ) QrES

C QTES
< FIND DEGKEES OF  FREEDOM QTES
4 QUES
NOF=M-1 QUES
RETURN QTEesS

tND ’ QrEs

650
660
670
680
690
100

Subroutine RANK

o alaXakaXakatakatakaNaRataNalaRalataRa W e R oW e NN o W N o S o W ¥ o

[aXa¥a)

coo 0o

faXaXat

Ao coo aon coeo

faXa¥at

2¢

3

“

o

170

8¢
3C
19¢

cessestresrerrrassentans

SUBRCUT INE RANK A

PURPOSE
RANK A VECTOR OF VALUES

USAGE
CALL RANK(A,R (N}

DESCRIPTION JF PARAMcTERS
A - INPUT VECTOR OF N VALUES

R - QUTPUT VECTOR OF LENGTH N. SMALLEST VALUE IS RANKED 1.
LARGEST [S RANKED N. TItS ARE ASSIGNED AverasE UF TIED

RANKS
N - NUMBER OF VALUES

REMARKS
NONE

SUBRUUTINES AND FUNCTION SUBPROGRAMS REQUIRED
NONE

METHOOD

RANK

sessiesevesssstestessnssasacsascanccssn e, RANK

RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK

VECTUR I3 SEARCHEU FOR SUCCESSIVCLY LARGER ELEMENTS. IF TIESRANK

OCCUR, THEY ARE LOCATED ANO TruIR RANK VALUE COMPYTED.

FCR EXAMPLE, IF 2 VALUES ARE TIED FOR SIXTH RANK, THEY ARE

ASSIGNED A RANK OF 6.5 (=(647)/2)

SUBROUTINE RANK(A,R,N)
OIMENSICN ACL) RCL)

INITIALIZATION

DU 10 I=1+N
R(L1)=0.C

FIND RANK OF DATA
D0 100G I=1sN
TEST WHETHER DATA PGINT IS ALREAJY RANKED
IFEeel}) 2¢, 2C, 100
UATA PUINT TO BE RANKED
SMALL=2.0
EQUAL=0.0
x=atl)
00 50 J=1.0

IFLALJ)-X] 30, 4Cy SO
COUNT NUMBER UF DATA PUINTS wHICH ARE SMALLER

SMALL=SMALL+1.0
GO TG sC

CUUNT NUMBER OF DATA POINTS WHICH ARE EQUAL

EQUAL=EQUAL+L.0
k(J)=-1.0
CONTINJE

TEST FOR TIE
IF(EQUAL-1.C) 60y 00y TC
STORE KANK OF CATA PLINT wHERE NO TIE

REII=SMALL*L.0
GO Tu 1CO

CALLULATE RANK JF TIEC OATA POINTS

P=SMALL + (EQUAL + 1.01%C.5
V0 9C J=IN

1F(R(J¥+1.C) 9, 3C, 9C
R(JI=P

LONTINJE

CCONTINUE

KETURN

END

Statistics--Nonparametric Statistics

RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
RANK
KANK
RANK
RANK
RANK
RANK

260

290
300
310

330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
“80
430
500
310
520
530
540
550
560
570
580
590
600
610
620
530
640
650
660
670
680
690
100
710
720
730
740
750
760
770
740
790
8C0
410
820
830
840
d50
860

71



Subroutine SIGNT

This subroutine performs a sign test, given two
vectors of n observations of two matched samples.
The computational steps are as follows:

1. Find the sign of the difference between the two
numbers of each pair.

2. Find K =the number of pairs whose differ-
ences are not zero (0). Disregard those pairs
whose differences are zero (0).

3. Find M =the number of (+) differences or the
number of (-) differences, whichever is fewer.

4, If K is less than or equal to 25, the probability
associated with a value as small as the observed
value of M is given by the binomial distribution as:

1)

where P=Q =0.5

The equation (1) is rewritten to simplify the calcu-
lation as follows:

M
z G
p=i=02K( )

2)

If K is greater than 25, the probability is calculated
by the normal approximation to the binomial distri-
bution as follows:

3)

Mean:

Standard deviation: ¢ = \/ KPQ =-;— ‘/ K 4)

7 = (M+0.5) -
(o)

Value of Z: (5)

Then the probability, p, associated with the value as
extreme as Z is obtained by the subroutine NDTR.
Note: p computed by this subroutine is the prob-
T ability for a one-tailed test; thus for a
two-tailed test, the user should double
the value of p,
For reference see S. Siegel, Nonparametric
Statistics for the Behavioral Sciences, McGraw-Hill,
New York, 1956, chapter 5.
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SUBROUTINE SIGNT

PURPOSE
TO PERFORM A NON-PARAMETRIC SIGN TEST, GIVEN TWO SETS OF

use

DES!

REM

MATCHED OBSERVATIONS.

SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN

IT TESTS THE NULL HYPOTHESIS THAT THESIGN

DIFFERENCES BETWEEN EACH PAIR OF MATCHED OBSERVATIONS HAS A SIGN

MEDIAN EQUAL YO ZERO.

GE
CALL STIGNT (NsAyB.KeMyP,IF)

CRIPTION OF PARAMETERS

N — NUMBER OF OBSERVATIONS IN

A -
SAMPLE, A

8 -
SAMPLE, B

K — OUTPUT VARIABLE CONTAINING THE NUMBER OF PAIRS OF

SETS A AND 8

INPUT VECTOR OF LENGTH N CONTAINING DATA FROM THE FIRST

OBSERVATIONS FROM THE TWO SAMPLES WHOSE DIFFERENCES ARE

NON-ZERO

M - OUTPUT VARIABLE CONTAINING THE NUMBER OF PLUS OR MINUS

DIFFEFENCES, WHICHEVER IS

FEWER.

P - COMPUTED PROBABILITY DF AS FEW AS M NUMBER OF PAIRS
HAVING THE SAME SIGN, ASSUMING THAT THE SAMPLES CAME

FROM THE SAME POPULATION.

TE~ 0, IF THERE IS NO ERROR.
1, IF K IS ZERO.
M TO o0.

ARKS

IN THIS CASE, P IS SET TO 1.0 AND

IF K IS LESS THAN DR EQUAL TO 25, THE PROBABILITY WILL BE

COMPUTED USING THE BINOMIAL DISTRIBUTION.

THAN 2S, THE PROBABILITY WILL
APPROXIMATION TO THE BINOMIAL

P COMPUTED [S THE PROBABILITY FOR A ONE-TAILED TEST.

FOR A TWO TAILED TEST, DOUBLE

IF K IS GREATER

BE COMPUTED USING THE NORMAL

DISTRIBUTION.

THE VALUE FOR P.

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED

MET

NDTR

HOD

REFER TO DIXON AND MASSEY, INTRODUCTION YO STATISTICAL

ANALYSIS (MCGRAW-HILL, 1957},

SUBRDUTINE SIGNT (NsA(B K M P, IE)

DIMENS
DOUBLE

IND

1€=0
K=0
MPLUS=
MMINS=

TON AL1)48(1)
PRECISION FN,FD

TIALIZAYION

o
Q

FING (¢) OR (-) DIFFERENCE

D0 40
D=A(1)
1FL0?

-t
K=K+ 1
MMINS=
GO TO

(+)

K=K+ 1
MPLUSE

I=1,N

-8(1)

20, 40, 30
DIFFERENCE
MMINS+1

«0

DIFFERENCE

MPLUS+1

CONT INUE

IF(K)
IE=1
P=1.0
M=0
G0 To
FK=K

4le4l, 42

95

FIND TAE NUMBER OF FEWER SIGNS

IF (MPL

US-MMINS) 45, &5, 50

M=MPLUS

G0 1O

5s

M=MMINS

TEST WHETHER K IS GREATER THAN 25

IF{K-2
K1

P=1.0
IF (M)
FN=1.0
£0=1.0
00 710
Fl=1

FN=FN#
FD=FO*

51 60y A0, 77

S LESS THAN OR EQUAL TO 25

TS, 15, 65

I=1,4

(FK-(FI-1.0))
FI

P=P+FN/FD

P=p/ (2
GO 10

K 1S GREATER THAN 25. COMPUTE WEAN, STANOARD OEYIATIONy AND [

~0%eC}
95

U=0,5%FK

$=0.5%
FM=M

SQRY(FK}

IF(FM-U) 80, 85, 85

CON=0.

5

GO T0 90
CON=0.0
L=(FM+CON-U) /S

COMPUTE P ASSOCIATED WITH THE VALUE AS EXTREME AS 7

CALL NDTR (Z,P,0)

RE TURN
ENOD

THUS,

SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN

SIGN
INPUT VECTOR OF LENGTH N CONTAINING DATA FROM THE SECONDSIGN

SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN

SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN
SIGN

330
340
350
360
370
380
390
400
«10
420
430

970
980
990

SIGN1000
SIGNLOLO
SIGN1020
SIGN1030
SIGN1040
SIGN1050
SIGN1060
SIGNL1O70
SIGN1080
SIGN1090
SIGN1100
SIGNLL1O0

IGN1120

S

JIGNLI30
SIGNL 140
$IGN1150
SIGNL160
SIGNLLTO
SIGNL180
SIGNL190
SIGN1200
SIGNL210
SIGNL1220
SIGN1230
SIGN1240
SIGN1250
SIGNL 260
SIGN1270
SIGN1280
SIGN1290



Subroutine SRANK

This subroutine measures the correlation

between two variables by means of the Spearman
rank correlation coefficient, given two vectors

of n observations for the variables.

The observations on each variable are ranked
Tied observations are assigned the

from 1 to n.
average of the tied ranks.

The sum of squares of rank differences is
calculated:

2
D= (A, -B)
i=1 !
where Ai = first ranked vector
Bi = second ranked vector

n = number of ranks
A correction factor for ties is obtained:

3
St -t .
Ta —Z 12 over variable A

over variable B

b 12

(1)

2

where t = number of observations tied for a given

rank

The Spearman rank correlation coefficient is then

computed for the following two cases:

(a) if T, and Ty, are zero,

_ 6D
rs—l— 3
n -n

(b) if T, and/or Ty, are not zero,

- =X+Y—D
S 2 JIxy
n3-n
where X=—-IT —Ta

3)

@

()

‘The degrees of freedom are:

d.f. =n-2 (8)
¢ SRAN 10
c lestetcecsevsecassacssassstrtonanasccae ereesesetenacssaneasonane SRAN 20

[ SRAN 30
C SUBROUT INE SRANK SRAN 40
C SRAN 50
c PURPOSE SRAN 60
4 TEST CORRELATION BETWEEN TWO VARIABLES BY MEANS OF SPEARMAN SRAN 70
c RANK CORRELATION COEFFICIENT SRAN 80
[4 SRAN 90
[4 USAGE SRAN 100
C CALL SRANK(A, B R¢N1RS+T+NOFINR) SRAN 110
[ SRAN 120
[ DESCRIPTION OF PARAMETERS SRAN 130
c A - INPUT VECTOR OF N OBSERVATIONS FOR FIRST VARIABLE SRAN 140
[3 8 - INPUT VECTUR OF N OBSERVATIUNS FOR SECUND VARIABLE SRAN 150
[ R - OUTPUT VECTGR FOR RANKED DATA, LENGTH IS 2*N. SMALLESTSRAN 160
4 OBSERVATION IS RANKED l, LARGEST IS RANKEO N. TIES SRAN 170
C ARE ASSIGNED AVERAGE OF TIED RANKS. SRAN 180
[ N~ NUMBER OF DBSERVATIONS SRAN 190
[+ RS - SPEARMAN RANK CORRELATION COEFFICIENT (QUTPUT) SRAN 200
c T - TEST OF SIGNIFICANCE OF RS (QuTPUT) SRAN 210
C NDF - NUMBER OF DEGREES OF FREEDOM (OUTPUT} SRAN 220
C NR - CODE, O FOR UNRANKED DATA IN A AND 8, 1 FOR RANKED SRAN 230
c DATA IN A AND B (INPUT) SRAN 240
c SRAN 250
c REMARKS SRAN 260
[ T IS SET TO ZERO IF N 1S LESS THAN TEN SRAN 270
[ SRAN 280
[3 SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED SRAN 290
[ RANK SRAN 300
C TIE SRAN 310
[ SRAN 320
[ METHCO SRAN 330
c DESCRIBED IN S. SIEGEL, "NONPARAMETRIC STATISTICS FOR THE  SRAN 340
c BEHAVIORAL SCIENCES's MCGRAW-HILL, NEW YORK, 19564 SRAN 350
[4 CHAPTER 9 SRAN 360
[ SRAN 370
€ eeveass cesasssareasacaan cecesssnsescas eeececsssassecsasassasassse SRAN 380
4 SRAN 390
SUBROUT INE SRANK{A,BoR¢NyRS, TyNDFNR) SRAN 400
DIMENSION ACL},BUL}RIL) SRAN 410
C SRAN 420
FNNN=NeNaN—N SRAN 430
[ SRAN 440
[ DETERMINE WHETHER DATA IS RANKED SRAN 450
3 SRAN 460
IFINR-1) 54 1Cy 5 SRAN «70
[4 SRAN 480
< RANK DATA IN A AND B VECTORS AND ASSIGN TIED OBSERVATIONS SRAN 490
[4 AVERAGE OF T1ED RANKS SRAN 500
[3 SRAN 510
5 CALL RANK (A,R,N) SRAN 520
CALL RANK (BoRIN+11,N) SRAN 530
GO TO 40 SRAN 540
c SRAN 550
(4 MOVE RANKED DATA TO R VECTOR SRAN 560
c SRAN $70
10 DG 20 1=1.N SRAN 580
2¢ RULI=ALD) SRAN 590
DO 30 I=1,N SRAN 600
J=14N SRAN 610
30 R(Ji=8(1) SRAN 620
C SRAN 630
c COMPUTE SUM OF SOQUARES OF RANK DIFFERENCES SRAN 640
4 SRAN 650
40 0=0.0 SRAN 660
DO 50 [=1,N SRAN 6T0
J=IeN ) SRAN 680
S5C D=D+(RIII-R(JIIS(RUII-REID) SRAN 690
[ SRAN 700
[ COMPUTE TIED SCORE INDEX SRAN T10
[4 SRAN 720
KT=1 SRAN T30
CALL TLE (ReNyKT,TSA) SRAN T40
CALL TIE (R(N+L},N,KT,TS8) SRAN 750
[ SRAN T60
[ COMPUTE SPEARMAN RANK CORRELATIUN COEFFICIENT SRAN T70
[ SRAN 780
IF(TSA) 60455460 SRAN 790
55 IF(T53) 60457+60 SRAN 800
57 KS=1.0-6.0%0/FNNH SRAN 810
G0 10 70 SRAN 820
60 X=FNNN/12.0-TSA SRAN 830
Y=X+TSA-TSB SRAN 840
RS=(X+Y=D)/L2.0%(SQRT(X*YI)) SRAN 850
4 SRAN 860
c CUMPUTE T ANO DEGREES JF FREEDOM IF N 15 10 OR LARGER SRAN BT0
3 SRAN 880
1=0.0 SRAN 890
70 IF(N-10) 80,75,75 SRAN 900
75 T=RS*SQRT(FLUAT IN-2}/(L.C-RS*RS}) SRAN 910
80 NDF=N-2 SRAN 920
RETURN SRAN 930
END SRAN 940
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Subroutine TIE

ﬁﬁﬁ(\hﬁhﬁhhnnhﬁhﬁﬁh(\ﬁhﬁ(‘nﬁhﬁﬁhhﬁr\ﬁh.hﬁ

c
c
[+
5
[
c
C
10
20
3C
C
[+
c
40
[
4
[4
s5¢
60
c
[4
c
7C
75
80
9C

TIE
B & 1
TIE
SUBRWT INE TI1E N TIE
TIE
PUKPOSE TiE
CALCULATE CORRECTION FACTOR DUE TO FIES TIE
TIE
USAGE TIE
CALL TIE(RsNyKToT) TIE
TiE
DESCRIPTION OF PARAMETERS TIE
R~ INPUT VECTOR OF RANKS OF LENGTH N CONTAINING VALUES Tie
170N TiE
N~ NUMBER JF RANKED VALUES TIE
KT - INPUF CODE FOR CALCULATION OF CORRECTION FACTOR TIE
1 SOLVE EQUATION 1 T1e
2 SOLVE EQUATION 2 TIE
T - CORRECTION FACTOR (QUTPUT) TLE
EQUATION 1 T=SUMICT*43-CT)/12 TIE
EQUATION 2 T=SUMICT#(CT-1)/2) TIE
WHERE CT IS THE NUMBER OF OBSERVATIONS TIED FOR A TIE
GIVEN RANK TIE
TIE
REMARKS YIE
NONE TIE
TIE
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED TIE
NONE Tie
TIE

METHOD

VECTOR S SEARCHED FOR SUCCESSIVELY LARGER RANKS.

TIE
TIES ARE TIE
COUNTED AND CORRECTION FACTOR | OR 2 SUMMED. TIE

TIE

4 ettt ettnattrsesannannn R R R R R R R R Ia 8 13
TIE

SUBROUTINE TIE(R,NyKT,T) TIE
DIMENSION R(1) TIE
TIE

INITIALIZATION TLE
TIE

T=0.0 TIE
¥Y=0.0 TIE
X=1.0£38 TIe
IND=0 TIE
TIE

FIND NEXT LARGEST RANK TIE
TIE

B0 3C [=1,N TIE
IF(RIII-Y) 30¢30s10 TIE
1F(RUI)-X) 20,30, 30 Tle
X=R{I) TiE
IND=IND+L TIE
CONTINUE TIE
Tl

[F ALL RANKS HAVE BEEN TESTED, RETURN T1E
TI1e

IFCINDY 90,90,40 TIE
Y=X TIE
CT=0.0 TIE
TIE

COUNT TIES TIE
TIE

DO 60 I=1.N TlE
LF(RUII-X) 60,50,60 TIE
Cr=Ccr+1.0 TIE
CONTINUE TIe
TIE

CALCULAT: CORRECTION FACTOR ;;EE
I€(CT) 70,5,70 TIE
IF(KT-1) 75,480,175 TIE
T=T+CT*((T-1.)/2.0 TIe
GO 70 5 TIE
T=T+(CT*CT#CT-CT1/12.0 TIE
6U Ta 5 TIE
RETURN Tie
END Tle
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Subroutine TWOAV

This subroutine determines the Friedman two-way
analysis of variance statistic, given a matrix A with
n rows (groups) and m columns (cases). Data in
each group is ranked from 1 to m. Tied observations
are assigned the average of the tied ranks.

Rl R Ra T T T P pps fOoecnnne

fao6 coo

[aXaKa)

aXaka!

faXala)

The sum of ranks is calculated:
n
. = A
R .§1 i

Friedman's statistic is then computed:

m

2 12 > (R,)Z -3n(m+1)
j=1

Xe nm(m + 1)

The degrees of freedom are:
d.f, = m-~1

(1)

2)

3

TWOA 10

Ceeenaeas e iieiiete bt ienaeinieneee.  THOA 20

TWOA 30

SUBROUTINE TWOAV THOA 40

THOA SO

PURPOSE TWOA 60

TEST WHETHER A NUMBER OF SAMPLES ARE FROM THE SAME TWoa 70

POPULATIUN BY THE FRIEDMAN TWU-WAY ANALYSIS OF VARIANCE TESTTWOA 80

THOA 90

USAGE TWOA 100

CALL THOAVIALR,NyMyHWy XRoNDF (NR) THOA 110

THOA 120

DESCRIPTION OF PARAMETERS TWOA 130

A - INPUT MATRIX, N BY M, OF ORIGINAL DATA TWOA 140

R - OUTPUT MATRIX. N BY M+ OF RANKED DATA TWOA 150

N - NUMBER UOF GROUPS TWOA 160

M - NUMBER OF CASES IN EACH GROUP TWOA 170

L - WORK AREA OF LENGTH 2%M TWOA 180

XR - FRIEDMAN STATISTIC (QUTPUT) TWO0A 190

NDF - NUMBER OF DEGREES OF FREEDOM {(OUTPUT) TWOA 200

NR - CODEy, O FOR UNRANKED DATA IN Ae 1 FOR RANKED DATA TWOA 210

IN A (INPUT) THOA 220

TWOA 230

REMARKS TWoA 24C

NONE TWOA 250

THOA 260

SUGBROUT INES AND FUNCTION SUBPROGRAMS REQUIRED TWOA 270

RANK TWOA 280

TWOA 29G

METHOD TWOA 300

VESCRIBED IN S. SIEGEL, *NONPARAMETRIC STATISTICS FOR THE  TwoA 310

BEHAY IORAL SCIENCES®, MCGRAW-HILL, NEW YORK,s 1956, TWOA 320

CHAPTER 7 TWOA 330

THOA 340

R P 197: P P

TWOA 360
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Subroutine UTEST

This subroutine tests whether two independent
- groups are from the same population by means of
the Mann-Whitney U-test, given an inpui; vector A
with the smaller group preceding the larger group.
The scores for both groups are ranked together in
ascending order. Tied observations are assigned
the average of the tied ranks.

The sum of ranks in the larger group, R2, is
calculated. The U statistic is then computed as

follows:
n_(n, t+1)
22
t = — - 1
U n, n, + 2 R2 (1)
where n1 = number of cases in smaller group
n, = number of cases in larger group
- - 1
U n1 n2 U

if U'< U, set U=1U" (2)

A correction factor for ties is obtained:

T = .Efi..:l.]i_
’Z 12

where t = number of observations tied for a given
rank

(3)

The standard deviation is computed for two cases:

(@ if T =0

+n_+1
nlnz(n1 n, )

s = 12
®) if T>0
B ERAY S T )
s = N(N-1) 12

where N = total number of cases (n1 + nz)

The significance of U can be measured by

U-X
2 == (6)
n_n
= 1
where X = mean =—2—-%

Z is set to zero if n, is less than 20.
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Subroutine WTEST

This subroutine computes the Kendall coefficient of
concordance, given a matrix A of n rows (variables)
and m columns (cases). The observations on all
variables are ranked from 1 to m. Tied observa-
tions are assigned the average of the tied ranks.

A correction factor for ties is obtained:

n 3

t - ¢

T=2 12
i=1

(1)

where t = number of observations tied for a given
rank

Sums of ranks are calculated:
(2)

where j=1,2,...,m
From these, the mean of sums of ranks is found:

Y;
J

- 1
R @)

m

The sum of squares of deviations is derived:

¥, - R)? )

The Kendall coefficient of concordance is then
computed:

S

(5)

W =

1 2 3
1_2n (m -m) -nT

For m larger than 7, chi-square is:

X2=n(m-1)W (6)

The degrees of freedom are:

d.f. =n-1 (7
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Generation of Random Variates; Distribution
Functions

Generators

Subroutine RANDU

LR e ke ks Ra R ak ek a ke R ok s Rk stk ok ok e RN N R i SR N S S R R R W N SR R R R N SN AV SRR o ¥ S SN S Ao N o o R oW oY

o

RAND

...... T A ]
RAND

SUBRUUT AT RANUY RAND
RAND

PURPUSE RAND
UMPUTES UWIFDRALY ODI1STRIBUTED RANDGM REAL NUMBLRS BeTWEEN RAND
COAND 1.2 AND RANUUM INTEGERS dtTwcEN ZERO AND RAND
2%% 31, 23CH ENTRY USES AS InPUT AN INTCGER KANOUA NUMBER RANG
A P<UOJCES A Nzw INTZISER and AZAL HANDOM AUM3SER. RAND
RANU

UsSAE RANT
LALL KANJUCEK S IY,YFL) RAND
RANU

DeSLRIPTIUN OF PARAMETERS

e,

sde

te ¥

SU8RIY
[y=1x*
1f¢1Ly)
Lv=1ve
YEL=LY
YEL=YF
RETURN
END
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NiMock AITH NIN= IR LESS OIGETS. AFTER Tde FIKST ENTRY(RAND
IX SHJULD BE TH: PREVIOUS VALUE OF 1Y COMPUFED BY THIS Rany

SUSRIJTI NE. Rane
A KESULTANT INTE3ER RANDGM NUMBER R:QUIREY FUK THE NEXTRANU

Iy -
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SET&cEn LERA AND 28%5] RANC
YEL- TAE RESJLTANT UNLFIRALY JISTRIbUTEUs FLOATING POINT, KANL
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ARLS RANUD

LFIC T >YSTEM/ 360 AND WILL PRUJULE  nAND
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RAND
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RAND
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Ceeeseserassettetiaaannasaesess RANU

RAND

TINE RANGJUIK, DY, YFL) RANY
59535 RAND
31600 RAND
2147432047¢1 RANU
RAND
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Subroutine GAUSS

This subroutine computes a normally distributed
random number with a given mean and standard
deviation.

An approximation to normally distributed random
numbers Y can be found from a sequence of uniform
random numbers using the formula:

K
K
i§1 N2

\/ K/12

where X is a uniformly distributed random number,
0<X;< 1

K is the number of values X;j to be used

(1)

Y approaches a true normal distribution asymptoti-
cally as K approaches infinity. For this subroutine,
K was chosen as 12 to reduce execution time.
Equation (1) thus becomes:

12
Y= X;-6.0
i=1

The adjustment for the required mean and standard
deviation is then:
Y'=Y*S+AM 2)
where Y!' is the required normally distributed ran-
dom number
S is the required standard deviation

AM is the required mean

C GAUS 13
€ eseses eeetieerieessettentaennnoan et ttiiiieniennnseasascasanasaaIAUS 20
C GAUS 33
C SuRCUTINE GAJSS Gauys &0
< GAUS  5u
C PUrPCSc GAUS  5C
c JUMPUTES A nuRMALLY UISTRISUT=) RANDOM NUMoER WITr A GIVEN GAUS 70
c MEAN ahu STANDARD DEVIATIUN Saus 30
C SAUS 9T
c USASE GAUS 160
C CALL GAUSS(IXSqAM,V) 54US 11G
C GAUS 1D
[ UESCRIPTIUN GF PARAMCTERS GAUS 13C
c LA —1X MUST CUNTAIN AN JUJ INTEGER NUMBER wl1Tm NINE OR GAUS 14t
. LeSS OIGITS UN THE FIRST ENTRY TU GAUSS. THrAEAFTER GAUS 150
C IT WILL CONTAIN A JWIFURMLY UISTRIBUTED INTc3ER RANDOM  5SAUs L&Q
[ NUMIER GoNERATED dY THe SUoRIUTINE FOR USE UN THE NEXT  Gaus 17%
C ENTRY Tu THE SUSRDJTINE. GAuS 1890
C 5 -THe De3IRiu STANDALU DEVIATION UF THE NIRMAL Saus L9u
c OISTRIBUTION. GAUS 200
[ AM ~THE UESIRED MEAN OF THE NORMAL LISTRIBUTION Gays 210
C v -THE VALUS UF THE COMPUTED NURMAL RANDUM VARLABLL GAUS 20
C SAJS 237
9 REMARKS GAUS 240
< THIS SUBRDUTING USES RANJU WriiCH IS MACHINE SPECLFIC 5aLs 250
[ GAUS Zou
9 SUBRCUTINZS ANO FUNCTIGN SUBPRIGRAMS REQUIRED Gaus 272
C RAN I 5AUS 30
C SAUS 290
C McTHUD GaLs 300
< JUSES 12 UNIFURM RANDCM NUMGERS T CUMPUTE NUIMAL RANDGM GAUS 310
C NUMSERS 4Y CENTRAL LIAIT THEUxEM. Toe ReSULT I3 THeN SAUS 329
c ADJUSTzU T MATCH THE 51Veh MCAN ANL STANDARKU UEVIATIUN. GAUS 330
c The UNIFURA RANUOM NUMSERS COMPUTEU WITHIN THc SUBRGUTINE  GAULS 3a2
C AXE FGUND 3Y THe POWeR wcslUus 4¢Td00. Gaus 352
C GAUS 359
[ etessencerocrs .. PR EERER RN .. GAUS 37C
c GAUS 3aC
SUBRUUT INE GAUSS{IX¢34AM4 V) VAUS S

A=0.0 GAUS 4C0

OJ s¢ I=1,12 GAUS 412

CALL RANQU(IX.1Y,Y) GAUS 420

Ix=1y GAUS +3C

SG A=Asy GAUS «40
V={A-0.01%#5¢AM GAUS 45)
RITURN CAUS 460

eND GAUS 4TT

trow. Hamming, Numerical Methods for
Scientists and Engineers, McGraw-Hill, N.Y.,
1962, pages 34 and 389.
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Distribution Functions
Subroutine NDTR

This subroutine computes y = P(x) = Prob X = x),
where X is a random variable distributed normally
with mean zero and variance one.

1 X 9
§ exp (-u”/2)du

P = —
V2T -

The following approximationT is used:
5

P = 1-£x 2 aiwl;xzo
i=1

where:

1/(1 + px)

exp (—x2/2) /Ven
0.2316419
0.3193815

=
w2 g
i} 1] 1

)
1}

-0.3565638

o
1}

1.781478

0
1

=-1.821256

o
|

1.330274

[
I

The maximum error is 7(10-7); f(x) is also presented

in output.

Te. Hastings, Approximations for Digital Com-
puters. Princeton University Press, Princeton,
N.J., 1955.

M. Abramowitz and L A. Stegun, Handbook of
Mathematical Functions. Dover Publications,
Inc., N.Y., equation 26.2,17.

NDTR
Cae e e tae i e teaateeaaaaaasasnaaaaaaasansanssasassasonesanssasnsnennsssan MOTR
¢ NDTR
c SUZENUTINE NCTP NOTR
C NDTR
c PUEPISE NOTS
c CIMPUTES ¥ = ©(X) = 2RUSARILITY THAT THE RANDOM VARIARLE U,NGTR
c CISTRIBUTED NCKMALLY(C.3), 1S LESS THAN CR EQUAL TC X. NDTR
[4 FIX)y THE GRUINATE SF THE NOKMAL DENSITY AT X, [$ ALSO NDTE
4 cCMPUTEC. NDTR
¢ NDTR
C USAGE NOTE
4 CALL NDTR(X,P,D} NOT&
c NDTR
e DFSCRIPTICN TF FARAMETERS NDTR
C X-=INPUT SCALAR FUR wh!lh PIX) IS CCMPUTEOD. NITS
C P--CUTPLT PRI oACTILITY. ADTR
C N--QUTPUT DENSITY. NDTE
¢ NDTR
< REMNARKS NOTR

C MAXIMUM ERRIA 1S €.2000007. NDTE 2
¢ NDTR
[ SUERAUTINES ANMC SU2PRNGIRAMS REJUIREC NOTR

¢ NANE NpTE 2
C NDTR
¢ SMETHPD NDTR
4 BASED ON APPOOXIMATIONS IN €. HASTINGS, APPROXIMATIGNS £06  NDTE
C UIGITAL CUMPUTERS, PxINCETON UNIV. PRESSe PRINCETCN, N.J., NOTR
[y 195, SEE tTUATION 20.2.17, HANUBCCK CF MATHEMATICAL NDTR
[ FUNCTIONS, AGRAMOWITZ AND STEGUN, DCVEP PUBLICATIONS, INT., NDTPR
C NEW YCRK. NOTR
C KDTR
et e e ettt iiiatteuesteaataaatatatitetiteatetecanaetanaaaan NOTR
[4 nDTR
SUSROUTINE NDTR{X,P,01 NDTR
[ NOTR
AX=ARS(X) NDTR
T=1.6/(1.0+.2216419%AX) NOTR
D=0.29F04234EXP(~X*X/2.0) NDTR
P = 1.0 - DRTH((((1.330274~T - 1.6212%6)¢T « 1.781478)¢T - NDTR
1 G.3565638)eT + 0.3192€15) NDTR
IF(X11,2,2 NDTR
1 p=l.c-p NDTP
2 RETyeN NOTR
END NDTR
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Subroutine BDTR

This subroutine computes P=Iy (m,n)=Prob (X < x)
where X is a random variable following the beta
distribution with degrees of freedom (continuous
parameters) m and n. For computation to take
place, 0 <x <1, 0.5 <m <102, and 0.5<n <10%5,
D, the ordinate of the beta density at x, is also pre-
sented in the output.

For0=x<1, Ix(m,n) may be written as:

X
Ix(m,n) =bf f (m,n,y) dy
where:
1 - -
f(m,n,y) = B(m, 1) y™ 1(1-5')n 1
1)
B (m,n) = %ran:IE)l; D =f (m,n,x)

L, (m,n) can be reduced to a binomial partial sum
which can be evaluated by means of a continued frac-
tion expansion.

Let N=m+n-1 and r = m-1. Then:
IX (m,n) = Ix (r+1, N-1)
N
N -
L@+, Nn) = Y () axn"®
X s
s=r+1

@)

N r+1 N-r-
a-xN g

r+1)X

(

where 0 <s =N

S is a continued fraction, with 80 terms being
sufficient for the desired accuracy.

sot A% % %0 %o
1-1+ 1- 1+ 1- "°°° 1+ 1

o = (N-i-r) (r+i) x
i (r+2-1) @r+2) 1-x @)

{ N+
- i( i) X 5)

d, -
i r+2i+1) (r+2i) 1-x




The above continued fraction expansion of Iy (m,n)
holds for positive m and n (integers or nonintegers),
Nz0(m+n=1), andr =0 (m =1). Inorder to
fulfill these last two conditions, if m < 1) the fol-
lowing transformation must be made before com-
putation of Ix (m,n) can take place:

_ _TI'(m+n)

m n
_l"(m+1)'["(n) X (1-%) +IX (m+ 1,n)

IX (m,n)
(6)

The quantities on the right-hand side of equation (6)
are those which are computed.

It is known that I (m,n) = Iy _x(n, m). Thus,
either of the two parameter sets indicated by this
equation may be used in computing the beta integral.
The parameter set selection is made by applying the
following empirically deri\{ed rule:

Let p and g be the degrees of freedom cor-
responding to z, where z =x if x <.5 or (1-x)
otherwise. If the quantity [ (p-1) - (p+q-1)
z6 542 Jis positive, use the parameter set
corresponding to z. Otherwise, use the
parameter set corresponding to 1-z).

If0<x<10-8 or 0 < 1-x < 10~8, the approximation
is made that x = 0 or 1 respectively. P and D are
then set according to the following table:

0<xs1078 0<1-x <1078
P=0 P=1
If: then: If: then:
A<1 D=10" B<1 D=10"
A=1 D=1/B(m,n) B=1 D=1/B(m,n)
A>1 D=0 B>1 D=0

If either or both m and n are within 108 of 1, the
beta integral is solved explicitly form =1, n=1,
orm=n=1:

If: then:
A=1,B=1 P=x
A=1, B#1 P=1-(-x"
A#1, B=1 pP=x0

If m or n is greater than 1000, the chi-square ap-
proximation is used:

2, = 2m (1-x)/x is distributed as x % with 2n
degrees of freedom and P =1 - sz (zl) for m>
1000.

zp = 20x/ (1-x) is distributed as x % with 2 m
degrees of freedom and P = sz (z9) for n> 1000.
If both m and n are greater than 1000, the approx-
imation corresponding to z; is used.

The values of P very near zero or one may be
somewhat imprecise. To eliminate possible mis-
interpretation of results, if 0 < P <10-8 or
0<1-P< 10'8, P is set to 0 or 1 respectively.

For reference see:

(1) R. E. Bargmann and S. P. Ghosh, Statistical
Description Programs For a Computer
Language. IBM Research Report RC-1094,
1963.

(2)
Mathematical Functions. U. S. Department of
Commerce, National Bureau of Standards Ap-
plied Mathematics Series, 1966.

c BDTR
£ teeeecacassessesscssecsssccensessssatastsestacasaaassasttsacsaonn 8OTF
¢ BDTR
C SUBROUTINE BDTR BOTR
c BOTF
< PURPOSE BDTR
C CUMPUTES P{X} = PROBABILITY THAT THE RANDOM VARIABLE U. BDTR
[+ DISTRIBUTED ACCORDING TO THE BETA DISTRIBUTION WITH 8DTF
C PARAMETERS A ANC B, IS LESS THAN GR EQUAL TD X. F(AsB4+Xly BDTR
C THE ORDINATE OF THE BETA DENSITY AT X, IS ALSG COMPUTED. BDTR
c B8DTR
C USAGE 8DTR
C CALL BDTR(XsA,8,P,0, [ER) 8OTR
c B8DTP
C DESCRIPTION OF PARAMETERS BOTR
C X - INPUT SCALAR FOR WHICH P(X) IS COMPUTED. 8DTR
C A - BETA DISTRIBUTION PARAMETER (CONTINUOUSE. BOT&
C B - BETA DISTRIBUTION PARAMETER (CONTINUOUS). BOTR
[ P - OUTPUT PROBABILITY. BDTR
C 0 - QUTPUT DENSITY. BDTR
C IER - RESULTANT ERRUR CODE WHERE B8DTR
C IER= Q --- NO ERROR BOTR
C IEP=-1,+1 CDTF HAS BEEN CALLED AND AN EFROF HAS BDTF
[ OCCURRED. SEE CDTRe B8OTR
C [ER=-2 --- AN INPUT PARAMETER IS INVALID. X IS LESS 80TR
C THAN 0.0 Ok GREATEP THAN 1.0, 0% EITHER A DR BOTF
C 8 1S LESS THAN 0.5 OR GREATER THAN 10%*%{+5). BDTR
c P AND U ARE SET TO -1.E75. 8DTR
C J1ER=+2 --- INVALID OUTPUT. P [S LESS THAN ZERD OF BOTR
[ GREATER THAN ONE. P IS SET TO 1.£75. BOTR
c BDTR
C KEMAPKS BOTR
C SEE MATHEMATICAL DESCRIPTION. BDTR
[ 80TR
C SUBROUTINES AND FUNCTION SUBPROGRAMS FEQUIRED ROTR
C DLGAM BOTR
C NDTK B80TR
C COTF BDTR
C 8DTR
C ME THOD 8DTR
C PEFEK TU R.E. BARGMANN AND S.P. GHOSH, STATISTICAL BDTR
4 DISTRIBUTION PROGRAMS FOR A COMPUTER LANGUAGE., BDTR
C 18M RESEARCH REPORT RC-109%4, 1963. BDTR
C 3DTR
€ e eeneaeccccsscsesesasescvessasenactacenes ettt oo aasa e ansar B8DTR
[ B8oTP
SUBFUUTINE BOTR{X,A4484PsDyIER) B8DTR
DOUBLE PRECISION XX,DLXX,DL1XyAA,BByG11G2:G34G4+00,PP X0, FF.FNy BOTR
IX1+45S,CCoRR,DLBETA 80TF

[d 80TR
C TEST FOR VALID INPUT DATA BOTR
c 8OTF
TF1A=(.5-1,E-5) ) 640410410 B0TR

10 IF(B-(.5-1.E-5)) 640,20,20 BOTR

20 IF(A-1.E¢5) 30,330,640 BDTF

30 IF(b-1.E+5) 40,404640 8DTR
40 IF{X) 640450,50 8OTR
50 IF(1.-X) 640,60,60 8DTF

B 8DTR

M. Abramowitz and I. A. Stegun, Handbook of

Statistics--Distribution Functions 79



L1

e

10
80

90
100
11

c

120

[a¥a¥a)

Anoo

150
160

170

fa¥aXa!

190
200
210
220

230

[ Nal

290
300
310

Xz Xa)

330
340

80

COMPUTE LOGIBETA(A,8))

AA=DBLE(A)

58=DBLE(8)

CALL DLGAM(AA,Gi,I0K)
CALL DLGAM(BB+G2,10K)
CALL DLGAM(AA+BB,G3,10K)
OLBETA=G14G2-G3

TEST FOR X NEAR 0.0 OR 1.0

IF(X-1.E~8) 80,80,70
IF((1.-X)1-1.E-8) 130,130,140
P=0.0

1F(A-1.) 90,100,120
D=1.E+75

GO YO 660

DD=-OLBETA

IF{DD+1.68002} 120,120,110
DO=0€XP(00}

D=SNGL(DO}

GO 1O 660

0=0.0

GO TD 660

P=1.0

IF(B-1.) 90,100,120

SET PROGRAM PARAMETERS

XX=DBLETX)
OLXX=DLOG{ XX )
DLIX=DLOG(1.D0-XX}
X0=XX/{1.D00-XX)
10=0

COMPUTE ORDINATE

DD=(AA-1.0D0)¢DLXX+(BB—1,D0)*DL I X-DLBETA
FF{DU-1.68D02) 15341504160
IF(DO+1.68D02) 170,170,180

D=1.E75

60 70 190

0=0.0

GO TO 190

DD=DEXP(DD)

D=SNGL (DO}

A DR B OR BOTH WITHIN 1.E-8 OF 1.0

IF(ABS(A-1,)-1.E-8) 200,200,210
1E(ABS(B-1.)-1.6-8) 220,220,230
IF(ABS(B-1.)-1.E-8] 260,260,290
P=x

GO TN 660

PP=BB%DLIX

IF(PP+1.68002) 2404240,250
P=1.0

GU TO 660

PP=DEXP(PP)

PP=1.00-PP

P=SNGL(PP)

GO TOo 600

PP =AASDLXX

IF(PP+1,68002) 270,270,280

P=0.0

GO TO 660

PP=DEXPPP)

P=SNGL(PP)

G0 0 600

TEST FOR A OR B GREATER THAN 1000.0

I1F(A-1000.) 300,300,310
I1F(B8~1000.) 330,330,320
XX=2.D0%AA/X0

XS=SNGL(XX)

AA=2.D0%8B

DF=SNGLIAA)

CALL COTR(XS,DF,P,DUMMY,1€ER}
P=1.0-P

GO YO 670

XX=2.00%B8*X0

XS=SNGL{XX)

AA=2.D0%AA

DF=SNGL(AA)

CALL CDTR(XSDF 4P ,DUMMY,IER)
GO TO 670

SELECT PARAMETERS FOR CONTINUED FRACTICN COMPUTATION

IF(X-.5) 340,340,380
TF(AA-1.D0) 35043504360
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B0TR 600
BOTP 610
BOTR 620
BDTR 630
BOTR 640
BDTR 650
BDYR 660
B8DTR 670
BOTR 680
BOTR 690
BOTF 700
80TR T10
ADTR 720
ROTE 730
BOTR 740
BDOTR 750
BOTR 760
BOTR T70
BOTR 760
BOTR 790
BDTR 800
BDTR 810
BOTR 820
B8OTR 830
B0OTR 840
80TR 850
BOTR 860
80TR 870
BOTR 860
BOTR 890
BDTR 900
BOTR 910
B8DTR 920
BDTR 930
BDTR 940
BDTR 950
BOTFE 960
BDTR 970
ADTR 980
8DTE 990
80TR1000
AD0TR1010
80TR 1020
BOTR1030
BDTR1040
BDTF1050
BOTR1060
A0TR1070
AOTF 1080
BOTR1090
BOTR1100
8DTE1110
BDTR1120
BOTR1130
BDTR1140
BOTR1150
BDTR1160
BOTPL1TC
8DTR1180
BOTR1190
80TP1200
80TR1210
80TR1220
8OTF1230
BDTR1240
BDTR1250
B8DTR1260
8DTR1270
80TR1280
BDOTR1290
8DTR1300
8DTR1310
8DTR1320
BDTR1330
BOTR1340
BDOTR1350
BDTR1360
BOTRL370
8DTR1380
BDTR1390
BO0TR1400
BOTR1410
BOTR1420
BDTR1430
BOTR1440
BOTR1450
BOTP1460
BOTR1470
BOTR1480
BDTR1490
8DTR1500
BOTR1510

ana

[aXo¥al

aen

350

360
370

389
390

400
410

420

450
460

470

RR=AA+1.DO

D0=DLXX/S .00
DO=DEXP(DD)
0D=(RR~1.001-(RR+BB-1.D0)*XX$DD +2.00
1F (DD} 4204420,430

IF(BB-1.00) 390+390,400

RR=8B¢1.00

GO 7O 410

RR=88

0D=DL1X/5.00

DO=DEXP(DD)

00=(RR~-1.00)-(AA+RR-1.00) ¢{1.D0-XK1%DD +2.00
IF(0D) 430,430,420

ID=1

FF=DL1X

OLLX=DLXX

DLXX=FF

X0=1.00/X0

FF=AA

AA=BB

B8=FF

6261

TEST FOR A LESS THAN 1.0

FF=0.00

1F(AA-1.D0) 440,440,470
CALL OLGAM(AA+1.D0+G4,10K)
DD=AA#DLXX+BB#0L 1X+G3-G2-G4
1F(DD+1.68002) 46044604450
FF=FF+DEXP(DD)

AA=AA+1.DO

COMPUTE P USING CONTINUED FRACTION EXPANSION
FN=AA+88-1.0D0

RR=AA-1.00
11=80

" XI=OFLOAT(IT)

48

o

500

510
520
530
540

550
560

570
580
590

600
610

620
630

640

660
670

SS={{BB-XI)*(RR¢XI}I/L(RR+2.D0*XI-1.D0)*(RR+2.00%X][))})
$5=5S¢X0

DO 480 I1=1,79

11=80-1

XI=DFLOAT(II}
OD=(XI*{FN+X1))/((RR+2,00*XI+1.D0)1*(RR+2.00%x1))
DD=0D#X0
CC=((BB-XT)®(RR¢XTI}I/(IRR+2.00¢XI-1.00)*{RR¢2.00eXI))
CC=CCex0

$5=CC/(1.D0+DD/{1.00-5S1)

CONTINUE

$5=1.00/(1.00-55})

IF{SS) 6504650490

CALL DLGAM(AA+BB.Gle 10K}

CALL OLGAM(AA+1.D0+G4, 10K}
CC=Gl~G2-G4+AASDLXX¢(8B-1.00)%DL ixK
PP=CC+DLOGISS)

1F(PP+1.68D02) 50045004510

PP=FF

GO YO 520

PP=DEXP(PP)+FF

IF(ID) 540,540,530

PP=1.D0-PP

P=SNGL(PP)

SET ERROR INDICATOR

1F(P) 550,570,570
IF(ABSIP)-1.€-7) 56045604650
#=0.0

GO TO 660

IF(1.-P) 580,600,600
TF(A8S{1.-P)~1.E-T} 590,590,650
P=1.0

GO TO 660

IF(P-1.E-8) 610,610,620
P=0.0

GO0 TG 660

IF((1.0-P)-1.E~B) 630,630,660
P=1.0

GO TO 660

{ER=-2

D=-1.€75

P=-1.ET5

GO T0 670

1EP=+2

P= 1.ETS

GO TO 670

1ER=0

RETURN

END

8DTR1520
8DTR1530
BDTR1540
BOTR1550
BOTR1560
80TR1570
BOTR1560
80TR1590
BDTR1600
B0TP1610
BDTR1620
BOTR1630
BOTR1640
BDTR1650
BOTR1660
ADTR1670
BDTR1680
BOTR1690
BOTR1700
80TR1T10
BOTR1T20
BDTR1730
BOTR1740
BOTR1750
BOTR1760
8DTR1770
BDTR1780
BOTR1790
80TA1800
B0TR1810
80TR1820
B8OTR1830
BOTR1840
80TRI850
B80TR1860
BDOTR18T0
BOTR1880
BOTR1890
BOTP1900
B80TR1910
B80TR1920
80TF 1930
BDTR1940
80TR1950
8DTP1960
BOTR1970
80TR1980
8DTR1990
BDTR2000
BOTR2010
ADTR2020
8DTR2030
80TR2040
8DTR2050
BDTR2060
BOTR2070
BDTF2080
80TR2090
8OTR2100
80TFk2110
B0TR2120.
BDTR2130
BDTF2140
BOTRZ150
8DTR2160
BDTR2170
BDTR2180
8DTR2190
BDTR2200
8DTR2210
BOTR2220
80TR2230
8DTR2240
BDTR2250
BDTR2260
8DTR2270
BOTR2280
AOTR2290
8DTR2300
BDTR2310
BDTR2320
8DTR2330
BDTR2340
80TR2350
80TR2360
80TR2370
80TR2380
B80TR2390
B0TR2400
80TR2410
BDTR2420
BOTR2430



Subroutine CDTR

This subroutine computes P = P (x) = Prob. (X = X),
where X is a random variable following the X2 dis-
tribution with continuous parameter m. The value
of x must be greater than or equal to zero and 0.5
<m=<2 (105) for computation to take place. D, the
ordinate of the X2 density at x, is also presented in
the output.

For x = 0, P(x) may be written as:

X
Px) = f fm,y)dy 6
0

where £ (m,y) = y™m2/2 ¢ /2 @m/2T(5))

and D = f(m,Xx)

To evaluate the integral, 6 = % - 2 7is first
defined where [ 3] denotes the largest2 integer
less than or equal to —%1— 6 is thus the fractional

part of 5.

Substituting this expression into the integral and
performing the proper reductions, the following
results are obtained.

If: then:

0<m<2 P(x)=T1+ T2

2<m<4 P(x)=T1

m=4 P (x) = T1 - 2T3
where:

T1 = fx Yi‘;—ym dy

0o 2 e+ 8)
T2 = f (2+26,%)

15
S £(2i+26,%)
i=2

I}

T3

T2 and T3 may be evaluated directly using logs and
antilogs.

If 6 =0 (§ is an integer), T1 is easily evaluated
as:

T1=1-e_’,‘/2

If 6> 0, T1 can be expanded in the following infinite
series:

I T U
T+6)\1+8 2+6  2!(3+6) 3!1(@4+6) """
2)

where Z =

Do M

This series is used in the range 108 < x =10, and
not more than 30 terms are necessary to ensure
convergence within error bounds of 1079,

For x > 10, 1-T1 is evaluated by the Euler-
McLaurin formula up to third-derivative terms (see
reference (2), equation 23.1.30). One finds:

N
1-T1 = f h(wdu ®)
0

where h (u) =T11+?) (1%1_;1() -1+ B)u—l e-Nx/zu

N N-1 L L
and J hdu= ¥ h@ +5 h(N) - 5 b0
0 u=0
+ _1_ h"l (N) (Note. h' —_ h"l
720 otes
=0 at 0)

In order to achieve accuracy consistent with that
obtained by the method of equation (2), N = 26 is
used in equation (3).

Ifo<x< 10'8, the approximation x = 0 is made.
P is set to 0; and D is set to 1079, 0.5, or 0,
corresponding to m less than 2, equal to 2, or
greater than 2 respectively.

If m > 1000, Wilson and Hilferty's approximation
is used. (X 2/ m)1 3 is approximately normally
distributed with mean 1 - 2/9m and variance 2/9m
(see reference (2), equation 26.4.14). I m< 1000
and x > 2000, or m > 1000 and x >106, P is set to 1.

Since T1 may have an error of about 10'9, valuag
of P(x) very near zero or one may be somewhat im-
precise. To eliminate possible misinterpretation of
results, if 0 < P(x) < 10~8 or 0 < 1-P(x) = 1078,
P(x) is set to 0 or 1 respectively.
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The X 2 distribution is a member of the gamma
family of probability distributions. The general
form for distributions of this class is:

X
P, (®) =bfG(n,A, 03 u) du

where G(n,a,  ;u) = (u-a)n'l e-(ll'-a)/lb /T (n))

This subroutine may, therefore, also be used to
compute the probability integral from zero to x and
the corresponding ordinate at x for any member of

this gamma family by setting:
X = 2(u-2) /Y and m = 2n

Then P(x) will be the desired probability and
2f(m, x)/¢ will be the desired ordinate.

For reference see:

(1) R. E. Bargmann and S. P. Ghosh, Statistical
Distribution Programs For a Computer Language.
IBM Research Report RC-1094, 1963

(2) M. Abramowitz and I. A. Stegun, Handbook of
Mathematical Functions. U. S. Department of
Commerce, National Bureau of Standards Ap-
plied Mathematics Series, 1966.

c COTE 10
c Y oL L)
4 CDTR 30
c SUBSCUTENE CDT® COTk 40
4 CDTR 50
C PURPCSE COTR 60
C COMPUTES PI(X) = PCOUBABILITY THAT THE RANDUM VERIABLE U,y CDTR 70
C DISTRIBUTED ACCORDING TO THE CHI-SQUAKE OISTRIBUTIUN wiTH G CDTR 80
[ DEGREES OF FREEDGM, IS LESS THAN (R EQUAL TU X. FIG,X), THECDTR 90
c OFDINATE OF THE CHI-SQUAFE DENSITY AT X, [S ALSO COMPUTED. COTR 100
¢ CDTR 110
c USAGE COTR 120
c CALL COTRIX.G.FP,0.1€R) COTR 130
¢ COTR 140
c VESCRIPTION OF PARAMETERS COTR 150
c X - INPUT SCALAF FOR WHICH P(X) IS CCMPUTED. COTR 160
C G - NUMBER OF DtGREES Of FREEDOM UF THE CHI-SQUARE COTR 170
C OISTRIBUTION. G IS A CONTINUGUS PARAMETER. COTR 180
[ P - QUTPUT PFOBABILITY. CDTR 190
C D - QUuTPUT VENSITY. CDT& 200
c TER - RESULTANT €KKOR CODE WHERE CDTE 210
c [EP= 0 --- NO ERROR CDTR 220
[4 1 --- AN [NPUT PARAMETER [S INVALID. X IS LESS COTR 230
c THAN 0.0, GR G IS LESS THAN G.5 OR GREATE®  CDTF 240
c THAN 2¢10€#(+5). P AND O ARE SET TU -1.€75. COTR 250
[4 [ER=+1 --- INVALID QUTPUT. P IS LESS THAN ZERM OR CDTIR 260
C GREATER THAN UNE, GR SERIES FOR Tl (SEt CDTF 270
C MATHEMATICAL DtSCRIPTION) HAS FAILED TO COTR 280
[4 CONVERGE. P IS SET 10 1.E75S. COTR 290
c CoTE 300
c REMARKS CDTR 310
4 SEE MATHEMATICAL CESCRIPTION. COTR 320
c COTR 330
c SUBRCUTINES AND FUNCTION SUBPROGRAMS REQUIRED CDTR 340
[ DLGAM COTR 350
4 NDTR COTF 360
[ CDTR 370
c METHOD CDTR 380
C REFER TO R.E. BARGMANN AND S.P. GHOSH, STATISTICAL CDTR 390
[ DISTRIBUTION PRUGKAMS FUR A CGMPUTER LANGUAGE, CDTR 400
c TBM RESEARCH REPORT RC-1094, 1963. CDTR 410
c CDTE 420
c S Y ot 11 L ICE 1)
[4 CDIR 440
SUBROUTINE CDTR(X.G+P,D,1ER) COTF 450
DOUBLE PRECISION XX¢DLXXyX2¢DLX21GGiG2ZsOLT3¢THETA,THPL, COTR 460
16LG2,00, T11sSER,CCoXI4FAC, TLOG, TERMyGTH A2,448,C,0TZ,DT3, THPI CDTR 470
c COTF 480
4 TEST FOR VALID INPUT DATA CDTR 490
c CDTR 500
IF(G-(.5-1.E-5}) 590,10,10 CDTR 510
10 1F(G-2.E+5) 204204590 COTR 520
20 IF(X) 590,30, 30 COTR 530
¢ COTR 540
4 TEST FOR X NEAR 0.0 COTR 550
< COTR 560
30 IFIX-1.E-8) 40,40,80 CDTR 570
40 P=0.0 CDTR 580
IF(G-2.) 50,60,70 COTR 590
50 D=1.E75 CDTR 600
GG TO 610 CDTR 610
60 0=0.5 COTR 620
GU TO0 610 COTR 630

76 D=0.0
G0 T0 610 gg;ﬁ ggg
¢ COTR 660
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80
90

110
120

130

150
160
170

20¢
210

230
240

250

280
290

300

330

340

350
360

380
390

4«00
410

TEST +OR X GREATER THAN 1.E+o

IF(X-1.E+6) 100,100,90
0=0.0

P=1.0

GC 10 610

SET PRUGRAM PARAMETERS

XK=DBLE(X)
DLXX=DLOG (XX)
X2=XX/2.00
DLX2=DLOG(X2)
GG=DBLE(G)
62=66/2.00

COMPUTE ORDINATE

CALL DLGAM{G2,6LGZ,10K)
0D=(62-1.00)%DLXX-X2-G2*.6931471805599453 -GLG2
IF(DD-1.68D02) 110,110,120

IF(DD+1.6&002) 130,120,140

D=1.€75

GO TC 150

D=0.0

GG TD 150

DD=VEXP(DD} -
D=SNGLIDC)

TEST FUR G GKEATER THAN 1000.0
TEST FOR X GREATEK THAN 2000.0

TF{G-1000.) 160,160,180
1F(X-2000.) 190,190,170
P=1.0

GO 1O 6tl0
A=DLOG{XX/GG)/3.D0
A=DEXP(A}
B=2.00/(9.D0%GG}
C=(A-1.00+3)/DSQRT(8B}
SC=SNGLIC)

CALL NDTR{SC,P,DUMMY}
GO 1D 490

COMPUTE THETA

K= IDINTI(G2)
THETA=G2-DFLOAT(K)
[F(THETA-1.0-8) 200,200,210
THETA=0.D0

THP1=THETA+1.D0

SELECT METHOD OF COMPUTING F1

IF(THETA) 230,230,220
TFIXX-1G.D0) 260,260,320

COMPUTE Tl FUR THETA EQUALS 0.0

IF(X2-1.68002) 2505240,240
T1=1.0

GO TO 400
T11=1.00-DEXP(-X2}
T1=SNGLITL1}

GO TC 400

COMPUTE T1 FOR THETA GFEATER THAN 0.0 AND
X LESS THAN OR EQUAL TO 10.0

SER=X2%*(1.D0/THPL -X2/(THP1+1.D01)1
J=+1

CC=0FLQAT(J)

0O 270 1T1=3,30

X1=DFLOAT(IT1)

CALL DLGAM(XI,FAC, 10K}
XT#OLX2-FAC-DLOGEXT +THETA}
EXP(TLOG)

SIGN(TERM,CC)

SER=SEF+TERM

cC=-CC

IF(DABS(TERMI-1.0-9) 280+270,270
CONT INUE

G0 TO 600

IF(SER) 600,600,290

CALL CLGAM(THPL,GTH. 10K}
TLOG=THETA*DL X2+DLGG{SER) =GTH
1F(TLOG+1.68002) 300,300,310
T1=0.0

GU TO 400

T11=DEXP(TLCG)

T1=SNGLITI1)

GD TO 400

COMPUTE Tl FOR THETA GREATER THAN 0.0 AND
X GREATER THAN 10.0 AND LESS THAN 2000.C

42=0.00

DO 340 1=1,25%
XI=DFLOAT{I}

CALL DLGAM(THPL,GTH,10K)

TL1=-(13.D0*XX)}/ Xl +THPi*DLOG(13.00%XX/X1) ~GTU-CLOG(XE}

IF(TL1+1.68002) 340,340,330
TLI=DEXP(TLL)

A2=A2+T11

CONTINUE
A=1.01282051+THETA/156.,00-XX/312.00
6=DABS(A)

C= -X2+THP1#DLX2+DLOGI(B) -GTH-3.951243718581427
1F(C+1.68D02) 370,370,350

IF (A) 360,370,380

C=-DEXP(C])

GG 10 390

€=0.00

GC T0 390

C=DEXPI(C)

C=A2¢C

Til=1.00-C

T1=SNGL(T11)

SELECT PROPER EXPRESSION FGR P

IF(G-2.) 420,410,410
IF{G-4.) 450,460,460

COMPUTE P FOR G GREATER THAN ZERO AND LESS THAN 2.0

CALL OLGAM{THP1,GTH, 10K}
DT2=THETASDLXX-X2-THP1*.6931471805599453 -(GTH

CoTR
coTE
COTR
cotrR
CoTF
CDTR
CDTR
oTe
COTR
COTR
COTF
coTe
core
COTF
CDTR
core
core
COTR
CODTR
CDTF
CDTR
coTR
ot
CDTR
CDTR
COTF
COTR
CDTR
CDTF
COTR
COTR
CDTR
COTR

670
680
690
700
710
120
730
740
750
T60
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

CDTR1000
COTR1010
COTR1020
CDTR1030
CDTR1040
CDTRi0S50
CDTR1060
CDTPLIOTO
CDTR1080
COTRL090
CD¥R1100
CDTR1110
CDTR1120
CDTR1130
COTR1140
CDTR1150
CDTR1160
CDTR1170
coTel180
CDTR1190
COTR1200
CoTR1210
CDTR1220
CDTR1220
CDTR1240
CDTRI1250
COTR1260
COTR1270
CDTR1280
CDTR1290
COTFR1300
CDTR1310
CDTR1320
CDTE1330
CDTR1340C
CDTR1350
CDTF1360
CDTR1370
CDTR1380
CDTF1390
CDTR1400
CDTR1410
CDTR1420
COTR1430
CDTR1440
CDTR1450
CDTR1460
COTR1470
COTR1480
CDTR1490
CDTR1500
COTR1510
CDTR1520
CDTR1530
CDOTR1540
CDTR1550
CDTR1560
COTR1570
COTR1580
CDTR1590
COTR1600
CDTR1610
CDTR1620
CDTR1630
CDTR1640
CDTR1650
CDTR1660
CDTR1670
CDTP1680
CDTRL690
CDTRL700
CDTF1710
CDTR1720
CDTR1730
CDTr 1740
CDTR1750
C0TR1760
cpTP1770
CDTR1780
CDTR1790

CoTP1800
COTR1810
CDYR1820
CDTF1830
CDTR1840
CDTR1850
CDTF 1860
CDTR1870
CDTR1B80
COTF1890
CDTR1900
COTRI910
COTR1920
CDTR1930
CDTR1940
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470
480

490
500
510
520
530
540

550
560

570
580

590

610
€20

T1F(DT2+41.68002) 430,430,440
P=T1

GG TO 4«90

DY 2=DEXP(DT2)

T2=5NGLLDT2)

P=T14T2+472

GO Y0 490

COMPUTE P FOR G GHEATER THAN OR EQUAL TO 2.0
AND LESS THAN 4.0

P=T1
GO TO 490

CCMPUTE P FOR G GREATER THAN OR EQUAL TO 4.0
AND LESS THAN OR EQUAL YO 1000.0

£73=0.00

DO 480 [3=24K
THPI=DFLCAT(I3)1+THETA

CALL DLGAM(THPI.GTH,10K}
DLT3=THP [ *DLX2-DLXX-X2-GTH
TF(DLT 3+41.68D02} 480,4804470
DT3=0T3+DEXP(DLT3)

COUNTINUE

T3=SNGLKCT3)

P=T11-T3-T3

SET ERROR INUICATOR

1F(P) 500,520,520
1IF(ABS(PI-1.E-T) 510,510,600
P=C.0

GO T0 610

IF(1.-P) 530,550,550
1F(ABS(L1.-P)~1.E-7) 540,540,600
P=1.0

GO TO 610

IF(P-1.E-8) 56045604570
P=0.0

GO TN 610

IFU(1.0-P)-1.E-8) 580,580,610
P=1.0

GC 10 ¢&l10

1ER=-1

0=-1.E75

P=-1.ET75

G0 TO 620

Tep=+1

P= 1.ETS

GO TG 620

1ER=0

RE TURN

END

CDTR1950
CDTR1960
CDTR1970
(DTR1980
CDTR1990
CDTR2000
CDTR2010
CDTR2020
CDTR2030
CDTR2040
CDTR2050
CDTR2060
CDTR20T0
CDTR2080
CDTR2090
CDTR2100
CDTR2110
coTR2120
CDTR2130
COTR2140
CDTR2150
CDTR2160
CDTR2170
CDTR2180
CDIR2190
CDTR2200
CDOTR2210
CDTR2220
CDTR2230
COTF2240
COTR2250
COTR2260
CDTR2270
CDTR2280
CDTR2290
CDTR2300
CDTR2310
COTR2320
CDTF2330
CDTR2340
CDTR2350
COTR2360
CDTR2370
CDTR2380
COTR2390
CDTR2400
CDTR2410
CDTF2420
CDTR2430
CDTR2440
CDTP2450
CDTR2460
COTR2470
CDT#2480

Subroutine NDTRI

This subroutine computes x = p—l(y) such that

y = P(x) = Prob (X < x) where X is a random vari-
able distributed normally with mean zero and
variance one.

That is, given P(x), the following is solved for x:

X
P (x) = L f exp (-u2/2)du
Ve =

The following approximatiﬁn* is used:

2 . 3 .
X=W- aw/ > b.w 1)
i i
=0 i=0

[ s

where:

Vin (1/p?) (0 <p <.5) 2

ag = 2.515517

g
1l

a; = 0.802853
as = 0.010328
by = 1.432788
by = 0.189269
by = 0.001308

If P(x) is greater than 0.5, 1 - P(x) is used as p in
(2) above, and the result of (1), x, is negated.

The maximum error is 0.00045; f(x) is also cal-
culated.

e, Hastings, Approximations for Digital Com-
puters. Princeton University Press, Princeton,
N.d., 1955
M. Abramowitz and I. A. Stegun, Handbook of
Mathematical Functions. Dover Publications, Inc.,
N. Y., equation 26. 2. 23.
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ne

NTRT

D R R R R L R R LY PR T PP PPy 111 §

NTRE

SLEFCLYINE ACTR] NTRT

NTRI

FLRFCSE NTRT

. CCMFLTES X = Poa(-1)(Y), THE ARGUMENT X SUCK THAT vs P(X) NTRI
TrE PRCEAEILITY THAT THE FANCCK VARTAELE Uy OISTRIBUTEC NTRE
ACFPALLY(Celle IS LESS THAN CR ECUAL TC X. F(X), THE NTR]
CRCINATE CF THE MNCRMAL CENSITY, 8T X, IS ALSC CCPPLTED. NTRT

NTRI

LSACE NTRE

CALL ACTRI(P X,ColER) NTRT

NTRI

CeSCFIFTICN CF PARAMETERS NIRE

F = INFLT PRGEAGILITY. NTRI

x = CLTPLT ARGUMENT SLCH THAT P = ¥ = THE PRCBABILITY THAT NTR]

Lo THE RANCCM VARIABLE, IS LESS THAN CR EQUAL TO X. NIRE

c = CLTPLY CENSITY, F(X}. NTRI

LER - CLTFLY ERACR CCCE NTRT

= -1 IF F IS NOY IA THE INVERVAL (Celdle IMCLLSIVE. NTRI
X=(=,55565E+74 IN THES CASE NTR[

= C If THERE IS NC ERRCR. SEE REFARKS, BELCW. NTRT

NTRI

REVEFKS NTRT
#AXIFLUP ERACR IS 0.CO04%. NTRY

I¢ F = C, X IS SEV 10 -(1C)ee74. C IS SET 1C C. NTRI

IF F = Jy X IS SET TC (1C)9%74, C IS SEV TC C. NTR]

NTR{

SLBRCLTINES ANC SLEPRCCRAMS RECUIRED NIRRT

MCAE NTRT

NTRE

PETHCL NIRI
BASEC CN APPRCXIMATILANS IN C. HASTINGS, APPRCXIMATICNS FCR NTRI
CICITAL CCMPUTERS, PRIACETCA UNIV. PRESS, PRIACETCAN, N.J., NTRI

1656, SEE ECLMTICN 26.2.224 HANCBCCK CF MATREFATICAL NTRI
FUMCTICAS, ABROPCMITL ANC STEGUA, CCVER PUBLICATICONS, INC., NTRI

MER YChK. NTRI

NTRI

D R R R R R PR LR R PP PR M L3
NYRI

SLERCLTINE ACTRI(P XoCoLED NTRT
NTRE

1€=C NTRI
X S55SS5E+ T4 NIRT
Cex NTIRI
TIF(F)1e402 NTRI

1 lEx-} NTRI
€C TC 1z ATRI

4 1F (F-1.00117,5,1 NTR]
4 X=-.G656SSE4T4 NTRI
£ C=(.C NTRI
€C ¥C 12 NTRT
NTRI

NTRT

1 Caf NTRT
1FEC-0.2)5.548 NTR[

€ C=1.0-C NTRE
S T2=ALCG(Ll.C/ULOCH) NIRI
T=SCAT (12 NTRT
X=T-42.5155107+C.E02€53¢T140.C1C328972)/(1.C+1.432788¢71¢C.189269972 NIRI

1 ¢0.CChacaeTOlZ) NIRRT
1F{P-Co2010,1Co12 NTRI
1C x=-x NTRI
11 EoCLISESAZIEXRP(-X*X/2.C) NTRE
12 RETLEA NTRI
(14 NTR1
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Flementary Statistics and Misceliany

Subroutine MOMEN

This subroutine computes four moments for grouped
data Fq, Fo, ..., Fpon equal class intervals. The
number of class intervals is computed as follows:

n= (UBO, - UBol)/UBo2 (1)

where UBO1 given lower bound

given class interval

g 8
& 0

given upper bound

and the total frequency as follows:

=

T= o @)

h .
where F, = frequency count in it interval.
i

Then, the following are computed.

First moment (mean):

n
12: 1; Fi [UBOI + (1-0.5) UBOz]

= 3
ANS1 T (3)

.th
j  moment:

)

=

F. [ UBO, +(i-0.5) UBO, - ANS,

These moments are biased and not corrected for
grouping.

el R Rl N Y N N N N N R N e e N e e i )

1cc

[ XaXa)

LXaXa

fee

fen oM

ecc
21¢

XXl

L YaXa)
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. HCHE

secsccnccesacsceseas s MCME

HCME

SLERCLTINE PCPEN MCWE
MCME
FLEFCSE HCME
TC FINC THE THE FIRST FCLR PGMENTS FCR GRCUPEC CATA ON MCPE

ECLAL CLASS INFTERVALS. NCRE

MCME

LSACE MCME
CALL PCPEN (FILECIACP 4ARS) MCME

MOME

CESCRIFTICA CF PARAVETERS MCVE

F - GRCLPEC CATA (FRECLENCIES). EIVEN AS 4 VECTCR CF MOHE
LENGTR (LBC(23-UBC(1))/UBCIZ) MCHE

LEC -~ 2 CELL VECTCR, LECU1) IS LCWER BCUNC ANC LBCU3) UPPER MCHME
ECUNC CN CATA. LEC2) IS CLASS INTERVAL. nCRE

LEG(3) MLST 2E GREATER THAN LBG(1). MCHE

ACP - CPTICK PARAVETER. IF NOP = 1o ANS(1) = PEAN. MGHE

ACP = 2, BNS(2) = SECGND PCHERT. ~IF NCF = 3, ANS(3) aNCME

THIRC MCMENT. 1F ACP = 4, ANS(4) = FCLATH MOMEAT. MOME

IF ACP = 5, ALL FCLR PCHENTS ARE FILLEC Ih. HCHE

BAS ~ CLTPLT VECTCR GF LENGTH 4 INTC wrICH MCFENTS ARE PUT. MCME

HCME

REPIRKS MCME
ACTE 1HAT TrE FIKST PCPENT IS NCT CENTFAL ELT THE VALLE CF  WCHE

THE MEAN ITSELF. THE MEAN 1S ALWAYS CALCULATEC. HOME

SFE EIASEL ANC NCT CCRRECTEC FCR GRCUPING. MOME

uCreE

SLBRCLTINES ANC FULACTION SLEFRCGRAMS RECLIRED HOME
ACH MCHE

MCPE

PETHCL HEN
REFER TC Po G. KENCALLy "THE ADVANCED THECRY CF STATISTICS®,WCHE

Vole FAFRER PLELISHING CCPPANY, 155€, CHAPTER 3. MCHE

HOME
Y ]
MOME

SLERCLTINE MCFER (FoLECINCFANS) MONE
CIFERSICN FULILECUL)oANSELD HOwE
HCME

£C 1CC Inled MCME
ANS(E)=CaC MCHE
“CME

CALCLLATE THE ALPEER CF CLASS IATERVALS HCHE
WCME

M=CLBCU2)-LECIII/LECLZI40.% HOME
MCHE

CALCLLATE TCTAL FHRECLENCY MOME
: MOME

1=C.C NCME
€C 11C i1.8 newe
1=1eE (D) HOME
MCME

IF(ACF-S1 13Cs 12C, 115 HCME
NCFeS HCME
JLrEsl MCME
€C TC 1%¢C neHe
JPFez HCHE
MCME

FIRST PCPENT HONE
MOME
£C 1€C I=1,0 MOME
Fl=1 HCME
ANSULEsARS (1)+F(TIS(LBCIL) #LFI-C.SIOLRCI2)) MCHE
ANS(1I=ARSL)/Y nOrE
»CHE
GC TC (25C,2CC25C,2CC42C00 o ACF MCME
MOME
SECCAL PCPENT MCME
MGME
€L 21C 12148 MCRE
Fist MCHE
ANSE212ARS(21¢F (119 {LECILI(FI-C.516LEC(20-ANS(LIN 22 MCME
INS(Z)elNS(ZI/F “CHE
GC TC (25Co25CH, JLPF vCHE
HIME
THIRC PLPENT MCME
MCME
CC 26C 1=1eh neHe
[ ucme
ARS(2)=ANS(2)eFCIIO(LEGUI) ¢ (FE-C.SIOLECI2D-ANS(L)) o8 MCHE
ARSI RS (23/T MCME
€0 VO (3€Co25Che JUPF HCHE
MCME
FCLBTH PCPENT MCME
NGHE
CC 21C I=heA MCVE
Fi=l . NCHME
ENS(AT=ARS(A)oF LTI®CLEC (L e(F I-C.510LBCI2D-ANS (L)) 004 MCHE
ARSTEI=ARS (&I *CME
FETLRA MCME
EAC nCE

340

400
410
420
430
440
450
460
470
480
“9%0
500
510
520
530
540
550
560
570
580

600
610

630
640
650
660
670
680
690
T00

120
730
740
750
760
170
780
190
400
810
820
830
B840
850
860
810

880
890
900
Q10
%20
930

85



Subroutine TTEST

This subroutine computes certain t-statistics on the
" means of populations under various hypotheses.
The sample means of Ay, Ag, ... »ANA, and By,
Bg, ..., BNB are normally found by the following
formulas:

NA NB
A, E B.
i i
— i=1 _ i=1
A= TNa i B=—%s— M

and the corresponding sample variances by:

NA NB
—_— - 2
§)<Ai-A>2 §:<Bi-B)
2 i=1 2 i=1
SA = NA-1 5 SB = NB - 1 &)

The quantities 4 and ¢ 2 stand respectively for pop-
ulation mean and variance in the following hypotheses.,

Hypothesis: kg = A; A = a given value (Option 1)

Let B = estimate of x_, and set NA = 1. (A is stored

in location Al).
The subroutine computes:

B

B-A

ANS = =B \/ NB (t-statistics) (3)
NDF = NB -1 (degrees of freedom) (4)

. _ 2 2 .
Hypothesis: By = hp <0A = 0B>(Opt1on 2)

The subroutine computes:

ANs=B-A

1
S 1 A 1 (t-statistics) (5)
NA NB

(6)

(degrees of freedom)

NDF = NA + NB - 2

2
(NA-1)SA% + (NB-1) SB

7
NA + NB - 2 ™

where S =
Hypothesis; = 02 %(72 (Option 3)
ypothesis; B~ ug |0y FYANY

The subroutine computes:

(t-statistics) (8)

86 Statistics——Elementary Statistics and Miscellany

2

sa°, sB? ®)
NA NB
NDF = a2\ 2 2\2 2
NA (NA+1) + NB (NB+1)

(degrees of freedom)

Note: The program returns a rounded N DF, not a
truncated NDF.

Hypothesis: | AT kg <no assumption on 02>(Option 4)
The subroutine computes:

D
ANS =§' "NB

(t-statistics) (10)

NDF = NB -1 (degrees of (11)
freedom)
where D=B - A (12)
NB
=2
(B. - A, - D)
= 1 1
SD =1 (13)
NB -1
NA = NB
c TIES 10
G e, TTES 20
c FTES 30
c SUBROUT INE TTEST TTES 40
[ TTES 50
c PURPOS E TTES 60
c TO FIND CERTAIN T-STATISTICS ON THE MEANS OF POPULATIONS. TTES 70
C TTES 80
C USASE TTES 90
C CALL TTEST {A¢NA, By NB+NOP+»NOF 4 ANS } TTES 100
C TIES 110
c DESCRIPTIGN OF PARAMETERS TIES 120
C A - INPUT VECTOR OF LENGTH NA CONTAINING DATA, TVES 130
[4 NA - NUMBER OF OBSERVATIONS IN A. TTES 140
c 8 = INPUT VECTOR OF LENGTH N8 CONTAINING DATA. TTES 150
C N8 — NUMBER OF DBSERVATIUNS IN 8. TTES 160
C NUP - OPTIUNS FOR VARIOUS HYPUTHESES.. TTES 170
c NOP=1--~ THAT POPULATION MEAN OF 8 = GIVEN VALUE A. TTES 180
c (SET NA=1) TTES 190
[ NOP=¢--~ THAT POPULATION MEAN OF B = POPULATION MEAN TTES 200
[ OF A, GIVEN THAT THE VARIANCE OF B = THE TIES 210
C VARIANCE OF a. TTES 220
c NOP=3--- THAT POPULATIGN MEAN OF 8 = POPULATION MEAN TTES 230
c OF Ay GIVEN THAT THE VARIANCE OF B IS NOT TTES 240
[ EQUAL TO THE VARIANCE OF A. TTES 250
c NUP=4==~ THAT POPULATION MEAN OF 8 = POPULATIUN MEAN TTES 260
4 OF A, GIVEN NO INFORMATION ABOUT VARIANCES OFTTES 27¢
C A AND B. (SET NA=NB) TTES 280
[ NOF - OUTPUT VARIABLE CONTAINING DEGKEES OF FREEUOM ASSOCI- TTES 290
4 ATED wITH T-STATISTIC CALCULATED, TIES 300
¢ ANS - T-STATISTIC €OR GIVEN HYPGTHESIS. TTES 310
¢ TTES 320
C REAARKS TTES 330
C NA AND NY MUST BE GREATER THAN 1, EXCEPT THAT NA=l IN TTES 340
L JPTIGN 1. NA ANO N8 MUST ok THE SAME IN OPTION 4. TTES 350
[ 1F NQP IS OTHER THAN le 2+ 3 OR 4, DEGRECS OF FREEDUM AND TTES 360
C T=STATISTIC WllL NUT B CALCULATED. NOF ANL ANS wilLL B8E TIES 370
3 SeT T ZERU. TTES 38C
¢ TTes 390
C SUERIUTI4cS aND FUNCTIUN 3UBPKIGRAMS REQUIREY TTES 400G
C NUNE TTES 410
c TrES 420
c MET 0L TTES 43C
c ALECA TU UsTLEs BUKNARJ, *STATISTICS [N RESEARCH"y TUNA TTES 440
[ STATC COLLZGE PHESS, 195+, CHAPTER 5. TTES «5C
c TTES 460
SR L USRI TTES 470
¢ TTES 48C
SUEBRJUT INe TTEST (A YN0 NBaNUP Y NIF ¢ ANS) TTES 49C
OIMCNSTUN 4(11,8(]) TTES 500
< T
[ INITLaL IZAT fun r:gg gég
¢ . TTES 530
NOF =2 TTES 540
ANS=2.0 TTES 550
¢ o TTES 560
c LALCULATE TH: MZan OF A TTES 570
¢ . TTES 34
AMCAN=3.0 TIES 590
wd LU d=1, ¥4 TTES 500
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15C

leC

20¢C

O AMLANzAMEANSA(T)

FNazNA
ANEANT AMEAN/ FNA

CALLULATE THp Mtan OF B

BMELN=S .C

DO 120 I=l.NB
LMLaN=oMEAN+BL L)
FNi=No
uhtAN=SMLAN/ FNB

1F(NOP-4) 12z, 18C, 20C

2 IFINGP~1) c00Ur 1250 125

LALLULATE THE VAKIANCE GF A

SAc=C.2

0G 133 I=1,NA
SALTSAZH(ALL)-AMZAN ) ¥+ 2
SAZ=SAZ/(FNA-1.0)

CALLULATE THc VARIANCE OF B

$8220.0

00 140 1=1,NB
SB2=5B2¢(8( 1 1-sMEAN #82
SB2=562/(FN3-1.0)

GO Tu (150,16G,1701. NOP
OPTICN 1

ANS = (BHEAN-AMEAN}/ SQRT(SBZ) 1 #SQRT(FNB)
NDF=NB-1
Gu ¥3 2C0

OPTION 2

NOF=NA+NB~-2

FNDF=NDF

$=5QRTUC(ENA-1.0)1*3A2¢+ (FNB-1.0)#582)/FNDF}
ANS=((bﬂtAN—ﬂHEAN‘/S)‘(l.C/SGRT(l.(/FNA'l.O/FNBI)
GO TO 200

GPTIGN 3

ANS:1dNEAN«Aﬂ&AN)/SQﬂT()AZ/FNA*SBZ/FNBD
Al=(SA2/FNA+SB2/FNB )®e2

A2=(5A2/ENAY**2/(FNA+L.C) ¢ SB2/FNp)*#2/(FNB+1.0}
NDF=AL/AZ-2.C*0-5

60 TO 209

OPTION 4

$D=0.0

D=BMEAN-4MEAN

U0 190 I=14N8B
SD=SU+(B{I)~A(i)-D}**2
SD=3QRT SO/ (FNB-1.01)
ANS={D/SD)*SURT(FNB
NDF=N8-1

RETURN
END

TTES
VVES
TTES
TTES

610
620
530
646
650
660
670
680
89C
T00
710
120
730
740
75¢C
760
770
78¢C
790
8c0
slC
820
830
840
850
860
8710
8890
890
900
910
923
939
940
950
960
970
980
990

TTES1000
TTESI01G
TYES102C
TTESLO3G
TTES1040
TFESLLSC
TTESLC60
TTES107C
TTESLICBC
TTESLO9C
TTESLICO
TTESLLLC
TTESL12C
TTES1130

TTES1140
TTESL1SC
TTES1160
TTESLL70
TTES1180
TTESLL90
TVES1200
TTESL21C
TVES1220
TTES1230
TTES1240
TTES1250

Subroutine BISER

This subroutine computes a biserial coefficient of
correlation between two continuwous variables when
one has been artificially dichotomized. The com-
putational steps are as follows:

1, Compute the mean of the continuously mea-
sured variable, A:

N
> A
- _i=1
A=——ou - 1
. 1)

where N =number of observations in the sample.
2. Compute the standard deviation of the con-
tinuously measured variable, A:

5 = (2)
N-1

3. Obtain the following information for the di-
chotomous variable, B:
p = proportion of the cases in the higher group
q = proportion of the cases in the lower group
y = ordinate of the normal distribution curve
at the point of division between p and q proportions
4. Obtain A, = mean of A values whose corre-
sponding B values are in the higher group.
5. Then, compute the biserial coefficient of cor-
relation, ry, by the use of the following formula:

I

Kp -A
I‘b =———s——' —y— (3)
6. The standard error of T, is estimated by the
formula:
| [ rb2
— @)

For reference see:

(1) J. P, Guilford, Fundamental Statistics in
Psychology and Education. McGraw-Hill, New
York, 1956, chapter 13. -

(2) J. W. Dunlop, '"Note on Computation of Bi-
serial Correlations in Item Evaluation', Psycho-
metrika, 1936, I, pp. 51-60.
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SURKCUTINE BISER

PURPLSE
TC COMPUTE ThE BISERIAL CORFILATION COEFFICIENT BTTWEEN TWO
CONTINUDUS VARTABLES WHEN ONL OF THEM HAS REEN ARTIFICIALLY
OICHLTLMIZID . “

USAGE
TALL FISE® (NyA,R,HILANS,1ER]

DESCKIPTION "t PARAMETERS
N - NUVMBER OF QESERVATIONS
A TNPUT VECTOF OF LENGTH

VAL ABLE

INPUT VECTOR OF LENGTH

VAC | ARLE

INPUT - NUMESICAL COLE

GF THE DICHCTOMIZED VARIABLE. ANY VALUF IN

EQUAL TO OR GREATER THAN HI WILL B8F CLASSIFIED

THS HIGHER CATEGCRY.

QUTPUT VECTOR OF LENGTH 8 CONTAINING THE FOLLOWING

ANSU1) - MCAN OF VARJABLE 4

ANS(2) ~ STANDARD DEVIATION OF VARIABLE A

ANS(3) - PROPORTION DF THD CASES IN THE HIGHER

CATEGORY OF VAIABLE 8

PRCPORTION OF THE CASES IN THE LOWER

CATECORY OF VARIABLE B

MEAN OF VARIABLE A FOR THOSE CASES FALLING

INTO THE HIGHER CATEGORY OF VARIABLE 8

MEAN OF VARIBJLE A FOR THOSE CASES FALLING

INTO THE LOWER CATEGORY OF VARIABLE 8

BISERTAL CORRELATIGN COEFFICIENT

STANDARD ERROR OF SISERIAL CORRELATION

COEFFICIENT

NO CASES ARE

N CONTAINING THE CONTINUOUS

) N CONTAINING THE DICHOTOMIZED
HL -
VECTOR B
INTO

ANS(4) -
ANS(5) -
ANS(6) -

ANS(T) -~
ANS(8) -
1ER - 1, IF IN THE LOWER CATEGCRY OF VARIABLE
8.
-1y IF ALL CASES ARE
VARIABLE 8.
O, OTRERWISE.
IF T€ER IS NON-ZERQ, ANS{T1}=1u®#75,1=5,4..¢8.

IN THE LOWER CATEGCRY OF

REMARKS
THE VALUES OF THE DICHOTOMIZEG VARIABLE, 8, MUST BE IN
NUMERTC FORM. THEY CANNOR bt SPECI+IED BY MEANS OF
ALPHABETIC OR SPECIAL CHARACTERS.

SUBROUTINES AND FUNCTIUN SURPROGRAMS REQUIRED
NDTRI

METHOD
REFER TO P. HORST, *PSYCHGLOGICAL
PREDICTION®y P.S5-956 (WADSWOZTH,

MEASUREMENT AND
19651 .

SUBROUTINE BRISER (N, A,B,HI,ANS,IER)
DIMENSION AC1),8(1),ANS(1)

COMPUTE MEAN AND STANDARD DEVIATION OF VARIABLE A

=0.0
D0 10 [=1,N

SUM=SUM+AL])

SUM2=SUM2ea(T)«A(])

FN=N

ANS(1)=SUM/FN
ANS(2)=(SUM2-ANS(1)#SUM) /(FN-1.0)
ANS{2)= SQPTLANSI2))

FIND PRUPORT{ONS OF CASES IN THE HIGHER AND LOWER CATEGORIES

P=0.0

SUM=0.9

SUM2=0.0

DE 30 I=1,%
TF(R(I)-HI) 20, 25, 25
SUM2=SUM2¢a (1)

GO TO 320

P=P+1.0

SUM=SUM+ATT)

CONTINUE

ANS(41=1.0

ANS(3)=0.0

Q=FN-P
IF (P)
1ER=~1
G0 T@ 50
ANS(5)=SUM/P

IF {Q) 45,45,60
1eR=1
ANS(41=0.0
ANS(21=1.0

oc 55 .8
ANS(1)=1.E75
GO TO 65
ANS(6)=SUM?/C
P=P/EN
Q=1.0-p

35435440

FIND URDINATE OF THE NORMAL DISIRISUTION CURVE AT THE PGINT OF
CIVISICN BcYWEEN SEGMENTS CONTAINING P AND Q PROPORTIONS

CALL NDTFT (QeX4Y, ER)

COMAUTc THE BISERIAL COEFFICIENT OF COKRELATION
R=(LANS(S)-ANS (L II/ANS(2) )~ (P/Y)
THE

COMPUTE STANDARD ERROR OF R

ANS(BI=t SOOTUP=N}/Y-RA"}/SORTIFN]

STORE RESULTS

© RETURN

END

BISE
RISF
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISFE
BISE
BISE
BISE
B8ISE
BISE
BISE
BISE
BISE
BISE

TO INDICATE THE MIGHER CATEGORYBISE

BISE
BISE
BISE
BISE

BISE

“eecteacctenosstcanasroasacnesessecaBISE

BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
B8ISE
BISE
BISE
PISE
BISE
BISE
BISE
BISE
BISE
BISE
8ISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
6I1SE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE
BISE

210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
350
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
176
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

BISELO0O
BISElO1LO
BISE1020
BISEL030
BISELO40
BISEl1050
BISEL060
BISELOTO
BISELORO
BISEL090
BISELLO0
BISELLLD
BISELl120
BISEI130
BISELL140
B8ISEL150
BISEL160
BISELLTO
BISEL180
BISEL190
BISE1200
BISEl1Zi0
BISELl220
BISEL230
BISEL240
BISE1250
BISE1260
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Subroutine PHI

This subroutine computes a phi coefficient between
two variables which are dichotomous. The compu-
tational steps are as follows:

1. Two dichotomous variables are summarized
in a 2 x 2 table as shown below:

Variable 1
High Low
High
Variable 2 A B
Low

C D

A, B, C, and D stand for frequencies.
2. Compute the phi coefficient by the formula:

AD - BC
V(a+B) (C+D) (A+C) (B+D)

¢ = @

3. Compute X 2 as a function of phi coefficient as
follows:

X2=N¢2

(2)
where N =number of observations.

X 2, with one degree of freedom, may be tested
at a required level of significance, I it is signifi-
cant, the obtained phi coefficient is also significant.

4. Compute the maximal phi coefficient that can
be attainable in a given problem by the formula:

&)

where pj is the largest marginal proportion in a
2 x 2 contingency table, and Pj is the corresponding
marginal proportion in the other variable,

For reference see:

(1) J. P. Guilford, Fundamental Statistics in
Psychology and Education. McGraw-Hill, New
York, 1956, chapter 13.

(2) G. U. Yule, "On the Methods of Measuring
the Association Between Two Attributes', Journal
of Royal Statistical Association, 1912, 75, pp.

576-642,
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15

20

25
30

3s
40

4l

43
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s
55
60

65
70

15
85
9C

95
100

Prl
.................................................................. PHI
PHT

SUSICTUT INE PHIT PHIL
PHI

PURPOSE PHI
TO COMPUTE THE PHI CUEFFICTENT BETWEFM TWO VARTABLES WHICH PHI

ARE DICHNYICMOUS. \ PHI

PHI

usAGH PHI
CALL PHI (NyUsVoHULHV PoCHyXP, TE) PHl

PHL

DESCRIPTION GF PARAMETEPRS PHI

- NUMBEP OF OCBRSEPVATIUNS PHI

U - INPUT VECTOR OF LENGTH N CONTAINING THE FIRST DICHOTO- PHI

MOUS VARIABLE PHI

V- INPUT VECTOR OF LENGTH N CCNTAINING THE SECOND DICHOTO-PHI

MOUS VARTABLE PHl

HU - INPUT NUMERICAL CCCE WHICH INDICATES THE HIGHER PHI
CATEGORY OF THE FIRST VARIABLE. ANY OBSERVATION IN PHI

VECTOR U WHICH HAS A VALUZ EQUAL TO DR GREATER THAN HU PHI

wWItL BE CLASSIFIED IN THE HIGHER CATEGORY. PHI

HV - INPUT MUMERICAL CODE FOR VECTOR Vv, SIMILAR TO HU PHI

P - PHI COEFFICIENT COMPUTED PHI

CH - CHI-SCUARE COMPUTED AS A FUNCTION OF PH1 COEFFICIENT PHI
(DEGREES OF FREEDOM FOR CHI-SQUARE = 1) PHI

XP - COMPUTED VALUE OF THE MAXIMAL PHI COEFFICIENT THAT PHI

CAN B8f ATTAINED IN THE PROBLEM PHI

TE - [F IF IS NON-ZERO, SOME CELL IN THE 2 BY 2 TABLE IS PHI

NULL. (F SO, P, CH, AND XP ARE SET TO LO#*75. PHI

PHI

REMARKS PHI
VARTABLES U AND V MUST BE SPECIFIED NUMERIC. PHI

THE PHI COEFFICIENT IS A SPECIAL CASE OF THE PHI
PEARSON PRODUCT-MOMENT CORRELATION WHEN BOTH VARIABLES ARE  PHI
BINARY. PHI

PHI

SUBRCUTINES AND FUNCTICN SUBPRCGRAMS REQUIRED PHI
NONE PHI

PHI

METHCD PHI
REFER TO P. HORST, *PYSCHOLCGICAL MEASUREMENT AND PHI
PREDICTION', P. 94 {WADSWORTH, 1966). PHI

PHI
.................................................................. PHI
PHI

SUBRCUTINE PHI (NyUs Vi HUHV P CH XP, [E) PHI
PHI

DIMENSION U(1),vIL) PHI
PHL

CONSTRUCT A 2X2 CONTINGENCY TABLE PHI
PHIL

PHI

PHI

PHI

PHI

PHI

PHI

D0 40 I=1,N PHI
IE(ULTI-HU) 10425.25 PHI
TF(VIII-HV) 15,20,20 PHIL
D=D+1.0 PHI
GO YO 40 PHI
£=8+1.0 PHI
6D TO 40 PHI
TE(V(I)-HV) 30,35,35 PHI
C=C+1.0 PHI
GO TO 40 PHI
A=A+1.0 PHI
CONTINUE PHI
LF(A} 100,100.41 PHI
1€(8) 100,100,42 PHI
IF(C) 100,100443 PHI
1F(D} 100,100,44 PHI
PHI

COMPUTE THE PHI COEFFICIENY PHI
PHI

P=(A%D-B%C)/ SQRT((A+B)*{C+D)*(A¢C)*(B+D}} PHI
PHI

COMPUTE CHI-SQURE PHI
PHI

T=N PHI
CH=T*pep PHI
PHI

COMPUTE THE MAXIMAL PHI COEFFICIENT PHI
PHI

PL=tA+CI/T PHI
P2=(B¢DI/T PRI
©3=LA+BI/T PHI
P&={C+DI/T PHIT
IE(PL-P2) 75, 45, 45 PHI
1F(P3-P4) 65, 50, 50 PHI
IF(P1-P3) 604 55+ 55 PHI
XP=SQRT((P3/P4)*{P2/PL)) PHI
GO TO 95 PHI
XP=SQRT((PL/P2)*(P4/P3)) PHI
GO TO 95 PHI
1F(P1-P4) 70, 55, 55 PHI
XP=SQRT((P2/PL)*(P3/P4}]} PHI
GO 10 9% PHI
IFtP3-P4) SO, BC, RO PHI
1F(P2-P3) 604 8BS, 85 PHI
XP=SQRT((P4sP3II*(P1/P2)) PHL
GO TO 95 PHI
IF(P2-P4) 10, B5y 85 PHI
PHI

RETURN PHI
1€=1 PHI
P=1.ETS PHI
CH=1.E75 PHI
XP=1.£75 PHIL
co 10 95 PHI
END PHI

Subroutine POINT

This subroutine computes a point-biserial correla-
tion coefficient between two variables, one binary
(dichotomized) and one continuous. The computa-
tional steps are as follows:

1. Compute the mean of the continuously mea-
sured variable, A:

N
2 A
_ i:]_ 1
A=—Tx &

where N =number of observations in the sample.
2. Compute the standard deviation of the con-
tinuously measured variable, A:

N 2
N 2 A
> A2 \i=l
=1 ! N

s = (2)

N-1

3. Obtain the following information for the di-
chotomous variable, B:
Np = pnumber of cases in the higher group
N, = number of cases in the lower group
4. Obtain A.. =mean of A values whose corre-
sponding B values are in the higher group.
5. Then, compute the point-biserial correla-
tion, rpb:

(3)

6. Compute the t ratio used to test the hypoth-
esis of zero correlation:

(4)

7. The degrees of freedom for the t ratio are
obtained by:

d.f, =N-2 (5)

For reference see:

(1) J. P. Guilford, Fundamental Statistics in
Psychology and Education. McGraw-Hill, New
York, 1956, chapter 13.
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(2) N, C. Perry and W. B, Michael, "The Re-
liability of a Point-Biserial Coefficient of Correla-
tion''. Psychometrika, 1954, 16, pp. 313-325.

POIN 10

B sscecsscnsadiee s POIN 20
POIN 30

SUBRCUTINE POINT POIN 40
POIN SO

PURPOSE POIN &0

TO COMPUTE THE POINT-BISERIAL CORRELATION COEFFICIENT POIN 70

SETWEEN TwD VARIABLES, WHEN ONE OF THE VARIABLES IS A BINARYPOIN 80
VARIABLE AND ONE IS CONTENUOUS. THIS IS A SPECIAL CASE OF POIN 90

[4
c
C
C
c
[
4
[
c
C THE PEARSON PRODUCT-MOMENT CORPELATION COEFFICIENT. POIN 100
c POIN 110
¢ USAGE POIN 120
[ CALL POINT (NeAyByHI,ANS,FERD POIN 130
C POIN 140
[ DESCRIPTION OF PARAMETERS POIN 150
c N - NUMBER GF OBSERVATIONS POIN 160
[3 A - INPUT VECTOR OF LENGTH N CCNTAINING THE CONTINUOUS POIN 170
[4 VARTABLE POIN 180
c 8 - INPUT VECTOP OF LENGTH N CONTAINING THE DICHOTOMOUS  PQIN 190
c (BINARY) VARIABLE POIN 200
C HI - INPUT NUMERICAL CODE TO INDICATE THE HWIGHER CATEGORY. POIN 210
c ANY VALUE If THE BINARY VARIABLE NOT LESS THAN HI WILLPOIN 220
[4 BE CLASSIFIED IN THE WIGHER OF THE TWO CATEGORIES. POIN 230
C ANS - DUTPUT VECTOR OF LENGTH 9 CONTAINING THE FOLLOWING POIN 240
c RESULTS POIN 250
4 ANS(1)- MEAN OF VARIABLE A POIN 260
C ANS(?2)- STANDARD DEVIATION OF VARIABLE A POIN 270
[ ANS(3)- NUMBER OF DBSERVATIONS IN THE HIGHER POIN 280
4 CATEGORY OF VARIABLE B POIN 290
[4 ANS{4)- NUMBER OF (BSERVATIONS IN THE LOWER POIN 300
[4 CATEGORY OF VARIABLE 8 POIN 310
C ANS(S)~ MEAN DF VARIARLE A FCR ONLY THOSE POIN 320
4 OBSERVATIONS IN THE HIGHER CATEGORY OF POIN 330
C VARTABLE B POIN 340
[ ANS(6)~ MEAN OF VARIABLE A FUR ONLY THOSE POIN 350
C OBSERVATIONS IN THE LOWER CATEGORY OF POIN 360
4 VARTAQLE B POIN 370
[ ANS(7)- POINT-BISERIAL CORKELATION COEFFECIENT POIN 380
4 ANS(B)- T-TEST FOR THE SIGNIFICANCE OF THE POIN 390
[4 DIFFECENCE BETWEEN THE MEANS OF VARIABLE A POIN 400
[ FOR THE HIGHER AND LOWER CATEGORIES POIN 410
[4 RESPECTIVELY. POIN 420
[4 ANS(9)- DEGREES OF FREEDOM FOR THE T-TEST POIN 430
[4 IER=- 1, IF ALL ELEMENTS DF B ARE NOT LESS THAN HI. POIN 440
4 -1, IF ALL ELEMENTS OF 3 ARE LESS THAN HI. POIN 450
4 O, OTHERWISE. IF I1ER IS NON-ZERO, ANS(I}, [=5,...49, POIN 460
C IS SET TD 10%%75. POIN 470
4 POIN 480
4 REMAEKS POIN 490
4 THE SYMBOLS USED TO [DENTFY THE VALUES DF THE TWO CATEGORIESPOIN 500
c OF VARTABLE B MUST BE NUMERIC. ALPHABETIC OR SPECIAL POIN 510
[4 CHARACTERS CANNGT BE USED. POIN 520
C THE T-TEST(ANS(8]) IS A TEST 0F WHETHER THE POINT-BISERIAL POIN 530
[ COEFFICIENT DIFFERS SIGNIFICANTLY FROM ZERO. POIN 540
[4 POIN 550
C SUBRNUTINES AND FUNCTION SUBPROGRAMS REQUIRED POIN S60
[ NONE POIN 570
c POIN 580
C METHOD POIN 590
c REFER TO P. HORST, 'PSYCHOLOGICAL MEASUREMENT AND POIN 600
4 PREDICTION', P. 91 (WADSWORTH, 1966). POIN 610
4 POIN 620
[ teceeeee eeteeeeesacacetaesetatanataancnttnanaan cecesenen <+« POIN 630
c POIN 640
SUBROUTINE POINT {NsAsBsHI,ANS,TER] POIN 650
4 POIN 660
DIMENSION A(1),8(1),ANS(1) POIN 670
[ POIN 680
[4 COMPUTE MEAN AND STANDARD DEVIATION OF VARIABLE A POIN 690
[4 POIN 700
1€R=0 POIN 710
SUM=0.0 POIN 720
SUM2=0.0 POIN 730
DO 10 I=1,N POIN T40
SUM=SUM+A(]) POIN 750
10 SUM2=SUM2+A(1)*A(1) POIN 760
FN=N POIN 770
ANS(1)=SUM/FN POIN 780
ANS{2)=(SUM2-ANS(1)#SUM}/(FN-1.0) POIN 790
ANS{2)= SQRT(ANSI2)) POIN 800
4 POIN 810
C FIND NUMBERS OF CASES I[N THE HIGHER AND LOWER CATEGORIES POIN 820
c POIN 830
£=0.0 POIN 840
SUM=0.0 POIN 850
SUM2=0.0 POIN 860
DO 30 I=1,N POIN 870
TF(BLI)-HI} 20, 25, 25 POIN 880
20 SUM2=SUM2+A(1) POIN 890
60 TO 30 POIN 900
25 P=P¢1.0 POIN 910
SUM=SUM+ AT} POIN 920
30 CONTINUE POIN 930
c POIN 940
Q=FN—P POIN 950
ANS(3)=P POIN 960
ANS(4)=0 POIN 970
1€ (P) 35,35,40 POIN 980
35 {ER=-1 POIN 990
GO 16 50 POINLODO
40 ANS(S)=SumM/e POINLO10
IF {0} 45,45,60 POIN1020
45 [€R=1 POIN1030
50 DN 55 1=5,9 POINLO4O
55 ANS(I)=1.E75 PCINLOSO
G0 TO 6% POIN1060
60 ANS{6)=SUM2/Q POINLOTO
[ PUIN10BO
c COMPUTS THE POINT-BISERIAL CORRZCATION POINI 090
< POINL 100
R={{ANS(51-ANS(]1))/ANS(2) )& SQRT(P/0) POINLL1O
ANS(T)=R POINL120
[4 POINI130
c COMPUTE T RATIO USED TO TEST THE HYPOTHESIS OF ZERQ CORPELATIONPGIN] 140
4 POINTLS0
T=R® SORT{(FN-2.0)/(1.0-R*R)) POINL160
ANS(R) =T POINLLITO
[3 POINI180
[ COMPUTE DEGEFES OF FRERDNM POINL190
[ POINL200
ANS(9)=FN-2 POINLZ10
¢ POIN1220
65 RFTURN POIN1230
END POIN1240
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Subroutine TETRA

This subroutine computes a tetrachoric correlation
coefficient between two variables where both of the
variables have been reduced artifically to two cate-
gories. The computational steps are as follows:

1. Two dichotomous variables are summarized
in a 2 x 2 table such as the one shown below.

Variable 1

High Low
High A B
Variable 2
Low C D

A, B, C, and D stand for frequencies. If any fre-
quency is zero (0), the tetrachoric correlatio